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I“TRCDTCTICN

The recent large scale expansion of power plant commitments at
Michipan State Collere has introduced overational problems. In particu-
lar, the summer operating condition vresents some disturbing features.

It was recommended that the author investigate the possibility of
meeting summer generating requirements with adoption of a Diesel generat-
ing plant., The project resolved itself into five major phases: (1) elec-
trical energy requirements, (2) cost of the required Diesel proposal,

(3) process steanm requirements, (4) cost of the required package boiler,
(5) comparison of present and proposed costs.

Data on items 1 and 3 was obtained throurh perusal of existing
power plant records and by actual measurement. Items 2 and 4 required
calculation of data associated with information received throurh corres-
pondence, personal interview, and reference material.

Results of the study indicated that a Diesel electric gererating
plant would require an increase in present costs. However, the increase
would represent relatively small investment for the advantage the in-
stallation would provide.

It was concluded that the Diesel proposal of fered a favorable solu=-

tion to the summer operational problem.

.



CBJECT CF IMViL3TIGATION

The year 1946 represented the beginning of a tremendous expansion
in campus facilities at ichipgan State College. These changes have
affected the collere power plant oblizations. The major function of
this plant is to provide process steam. Of a secondary nature, the
plant supplies steam for power gencration. Figure 1 illustrates the
ef fect camous expansion has had on steam requirements and electrical
enerzy demand.

Under the circumstances of having to provide steam for process and
power peneration, it is possible to have an arrangement that involves
exceedinzly high thermal efficiency operation. Steam can be produced
for power generation and then immediately re-used for process reguirements.
That is, the same quantity of steam serving a dual purpose accounts for
the high thermal efficiency operation of the plant,.

This desirable combination does not seem to prevail, however, during
the summer monthse The demand for process steam drovs off while electri-
cal energy demand remains comparatively highe. Ience, for this period,
high thermal efficiency operation of the plant is not anticipated. The
summer operating veriod is defined as June 10th thru Septembor 15th.

The summer condition is further aggravated by the following: Hizh
electrical load with low vrocess demand implies that large quantities of
condenser cooling water are needed. It is during the summer months that

a minimum supply of condenser cooling water will existe. At the same
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time the condenser cooling water supoly will have a relatively hich
tempsrature. Apvendix I illustrates how unfavorably condenser cooling
water sunoly compoeres with amounts required during the surmer period.
Apnendix II demonstrates how high temoerature condenser cooling water
results in unsatisfactory turbins operation.

The substantial year-around elactrical load leaves no time allow-
ance for major repeir and maintenance responsibilities that must be
scheduled for the summer psriod. Likewise, problems are encountered
relative to vacation scheduling for power plant persomnnel.

The accumilation of difficulties associated with summer operation
has become of major concern to Professor J. *fe Campbell, power plant
superintendent.s In his approach toward a solution for this situation,
he cites the following possibilities as meriting serious consideration:

(a) Augment condenser cooling water supply by installation of

equioment such as a cooling tower and continue the present

method of opsration.

(b) Install a gas turbine electric generating plant and include
a package boiler installation for process steam requirements.

(c) Adoot a Diesel electric generating plant along with a
pvackage boiler unit.

It was suggested that the author investigate the details imvolved
in possibility 'c' and oresent the results of that investigation in
thesis forme Thus, this vaper represents the results from an investiga-
tion undertaken to determine whether or not a Diesel electric generating
plant along with package boiler equipbment can fulfill satisfactorily the

summer phase of collsge power plant operatione.



SLSCTRICAL WYZRGY RIEQIIRITULNTS

The considsration of this alternate method of summer oneration in-

volved the following:

(a) Establishment of the present electrical enerzy requirements.

(b) Selection procedure and cost data associated with a Diesel
plant proposale.

(c) Bstablishment of the present process steam requirements.

(d) Selection procedure and cost deta associated with a package
boiler unit.

(e) Comparison of new proposal costs and present charges.

As noted, it was necessary to establish first the electrical energy
demands on the present plant installation for the veriod in question.

In the vrasent arrangoment, vower output of each steam turbine driven
generator is denoted by its respective indicating wattmeter. Likewise,
the distribution of power generated can be accounted for through watt-
meter readings of the various circuits being supplied.

Turbine room nrocedure includes an hourly recording of all watt-
meter readings. Thus, electrical power data accumulates in the form of
turbine room log sheset records. A study of these records is offered as
being revresentative of what power requiremsnts must be fulfilled.

The author preferred to present these figures on electrical demand
graphically and, in particular, on a load duration basis. Load duration
curves are developed by grouping all the hours during a particular oper=
ating period when a particular load occurred, and then by starting with
the largest value of load, hours are accurmlated for all preceding larger

load values. Thus for each load value plotted on the load duration curve,
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the time corresvonding to that load is the summation of all the hours

at which this load as well as larger loads occurred. Since the abscissa
of the duration curve represents time and the ordinate represents power,
the area under the curve represents energy outpute TFigure 2 shows load
duration data for the collere plant (in relation to sumner operation)

as of 1946 thru 1950. The data results from log sheet information ap-

pearing in the appendix portion of this treatiss.



DIsS3IL PLAYT PRCPCSAL

To establish figures for the required Diesel plant, attention vas
first given to the problem of plant locatione In this instance it was
thought that there were two locations to be considered.

The plant could be located adjacent to the present turbine room
and possess these desirable features: "The present distribution switch-
gear could be utilized most economically and a tie-in with the present
condenser cooling water system could be effected most advantageously."

The alternate choice would be a South Campus location. The advantage
here would show as follows: "Objections to noise and vibration would be
less likely to occure. Appearance of the building would be less critical.
Tuel storage and fuel delivery would be less apt to create undesirable
situations.s From a long range point of view, the power plant installa-
tion would be located eventually on South Campus.”

It was decided that the Morth Campus location should be selected.
The disadvantages associated with noise, vibration, etc., could be over=-
come more readily through additional financial outlay as compared to in-
vestment required for proper inter-connecting facilities from Diesel
plant to present distribution system. Also, the cost of a cooling water
system is an item of considerable magunitude and should not be slighted.

Selection of Diesel engine size and mumber of units would not

follow in terms of the 1250 load duration data since campus expansion is

still continuinge The author sugrested that a predicted 1952 load
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curve (Figure 3) would roepresent a maximum for the 1950-1260 period.
This opinion was based on a study of the load duration data presented
in Tipure 2 and prospective building plans.

The foregoing influenced Diesel engine selection:

l. Cuotation from Fernald & Orrok, "Engineering of Power Plants",

"A station with high load factor should have few units and
large ones and the most economical avparatus will quickly
pay for itself. A low load factor will mean smallsr units
and a large number of them and the economy of at least helf
the apnaratus is of no great conseguence, since it is only
used a few hours every year,"

2. Quotation from forse, "Power Plant Engineering and Design",

"It must be rememered thet the investment cost per K7 of
capacity increases as the capacity of the unit decreases.
Probably duplicate units will not meet load requirements
as well as units of dissimilar capacities, but, on the
other hand, there is to be considered the saving in first
cost brought ebout b; duplication of sizes and dimensions
of pipes, foundatious, wires, insulators, etc., when dup-
licate units are installed."

The 1952 load duration curve represents hish load factor and there-
by item 1 was involved. ¥rom Figure 3 it can be seen that the smallest
unit would be approximately 2000 KV in size. Correspondence with the
Cooper Bessemer Corporation revealed that their standard engine gen-
erator units in this range involved 1950 KW and 2620 K¥. A study of
the estimated 1952 load duration data indicated that two 2620 KN units
or three 1950 KN units offered possibilities. Hence an estimated Diesel
plant installation cost was prepared in terms of these combinations

(See page 8). Likewise, similar data was compiled for a combination in-

volving four lordberg radial engines. Also, & cost list wms prepared

T
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for a plant having two sets of twin-engine gencerator uunits of Worth-
ington design.

Apvendix 3 illustrates more comnleste, detailed informaticn pertain-
ing to the ten items that comprise "estimated plant cost."

The data on estimated cost favored proposals 3 arnd 4. A study of
the predicted load duration curve indicated better performance on the
side of proposal number 4. The three 1250 KN combination would seem to
represent more reliability, but it was believed that would be offset
because of the present 2500 KN tie-in with the city power system. It was
concluded that the installation involving two-2€20 KW, L3SV=1£T, Cooper
Bessemer, generator units revresented the most desirable selaction. To
insure against under-estimation of total investment cost, it was assumed
that {750,000 revresent the installation charge.

The total investment cost was used to estimate fixed charges for
the proposed installation. Apnendix 4 contains explanatory material
relative to this item. Fixed charges represent one phase of total op-
erating cost.

For this proposal an itemization on total operating charges would
consist of the following:

1. Tuel
(a) Yatural gasSeesseossess’24,220,
(b) Diesel oilesesceesees 6,540,
2. Lubrication o0ilescessscecssses 1,640,
3. Labor & superintendenceesesess 12,250,
4. Renairs & miscellaneoussecese £,350,

5. T'ixed chal’ges................ 65,5000

Total Operating Charge.$118,500.

-



Crdinarily, taxes and insurance should be taken into consideration
as factors affecting overating coste In this instance, taxes were not
involved because state property is not subjected to taxation. It was
assumed that insurance cost could be neglecteds Appendix 4 offers de-
tailed calculations for the aforementioned items comprizing total operat-

ing charge.

=10



PROCESS STEA™YM REQUIRSIWNTS

As previously noted, the third major factor in this investigation
involved establishment of the vresent process steam reguirements.

Figure 9 describes steam flow of the present plant arrangement. Steam
moves from the boiler to the turbines and a reducing station. The re-
ducing station can be used to deliver 100 psig process steam directly
from the 300 psig boiler supply. A more economical procedure exists
whon 100 psig steam is provided through extraction from the turbine.

Low pressure (5 psig) process steam must be obtained by extraction from
the turbine. The process steam is used for heating purposes and other
apnlications throughout the campus. Some of this process steam is lost
to the atmosphere but the major po}tion returns to the condensate re-
ceivers as illustrated in Figure 9. MNote that the steam that had passed
completely through the turbine also entered the condensate receiverse.
The meke-up water represents liquid that must be added from time to time
to compensate for losses throughout the system. Condensate returns to
the boilsr by way of the de-aerator and storage tank.

Flowmeter equivment on each boiler provided a means of measuring
steam flow on the output side of the boilers. The make-up water line
also contained a meter and hence that flow was measurable. However, this
amount of instrumentation was insufficient for direct establishment of
process steam flow. Since it was impossible to obtain or install flow-
meters in the process steam lines, the following scheme was vroposed.

Insert a hot water meter after the condensar. Then the difference between

=11~



the boilser flow meter reading and the installod hot water meter reading
should represent the process steam flow. The results cbtained by this
method appear in tabular form on enclosed deta sheets dencted "Calcu-
lated Process Steam Flow".

Another provosal was cugrested as a means of obteining check data
on process steam flow., It had been noticed that the mle~up water read-
ings compared with boiler flow readings in tho order of ono part to
seventy-five. This was interpreted as meaning that the locses in the
system represented a small fraction of the flow involved. Thus, an
assumption was introduced, namely, that the heating condensate entering
the condensate receivers (See Figure 2) was approximately equal to the
process steam flow. That is, measurement of heating condensate flow
into the receivers would represent approximetely the process steam flow.

It was possible to operate the receiver equivment such that heating
condensate would flow into one receiver and the turbine condensate plus
make-up water entered the other. IFeating condensate would be allowed to
collect in its receiver and then pass on in intermittent fashion. The
timo interval associsted with a predetermined accurmlation of heating
condensate would be translated into a flow reading as follows. A gage
glass on the heatin- condensate receiver was marked such that the differ-
ence between two levels indicated was revrresentative of 400 pounds of
licuid. This calibration was established by actual weight measurement
of the liquid involved. The discharge valve of the rasceiver would be

closed and accumuletion of condensate would begin. An initial time read-

ing would be recorded as the level reached the first prescribed mark.



A second time reading would be denoted as the liocuid lsvel arrived at
the upper mark. The weight of 400 pounds divided by the elapsed time
interval would determine a rate of flow into the receiver. A series of
ten readings would be taken and the averare value used to determine the
flow for that periodes A tabulation of flow values as computed by this
alternate method is listed on an enclosed data sheet entitled "ieating
Condensate Data."

On the basis of the results from the two methods of determining
process steam flow, it was concluded that anvroximately 40,000 pounds
per hour reprssented meximum process steam requirements.

Yaving selected a procecs steam value, the author proceeded to in-
vestigate the fourth phase of the problemg namely, package boiler
selection and cost. Initial consideration of this topic involved delv-
ing into the possibilities offered by waste heat recovery from the Diesel
installations The net results in this direction were as follows:

The steam pressure involved restricts the extent_to which waste

heat recovéry could be appliede Mr. Ge C. P.oyer1 states that,

"Taste heat utilization to be successful requires a careful

study of the characteristics of the machine vroducing the heat

as well as the means for reclaiming it.".

The factors such as limitations due to pressures involved, charac-
teristics of the machine, and investment in ecuipment suggested & major
project in itself. IHence, subsequent procedure was undertaken on the

premise that package boiler equipment would provide 211 heat energy re-

quired for ovrocess steam production.

1 G. C. Boyer, "Diesel & Cas Engine Power Plants", “cfiraw-I"i11
Book Compeany, lst 2dition, 1943,

1%



PACKFAGE BCILIZ DATA

The factors that exert the most influence on the selection of fuel
burning and steam renerating equivment are: (1) uel charactcristics,
(2) Capacity and steam conditions, (3) Space conditions, (4) Cost, and
(5) Individual preference.

In this instance it was decided that the package boiler be of a
netural gas fired designe This decision was influenced by the following:

(1) A consideration of comparative price differentials of the
available fuels favored the natural gase

(2) Yatural gas is piped direct from suppliers' mains, through
metering and regulating equioment, to the burner for use;
as a result, there are no handling costse.

(3) Tor veriods other than the summer, the gas fired packare

boiler would represent some protection for emergency use
in case of outames on the vart of vresent coal fired units.

(4) There is no refuse resulting from its use.

It vms decided that desirable locaticn for this unit would be in the
“orth Campus boiler room. At present an air compressor installation
exists in the area desired. This particular site offered building en~
closure and chimney facilities.

Corresnondence with r. Carl Stripe* provided information on packare

boilers; namely,

"The cost of the 40,000 lbs per hour unit comnlete with setting
materials, burmer windbox, gas burners, forced draft fan and
drive, combustion control, and including the services of a
superintendent would be £31,500. The cost of the labor required
for installation would be an additional $15,400. The efficiency
with natural gas firing at 40,000 1b of steam per hour is 76.1
percent based on 212 derree feedwater temperature and 150 1b

* “anarer, Industrial Division, Combustion Engineering-Suvcrheater,
Inc.



overating pressure, saturated. The estimated maintenance of

the unit for the first ten year period of operation would be
aprproximately 5 percent of the delivered cost and superin-
tendence (731,500) or “1575.

The informaticn on package boilers has been incorporated with the

Diesel plant data as shown on nare 19. Appensix V offers exvlanation

on vacltapre boiler operating and fixed cost calculations.

-15-



RESETTT PLATT CCSTS VinSTS N7 PRCPCSAL CCSTS

Data on the packare boiler installaticn would furnish the final de-
tail for enumeration of operating cost of the proposal. Page 19 lists
the information that presents a comparison of vresent and altermate
method costs pertaining to summer operation. In relation to this data,
items as steam plant labor, superintendence, repairs, maintenance, and
fixed charges have been assumed directly proportional to the correspond=-
ing anrual charges. A resume of anmial steam power plant cost apvears
on page 18, Data on summer fuel cost for the present arrangement is
based on existing power plant recordse.

For the alternate method compilation of costs, it should be noted
that this method would be charged wifh ovresent fixed costs. Adoption of
the alternate method would not elimirnate automatically the present fixed
charges. Likewise, it is important to consider that steam plant person-
nel of unemployed status with respect to Diesel plant operation carnot
be arbitrarily omitted from the payroll for the summer periode In this
instance it wms assumed that this group would be engaged primarily in
major maintenance procedure that would be possible with advent of the
Diesel proposale This expvense would be involved regardless of the mode
of operation and thereby no discredit should be given to the Diesel plant.

It cannct be expected that steam plent personnel could undertake im=
mediate operation of the Diesel installation. The author's preference

for meeting this situation would be to engage experienced Diesel plant

~1C=



personnel. This would introduce the problem of what hapvens to the
added group when the summer period is over. IHence, an estimate for this

expense has been denoted for the alternate method.

-17-
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DISCUSBSICON AND CCNCLUTSICON

It is necessary to note that adoption of the Diesel installation
would promote econory reletive to cost of purchased energy. Appendix 6
illustroted how the proposal could efect a saving of 3200 per summer
period on cost of purchased energye.

It should be remembered that the author preferred to enrape experi-
enced Diesel plant personnel. This probably revresented the most ex-
pensive procedure available. It is quite conceivable that steam plant
personnel could be trained for Diesel plant operation and hence counsider-
able econory effected.

Another factor influencing analysis of the problem has been des=-
cribed by *'r. T. A Woolman.® ¥e has written:

"7ith loss of the electric curcuit which feeds the plant or the
complete loss of all camnus circuits the plant is automatically
secured becauso all guxiliaries except one boiler feedwater
pump are electrically driven. Also, if the north campus house
circuit fails, the plant is without a source of feedwater since
all water pumps (both feedvarer and raw water) are in the north
campus plant.e The only south campus feedwater reserve is a
50,000 1lb. storare tank which is a half hour supply at the most.
It must also be kept in mind that while the turbines may be out
of service the heating load is still in demand. This may cause
a serious condition as this demand for heating steam may draw
the boiler pressures down to the danger point before electrical
supply is resumed. At the prosent time there is no auxiliary
lightine circuit."

Investment in power plant equiovmoent on the basis of summer opera-

tion alone would be undesiresble. Since the prime vurvose of the

* I'e Ae oolman, "A study to determine the htest operating and
maintenance procedure for a 200,020 rounds per hour stean
gencrating plant," e S. Thesis, 'ichigan State College, 1950.
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collepe nlant is gencration of vrocess steam, it would be necessary

to establish how effectively a particuler provosal could contribute

in that direction. 3ecause of the prevailing circumstances, the author

deemed that attention to the aforemnentioned was beyond the scope of

this investigation.

As

seen on page 12 the vrovosed installation would require an in-

vestment of 18,330 over the oresent charges.

The following advantares would accrue with the Diesel installa-

tion:

1)

7)

8)

9)

10)

Boiler and turbine equipment would be available for major
maintenance orocedure each summer.

Tacation scheduling for plant versonnel would nresent no
difficulty.

Cooling water shortace conditions would be eliminated.
Neliability of the plant vwould be increased.
Yore flexibility of operation would be available.

Yore economic operation could prevail, varticulerly in
the matter of vurchased emnergy.

3ducational facilities in the Diesel engine field would be
increased.

Further expansion of campus facilities would not act to upset
the required balance between steam and electrical load.

Process steam capacity would be increased by 40,000 pounds
per hour.

Zlectrical load cavacity would be emlarged by 5240 kilowatts.

The author concluded that the results of this investigation showed,

"A Diesel gencrating plant along with packape boiler equipment would



fulrill sstisfactorily the summer phase of college vower plant operation.
It would mean additional exvense but the return on the investment would

Juastify the cost aspect.
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APPEIDIY 1

Figure 4 depicts the results of measurements taken relative to
turbine condensate. This data applies to the August 25th-September 20th
portion of the summer period for the year 1950. The higher values indi=-
cate a turbine condensate flow of spproximately 40,000 pounds per hour.

Assuming the steam is to be condensed at a vressure of 2 inches of
mercury absolute, each pound will reject approximately 1000 btu of heat
energy to the cooling water. Thus, heat energy will be absorbed by the
cooling water at the rate of (40,000)(1000) or 40,000,000 btu per hours
If each pound of cooling water is to undergo a twenty degree change in
temperature and thereby absorb 20 btu, 40,000,000 over 20 or two million
pounds of water per hour will be regquired. Since water weighs apvroxi=-
mately B8.33 pounds per gallon, there will be required (2,000,000) over
(8.33)(60) or 4000 gallons of water per minute.

The Red Cedar river flowing thru the campus provides the supply of
condenser cooling water. Xecords on stream flow as comviled by the U. S.
Geological Survey, Water Resources Branch, were consulted. This informa-
tion has been presented in Figure 5. It can be seen that a flow of
4000 gallons per minute was not available in six instances over the
period 1931-1949, In addition, there were five situations when supnly
was very slightly over 4000 gallons per mimute. It was concluded that

ample condenser cooling vmter is not available during the summer period.
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APPEYDIX II

In a low vacuum surface condenser the temperature of the cooling
water mey range from 10-25 degrees below that corresvonding to the total
pressure in the condenser.

Assuming the condenser cooling water discharge temperature to be
100 degrees, Fahrenheit, and that a 10 degree tempcrature differential
exists between condensate and cooling water, the condensate temperature
would be 110 degrecs, Fahrenheit. A 110 degree “ahrenheit saturation
temparature corresvonds to a saturation pressure of 2.6 ine. Hg. absolute.
Under these circumstances the turbine design conditions of 2.C in. Hg.
absclute would not be available. Figure € shows that a loss in generator
output of 50 ¥W would result. Likewise, a cooling water discharge
temperature of 105 degrees Fahrenheit would mean a loss in generator
output of apvroximately 90 Kii.

Undesirable discnarge temnerature of condenser cooling water re-
sults from hizgh inlet temperatures. The operator is forced to operate
the equioment at other than design conditions wien cooling water supply
temperature is high.

Figure 10 denotes cooling water discharge temperatures of 100 de-

grees Fahrenheit or greater obtained for the summer veriod of 1950,
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APPITDIX III

It was decided that a complete Diesel vlant installation consists
of the classification:

Standard engine ecuivment
Startinz air system

Tuel system

Lubricating oil system

Intake and exhaust syctem ,
Electrical equipment

Cooling vater system

Buildings

Toundations

iccellaneous

e AN NN AN N S SN N
QW M~J O O KN

Nl el P N N N s

~~

Ttews 2, 3, 4, 5, 6, 7, and 10 appear in detailed form (See following

pages).

3

Data on costs was made available through the co-operation rendered
by persons associated witn Diesel plant worke Specific information on

standard engine equipment vas obtained thru "'r. D. Z. Levering of the

AN

Cooper Zessemer Corporation. Ire V. *fa Folmes of the Worthington Pump

and Tacninery Corporation provided an estimating data and cost sheet.

The Yordherg “‘anufacturing Company, thru its representative, !'r. . W,

Dow, Jr., contributed information on cost of equipment. A personal

interview with ™r. J. 7. Keen of the 7olverine Zlectric Cc-op served to

further verify cost data.



No. Rea'd YNo. Req'd

STARTITC ATR SYSTR®M per Ingine per Plant Remarks
1. Compressor - 1 Included in eng. bid
2. Compressor motor & drive - 1 n " " "
3. Auxiliary compressor - 1 n " " "
4. Aux. comprsssor engine & drive - 1 " noonoom
5. Air cleaner - 2 n ] n "
6. Relief valves - 4 " n n
7. Globe valves - 14 n noonon
8. Recelvers - 3 " n nooon
9« Keceiver supoort - 1 n noonooon
10. Pressure gauge - 4 " noonoow
1ll. Piping - 1 " noon o
FISL SYST ™
1. Fuel o0il tank 1 3 Included in eng. bid
2. ¥ilter 1 3 n n n n
3. Teter 1 3 " n " "
4. Thermometer 1 3 " noon o on
5. Condensar pump 1 3 n noon on
6. Gas reservoir 1 3 " n noon
7. Pressure rezulator 1 3 " n o n o
8e Pressure gauge - - " noonoon
9« Globe valve - - n noonoon
10. Check valve - - n N
11. Surge bottle 1 1 n . onon
12, Traunsfer pumo - 2 noowon
13. Booster punp 1 3 nooon
14, Transfer pump motor - 1 n n on oon
15, Transfer pumo engine - 1 n n nooon
16. Relief valve - - n n n o oon
17. Storape tank - 1 n nooon
18. "nloading pump - 1 n n n n
19, Unloading pump motor - 1 " noom
20. Purifier - 1 n noonon
21, Purifier pump - 1 n " oonon
22 Purifier pump motor - 1 " " n n
23. Cas scrubber - 1 n n onon
24, Filling tank - 1 n n n
25. Gas meter 1 3 & 1500
26+ Plping 1 n noon o
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CCCLIMG TATAR SYSTS™

1.
2.
3.
4.
S5e
6.
7.
8.
9.
10.
11,
12.
13,
14.
15.

“Totor driven cent. pump
leat exchanger
Temperature reculator
Tempzrature alara contactor
Surze tank

Thermomater

Gate valve

Check valve

Rubber expansion joint
Raw water pump

Raw water pumo motor
Solenoid operated valve
Gate valve

Check valve

Piping

TTISCELLATEOTS

1.
2.
3e
4.
5.
G.
7'
8.

Pyrometer

Thermocouples

Indicator cock on each cyl.
Backfire relief wvalve
Comvlete set of tools
Rigging and hauling

Labor

Erection superintendence

Remarks

Included in enzg. bid

Included in

“Yo. Req'd lTo. Req'd
per Engine per Plant

1 3

1 3 n
1 5 "
1 3 "
1 3 "
2 6 "
9 27 "
1 3 n
1 3 "
- Incl.
- ]
- 1"
- n
- n
- 1 n
1 3

- n
- - "
l 3 n
1 1 "
- 1

- 1

- 1

-ZR=-

n
"
"

in cooling equip. b
"

n n

n
n "
"

n
n
"
"
#2200
£$37,000
37500

"
"
n

eng. b
n

n
n
n

"
n
"
n
n
n
n
n

n
"
"

id
n
n
n
"

id
"

n



L35 OIL SYsTy™

1.
2.
3e
4,
5.
6
7.
B.
9.
1o0.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20,
21.
22,
234

Sump tank

Filter

“otor driven pump
Heat exchanger

rilter

Temperature regulator
Purifier pump
Purifier

Storare tank

Dirty oil tank
Transfer pump
Transfer oump drive
Pressure regulating valve
Relief wvalve
Thermometer

Pressure gauge

Globe valve

Gate valve

Pressure alarm contactors
Check valve

Taste filter
Flexible connection
Piping

I"TAKS AYD BYYATST SY3TS™

1.
2.
3
4.
Se
e.
Te
B
9.

Air filter
Turbocharged air cooler
Air silencer

Exnaust silencer

Intake flaxible connection
Exhaust flexible connection

Exheust stack
Supvort for piping
Piping

Yo. Req'd YNo. Req'd
per Engine per Plant
1 3
2 4
1 3
1 3
2 6
1 3
- 3
1 3
- 1
- 1
- 1
- 1
1 3
2 6
2 6
2 6
4 12
18 54
1 3
2 6
- 1
2 6
- 1
1 3
1 3
1 3
1 3
1 3
1 3
1 3
- 3
- 1

Remarks

Included in eng. bid

n
"

Included i
"
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BLICTRICAL EBQUIPTTNT per

1.

2.
3e
4.
5.
6e
7.
8.

9.
10.
11,
12.
13.
14.
15,
16.
17.
18.
19.
20.
21.
22.
23,
24,
25.
2€.
27.
28.

29.

30.

Req'd
Enrine

loe Req'd
per Plant

Generator (complste with damoer
windings, generator field rheo-
stat and field resistor)

V-belt driven exciter

Exciter drive

Exciter guard

Syachronizing motor on provernor
Conduit and wiring on engine
Alarm circuit switch

ain and auxiliary wiring between
machines and switch gear auxil-
iary transformer

Generator nanel

A. C. ameter

A. C. voltmster

A, C. voltmeter switch

D. C. ammeter

D. C. voltmeter

De Ce voltmeter switch

3 phase ammeter switch
Synchronizing switch

Governor control switch
Indicating wattmeter

Watthour meter

Frecuency indicator

Unit type voltage regulator

0il circuit breaker

Circuit breaker supvort

Current and voltare transformsr
Synchroscove

Synchroscope bracket

Comnlete distribution panel for
station auxiliariss

Erection of switch gear equipment
and distribution panel

Station lighting fixtures

=30 =
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Remarks

Included in eng. bid
n n n "

"
n
n

Included in elsc.

n
”n
n
"
n
n

"

n

"

n
n

n
n
1"
n
"
n

n
"
"
n

n
"

"

bid
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APPI™MIX IV

Zxplanation of items comprising "opsrating cost for Diesel plant"

I
LR

Since the abscissa of the load duration curve represents time and
ordinate representcs power, the area under the curve represents ensrgy
output. TFor the predicted 1250 load curve, it is seen that one square
inch of area is eauivaleut to 338,000 kilowatt hourse. =rom planimeter
readings, it is found that the area under the curﬁe was 16+.5 squarse
inches. Thus the total energy output per season would be (338,000) 16.5
or 5,580,000 kwhr.

The LS7-1€T engines operate on four percent Diesel pilot fuel. Hence,
four percent of the total energy outout (223,000 kwhr) would come from
Diesel oil and ninety six percent (5,350,000 kwar) would be furnished by
a natural gas supply.

Figure 7 expresses the economy performance of the L3V-1€T engine.
The engines would be operated between 50-1007 of full load in this in-
stance. The 507 full load condition would give minimum economy, and
from Figure 7, it is seen that the fuel rate for this situation is ap-
proximately €700 btu per hohr of engine output. It was necessary to
miltiply this value by 1.39 to account for gensrator efficiency and a
change in units. That is, at 507 full load operation, the fuel rate
would be 9300 btu per kwhr of generator output. Similarly, at 507 full
load operation on oil fuel, («36)(1.39) pr .500 lbs. of Diesel oil per

kwhr of generator output would be required.
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Assuming the heating value of natural gas to be 1000 btu per cubic
foot, the volume required per season would be (5,350,000)(2300) over
(1000) or 49,800,000 cubic feet. If the Dissel oil weighs anproximately
€.62 lbs. ver gallon, the volume required pver season would be (223,000)
over (.500)(6.82) or 65,400 gallons.

A personal interview vwith 'r. Chester Alder, Cousumers Power repre-
sentative, served to confirm the belief that his company could take on
the task of supvlying 49,800,000 cue fte of natural gas during the period
June 10th to September 15th. Also, it was pointed out that the price
scheduls for this fuel would read as follows:

4,000,000 CUeftecsoscsectscsssassssacencnses 2400.00

6,000,000 cu.fte @ 52¢ ver 1000 cuefteceecee 3120.00

39,800,000 cu.fte @ 47¢ per 1000 cuefteeeees 18700.00
Total COSteccoceceoeeen2d,220.00

Informaticn received at the Portland, “fichigan R. E. A. Dissel
plant indicated that Diesel o0il would cost anproximately 10 cents per
gallon. FHence, the cost of Diessl o0il for the season would be (65,420)
(«10) or £6540 dollars.

¥re. Go Ce Royer, "Diesel and Gas Engine Power Plants," reports that
for estimating lubrication oil consumption in connection with economic
studies, one can usually assume £000-3000 rated hphr per gallon of lubri-
cating oile. *r. 2oyer arrived at this figure through interpretation of
data presented by the 1937 AS'E rsport on "Cil Engine Costs".

It was interesting to note data from the Ds B. Us A., "Zevort on

Heary 0il Engine Viorking Costs, 1940-41". Page 33 lists lubricating oil
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data from this report. Page 34 shows a more uvo-to~-date picture on
lubricating oil economy.

It was concluded that the figure 2000-3000 rated hphr per gallon
of lubricating oil represents a reasonable value for estimating purposese.

Data from D. <. U. A. "Report on Heavy-(Cil Engine orking Costs,

1040-41"3
TARLS I1I LUZ2ICATING OIL $COY0 T3S
Year % Stations with !‘ore than All Stations Avsrage
2380 bhphr per gallon bhphr per gallon
1922-23 29 1330
1923-24 25 1390
1924-25 22 1455
1925-26 33 1€15
102G6=-27 36 1470
1927-28 32 1490
1922829 25 1345
1929-30 23 1385
1930-31 24 1720
1931-32 32 2010
1932=33 44 2385
1933=-34 37 2190
193435 44 2150
1935=36 43 2185
1936-37 47 2275
1037-38 40 1870
1938-39 48 2030
1939-40 40 2140
1240-41 43 2120




Data from A3'E, "Ileport on Cil Engine Powsr Costs, 1948"s

TATLE III  ZIGIYE DATAILS AnD CQPSRATIVG ITTORVATION

)

Plant ¥o. Engine lo. Rated Eng. bhp Rated hphr per CGallon
new lube o0il)

82 4 3300 5370
g2 5 3300 3471
82 6 3060 3088
82 7 3850 2640
606 1 2250 5131
686 .2 3850 78822
686 6 3850 9121
52 4 2865 6442
52 5 2865 €739
52 6 3000 8105
1321 1,2,3,4 4 @ 3060 4115
109 5 2250 7229
109 6 3200 2829
111 6 3000 2410
42 2 2250 2842
42 3 2250 2789
1230 4 2000 3274
289 6 2150 5791
46 1 2250 1453
129 2 2250 2489
831 1 2250 2620




From the preceding, total engine output would equal (5,580,000)
(1.32) or 7,750,000 hphre. Assuming a value of 2600 hphr ver gallon, the
lubricating oil requirements per season would be (7,750,000) over (2600)
or 2980 gullons. “'ro Je 'Te Keen of the Wolverine Zlectric Co-op remark-
ed that 55 cents per gallon would revresent a current vnrice fcr lube
0oils UYence, the estimated cost for lubricating oil would be (2920)(.5E)
or 1640 dollers.

The estimate on plant labor was based on the following: “r. G. C.
Boyer, in his "Diesel and Gas-3rgine Power Plants", prosented a granhi-
cal illustretion of plant lebor data using information from the 1937
A3’S KReport on Cil Engine Cost. This information aprears in Figure B.
iwith reference to'i'igure £, it is seen this data indicates that a capa-
city of 6900 bhp would recuire 4 man-hours per installed brake horse-
power per year. The foregoing would mean (6900)(4) or 27,600 man-hours
per year. Yor a sceason of 94 days, the labor requirement vould be (94)
(27,600) over 365 or 7100 man-hours.

Figure 8 also illustrates *r+. Lee Schneitter's interpretation of
plant labor statistics for 1937. In terms of his graphical presentation,
a plant of 5000 K7 capacity would require 25,000 man=hours per year.

For a 94 day veriod this would mean a total of 6520 man-hours.

A study of the 1248 Report on Cil Engine Cost revealed thet six

plants listed had essentially the enrine size in question. Data on these

stations is offered.
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Plant Yoo Total K./ Caracity Kwhr per man-hour

82 11,622 BG2
€86 8,076 g€l
52 8,372 1024
13e1l 8,220 1267
109 6,831 6€3
42 4,096 814

The averare kwhr psr man-hcur for this grouo is 9Z5.

Since this vroposal involves 5,580,000 kvhr ver season, the man=-
hours per season would be 5,580,000 over 925 or €030.

It was concluded that 7000 man-hours should be used for estimatirg
purvoses. The probable average warce rate to be paid in this locality
would be approximately ;1.75 ver hour. llence, estimated plant labor
cost will equal (7000)(1.75) or £12,250 dollars.

Fixed charges for power producing machirery are determinei generally
on the basis that an equal payment will be made each year covering both
the interest on the outstanding indebtedness as well as a portion of the
principal. The anmal fixed charges required to svread the investment
cost over a period of twenty years was detcrmined through use of an
equal annual vayment table.* For a total investment of {750,000 and as-
suming a 67 interest rate, the anmual payment would equal (759,000)
(.0872) or €5,500 dollars.

To establish revair and miscellaneous costs, the AT "Denort on
0il Zngine Cost, 194€" was used as follows, There were six ovlants listed
whose installations involved encines anproximately of the size under

consideration. A tabuleticn for these stations vms made.

1 Footncte on payment table.
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LLAYEQTS COsTS

Plant Yo. Plant Yo. Plant Yo. Plant To. TIlant l'oe Plant 0.

52 82 109 €Be 1321 1352
1043 l.14 - - 0.49 0.27 0.96
1944 1.11 - - 0.82 0.47 2.48
1045 1.€7 - - 0.27 0.56 1.35
1048 1.5¢ - - 1.20 0.53 2.99
1047 2445 2.29 0.43 1.C0O 0.47 -
1948 1.22 2.45 0.53 0.79 0.€4 -

The author councluded that 1.5 mills per net kwhr would be a repre-
sentative value to use for estimating purvoses. Hence, this item would

involve a total of (5,520,000)(.0015) or €350 dollars.
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APPSINIX V
BSTIVATSD PACYACE BCILZR CCST DATA

7ired Charges=--
(1) Cost of a (VU=-10)163, Combustion Sngineering-
Suverheater, Inc., boiler complete with setting
materials, burner windbox, gas buruners, forced
draft fan and drive, combustion control, and
including the services of a superintendentes.......31,500.00
(2) Cost of labor required for installationeceeeseccses 15,400.00
(3) Cost of alterations to Morth Camnus boiler room... 19,000.00
Total investment coSteesecececese 00{56,900-00
The annual fixed cherges required te swread this investment cost
over a veriod of twemty years was detcrmined through use of an equel
anmual vayment table. Yor a total investment of $5€,900 and assunmine

a €7 interest rate, the anrual payment would equal (5€900)(.C872) or

4770 dollars.

Ovorating cost--

(1) The estimated meintenance cost would be {1575 over 10 or
157.5 dollars per year. ©Since the unit would be expected
to operate only 94 days of the year, the maintenance cost
would be (157.5)(94) over 365 or 41 dollars.

(2) It will be assumed that package boiler labor can be con-
sidered as part of the Diesel plant labor coctse.

(3) An estimte on fuel cost was obtained as follcws:
Assume an average flow cf 30,000 lbe per hour for 94 dayse.

This would total (30000)(24)(94) or 6,775,000 pounds of
process steam. Assume a liquid at 140 degrees Fahretheit



entering the boiler and a saturated vanor at 100 psi gare
leaving. This would remuire addition of hsat energy at the
rate of aporoximetely 1082 btu per round. Since the heat-
ing value of natural pas is about 1000 btu per cubic foot
and assuminz overall boiler eff'iciency to be 76.1 percent,
the volume of fas reauired is (6,775,000)(1082) over (1000)
(+7€1) or 9,640,000 cu. ft. Aprlying the data in Apoendix
IV (cost of natural gas), the boiler fuel cost would be
(9,640,000)(+47) over (1000) or 4540 dollars.
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APPLIIDIX VI

The data on "electrical enersy boucht and sold" denotes that
44531 was the purchese price for 181,000 kwhr in the period June 10 =
September 15, 1950. This would represent a unit cost of 25 mills per
kwhre

The Diesel installation could be used to handle such a situation.
Inasmuch as fixed costs, etc., have glready been cherged to the summer
acccunt, the cost for this additional service would involve cost of fuel
required, lube oil charge, and cost of repairs. That is, the unit cost
of overation would be determired as follows:

(307¢0 plus 1840 plus 8350) over 5,580,000 or 7.3 mills per kvhr.
Thus the Diesel installation would reduce the cost by (.025 minus .0073)
(181,000) or £3200 per summer period.

ELECT2ICAL ENIRCY BCUGHT ATD SOLD TO LANSING BY THS MICHIGAN
STATE CCLL:GE PCWs PLATT

Period June 10th - Sevtember 15th

KWHR KR Cverall
Year Bourht Sold Liability Asset Cost
1945 49,000 269,000 $1231 £538 €03
1946 41,000 297,000 1031 594 437
1947 149,000 283,000 3731 586 3145
1c48 175,000 398,000 4381 796 3565
1949 1€1,000 392,000 4031 784 3247
1950 181,000 368,000 4531 776 3755
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MLIT-232 Sheet No. 1l of 2 sheets

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of LOAD DURATION DATA - JUNE 10 thru SEPT, 15
MICHIGAN STATE COLLEGE POWER PLANT

—Lee, Douglas
0“"""{ Delich, Michael { Date_NOv. 22,19 50

19146 1947 19448 1949 19$o

Load | No. Total| No. Totel | No., Total  No. Total A No. Total

Remarks:

2 (KW) Hours Hours Hours Houps Hours Hours Hours Hours Hours Hours
1] 2600 - = | - - 1 1.l 329 1540 55 | Thly | 94 | 839 |
2| 2500 = = | = = | 2| 3| 1o | 477 71| 815 19,11 989 )
3| 2400 | L 1 | 0| 3 90 | 56T | To | 885 | 117 | 1026|
4, 2300 | 0| 1 5 g1 . 50 617 68 | 953 84 |1110 |
5 2200/ 3 I 38 L6 61 | 678 91 | 104l | 120 [1230 |
6| 2100f 5{ 9] 55| 101 90] 768 91 | 1135 | 11k jazhl |
70 2000 17 26| 167| 268| 8o |88 118 | 1253 | 143 | 1487 |
8 1900 45| 71| 159| L27| 103,951 | 87 |a340 | 105 |1592 |
9 1800 119] 190| 122| 549 | 176 1127 | 184 |152L | 161 |1753 |
10{ 1700] 147! 337! 105] 65| 12 p2s1 | 107 | 1631 | 133 [1886 |
11 1600, 113 LS50| 100| 754 96 1347 198 | 1829 | 131 |2017 |
12| 1500 130| 580 175| 929 | 116 1463 | 58 1887 | 93 |2110 |
13 1400 106, 686 | 154! 1083 | 171 1634 167 | 2054 | 107 |221T7 |
14| 1300| 104| 790| 173| 1256 | 21 1848 | L2 | 2096 | 90 [2307 |
15| 1200 2148| 938| 215 1471 | 399 =224T | 5T |2153 | L |2311 |
16| 1100 20| 1142| 198| 1669 | 8o 2327 12154 | - -] - - |
17| 1000] 397| 1539| L6T| 2133 242351 | = =| = =| == | -« |
18 900, 550| 2089, 203| 2336 | 02351 | == == == =
19) 800 216 2305| 8| 23Ll | 1ba62 | & el =a] wa] = a]
20, T00] 2ly| 2329 = = = =] = - il - A i R T
21 600! 1] 2330] ==] ==| =«| @c| =a| ==| aa]| ==
s
23
24
e - = =



MLIT-232

Sheet No._2 Of 2 sheets

MECHANICAL ENGINEERING LABORATORY

MICHIGAN STATE COLLEGE

Running Logof — LOAD DURATICN DATA - JUNE 10 thru SZPT, 15 2~
MICHIGAN STATE COLIECT PCWER PLANT

_Lee, Douglas

Observersy Delich, Michael {

holi6 1947 19,8

S Load No. Total No., Total No,
~z (XW) Hours Hours Hours Hours Hours Hours Hours

0 N DU A W N

[
NI s @l ~o ©

BBO0 = = = = = = = & = & o s e e e e e e .- .-
U500  ame = @ = e e e e e e e e - e - - - 1 1
LoO .= = = = = e e 2 mm - - -2 - - - - 1 2
B200 = = = = = = = = = e e e e e e - - - 2 n
U200 = = = = = = = & = & = - - - - - .- 5 9
100 = = = = = = = = = = m m = .- - - - 6 15
bOOO = = = = = = = = = = = = = == - -~ 9 2
3900 = = = = = = = = == = - - = - = -~ 20 Lk
3800 = = = = == == === =« == == 35 79 .
3700 = = = = = = = = = = = = = = = = = - 33 112
36000 = = = = = = = = = = = = = = - - - = 69 121
3500 .= = = = = = = = = = = = 1 1 Ly 225
400 . = = = = = = = = = = - = 1 2 L8 273
3300 = = = = = = = = = = - = 1 3 L8 321
3200 = = = = = = = = = = = = L T 64 395
3100 , = = = = = = = = = = = = 6. 13 b U459
3000 = = = = = = = = = - = = 1 27 93 k2
2900 .= = = = = = = = = = = = 21 48 50 592
2800 - == === - == - == 50 98 64 656
2700 .= = = = = = = = = = = = 110 208 35 691

Total

Noe.

Total
Hours Hours Fours

Date_Nov, 22 19 50

Noe.

1

(1AL \V)

10 .

35 .
37
50 |
55 .
Lo
33
L6
51
L3
52 .
63
L2
79 .
T2

19119 1959

Total

1.
5

8.
13 .

23
L5

80
117 .
167
222
26l
297
313
39
437 .
1189
552
5% .
673
5



MLIT-232 : Sheet No._L Of 3 sheets

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of CALCULATED PROCESS STEAM FLOW
MICHIGAN STATE COLIEGE PC.ER PLANT
—Lee, Douglas
0"“'“:{_ Delich, Michael { Date Oct. 6 1950
F S S M m W Th F S S
— (qV] N\ i o mn O o~ (e8] o 2
£ Iy s s I s s s s s It
= Q, Q, [N 0, Q, Q, o} Q, (o o
o [s2] o] (o) ® () Q (0] @ () )
jon] n n n n 0 n 2] N [72] 0
S
z ... __ f(pounds per Hcur)
1 12-1 28000 31500 291170 31370 31300 L4oLon 38500 28700 30200 29800
2 1-2 32300 30200 31100 30000 11570 41700 36300 30900 30700 27600
3 2-3 31100 31410 30900 30600 43700 40200 36300 28100 51300 29200
4 3=, 31500 30190 29700 314110 33600 43100 32100 29200 30000 29100
5 L-=5 31100 310070 29800 31300 37300 42200 3%%00 25500 30000 29170
6 5-6 .30000 %2100 31500 26400 %3300 38300 %6000 29900 22900 21800
7 6-=7 22000 27271 30470 33500 32100 1133200 39300 24500 31000 24300
8 7-8 L2300 33300 22300 30599 29100 L1600 L2602 23500 51490 L2000
9 8-9 39500 30700 31820 31519 37600 L9200 42100 26300 23400 30000
10 9-10 29000 32500 29600 35100 41520 42790 L1100 30970 34170 32300
11 10-11 30600 33000 29300 30770 42700 113200 3£l.Nn 20300 50170 30370

[
N

.11-12.31300 36000 30100 36100 116200 L6800 39700 33200 37170 29200
J12-1 42500 33210 32700 31800 47200 L6700 32100 27300 37500 %0370
1-2 . 31500 28700 33200 32200 ;2800 37720 31200 2/}200 23120 27700
2-3% 34200 324470 31200 33400 59700 L1200 35900 244800 32200 317970
3-l4 34700 31800 50900 32700 53500 42300 38300 27000 29700 50200
k=5 . 35900 30800 29870 32200 37590 41970 37300 27400 31470 29300
5-6 32900 30900 39900 51500 38500 40900 32700 31700 30400 29500
6-7 . 31300 32920 50600 51500 5E300 40600 32300 37800 31000 29700
7-8
8-9
9

D) = = e e e e

32100 31200 31100 30600 33000 39100 31300 36400 30¢017 29200
31200 31700 29800 30200 %7500 37700 32100 50900 31470 29500
=10 Lli600 33600 35100 28500 43000 39690 28800 33800 30400 29500
23 10-11. 36000 31300 23500 35900 41700 143900 353%00 32800 31600 29500
24 11-12 32800 32400 29790 34300 52500 L1290 32800 321,00 30300 ;0500
25. . . . .

Remarks:

R R



MLIT.232 Sheet No._2 _©of 3 sheets

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of CALCULATED PROCESS STHAU FLGH
MICHTGAN STATE COLLrGL PCWv*R PLANT
Lee, Douglas
o {_Delim.._Misha.L { Date Oct, 6 19 5_0_
M T W . Th F S S I T W
— Ql NN ,3 wn O o~ a [eaY C
— — — — — —~ — — Al
9 Iy s o s s s I s s s
> [o Q, Q, Q, Q, Q, Q, [oN Q, 0,
@] [} [0} Q (o)) () [0} ) [} [ ()
oo n 2] n 0N wn N )] N 9] N

1
ENo.

_(Pounds _per Hour)_

.12-1 28800 29500 .3%1800 32600 39100 43700 46300 48200 42720 35200 .
1-2 295900 29520 29600 32100 36900 53900 472000 45200 L1500 31990

2-3 .28900.23400 29400 231500 36200 33700 L5100 46100 L0900 28200
3-L, 29400 27700 .29200 %0100 35200 33200 46100 L1800 40800 %1500

l4-5 27300 23700 28800 %1500 35900 34000 46200 4L1300 L3000 30900 .
5-6 30600 28700 28500 31400 37300 35400 46800 4600 41570 33500

6-7 24900 23500 28800 27200 33300 30700 L9700 L6800 L0200 28000 .
7-8 31200 27500 36000 341170 41200 L0700 43300 54600 L6570 L0200
8-9 .33200 39300 36600 49000 L7520 36300 33100 60100 BLS500 55300 .
10. 9-30.33700 37100 L8600 47100 42100 26800 48400 57400 59300 54300
11 10-11 .35000 35900 37400 46300 55200 31070 50400 59600 57700 57000
12.11-12 142120 34100 36400 48600 49900 54900 48100 56900 59900 55700

13 12-1 39800 29000 30100 L6100 52300 = - = L7400 54600 59500 51500 .
14) 1-2 34660 39600 58500 48600 54700 - - - 51500 53700 55700 47800 .
15, 2-3 37300 .34300 37200 433%00 50100 51300 49000 53700 148300 L0500 .
16, 3-L .35%00 %5800 .59500 41500 50800 51300 L6000 37520 60500 %3600 .
17 4L-5 34300 35608 36500 L2200 145200 51600 L6000 53900 564100 36900 .

00 =3 O U &= W N -

©

18. 5-6 27100 36600 35100 411300 115500 45500 48000 55790 54000 53900
19. 6-7 33300 35200 35100 41800 483300 46500 30000 56100 51400 40700
200 7-8 34500 34900 35000 46800 140300 50500 56100 52600 50600 41600 .
21. 8-9 30000 32000 37000 L3300 48300 46500 56170 50800 L7600 34300 .

22, 9-10 28570 3200 34500 .38300 L6300 50%00 LbLoo L7ihoo Loooo 33200 -
23 10-11 .30800 .32700 .35%00 . 38800 46100 L9100 147900 56200 L1500 36900 .
24.11-12 21100 32100 .35100 41660 L414300 143900 50100 56120 L5000 - - - .
B . L

Remarks:



MLIT-232 Sheet No._ 2 _0f 3% sheets

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of CATCULATED PROZESS STIST FLOW
MICHIGAN ST!7Z COLLEGE PCi R PLANT

Iee, Douslas

Observersy Delich, Michael { Date_Oct. 6 19 50
F S S M T W T
mn\ O c~— (e0] o (@] —
Al QV] V] [Q\] [qV] N\ N
ai 3‘. 3: =] 5:’: < < =
°.
& ... _(pounds per Hour) _ o _
1 1221 - - = 27800 203200 17600 - - = 31270 29900
2 122 - - = 5000 20400 12700 -.- = 31200 316920
3 2-3 - - - 25000 300 20500 - - = 311200 30700
4 3=l - - - 21300 42000 20300 = = = 33100 29900
5 L=5 213% 21300 19670 18200 - = = 31100 31500
6 5-6 - - - 24500 27200 13200 - - = 34300 35700
T 6=-7 - = = 21970 12800 23200 - - = 36000 34000
8 7-3 = = = 22700 12410 30000 - = = 27020 32300
9 8-9 - - - 24500 17400 28520 - - - 444800 353800
10 9-10 - - - 23200 24100 35200 = = = 27100 37100

20400 21700 30390 - = = 34500 37600
20000 22700 36300 - - = 36900 38170 .

p—
N -
=
= O
] ]
= -
N
] ]
] ]
] ]

13 12-1 .- - - 29500 22800 35100 - - = 33600 33100
14, 1-2 - - - 15400 19700 29000 - - - 32500 33400
15 283 .= = = 50100 22600 32900 - = = 33500 35100 .
16 2ol = - = 14700 20370 34600 - - = 36170 35800
17. L4-5 L43£00 23200 20600 333%000- - = 35100 36300
18 5-6 24700 14100 18900 33600 - - - 33800 34300
19, 6-=7 .2l4300 27400 22000 29700 - - = 32900 33400
20. 7-8 .19700 23700 19600 21800 - = = 358170 36800
21 8-9 26800 13000 22300 37400 = - = 33300033400
22 9-10.2929200 21800 13200 29790 .= - = 33400 31100 .
23 10-11.18800 19900 <2900 34100 - - = 35600 .36800
24 11-12 23900 21100 20%00.21900 - - = 31300 35720

26 . .
Remarks:



MLIT-232 Sheet No. | Qf | cheet

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of
STEAM DATA = MICHIGAN STATE COLLEGE POWER PLANT
Lee, Douglas
Observersy Delich, Michael { Date_Dece 28 1950
W Th F S S
’ el Al el A
o -+ + + L
3 R Nk
2 n n n A (75
_i___ Ao o 4 I {Pounda pep Houpr)d -t o F 4 oo
11121 ] | Je e alea e clacale o als o=
1-2 | | e e ele e a]e e e e a]e -
3] 2-3 | | e e ee e ae e ae e -
I e R RN T
5 L-=5 | e me e s e - - - -
6] 56| | e = a]laaaleealaaalaaa
¢ 0y % N (Y ==ty PO RN PN SNt IS
gl 8 lhe el el wiw ek
9/ 8-9 | R - [ ) P
10, 9-10 = = = 37600 |= = = = = = 19800 |
11/ 10-11 - = =/ 33500 = - = 18000 /16300 | ‘
12| 11-12| |- = =|31300 [28800 /18800 |19200 |
13/ 12-1 | R 214000119800 119800
14 1-2 | 1 32500 | 29500 |26300 |- = = 20500
15, 2-3 , 133000/ 31300 24400 [17200 20100 |
16] 3-L | , 30L.00! 30300 |24800 |15600 |- = = |
17 L-5 | . 131300/ 33500 [26900 20600 |- = =
18, 5-6 | 30400! 27400 24000 |« = = |= ~ =
19| 6-7 | R e C N - - -
20 788 | N I N E R R N N N |
21/ 8-9 | 20900 = = == = = = = = = = = |
22 9-10| uE:{olo] (ORERERE AERSEREETY SISy
23 10-11] 21500 = = = = = = = = = |= = = |
24/11-12] 20970 = = = |= = = |0 = =)o = = |
_—

Remarks:



ROOM USE onLy







