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CEAPTER 1
1NTRODUCT ION

Thie investigation is to deteraine the amount of
ateal neceseary to heat the dbuildimge and to generate powver
on the oampus of South Daketa State College. It is also
conoerned with a comparison of the coet of produoing atean
by burning ooal and by burning natural gae.

The building Leat loeeee were calculated aa were the
distridbution piping loeesse. In the caee of many of the
older buildinge on the ocampue there ie ineufficient infora=
ation regarding the type of oconstruotion and materiale used.
Deteraination of a reasonadble overall coafficient of heat
tranefer wae not practiocal, eo an uvorng; value of Britieh
theraal uanite (BPtu) per hour per cubic foot of building
volume wae ueed. Thie average value ie sufficiently accurate
beocause there are unoontrolladble factora wvhioh enter into an
inveetigation of this nature., For example, in oon trolling
the reoa temperature in some of the older duildinge, vindowe
are oftea opened and ateal to radiatore may or may not be
turned off, Also there are ocooasicne where wvindowa may be
left open all night, resulting in increassed steam consump-
tion,

Part of the campua duildings are heated by lew

pressure eteaa, Wwhen the turbo~generator e in operation,



the turbine exhaust steam is used for heating purposss.
During periods of cold weather the turbine exhaust asteaam 1ie
not suffiocient, and therefore steam at boiler preseure ia
reduced to the turbine exhaust pressure through a pressure
redueing valve in the power plant. The piping losses of
transporting this low pressure steam to the various build-
ings are greater than of transporting the steam at a higher
pressure. It may prove desirable to asupply a sanmller
nuaber of buildings with turbine exhaust eteam and to raise
the pressure in the remaining low presaure linea. This
could serve two purposes: (1) to reduce piping losses and
(2) to reduce the need for adding part of the new pipe lines
as newv buildings are added and thorotor;'lnvin‘ in install-
ation and saintenance costs,

During periods of warm wveather the plant load 1is
coaparatively low and natural gas is a very convenient fuel
to use, Should natural gas also prove to be a cheaper fuel,
then there will be no question that its use will be con~
tinued mnd mhould be extended. At present only the largest
boiler is equipped to burn natural gas and boiler efficiency
deoreases as the load decreases below rated output. Thus it
may prove desirable to install gas burning equipment on a
lower capamcity boiler to gain the advantegem of the perhaps
cheaper, more convenient fuel and to operate at a higher

percent of rated boller output,



8mall eteam turbines power varioue pieoces of auxiliary
pover plant equipmeat, auoch as boiler feed pumps and foroced
and induoed draft fane. At preeent there is no way of
knowing Juet how effioiently these units operate or what
their operating expenses are. In view of the faect that
there is always one and sometimes more than one of these
unite in operation (depending upon whioh boilers are in
use) 1t would appear desirable to try to obtain aose
figures regarding the operating expenses of these various
auxiliaries,

A conplete study of the entire power plant has
never been made. The annual fuel costs approaoh $1%0,000
Per year and they will de increasing ss the college growe,
This faot, combined with the depreciated value of beilere,
turbinee, piping, heating, control and auxiliary edquipsent
of well over one million dollars, might make annual savings
of eeveral thousand dollars possible and Juetifiee thie
study,

Data on steas and powver generated and fuel burned
were obtained from metering equipment in the power plant,

The resulte of this investigation ecould: (1) provide
informatien relative to inoressing the ¢fficiency of the
oollege power plant, (2) provide a basis _for better ssti~
mating future steam requirenents, (3) indioate the desir-

ability of periocdically testing fuel, g&g provide a better



basis for future pover comtraote with the Bureau of Reclam~

ation and (85) suggeet desirabdble coneiderations.



CHEAPTER 11
@RAT=TRANSYER THRORY

1n heating and air conditioning, the design of
every heating or eooling systes is based primarily on the
heat=transfer characteriatios of the building structure.
Heat is gaimed or loat through ths walls and structure of
a building by twvo general msethods: firet, by transsission
through the wall frem the air on one side to the air on
the other side, and second, by actual leakage of warmer oFr
eolder air iamto the building. The first of these methods
iamediately pointe to the faot thst to resduce heat trans~
fer the imsulating quality of the walls anust be improved.
Yer this reason, building insulation has been developed
and imsulating air spesses are provided ia many walle and
between roofs and ceilings under them, The second methed,
leskage, ie reduced by the installation of weather strips,
double wvindowvs and doors, and by caulking or othervise
reducing aiy leskage through cracks.

Transfer of heat takes plsce by condusctioa, convee~
tion, radiation, or by sose combination of thess groocesses
vhenever a teamperature differeace ozt.t-.. In eonduetion,
heat is tramsnitted from and to adJjacent aclecules along
the path of flow by a procees vhereby some thersal agita~
tion of the hotter molecules is passed as~to the adJjacent

ceoler solesules,



Convection ie the transfer of heat (1) between a
moving fluid mediua and a surface, or (2) the transfer of
heat from one point to another within a fluid by movements
within the fluid, by which different portions of the fluid
are aixed, The final method of heat transfer in oonvection
is eventually some fora of conduction or radiation,

Radistion, Hot bodies give off radiant energy in
all direotions., A colder body on which this onergy falls
absorbs some of this energy from the source and 2s a result
evidences an inorease in internal energy and usually a rise
in temperature. Tvwo bodies at different temperatures both
emit radiation and absorbdb impinging radigtion, but the
hotter body emits more than it receives, The net result is
a transfer of heat from the hotter to the colder beody.

The theory of oonduction was firest presented by the

French mathematician J, B, !’ourior.1

FYor the very usual
case of equilibrium in heat transfer the temperature (t)
depends only on position (x), the heat transferred is

oonstant and Fowurier's equation 1is

q-—nﬁ (1)

q = Btu per unit of time (usually B}u/hr).

A 8 the area of the section through which heat

-

is flowing.

E 4

lyill1am N, MoAdame, Hsat Iransaigégon, p. 7,

McGraw~Hill: New York, 1034,



dt 2 the teamperature differenoce ocaunsing the heat
flow, The flow is inversely proportional to dx.

dx z the length of path through the material in the
direotion of the heat flow,

k2 a proportionality factor oalled thermal conduo=
tivity.

Conduotion threugh a plain wall yields, froam equation

- L32= t2)
(1), q = -k & (ty~ty) = ml-__a_ - (2)
kA
where g = Btu transferred pey unit time (hr).
A = wall area (sq.ft.).

x = thiekaess of the wall (usually in).

(ar) (sg.ft.) (°9)

(tl-tz) is the temperature difference in degrees
Fahrenheit en the two sides of the wall causing
heat flovw,

In heat flow between a fluid and a2 solid there
always exists a thin fluid fila, which tends to oling to
the surfaoce as relatively stagnant layer, and aots as an
additional resistance to heat flow, The values of the film=
surface-oonduotance coeffioient (f) inecrease (1) with the
inoreasing roughness ef the surface involved (2) almost
linearly with wind veloecity over the ourt:bo and (3) with
inoreasing teamperature difference. Because surface, wind

»
and temperaturs conditions are often ratler indeierminate,



the American Society of Heating and Ventilating Engineers
Guide recommends that a value of
11 = 1,683 be taken as represent-
ative for inside conditions with
relatively still air, and a value

of £, = 6,0 be taken for outside

conditions when the wind is not

t.
over 13 aph,
Figure 1, 8ketch of
Conductance through a a Composite Wall,
oomposite wall as shown in Pigure

1 can be deterained by using equation (2),

(t1 * to) £
q e ~ (3)
—x— + -31— + .:L + ‘4 + ®e 0 + ;
T4A kaAg kpAp L PPN foA

Btu per hr through the whole wall or in the case of

flat walls per sq ft of surface

qQ =~ —in—-;-s-fl; ATY = Btu/hr/eq ft (4)
11 * kn ko ke s b fo

It is often impracticable to oaloulate the heat~flow
conditions through the various sub-sections of a heat=-trans-
fer barrier, but an over-all heat=transfer ocoeffioient can be
found, either experimentally or froa tabulations for surfaoes
built up in similar manner. Under this congition equation
(4) beconmes

qQ = = UA (tg - ty) Btu p,;thr (s)

where U is the overall coefficient of heat transfer expressed



in Btu per hr per sq ft per deg F, found by direct experi-
ment or oaloulation fror various items in equation (4).

For composite walls of standard oonatruction actual
tests to deteraine U have been made by varioue investigators
and where these can be found they should be used in prefer-
enoce to making detailed calculations to find such iteas.

In the case of pipe lagging
and siamilar annular oovering the oroes ‘\
section of the path through which heat Ah
aust flow varies in proportion to the

linear distance through the seotion,

Referring to Figure 2 consider
Pigure 2. Section

the heat flow through a section of Through a Cylindri-
cal Pipe Covered
lagging of unit length along the axis With Lagging.

of a pipe, and situated at radius r

froa the oenter of the pipe. Yor this case Fourier's equation

(1) or q =z - ka 4%
dx
becones q 2 = k(277r,1) §1 (e)
r

Integrating for the whole insulation
o to
q 4 , - 27k dt
ry ty .

For a length of pipe L, the heat transferred per hour

2rkL(ty ~ t,)
beocones q = 1

N

1ln :.ﬂ
b |



10

wvhere q z Btu per hr transferred through lagging.
t, and t, = teaperaturea in degrees Fahrenheit on
each side of lagging.
L = length of lagging aeasured along axie of pipe
in ft,
k = speoific conductivity,
ry and r, = radii to innermost and outeraost section

of lagging,
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CRAPTER I11I
BUILDING HMEAT LOSSES

The items entering into the heating load in a
building er aspace are:

1, Heat less through expoased wall area to the outside.

3. Neat loss through roofe, or ceiling to unheated

atties.

3. HNeat loss through floors to the earth,

4, Beat loes through glaee surfaces and doors,

8. Heat required to warzs air entering by infiltra~

tion, through outaide wtnﬁovl and door oraocks
and other points of leaksge,

Por items 1 to ¢ the heat loss 1e deterained by the
baaio relationship, equation (6):

q@ = UA (tg -~ tg) Btu per hr,

The ainus sign oan be omitted here because it merely indi-~
ocates the direction of heat flow, which ie eut of the build~
ing.

With reference to the following tablee on the respec~
tive building heat losses the overall coefficients of heat
transfer are:

Uim coefficient for 1nlulat1n; glaes, i.0. Theraopane.

Ugs ocoefficient for glass block,

Ugs coeffiocient for single gliazed windews and doors,
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U‘g ocoefficient for exterior wall above grade.

Ugz ocoefficient for exterior wall below grade.

06: coefficient for special treatment of exterior

wslls, {.8, aluminum panels on Engineering Hall,

In the case of the older buildings on the campus
there are no specifications available regarding wall and
roof oonetruction materials. The loss for Central building
was deteramined and the heat loss per cubic foot was cal-
culated. This value was used or adjusted where necessary
in the deteraination of the other similar building losses.

The value of Btu per cubic foot for the frame build-
inga was obtained as an average of similar determinations
for over 20 esimilarly constructed buildings,

The values of heated volume are froa the 1949
Building Burvey for South Dakota State College.

Coeffioients of heat transfer and values of infiltra-
tion losses are based on data from the Amerioan Society of
Heating and ventilating Enginsers Guide.

In the case of special purpose buildings, suoh as
the Foundation Seed Stock building, the loss was taken as
the installed radiation,

The design inside temperature was taken as 72 F°and

design outside temperature as -28°F,

The enthalpy difference for heating purposes is 970

Btu per pound of stean,
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TABLE I. PRINTING AND RURAL JOURNALISM BUILDING HEAT LOSS
= — %
Total Glass Net wall Building heat losses
exposed
wall U)= Ug= 0.24 Infiltration
area Glass Net wall
Uz 0.36 |Us= Crack - ft
aq ), 'tth
Uz 0.€61 |Ug= Btu/hr Btu/hr Btu/hr/F/ft
At= 100F |At= 100F
T T 2060 B 49440 200
North 2568 L 3 _'8'2 1 A _ig_’_s__ Llsa—
T =, 38 E Jr R ey Bhgda it - =¥ i o agago.
£z _2085 . | 49320 e
::‘1';" 2568 216 I ———o0eess = = == =
337 20997 gl oo SR e
. 3500 || |1 sa000 =
Egpt ¢ 694 511 | T T SEES S e
L & 005 R 683 ) pegasl . 1 T L
2730 65520 300
";’; 4694 1113 geava Il _avdg WL | ; sg—'
o 851 v B ERIN) - 47400
Floor 15632 U= 0.04 | Ate 20F 125086
Ceiling 15632 U= 0.19 | At= 100F 297008
Total loss 869,898 Btu/hr

LA ¢



TABLE I1I1. ENGINEERING HALL REAT LOSS
Total Glass Net wall Building heat losses
exposed
wall Ulm 1.13 |Ugq= 0.35 | Infiltration
area H Glass Net wall
U2e Ug= 0.06 Crack - ft
aq.ft.
Uz= 0.61 |Ugz 0.19 Btu/hr Btu/hr Btu/hr/F/ft
|At= 100F |At= 100F
| 19 T AlrE L G| 4366 || 470308 | 152810 78]
North 11090 35 T 890 4140 1.30
wall 208 1664 12688 31616 101530
3370 7720 _360810 | 270200 | 2
S8outh 11090 T ~
wall = -* B iss [P i = it
P, 100 2088 || 11300 | 73080
Eag.t 3052 864_ B T 5184
wﬂ\ (" A
2400 _84000
West 3052 402 ~ i 1 7638 S T
wall 280 15250
Floor 22040 Use 0.04 |At= 20F 17632
Ceiling 22040 Ua 0.12 At= 100F 264480
Total loss 1,902,664 Btu/hr

A ¢



TABLE III. AGRICULTURAL HALL HBAT LOSS
Total Glass Net wall Building heat losses
exposed
wall Uie 1.13 (U4m 0.33 Infiltration
e Glass Net wall
U2e 0.356 (Use Crack - ft
aq.ft,
U3e Ug= Btu/hr Btu/hr Btu/hr/F/ft
At= 100F [Ats 100F
[ 2702 5138 305326 | 169554 | 1510
North 7840 | y 1,94
_wall e | & FESE T S 292840
IO 8}t 395D 442734 | 1294286
S8outh 7840
wall 1= == = Ball
ENNTTE 6257 || 607036 | 208481
i Ko 11638. 4 g“
wall = e
{ 4501 7088 568513 233904 2680
el 11638 2744 1.94
' 519920
Floor 21273 Us 0,04 |[At= 20F 17018
Ceiling 21273 U=z 0.19 |Ate 1007 404187
Total loss 3,840,387 Btu/hr

—

R ¢



TABLE IV. HARDING HRALL HEAT LOSS
_ S—— — —_——— ———— —
Total Gl ass Net wall Building heat losses
exposed
wall Ujm 1,13 |[Ug= 0.33
area Glass Net wall |Imfiltration
U2e Usm
6q.ft, Crack - ft
Uz= 0.681 |Ue= Btu/hr Btu/hr
Btu/hr/F/ft
At= 100F (At=  100F
B BT 6425 168257 | 212025 930
North 8040 1.30
Ly wali e | . .l HisEre ) SEYSREEE 7686 | 120900
1463 6577 165319 217041
South 8040
wall '____ T
= 1410 - 46530
East .- 1410 =11 :*. —= —_—
| wall :; _;: = == T2 Semems=—n =
2 1309 2373 43Yp7 - 4 - 38 -
West 1410 1 L30 1.30
Wil 80 4880 | & 4940 |
Floor 9112 Us 0.04 |At= 20F 7290
Ceiling 9112 Us 1,12 |Ats 100F 100344
Total loss 1,109,800 Btu/hr

Lt



TABLE V, UNION AND UNION ADDITION BUILDING HEAT LOSS

e —— - —
e e — e e e T w2
Total Glaas Net wall Bullding heat losses
exposed
wall Uls 1.13 |u4= 0.30 Infiltration
area Glass Net wall
Uze 0.356 |Usm Crack ~ ft
sq.ft,
Uje Ugs Btu/hr Btu/hr Btu/hr/F/ft
At= 100F fAt. 100F
— — - _| ______ - - — — —
1722 | 7503 ]| 194586 | 225080 1340
North 9375 15h 8400 0,28
wall | 2k : 37520
°) 7977 37974 | 2 0
B&aiEnl 0375 - .L'\Lﬁ_-l._ 137974 | 23931
wall e lia e m 1|
1035 6070 116955 182100 =
Bast 2 7105 W
wall " . f T i
849 | 6258 95937 187680 468
West 7105 | Fpj—
=T . - 0,28
wall 13104
Floor 23264 V= 0.04 |Atm= 20F 18611
Ceiling 23264 Us 0.12 | At= 100F 279168
Total loss 1,756,435 Btu/hr

81



TABLE VI, LIBRARY BUILDING

——

Total Glass Net wall Building heat losses
exposed
wall Uijs 1.13 | Uy 0.286 infiltration
area GClass Net wall

Uge Us= Crack - ft
sq.ft,

U3s Ug= Btu/hr Btu/hr Btu/hr/F/ft

Atz 100F [At= 100F

= 3811 119215 | 93886 518 |

North 4666
wall — e Ra94 |
i . i S 100492
South 4666 - 1310 3356 || 148030 | 87256
wall — =i
Bast 3780 L 7523 _ 028 1l 84976 78728
| \Vall“'“ _. : AN, <
£, badd #52| 2808 || 107576 73008 310
vall : - = W -
—_ = 60140
Floor ..h 13552 Us 0.04| Ate 20F 10842
cuunlJl 13552 U= 0.25| Ats 100F 338800
Total loss 1,302,949 Btu/hr

6T



TABLE VII. SCOBEY HALL HEAT LOSS

Total Net wall Building heat loases
exposed
wall Ugz 0.33 Infiltration
area Glass Net wall
Usm Crack ~ ft
sq.ft,
Ugm Btu/hr Btu/hr Btu/hr/r/ft
Ate 100F
J:'- [ — - = — — -
4601 135035 151833 1079
N 796 s
w:ll.:.h g 3 | | = = 0.28 |
30212
5332 44070 | 175956
South 5796 IS AT,
wall
Ll 8E9 283
Raat 4354 - d8% :_k-'azssi__;.,a az
wall}? = 3 T B
i Tkl 18] 2880 157070 95370 = 9906
:o:: 4354 4440 0.28
a 27888
Floor 8887 At= 20F 7110
Ceiling 8887 Ot= 1007 133305
Total loss 1,147,611 Btu/hr

|
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TABLE VIII,

CHEMISTRY BUILDING HEAT LOSS

Total Gl aas Net wall Building heat losses
exposed
::z; U= 1.13 |Ugqm 0.27 Infiltration
Glass Net wall
szl Uo= Us=s 0.06 Crack - ft
Ug= Ug= Btu/hr Btu/hr Btu/hr/F /£t
Ats 100F |Ata 100F
| '] TH 1413 1817 159669 49089 | 300
8 —_ = - — e
¥ ] . 3 880 5100 1.94
ot = f - 58200 |
BT S 2263 109271 61101
S8outh 4080 850 8100
wall
S8l =t 815 1617 nozoos 43659
- 640 - 3840 =
wall V“ by 3
1 1 ERN 234 2198 26442 59346 100
b i O 40 3840 1,94
Ay » 19400
rloor 5440 U= 0.04 | Ats 20F 4352
Ceiling 5440 Uz 0.19 | Atz 100F 103360
Total loss 803,834 Btu/hr

1 &4



TABLE IX. ROTC ARLORY BUILDING HEAT LOSS
J—‘I__=
Total Glass Net wall Building heat losses
exposed
wall U= 1.13 |U4ms 0.50 Infiltration
area Glase Net wall
Uowm Us= 0.06 Crack = ft
ag.ft,
U3e Ug= Btu/hr Btu/hr Btu/hr/FP/ft
i At= 100F |QAt= 100F
|| [ ] — ]D = -ﬂ
420 3804 47460 | 190200 200
North 4992 768 4608 1.94_
wall 38800 |
it IDE 480 3744 54240 | 187200
S8outh 4992 768 4608
wall T IR =T | = | (T
il i ¥ 282 2286 31866 114300
A East 3002 434 4w 2604
wall oV © 4 ppees e | i
| . et & 8| 5 ¢
500 1712 56300 85600 100
West 3002 790 4740 1.94 |
wall 19400
Floor 10112 Uz 0.04 | Ats  20F 8090
Ceiling 10112 Us 0.16 | Ate 100F 161792
Total loss 1,012,008 Btu/hr

e



AGRONONY SEED HOUSE REAT LOSS

TABLE X.
| — #
Total Glass Net wall Building heat losses
exposed i
wall U= 1.13 | Ug= 0.35 Infiltration
area Glass Net wall
Upz 0.56 | Ug= Crack - ft
sq,ft.
Uz= Ug Btu/hr Btu/hr Btu/hr/F/ft
QAt= 100F | At= 100F
481 1212 54353 42420 100
North o a3 | 1232 1,94
e B ' 19400
689 861 77857 33635
South 1714 G 3584
wall
64 1000 52532 35000
East s 1464 2 [ 3
wall q: : : i
| 464 1000 52532 35000 100
West 1464 -y
wall 19400
Floor 16860 Uz 0.04 | At= 20F 13488
O |
Ceiling 16860 Ve 0.0 At= 'LOOE 320340
Total loss 760,773 Btu/hr

€2
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TABLE XI. AGRONOMY HEADHOUSE REAT LOSS
Total Glass Net wall Building heat losses
exposed
wall U= 1.13 | Ug= 0.3% Infiltration
area Glaas Net wall
Uos= Us= Crack - ft
8qQ.ft,
Uz= Ug= Btu/hr Btu/hr Btu/hr/F/ft
At= 100F [At= 100F |}
324 078 36612 | 342
North 1302 34230 11;;
R
wall 21340
South 1302 314 588 35482 | 34580
wall
Eaat , 360 360 — 12600
wall - . I
o - .
iy ¥ 2l 75 285 847s 9975 L;g
wall
Floor 3255 Us 0.04 | At= 20F 2604
Ceiling 3255 U= o0.18 | At= 100F 61845
Total loss 269,383 Btu/hr

ve



TABLE XII.

AGRONOMY GREENHOUSE HEAT LOS8S

Total Glass Net wall Building heat losses
oxposod
i B2 23 ) U | 0660 Infiltration
A § y Glass Net wall
2 5= rack - ft
aq/ft Tj o=
U3= Ug= Btu/hr Btu/hr Btu/hr/F/ft
At= 100F | At= 100F
— _._..H.._ —— - A — — e e— e —
912 608 103056 36480 440
North 1520 1.94
wall B5360_
012 608 1030%6 36480
South 1520
wall
646 296 72998 17760
East 942 M oe
wall oV . “ T
3 646 296 72998 17760
VWest 942
wall u
Floor W 6878 Ue 0.04 | At= 20F 5502
Ceiling il 7958 vs 1,13 | At= 100F 899,254
Total loss 1,450,704 Btu/hr
E—

8¢
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TABLE X11I. PLANT PATHOLOGY BUILDING HEAT LOSS

f
Total Glasas Net wall Building heat losses
expoesed
wall U= 1,13| U4ye 0,40 Infiltration
area Glass Net wall
Uzm 0.56| Ugm Crack - ft
ag.ft,
Uz= Ugs= Btu/hr Btu/hr Btu/hr/F/ft
At- 100F At- 100F
')
i S 440 1010 49720 40400 11;:
21 Sl | ) L&l 34920 |
L5303 640 &1 ___ _S9890.1 25800
South 145 1
i sl D e 15680
[]
ahia: Yy 20| 470 2260 18800
wall ¢ T
=1 sh il _—
'est.t PR 20 470 2280 _18800
wall
Floor 7250 U= 0.04| At=  20F 5800
Ceiling 7250 Uz ©0.10| At= 100F 72500
Total loss 346,630 Btu/hr

8¢



TABLE XIV. PLANT PATIHQLOGY GREENHOUSE HEAT LOSS
RS
Total Glass Net wall Building heat losses
exposed
wall Uj=z 1.13 | Uz 0.60 Infiltration
area Glass Net wall
Uo= Use Crack - ft
sq.ft,
Uz= Uge Btu/hr Btu/hr Btu/hr/F/tt
At= 100F [ Ata 100F
1080 1080 122040 64800 | 684
North 2160 1.91
wall 132696
1080 | © 1080 122040 64800
South 2160
wall
813 500 92434 30000
East 1318
wall
- L:2%:] 500 1. .92434 30000
weat ¥ Yais ! .
wall
Floor 10182 Use 0.04 | Ate 20F 8146
Ceiling 11458 Us 1.13 | Ate .100F 1294754
Total loss 2,054,144 Btu/hr

| s diiibi WIW

Le
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TABLE XV. PLANT PATHOLOGY HEADHOUSBE HEAT LOSS

Total “ Glass Net wall Building heat lossmses
exposed
wall PL: 1.13 U4: 0.40 Infiltration
Ao e Glass Net wall
Unx 0.58 ) Us= Crack - ft
Sq. fto
U= Ugz Btu/hr Btu/hr |Btu/hr/F/ft
At= 100F | At= 100F
_————
310 870 35030 34800 120 1
North 1180 1.94 |
wall - 23280 |
350 830 39550 33200
South 1180 |
wall
138 5520
East 300 162 18306
wialll ||
y 300 || ~~ 12000
West o\ 2300 * g it
wall'
o 4 ﬁ
Floor 3540 Uz 0.04 | Atm 20F 2832
Ceiling 3540 Us 0.10 | Ats 1007 35400
Total loss 239,918 Btu/hr

8¢



TAELE XVI. CLASSROO!' ANNEX RUILDING T{EAT LOSS
——— - |
Total Glase Net wall Building heat loases
exposed
wall Ul: 1.].3 U4: 0:.30 Infiltration
area Glass Net wall
Uce Use ! Crack -~ ft
aq.ft.
Uz= Ugms Btu/hr Btu/hr Btu/hr/F/ft
Atz 100F [At= 100F
63 441 7119 13230 320
North 504 %) ) A0l Bl.¢ | [ 1.94
|, wald® - |- L = ‘L =i} | — 3880
63 441 || 7119 | 13230
8outh 504
_yall
252 a0Q0 28476 | 27000
East 1152
wall it 5
3 _ 230 922 28090 278860 100
West ;"’. &152 i - D LR T
v the 4 ged o Loe 19400 |
Floor 4032 Ue 0.04 | Atm 20F 3226
Ceiling h 4032 U= 0.40 | At= 857 88704
Total loss 265,034 Btu/hr

a2z



TABLE XVII.

e -

CENTRAL BUILDING HREAT LOSS

Total Glass Net wall | Building heat losses
exposed
wall Uz 1.13| Ugq=s 1.20 Infiltration
e Glass Net wall
Usz Uss 0,086 Crack ~ ft
aq,ft. |
Us= Ugm Btu/hr Btu/hr Btu/hr/F/ft
At= 100F | At= 100F
- 400 2036 |1 45200 58720 ' 4_&__|
North 3663 327 1962 1.24_
| wall N L 56792 |
_300| 3036 33900 60720
South 3663 327 1962
wall ‘
620 3244 = | 70060 64880
East 4242 378 2268
wall
3560 3304 63280 66080 442
West . 4242 378 . 2268 1,24
wall o . * An. 84808
=B - i
Floor 4923 U= 0.04| Ats 207 3938
| Ceiling 4923 U= 0.29| QAt= 100F | 142767
Total loss 729,608 Btu/hr
=

0g



TABLE XVIII, STEAK RERQUIRED FYOR HEATING BUILDINGS

Heated KEeat loss Total Stean
volune buildiag required
load
Building eu ft Btu/hr/eu ft #/ar
Btu/hr

printing and Rural Journalisa 386,000 2,373 869,808 897
Engineering HNall 716,120 2.658 1,902,684 1,960
Agricultural Hall 908,734 4.225 3,840,387 3,020
Narding Hall 273,360 4.086 1,109,800 1,040
Union and VUnion Addition 989,602 1,763 1,783,435 1,810
Lidbrary 891,049 2.208 1,302,949 1,340
8cobey KEall 401,080 2,86 1,147,611 1,180
cn..tltF? - 278,908 2.881 803,834¢ 826
ROTC Ar‘hr, 482,790 2,235 1,012,008 1,040
Agronoay 8eed House 205,692 3.608 760,773 782
Agronoay Read House 39,080 6,808 269,383 277
Agronoay Gresn Nouse 61,002 23.435 1,460,704 1,492
Plant Pathology 72,800 e,7681 346,630 356

_ mm
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TABLE XViII, {(CONT'P) STEAM REQUIRED YOR HEATIKG BUILDINGS

Reated Heat loss Total Stean
volume building required
load
Building cu ft Btu/hAr/cu ft #/hr
Btu/hr

Plant Pathology «~ Green HNouse 76,000 26,335 2,084,144 2,110
Plant Pathology - Head Nouse 35,400 8,777 239,918 247
Brookings iunicipal Hospital 215,400 3.2 688,280 710
Central 260,000 2,8 729,608 750
0ld NWorth 247,153 2.8 692,028 710
Exteasion 173,822 2.8 488,702 500
Engineering 666,800 2.9 1,830,830 1,084
Entomolqggy - 20.01639' 134,300 2.8 376,040 386
Dairy 88,090 2,8 246,652 254
Stock Pavilion 253,179 2,8 708,000 728
Wecota EHall 385,420 2,9 1,117,718 1,150
¥enona Hall 339,740 2.9 985,279 1,0x3
Wecota Annex 207,000 2,9 600,300 a8x7?




TABLE XVIII,

(CORT'D) STEAM REQUIREXD FYOR EEATING BUILDINGS

Heated Heat loes Total Stean
veluse building required
leoad
Building cu ft Btu/hr/cu £t #/hr
Btu/hr

Adaintistration 1,043,643 248 2,922,200 3,000
Gyanasiun 1,312,857 2.9 3,807,285 3,010
Veterinary Medicine 47,163 2.8 132,086 138
Dairy Pavilion ‘74,382 8.9 409 ,,100 421
Eest Mens Hall 738,000 3.5 2,583,000 2,660
§torehouse 78,850 2,95 197,152 203
Maintenance 8hope 35,000 55 192,800 197
0ld Powq:‘ Plant 54,000 5i8 297,000 414
Aviation Kochaglen 70,222 5.9 386,221 3907
Develorment Hall 93,636 4.0 374,144 384
Clasaroom Annex 48,160 8.9 265,034 272
President's Home 84,330 4.0 337,320 346
Home Management House 3%,860 4,0 142,640 147




TABLE XVIII. (CORT'D) STEAM REQUIRED FOR EEATING BUILDINGS

s — e e
e e ——————— e s

Heated Heat loss Total Stean
volume building required
load
Building cu ft Btu/hr/cu ft #/hr
Btu/hr
Residence Dorami tory 38,000 4.0 140,000 144
HBorticulture 103,500 2.9 300,150 309
Nutrition Laboratory 12,800 5.0 64,000 86
Dairy Barn 20,000 5.0 100,000 103
Rabbit Nouse 19,100 5.0 95,500 98
Foundation Seed Stocks ' 322,560 331
'
Nusic Hall 185,130 201
Animal Dhsesse Laborstory 20,000 4.0 80,000 82
Norticulture Green Houss * 373,200 383
Grand totals 41,143,650 42,283

*Installed Radiation.

ve
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CHAPTER 1V
PIPING LOSSES

In determining the piping heat losses, only the
campus distributing mains wvere calculated. The losses due
to individual building mains, risers, runouts, and returns
do not need to be determined as they contribute to the
building load, wvhich has been determined.

The eteam lines are insulated with 13" of 85%
magnesia insulation. The pressure carried in the high pres-
sure lines is 80 pounds per square inch gage (psig) and the
pressure in the lowv pressure lines is 5 psig, The steanm
temperature is 324 ¥ and the temperature at the surface of
the insulation is 90 F for the high pressure lines and 228 F
inside and 75 F outside for the low pressure lines,

Equation (7) ie used to determine the piping losses.
The results are tabulated in Tables XVIV and XX wvhere

k= 0,5 (Btu) (in) per (hr) (P) (8q ft).

(ty - tg)= 234 ¥ for the high pressurs lines,

(ty = to)= 153 F for the low pressure lines,

The change in enthalpy for steanm eoqgonllng in the
high pressure lines is 890 Btu/# and the change for the low
preseure lines is 990 Btu/#,

Figure ¢ i3 a map showing the campus steanm distribu-

tion systen,
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TABLE XVIV, HIGHE PRESSURE PIPING HEAT LOSS
——— T e e e e

Pipe Pipe Heat Stean
diameter length loss required
inches feot Btu/hr # /hr
14 330 21,294 24
24 600 96,870 109
3 888 88,534 67
4 3,320 390,780 440
L 870 142,606 160

The total atesm required to acoount for the high
pressure piping heat loes shown in Table XVIV 4is 800
pounds per hour, This value will, of oourse, vary with

the steam tunnel temperature.



TABLE XX, LOW PRESSURE PIPING HEAT LOSS

Pipe Pipe Heat 8tesn
diameter length loss required
inches feot Btu/hr #/hr
2 _ 668 32,660 33
23 720 40,080 41
3 860 566,527 56
4 205 16,4560 17
5 2,315 215,488 207
& 1,278 136,553 138
8 1,192 189,120 161
10 882 143,058 144
14 2,080 427,788 430
18 180 38,877 39

The total steam required to aocount for the low
pressure piping heat loss shown in Table XX is 1,368
pounds per hour, The total amount of steam required for
heating the campus buildings end to account for piping

]
loss is 44,349 pounds pPer hour at the design’conditions,

38
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CEAPTER V
COST OF GENERATING STEAM AND ELECTRIC POWER

A series of tests were conducted to determine the
cost of generating steam, under various loads, by burning
natural gas., Due to the fact that the power plant was
undergoing changes in the coal handling equipment, only one
test was run using coal. The plant was generating part of
the college power requirements on the firet test and pur~
chasing the remainder from the Bureay of Reclamation, On
the remaining tests all of the required power was purohased.

The heating unit of natural gas, as used by the gas
coapany for billing purposes, is the thera which is 100,000
Btu, The gas is metered in oubic feet and the heating value
is taken as 1000 Btu/cu ft. The cost of natural gas 1s
$428 ,00 for the first 10,000 therms and 90,03 for eaoh addi-
tional thera,

The heating value of natural gae was oheocked by use
of a constant pressure gas calorimeter and found to be 087
Btu/cu ft, The heating value of the coal burned was reported
by the supplier to be 11,790 Btu/#. {;hil value was checked
by use of an oxygen bomb calorimeter and was found to be
11,694 Btu/#, :

Data recorded consisted of the following information;

l., Amount of fuel burned.

2. Amount of steam generated.



3.
4.
8.
e,
7.
8.

40

8team preseure and condition,
Feedwater temperature,

Oresat analyeis.

Flue gas and air temperatures,
Turbine steam consumption,

Turbine inlet and exhaust pressures.

Generator output,

The coal wase purchased under two separate contracte

ae follows:

Contraet Contract
#1142 #11433
Indiana Tentweky
Soroeninge ”9
Heating value = Btu/# 11,790.0 12,200.,0
Moisture - % 10,0 8.97
Bulphur - % 3.1 2.92
Ash - % 6.8 7.1
Volatile matter -~ % 39 .40 38,08
Fixed cardbon = § 43.8 495.38
Pusion point = 7 2,100.0 2,120.0
Cost per ton ~ § 3,76 3.90
Freight per ton - § ‘8,88 6.13

Total delivered

cost per ton = @ 1" 9,60 10.03



TABLE XXI. TEST DATA -~ #4 BOILER BURNING NRATURAL GAS

- ———
Test nuasber 1 2 3 4 S 6
Duration - hrs 360,95 25,2 26 2% 24 30,75
Fuel input - cu ft/hr 38,300 32,200 24,800 15,380 11,660 9,268
Steam generated ~ #/hr 31,122 26,800 18,702 12,600 7,070 6,179
8tear pressure - psig 130 130 130 135 117 138
Feedwater temperature ~ F 210 208 204 214 196 187
Flue gas temperature - F 510 500 490 460 410 409
Alr temperature - F 70 735 75 75 75 78
Average ouﬁ)tdo temperature - ¥ 22 39,2 43.8 59,6 60,7 62
Turbine input - #/hr 18,578
Inlet pressure - psasig 130
Exhaust pressure - psig 190
Generator output ~ kv hrs 445.4

134



TABLE XXII,., TEST EESULTS - #4 BOILER BURNING NATURAL GASB

Test nuaber

1 2 3 4 8 6
Input-Btu/hr 1000 36,984 32,200 24,800 15,380 11,660 9,268
Output=-Btu/hr 1000 31,588,8 27,202 18,980 12,50 8,193,2 6,413.8
Boiler efficiency=~% 85,2 84,5 76.4 81,3 70.2 69.2
Cost per therm=¢ 3.08 3.06 3.08 3.12 3.16 3.19
Cost per 1000# of steam~¢ 36,2 36,6 40,8 38.1 46,1 46,5
Turbine input=8Btu/hr 1000 2,793
Generator output-Btu/hr 1000 1,542
Turbo-gol;;offlcﬁonoy-i 58.3
Cost of generating power
(No heating load - ¢/kw hr) 1,56
Power, a by-product of
heating load=¢/ke=hr 0,191}

(44
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TABLE XXIII. COST OF GENERATING STEAM WITKE COAL

Coal burned - #/hr 1,280
Steam generated - #/hr 10,600
S8team preesure -~ peig 130
Steam quality - % 100
Feed water temperature ~ ¥ 211
Enthalpy of steam leaving - Btu/# 1,194
Enthalpy of entering feedwater ~ Btu/# 179
Enthalpy difference - Btu/# 1,015
Heating value of coal ~ Btu/# 11,700
Neat input - Btu/hr 14,876,000
Heat absorbed - Btu/hr 10,789,000
Boiler effioiency - % 72
Coal oost - §/ton 9 .60
Cost per 1000# of stsam generated - § 0.58
e e = = = =]

The cost of generating steam by burning nstural gas,
froa Table XXII, varies froa 36,2 cents.per 1000 pounds of
stean to 46,5 cents per 1000 pounds o{ etean depending on
the boiler load. The cost of zonoratin; stsam by burning
coal, from Table XXIII, is 358 cents per 1000 pounds of
stean. This figure is based on fuel ;;%tl only and doeées
not incluie hauling expenses from the railroad yard to the

college, stockpiling, hauling the ash out, labor or depre-

ciation of eguipment.



Boiler Output = ¢ of Steam Per Hour x 1000
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Figure 8. Boiler Efficiency vs Output



Boiler Output = # 8Steam Per Hour x 1000
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The graphs of Figures 8 and 6 are the results of
Table XXII for the #4 boiler burning natural gas. In view
of the fact that there is no information available on
boiler efficiency versus load for the #1 boiler an esti~
mated curve wvas drawvn., This curve was drawn aseuming that
the efficiency of the #1 boiler at various percentages of
rated load aight be comparable to the efficiency vf the

#4 boiler at corresponding loads.,
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CEAPTER V1
AXXUAL COST OF HEATING CAMPUS BUILDINGS

The fuel ocosts for seasonal heating requirements
should not be oaloulated direotly on the basis of the mini-
mus outside design temperature, as this teaperature exists,
in general, for reasonably short periods of time. The
most praotioal method of eetimating heating~fuel consumption
over a period of time ie the degree-day lothod.z For any
one day there exist as many degree-da¥Ye as there are degrees
¥ difference in temperature between the average outside air
teaperature, taken over a 24-hour period, and a temperature
of 65 7,

8inos the maximua heating load has been oaloulated,
it is convenient to use it in oonjuncotion with the degree-
day for estimating total consumption,

1,000,000 (t; - tg)

where C a oost of fuel for the heating season,
0 = oost per million Btu output.

Btu/hr for the design dap,

f 2]
"

(ty - to) = temperature difference for the design day.

degree~days for the heating season,

2'. K. Carrier, R, E. Cherne snd W, A, Grant, MNodeId

AAx gopditigning. Kestink and p. 81, Pitman
Publishing Company: New York, 1650,
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The nuaber of degree~days vary greatly froa place to
place and for a given locality should be based on averages
for eeveral years. The average value for thie area is
82003 degree-days per year,

o for natural gas = $0,37
o for coal 3 80,058
Q from Table XVIII = 41,143,680 atu/hr,
(ty = t) z 100 ¥

Substitution of these valuee in equation (8) yilelds,
for natural gas, $29,957 and for ooal, ‘$46,060 per heating
eeaeon,

The annual heating season is generally oonsidered to
be from Gotober lst to May lst, 212 daye, 5088 houre., The
expense during the heating season for piping loeses would
be 2066 x 8088 x 0,37 = 1000 = $3890 for natural gas and

$6100 for oo0al,

38. HE., Jennings and 8. R. Lewis, ALx

aad International Textbook COnpnny‘ 8e¢ranton,
Pennsylvania, 1687, ;
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TABLE XXIV, CHANGE IN STEAM CONSUMPTION
FOR BUILDING HEATING PURPOSES WITH
CHANGE IN OUTB8IDE TEMPERATUREK

Outside Inside # astean
tenp .°F temp.°r per hour
-30 72 43,028
~-28 72 42,283

- 20 72 38,900
=10 72 4,772

) 72 30,644

10 72 . 26,516

20 72 22,388

30 72 18,260

40 72 14,132

50 72 10,004

60 72 5,876

Figure 7 shows how the stsam consumption for build-
ing heating purposes inoreases with dearsass in outside
teaperature. Ths curve of total load is the average
steam consuaption recorded for each of.tho eix tests on
natural gas at the average outseids temperature for the

test periods,
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Figure 7, Steam Consumption vs Outside Temperature
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CHAPTBR V11
ESTIMATED FUTURE STEAM REQUIREMENTS

The following are the estimated building neede for
the period from the present through 1970,

The heat loss for the buildings now under construc-
tion on the campus is taken as the installed radiation.

Por estimating the future needs the average heat loss 1is
assumed as 3,2 Btu/hr-cu ft of building volume and the
piping lose as 0.18 Btu/hr-cu ft. These values are based
on the present building heat loss calculations,

Table XXV shows the estimated building needs for the
period, as obtained fros the Director of the Physical Plant,
along with the calculated steam requirements,

The curves of rigure 8 ehow the estimated future
total steam requiresents and the building heating require-
ments,

The energy content of steam for heating purpoees 1is

970 Btu/#.



TABLE XXV, ESTINATED FUTURE STEAK REQUIRFNENTS FOR EEATIRG BUILDINGS
_——— - e e

Beated Keat Building Total etean
Yoar Building volume loss steam requi red
[TW & 31374 ) SR 7 ) J 1743 .
1058 44,349
1069 Agricultaral Eagineeriug 2,020,320 2,083 46,432
¥ea*a Dorasitory 2,038,000 2,100 48,832
Wosen®s Doraitory 1,833,800 1,582 80,114
1960 Dairy Building 886,000 1,862,600 1,922 82,036
Science Hall 696,000 2,328,300 2,400 04,436
19061 7Field Rouse 2,800,000 8,378,000 8,040 63,076
1962 Wing oa Agricultural Hall 200,000 670,000 601 63,767
1063 !oré’cultur_’ Claseroocs 180,000 502,800 818 64,285
1964 Poultry 140,000 469,000 484 64,768
19635 Rome Fconoaics 660,000 2,211,000 2,280 67,049
1886 Auditoriua 400,000 1,340,000 1,380 68,429
10087 Veterinary 180,000 802,500 518 68,047
1068 Livestook Arena 400,000 1,340,000 1,380 70,327
1669 Eatomology—-Zocology 300,000 1,008,000 1,038 71,383
1970 Agronomy 400,000 1,340,000 1,360 72,743
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CEAPTER VI1I
SPECIAL CONSIDERATIONS

Orsat analyeie of the boiler flue gases taken dur-
ing the period froa January 1, 19358 to January 29, 1988
indiocate that approximately 164% excess air wae supplied
to the combustion procees. An average value of exceee alr
should be detween 30% and 40% ae indiocated in Figure 9,
Calculations show that the oost of heating thia exceee
air from 80 F to 810 F and then dischirging it out of the
stack is $2,05 per hour or $49.20 per day.

S$imilar tests made during the period froa June 19
to June 20, 1958, while operating at a reduced load of
about 7900# of steam per hour, indicate 600% excess air
being eupplied. Thie represente a loee of $1.71 per hour
or $41.10 per day.,

The autematioc draft control on the induced draft
fan daaper on boiler #4 does not previde the necessary con-~
trol, partioularly at light loads. This ie the main reason
for the high amounte of exceee air bo}ng supplied.

Another offender regarding excess air ie the stoker
openings, The coambined area of thooq_( openings is 1.68
eq ft, and at one particular dnlpor.;ottlng the average ve-
locity of air through these openings was 1400 feet per ain-

ute. This resulted in 10,420# of excess air entering into

the comabustion process per hour,
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There is no information available regarding boiler
efficiency at various loads for the #1 boiler, which is
rated at 28,000 pounds of steam per hour, Any attempt to
correlate efficiency versus load between boilers #1 and #4
would be subject to question, In the interest of an area
for further consideration an attempt to correlate these
factors hae been made. TFrom the curves in Figure 5 there
would appear to be a poesibility of saving approximately
$0 .02 per 1000 pounds of eteam generated at loads up to
rated output if gas were installed in the #1 boiler.

Pover plant records indicate that this boiler has suffi-
cient capacity to serve the campus steam requirements for

a period of approximately 8 months depending upon weather
conditions. An average valus of steam consumption for this
S month period might well be 10,000 #/hr., This could result
in a saving of $720 based only on fuel costs for a gas burn-
ing installation. When the costs of hauling coal in and
refuse out are included, the saving aight very well be suf-
fioient to warrant installation of gas-burning equipment in
the #1 boiler. A further eaving could be realixed in that
the eteam turbine driven forced draft fan on the #1 boiler
would not have to be operated with llf'burning equipment,
with a oorresponding saving of about‘iéooﬁ of steasm per

hol.ll'.

Another interesting consideration is in regard to
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the heat loss in Agriocultural Hall, Based on the design
oonditions there is a heat loss through the glass area

of 1,866,937 Btu/hr and by infiltration 812,860 Btwhr

for a total loss of 2,679,817 Btu/hr, Calculated on a
degree=day basis this would reguire 5,020,000# steam per
heating season, If insulating glass and wveatherstripping
had been provided initially, this loss could have been

out almost in half, At current natural gas costs this
would have resulted in a saving of about $930 per year, A
further advantage would be the decresss in heat gain
threugh the summer monthas, which oould increase personnel
effioienoy, A current estimate on an aluminua type peraa-
nent awning for the south and west sides of Agrioultural
Nall is 838,000, Insulating glass would not provide

equal benefits during the suamer months as would an awn-
ing, but it may have been adequate,

The annual fuel expense previously amentioned of
9180,000 was entirely for coal, The calculated expense of
heating buildinge and piping losses iw 963,060, using the
figures for coal, In addition durini the summer months
the high prsssure lines are used to supply steam for build-
ing hot water heaters, hespital use End food servios equip~-
ment, The expenss of piping losses for the period froa

May last to Ootobsr lst would approach $1,700.



rtgurols indicate that the steam requirements for

heating hot water during the heating season are 0.41 # of

steam per 1000 eu ft of heated space per degree-day for

office buildings, This value should perhaps be adJjusted

for the oampus buildings, but this value will be used in

lieu of any other data. The total building volume is

approximately 12,000,000 cu ft and the fuel cost would

amount to $23,400,

Assuaing an annual average value of 100% excess air,

Figure 9 indioates that approximately 0% of the heating

value of the fuel, or §48,000, i a loss in the boiler

prooess,

The sum of these annual losses is $123,160, The

following areas might quite possibly account for the re-

maining $27,000,

1.

Conversion of a portion of the heat energy
supplied to the turbo-generator into electrical
energy,

Heating hot water during thq suamer monthes.
Hospital requirements for the year, other than
heating. ~

Yood service equipment requireaents.

Snow and ice melting taciitties.

Gymnasium laundry equipment,

Jennings and Lewis, gp. Qit., P. 149,



7. Leaks and unaccountable losees.

The breakdown of the annual fuel bill is an estimate,
but it does indicate the various areas involved. It is
quite apparent that savings in some of the areas would be
very small at beet, while in others the saving amight be

substantial,
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CHAPTER 1X
CONCLUS10NS

The foregoing investigation results in definite
conolusions regarding fuel cost oomaparisons in this etean
generating plant, 1In view of the fact that the annual fuel
expense of this power plant approaches $150,000, an in-
orease in efficiency of even 1% would result in substantial
savinges,

The oalculated maximum steam consumption (for the
ourrent campus buildings) of 44,349# of steam per hour
appears reasonable, This would indiocate that the calcu-
lated values of buildiag heat lossea and distribution
piping losses of 3.2 and 0,18 Btu per hour per oubic foot
of heated building volume respeotively can be used for
estimating steam requirements as future buildings are added,

The foregoing results indioate that natural gas 1is a
more economical fuel to uss, particularly so when coal
handling expenses are considerod, There is no question as
to gas deing a cleaner more convenient fuel to wuss.

A series of tests of boiler efficiency and costs of
burning coal with a high degrse of noiyracy was not possible,
This was due to the fact that in the new coal handling in-

stallation there are no facilities for weighing ths coal

burned or ash removed, The accuracy of the ons teat
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conducted with the combustion of ooal is therefore subject
to question even though it was conducted in the best pos-
eible manner. It would seea that installation of fuel and
ash weighing equipment would be very desirable and that the
teating prograa be continued,

The cost of buying electrical energy from the Bureau
of Reclamation is approximately 3,5 mills per killowatt—=hour.
The cost of producing electrioal energy in this plant was
deterained as 1.91 mills per kilowatt-hour., This figure
does not include depreciation of the turbo-generator unit,
It should be noted that the turbine converts a compari~
tively small percentage of the heat energy supplied {t
into electrical energy so the abeve figure ie valid only
when all of the turbine exhaust steam can be utilised for
heating purposes. WVhen there is no heating load the cost
of producing eleetrical energy goes up to 1,51 cents per
kilowatt—-hour., These figures indicate that the turbo~-
generator unit should be operated at a reasonable percent~
age of 1ts rated capacity during the heating season and
shut down for the remainder of the year,

Froa the calculated boiler losses and the expenee of
heating excess oombustion air of up to 982.11 per hour sose
improvenents are indicated. The bani; broblon appears to be
the damper setting on the induced draft fan on the #4 boiler,

The automatic draft oontrol will not ad Just air



requiremente to load ohanges., If the eteam load were to
remain oonetant, the damper oould be adjueted manually and
the reeult wveuld be satiefaotory. HBeocauee the load ie not
conetant for any great period of time, and the danper ad-
Justaent ie looated about 40 feet above the operating floor,
accessable only by olimbing a eteel ladder, the draft oon-
trol 4s not adjusted ase load ohangem for optimum oondi tions,
Part of the problem then appears to be malfunotioning of the
automatio dratt eontrol at ohanging loade and the other part
a manual adjustment of the draft oontr;l linkage eaoch tiee

a change of fuel ie made, Changing the adjustment with
ehangee of fuel is necessary beocauee of the differing fuel
oompoeitione and oorrespondingly different air-fuel ratios
for optimuam ocombustien,

Any malfunotioning of the automatio oentrol equip-
ment is, in general, beyond the ecope of the operating
personnel while manual adjustments are not. But in order
for prever manual adjustaente to be made, they have to be
based on flue Bae analyeie. The hand operated Orsat equip~
ment wvould give the required nnnlyolo.*but it ie not the
most oconvenient to uee and depende upon the skill of the
operator, and frequent ohange of the ﬁyolloal solutions,

A mueh more satisfaotory dovt;;‘in an electronio
device that indiocates and recorde carbon dioxide or oxygen,

Current priocee o0f theee tvo devices are 817856 for the



carbon dioxide recorder and $2283 for ths oxygen recorder,
Either of these inetruments can be cross-connected to at
least two boilers. Of the two devices the oxygen recorder
would prove the more desirable as indicated by reference to
rigures 10 and 11,

For example; aesuming 10% COz in the products of
combustion, we see, by reference to Figure 10, that the per~
cent of excess air variss from about 10% for natural gas to
about 120% for coke. Thise indicates that to correctly
interpret the results a knowledge of the carbon centent of
the fuel is neocessary.

Now, referring te Figure 11, with a reprsssntative
value of 6% O,, veo see that the range of excess air based
on the ssme range of fuels varies from about 306% for natu-
ral gas to about 50% for ooke. This indicates that as a
change from one fuel to another is made the amount of
oxygen present in the produects of oombustion will remain
essentially conetant for good combustion practices. The
0, recorder is thus a much more convenient instrument for
operating pereonnel to use.

It should be noted that neither recorder is an end
in 1teelf; and, if the results are not utilised by properly
adJusting ths beiler controls, then ;ho original investsent
represents a waste of money.

In the case of this power plant indications are that
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a oombustion analyaer and reeorder wvould be a definite
aid 4in ebtaining proper ocombustion, and could pay for it~
self in a oomparatively shert peried of time.

Installation of gas burning equipment on the #1
boiler should be given serious consideration, There ap-
pears to be a possibility ef realising some savings if this
boiler were eperated on gas during the suammer months, It
will be in operation during the colder months and a sav-
ing in fuel ocosts would definitely be realised. Then too,
as the institution grows both boilers<would be in operation
for a greater proportion ef the year then they are at pre-~
sent,

The tests made on the heating values of the fuels
burned indioate that they are vwell represented. 1In general,
a program of periodioally testing fuels has merit, It would
insure that the state is getting what it is paying for, and
it oould previde useful information for the puredasing
agent,

The stean required to operate the turbine driven
indvwoed draft fan on the #1 boiler islnpproxilntoly 20004
of steaa per hour, The other auxiliary turbine drives re-
quire about 1000# of steam per hour, ‘During the heating
season the steam exhausted from theee units is utilized
in the lov pressure heating system, If the #1 boiler were

to be used during the suaamer amonths, the induced draft
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fan would havs to be in operation and consideration might
be given to a more eoonomical drive for this unit,

The existing boiler capacity is adequate for the
present college requirements, provided the #4 boiler does
not break down, 8hould the large boiler be shut down for
repairs during a period of very cold weather the remaining
units would have to operate at rated capacity to supply the
necessary steam, If this situation should occur after the
three buildings now under oonstruction are put in use, the
chances are very good that suffioient steam could not be
supplied.

At present a new boiler rated at about 60,000 # of
steam per hour is in the planning stage and it would prob-
ably be about 2 years, after funds were appropriated, before
suoh a unit could be in operation,

The results of this investigation indicate that
there are various areas in connection with the steam gener-
ating, distribution, heating and related facilities that
warrant further consideration, Probably a long range pro-
graa should be organized and sst up to investigate and
correlate the entire system. There np}onr to be certain
areas where reasonably substantial savings could be made.
Increased instrumentation would proviao additional inforaa-

tion as deesed necessary, PFroa the annual expenditures,

including maintenance costs, it would appear very desirable



to give serious consideration to the full time employment

of a qualified engineer.
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