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Introduction

Prior to December 1933 the gas in the mains of the city

of Tucson was manufactured by the Tucson Gas Light and Power

Company at their plant in the city of Tucson. It was made

by cracking a heavy fuel oil, and had a calorific paver of

500 B. T. U.'s per cubic foot. At this time, the Western

Gas Company completed their high pressure natural gas

transmission line into Tucson. The natural gas thus made

available, was distributed by the local company, which then

shut down its gas manufacturing plant.

This natural gas comes from the Lea County Field in

extreme southeastern New Mexico. It is transported.at

450 to 500 pounds pressure in a main that comes via El Paso,

Douglas, and Bisbee. The same line also serves the town

of Cananea, Mexico. The new gas has a composition as follows

Percent by Volume

Methane (CB4) 82.00

Ethane (COO 13.00

Propane (C388) 2.00

Oxygen (02) 0.12

Nitrogen (N2) 2.67

Carbon Dioxide (CO2) 0.21

The specific gravity is 0.65 and it has a calorific power of

1000 B. T. U.'s per cubic foot.

When the new gas was turned into the mains, the gas
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company adopted a new rate schedule. They have three types

of rates - domestic, commercial, and industrial. The latter

two rates are much cheaper than the domestic rate, but they

also have certain minimum requirements. The details will be

found on page 10 . All of these rates represent a reduction

over former schedules, arm in the case of the large consumers,

the gas company claims that their cost is less than for oil.

The question now arises, "Shall the University change

its heating plant over to burn natural gas ?" The problem is

complicated not only by the choice of different rate schedules,

but also by the fact that there are two other classes of fuel

used on the campus. The first class is the present gas

consumption, which is charged to the different buildings on a

domestic basis. This will hereafter be referred to as the

"Domestic Gas Load ". The other. type of fuel is the

miscellaneous oil and coal which is burned for cooking in

the university commons, for supplying hot water to the

gymnasiums and dormitories when the. central heating plant

is shut down, and for heating detached buildings. This will

be referred to as the "Miscellaneous Load ". There are many

combinations of these loads, but after careful examination

several are found to be impractical; for this reason only the

most promising combinations have been investigated.

Another consideration is, "If the university does

purchase gas, shall it be on a commercial or industrial rate

schedule ?" It was first thought that the university would



not be a large enough..consumer to warrant purchasing on an

industrial basis. It was found later, however, that, on the

industrial rate schedule, the saving on the cost of gas for

the boilers of the central heating plant in the winter time

more than made up for the loss caused by paying the minimum

guarantee of 4250 per month during the summer. On this

account, the cost estimates including the heating plant

have been figured on the industrial rate schedule.

Estimates for smaller quantities are on the commercial

schedule.

A variation of the present system of burning oil is

to buy the oil in tank ear lots direct from the refineries.

This proposition presents some interesting possibilities,

and has been analyzed and investigated along with the

costs of gas.

In order to take advantage of an exceptionally low

rate in either gas or oil, it was decided to figure on

using combination oil and gas burners, of which there are

several on the market. This arrangement will not only

permit the use of the lowest cost fuel as prices fluctuate,

but also will give a source of standby fuel in case the

gas supply is interrupted.



Orißinai Investigation

Investigation of Burners.

A number of manufacturers of oil burning equipment were

approached by mail in order to get engineering data on their

burners, and to determine how their equipment would fit into

the layout of the university heating plant. Letters were

written to ten different companies, and replies were received

from seven.

The general design of most of the combination oil and

gas burners is to have the air -gas- mixture burn from a number

of refracto ry tunnels which surround the oil burner in the

center. The tunnels may be all in the same block, or may be

in individual blocks assembled and held together mechanically.

The air is usually supplied at atmospheric pressure, and

induced into the burner by the veloc ity of the gas as-it issues

from the spud, of which there is one for each tunnel. Some

burners, however, require the primary air to be furnished

under pressure, as in the cases of the Schwan and the Peabody

burners. For very high capacity, secondary air is introduced

into the fire box outside of the burners, but in the present

installation the rate of firing is not sufficient to warrant

this.

The steam burners may be either of the steam atomizing

or mechanical atomizing type. In the steam burner, steam at

boiler pressure is fed into the burner, breaking up the oil



into a spray which gives rapid combustion. This same effect

is obtained in the mechanical type burner by pumping the oil

to the burner nozzle under high pressure. As it leaves the

burner tip, vanes give it a whirling motion which breaks it

up into a fine spray. In the installation under consideration,

the mechanical atomizing burner will not be considered,

because of the additional equipment needed in the form of high

pressure pumps and accessories. The heating coils, pumps,

and piping for the steam atomizing equipment are already

installed and available.

The manufacturers submitting equipment for consideration

are:

(1 Denver P it a Clay Company
2 Webster Engineering Company

(3) Maxon Premix Burner Company
(4) Peabody Engineering Corporation
(5) C. C. Moore and Company
(6 ) Anthony Company
(7) L. B. Mettler Company.

Of all of these proposals, those of the last two companies are

the most desirable, and these only will be discussed in detail.

The Anthony Company furnishes a combination oil and as

burner which fires both fuels into a deep conical refractory

tunnel. The heat radiating from this tunnel changes the oil

into a vapor, thereby causing high burner efficiency. The

primary air flows in through a shutter in the burner front and

passes between a series of swirling vanes which give it

turbulence. This also helps to produce efficient combustion.

The quotation for complete equipment, including control
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apparatus, but-without installation, is X2675.

L. B. Mettler Company furbishes a gas and oil burner

in which the gas burns from small tunnels surrounding the

oil burner, in place of burning both fuels in the same

tunnel, as with burners supplied by the Anthony Company.

These burners have the gas enter through four spuds located

around the edge of each tunnel. This causes more thorough

mixing then with just one spud, and the manufacturer claims

that he can produce efficient combustion without having an

oxidizing flame. This, of course, will prolong the life of

the tubes and refractories. The oil burner in this

combination is detachable, and may be removed when it is

not actually in use. The quotation for this equipment,

including combustion controls, is .- - - - - - - - $2607.50.

An alternate proposal which would have the regulator control

the oil burners as well as the gas burners is quoted at

$750 additional, or 0357.50.

Changes in Equipment

The installation of the new burners will make it

necessary to build in new boiler fronts. In order to permit

the removal of the burners after installation, the load of the

wall above them will have to be supported by either a sprang

brick arch, or by means of steel I- beams. The latter method

seems preferable, since it does not cause the lateral thrust

on the side walls that a sprang arch does. The brick work

will consist of one course of fire brick backed by two courses
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of silocel insulation, and one course of common brick. All

of the firebrick will be set in refractory cement. Baffles

will not be needed in front of the burners because there

will be no very high rate of firing. The present burner

openings in the rear bridge wall of the Q ollins Boilers will

have to be bricked upl

The present oil supply pumps and piping may be utilized

up to the point where the piping comes out of the floor in

front of the boilers, From this point on, it will be

necessary to install new piping, and probably relocate the

oil meters. The present control apparatus on the Collins

Boilers will have to be removed, and the gages moved toward

the outer edge of the boiler front in order to make room

for the new control apparatus. It is recommended that

new valves be purchased for all oil piping.

There will be no changes in the stack or breeching, as

the stack develops sufficient draft, and. also is of ample

size to handle the stack gases, which are less from burning

gas then from burning oil. The present damper in the

breeching will be connected to the master regulator, and

thus be controlled automatically.

New Equipment Needed

The _new equipment required will be burners for the four

boilers, and regulators to cöntrol the amount of fire under

the boilers from the steam pressure. Accessories to the

control apparatus will be operating shafts, levers, and

linkages. Control valves in both the oil-steam supply lines
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and in the gas lines will be needed, With the type of

burner described above, no blowers are needed, but if

Peabody Burners are to be considered, a blower will be

required to supply the air.

Compare n_of Costs

Combinations of Different Types of Load

As mentioned above there are three different types of

fuel consumption on the campus at present, viz., (1) central

heating plant, (2) domestic gas requirements for individual

buildings, and (3) miscellaneous consumption of oil and gas

for hot water, and for heating of segregated buildings.

Because of the fact that the costs of gas as fuel for the

different purposes are interdependent, the savings from the

three types of fuel load will be considered jointly. They

will be discussed in the following combinations:

1. Heating Plant on Oil
Domestic Gas
Miscellaneous Load on Oil and Coal

2. Heating Plant on Oil
Domestic Gas
Miscellaneous Load on Gas

3. Heating Plant on Gas
Domestic Gas
Miscellaneous Load on Gas.

While other combinations of the fuel loads may be obtained,

a brief examination shows them to be unsatisfactory, and

for this reason they will not be considered.

The annual quantities of fuel consumed were obtained

from departmental records, and in case no exact information
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was available, the estimate of the person in direct charge

of the fuel ordering was taken. These data, together with

the average costs for the last two to our years, are given

below.

Pre sent Costs and Amounts of Fuels

Coal - Hot water heating (Note 1) and
Greenhouse (Note 2)
34.5 tons 113.31 $459.13

Coal - Dining Room
92 tons (Note 3) '? 012.13 1115.72

Oil, 27° Be. - Miscellaneous Hot
Water heating (Note 1) ,

Dining Room (Note 3), Mining
Engineering Department (Note 4) ,

and Dairy Department (Note 5)
13,488 gallons co $0.0747 1007.52

Summer School
1063 gallons $0.075 79.73
(Mote 1)

Oil, 16° Be. - Heating Plant (Note 1)
203,078 gallons ,0.0441 8947.15

Manufactured Gas
12050 therms (Note 6) e
Domestic Rate Schedule
(See pages 10 and 11)

943.38

Note 1. Data from Heating Plant records (T. B. Haskins,
Power Plant Engineer) .

Note 2. Data taken from Horticultural Department records,
M. P. Wharton, Associate Professor.

Note 3. Data taken from dining room records and estimates
by Mrs. &. Moore, Dietitian.

Note 4. Data taken from Mining Engineering Department records
(J. B. Cunningham, Professor) .

Note 5. Data taken from Dairy Department records and
estimates by W. S. Cunningham, Professor.

Note 6. Data from local gas company. A therm is 100,000
B. T. U.



10

DomestiO Rate Schedule
(Revised)

Block Rate Cumulative Rate
Quantity Amount Quantity Amount

10 Therms $2.20 10 Therms 2.20
10 1.60 20 3.80
10 1.50 30 5.30
10 1.00 40 6.30
10 .75 50 7.05
Each Add' l
10 Therms .75

Commercial Rate Schedule

Block Rate Cumulative Rate
Quan i y Amount Quantity Amount

100 Therms $16.00 100 Therms '16.00
900 49.50 1000 65.50
2000 64.00 3000 129.50
1000 29.00 4000 158.50
Each Add' 1
1000 Therms 29.00

Minimum yearly bill on this schedule: $200.00

Industrial Rate Schedule

Block Rate Cumulative Rate
Quantity Amount

5000 Therms 0150.00
Each Add t l
1000 Therms 26.00

Quantity Amount

5000 Therms $150.00

Minimum monthly bill on this schedule: 423).00
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Case I, Costs of Fuel - Heating Plant
on Oil, Domestic Gas, and

Miscellaneous Load on
Oil and Coal.

(System in Effect Jan. 1, 1934)

Month Coal and
27° Be. Oil

Manufactured Gas Central H at ing
Plant, 16" Be. Oil

Therms Cost on
Domestic
Rate
Schedule

Oct. 1078 v 84.15
Nov. 1239 96.23
Dec. 1238 96.15
Jan. 1049 81.98
Feb. 854 67.35
Mar. 1365 105.68
Apr. 1639 126.23
May 1498 115.65
June 929 72.98
July 390 32.55
Aug. 376 31.50
Sept. 395 32.93

Total $ 2662,10 12050 $943.38 ' 8947.15



12

The above costs may be modified by an arrangement

for the university to purchase its own fuel oil for the

heating plant from the refinery. This set up would

require the purchase of a tank truck, and probably the

construction of another underground storage tank at the

university as additional reserve against shut -downs. The

cost of 16° Be. oil on this basis is worked out below.

Cost of oil per bbl. (42 gallons) F 0 B
Los Angeles, Estimated O.46Q

Freight, Los Angeles to Tucson,
$0.275 per cwt.
336# per bbl. (tote 1) x $0.275

100
0.925 per bbl. .925

Steam heating of car
(10,000 gallons) $3.50

Reheating and switching
$8.50, estimated required
on 1/3 of total cars 2.83

46.33

$6.33 x 42
10000

Sampling and analysis charge, per
car = 05.00
$5.00 x 42

15ÓOO

Haulage charges:
1600 gallon tank truck will unload
a car in 5 - 8 trips. Allowing
1 hour for a complete trip, car can
be unloaded in one day.

Forward

.027

.021

1.453

Note 1. Handbook of Petroleum Asphalt and Natural Gas
(Cross) P. 463.
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Forward $1.453

Driver of truck $5.00 per day
$0.021 per bbl. 0.021

Operating cost of truck
7 round trips at 5 miles each
and 0.10 per mile =03.50 per car

, 3.50 x 42 = 0.015
10000

Total Direct Expense, per bbl. 01.489

1.489 : 40.0354 per gal.
42

203,078 gallons 0.0354 - $7188.96



14

Case I A. Costs of Fuel - Heating
Plant on Oil (Purchased Direc,

Domestic Gas, and Miscellaneous
Load on Coal and Oil.

Coal and Manufactured Gas* Central
27° Be. Oil Heating Plant

$2662.10 $943.38 $7188.96

* See Case I tabulation for distribution by months.
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In order to get the equivalent amount of gas which

will be required by the different fuels, it is necessary to

determine the conversion factor, or the equivalent amount

of fuel in gas to give the same heat. This is done below.

Conversion Factors

Coal, soft
B. T. U. content per lb. Gallup 10,900 (Note 1)

Trinidad 12,200 (Note 1)
Trinidad 12,300 (Note 1)

Average 11,800

11,800 S 2000 - 23,600,000 B. T. U. / T
236 therms (Note 2)

236 therms less 19% (Note 3) for greater
efficiency of gas:

236 x 0.81 s 191 therms, equivalent of 1T.

Note 1. These figures taken from Steam Power Plant
Engineering by Gebhart, p. 38 --39.

Note 2. A therm is 100,000 B. T. U.
Note 3, L. C. Price, University of Arkansas Expermient

Station, Bulletin 1l1, page 23, gives 20,500 cubic
feet of 960 B, T. U. gas as equivalent to 1 ton
of 12,000 B. T. U. coal. This says 24,000,000
B. T. U. in coal are equivalent to 19,680,000
B. T. U. in gas; or B. T. U. from coal less 18%
gives equivalent B. T. U. in gas. He quotes
W. D, Edwards, of Memphis Power and Light
Company as giving 20,000 cubio feet of 960
B. T. U. gas as equivalent to 1 ton of 12,000
B. T. U. coal. This says B. T. U. from coal
less 20% gives equivalent B. T. U. in gas. The
average of these two figures is 190.
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Oil, 27° Be.
Heating value r 144,069 B, T. U. per gallon (Note 1)
144,069 = 1.44 therms
1.44 therms plus 1.55 (Note 2) for less efficiency
of gas:

1.44 z 1.015 = 1.462 therms, equivalent of
i gallon

Oil, 16° Be.
16 Be. = 0.959 Sp. Gr.
Heating value = 18,890 B. T. U. er lb. (Note 3)
0.959 x 62.4f cu. ft. x 42 gal. /bl. = 336 lbs. /bbl.

7.48 gal. cu. f .

336 S 18,890 _ 6,340,000 B. T. U. per bbl.
1 cu. ft. Lea County natural gas contains 1030
B. T. U. (Note 4)
6,340,000 : 6160 cu. ft. of gas equivalent of

1030 1 bbl. of 16° Be. oil

The gas company figures 100 cu. ft. per therm, hence
640 ou. ft. = 61.60 therms, equivalent of 1 bbl. of
16 Be. oil.

Gross oil used
Gallons 203,078
Barrels 4835.19

Note 1. Handbook of Petroleum, Asphalt, and Natural Gas
(Cross),. P. 463.

Note 2. From a previous calculation of the author, which
allowed the gas the gain from less excess air, but
deducted the loss caused by burning the greater
hydrogen content to unc ondense d water vapor.

Note 3. Petroleum Handbook p. 465.
Note 4. Investigation by P. M. Thornburg, Assistant

Professor, Mechanical Engineering Department,
University of Arizona.
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Deductions .
Atomization steam

0.3# of steam /lb. oil (Note 1)
1 lb. of oil will produce 14 lb. of steam
(Note 2) . Therefore
0.3 lb. steam for atomization x 100 = 2%

14 lbs. of steam generated

Fuel Pumps
Estimated 1.5%

Oil tank heating coils
Estimated 1%

Total Deductions 4.5%

Net oil used
4835 bbls. , less 4.5% IT 4617 bbls.

In figuring the conversion of oil or coal to gas, it

should be done on a monthly basis, as the gas company's rates

are on a sliding scale, based on the total consumption during

any calendar month. In developing the quantities and costs

of gas in Case II, the hot water and cooking load is distribut-

ed uniformly throughout the nine months of the regular school

year. The summer school load is divided evenly between the

months of July, August, and September. The domestic gas load

is distributed according to the gas company's figures, which,

its representatives say, are based on actual billings.

Note 1. See Handbook of Petroleum, Asphalt, and Natural Gas
(Cross) , P. 454.

Note 2. Boiler Test, run by the D7echanieal Engineering
Department on Jan. 10, 1934.
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Equivalent quantities of Gas and Distribution

Coal -Hot water heating and Greenhouse
34.5 T x 191 therms /T _ 733 therms per month

9 months

Coal -Dining Room
92 T x 191 the rms f T z 1950 therms per month

9 months

Oil, 27° Be.
13,488 _gal. x 1.462 therms /gal. ; 2190 therms

9 months per month

Oil, 27° Be. , Summer School
1063 gal. x 1.462 therms /gal. ; 518 therms per

3 months month

Domestic Gas
See tabulated form p. 11 for distribution

Oil, 16° Be. , Central Heatin Plant
4617 bols. x 61.60 therms bl. 284,400 therms

per season

This amount will be distributed between the months

from October to May inclusive, according to the percentage

of the total number of degree days occurring in that month.

The number of degree days in the month is equal to the sum

of the differences between the mean temperature and 65° F.

for each day during the month. Thus, if on five days the

mean temperature was 500 F., the difference would be 15 °,

and since there were 5 days when this condition occurred,

75 degree days would be accounted fore

It has been found by experiment that the amount of

fue], burned in any particular time interval is proportional

to the degree days occurring in this time. Thus, by

determining the percentage of the total degree days of the

season that occur during any one month, there will be
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determined the percentage_of the total season's fuel

which was burned during that month. These percentages for

Tucson, compiled from Weather Bureau Statistics for the

years 1929 --1933 inclusive, are given in the following table,

together with the corresponding amounts of fuel consumed by

the central heating plant.

Month Percentage of
Total Degree Days

Amount of Fuel
Burned by Heating
Plant

Therms

October 0.3 900
November 14.3 40,700
December 24.5 69,700
January 28.5 81,000
February 18.4 52,300
March 12.3 35,000
April 1.1 3,100
May 0.6 1,700

100.0 284,400
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Case II. Estimated Costs and Amounts of Fuel -- Heating
Plant on Oil, Domestic Gas, and

Miscellaneous Load
on Gas

Domestic Cost Coal Oil 27o Be. Total Cost on Difference
Gas Domestic Hot Water Dining Regular Summer Conan' 1. Chargeable

Rate and Room Session Session Rate to Misc.
Month Green. Coal and

house , Oil
Therms Therms Therms Therms Therms Therms

Central
Heating
Plant

Oct. 1078 $ 84.15 733 1950
Nov. 1239 96.23 733 1950
Dec. 1238 96.15 733 1950
Jan. 1049 81.98 733 1950
Feb. 854 67.35 733 1950
Mar. 1365 105.68 733 1950
April 1639 126.23 733 1950
May 1498 115.65 733 1950
June 929 72.98 733 1950
July 390 32.55
Aug. 376 31.50
Sept. 395 32.93

Total 12050 $943.38 6597 17550

2190
2190
2190
2190
2190
2190
2190
2190
2190

518
518
518

19710 1554

5951 $ 215.08 $ 130.93
6112 219.75 . 123.52
6111 219.72 123.57
5922 214.24
5727 208.58
6238 223.40
6512 231.35
6371 227.26
5802 210.76
908 60.44
894 59.67
913 60.72

132.26
141.23
117.72
105,12
111.61
137.78
27.89
28.17
27.79

57461 02150.97 $1207.59 48947.15



Month

Domstio
Ga s

Therms

Cost*
Domestic
Rate

2],

Case II A. Estimated Costs and Amounts of Fuel Heating
Plant on Oil (Purchased Direct),

Domestic Gas, and
Miscellaneous
Load. on Gae

Coal*
Sot Water 75ining
and Green - Room
house
Therms Therms

Oil 270
Regular
Session

Therms

Be.*
Summer
Session

Total* Cost on Difference
Comm' 1 Chargeable
Rate* to Misc.

Coa' and
OilTherms Therme

Cent's].
Heating
Plant

Total 12050 $ 943.38 6597 17550

* See Case II tabulation for distribution by months.

19710 1554 57461 $2150.97 $1207.59 $6864.04
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Case III. Estimated Costs and Amounts of Fuel - Heating
Plant on Gas, Domestic Gas, and
Miscellaneous Iced on Gas

Domestic Cost Coal Oil 27o Be. Total Cost
Gas

. Domestic Hot Dining Regular Dining Domestic on
Rate Water Room session Room Gas and Coma'1

and Misc. Oil Rate
Green - and Coal
house

Therms

Oot. 1078 $84.15
Nov. 1239 96.23
Dec. 1238 96.15
Jan. 1049 81.98
Feb. 854 67.35
Mar. 1365 105.68
April 1639 126.23
May 1498 115.65
June 929 72.98
July 390 32.55
Aug. 376 31.50
Sept. 395 32.93

Therms Therms Therms -Thermo

733
733
733
733
733
733
733
733
733

1950
1950
1950
1950
1950
1950
1950
1950
1950

2190
2190
2190
2190
2190
2190
2190
2190
2190

518
518
518

Total 12050 $ 943.38 6597 17,550 19710 1554

Therms

5951
6112
6111
5922
5'727

6x38
6512
6371
5802
908
694
913

Differ-
enoe
Charge-
able to
Liso.
Coal and
Oil

Central Total Cost Differ-
Heating with Industr. eno e
Plant Heating Rate Cha3ge-

Plant with able
Heating to
Plant Heat.

ing
Plant

$ 250.00 .$ 34.92
1237.11 1017.36
1991.09 1771.37
2279.97 2065.73
1528,70 1320.12
1092.19 868.79
269.91 38.56
253.00 22.74
250.00 39.24
250.00 189.56
25).00 190.33
250.00 189.28

Therms

215.08 h30.93 900
219.75 123.52 40700
219.72 123.57 69700
214.24 132.26 81000
208.58 141.23 52300
223.40 117.72 35000
231.35 105.12 3100

210.76 137.78
60.44 27.89
59.67 28.17
60.72 27.79

57,461 $2150.97 $1207.59 284,400

Therms

6,851
46,812
75,811
86;922
58,027
41,238
9,612
8,071
5,802

908
894
913

341,861 $9898.97* $ 7748.00
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GROSS OPERATING SAVINGS

Heating Domestic Miscel- Total
Plant Gas laneous

(1) Costs, Case I,
Heating Plant on oil,
Domestic Gas, and
Miscellaneous on coal
and oil (present system) $8947.15 $943.38 $2662.10 $12,552.63

(2) Costs, Case I A,
Heating Plant on oil
(purchased direct) ,

Domestic Gas, and
Miscellaneous on coal
and oil 7188.96 943.38 2662.10 10, 794.44

(3) Costs, Case II,
Heating Plant on oil,
Domestic Gas, and
Miscellaneous on gas 8947.15 943.38 1207.59 11,098.12

(4) Costs, Case II A,
Heating Plant on oil
(purchased direct) ,

Domestic Gas and
Miscellaneous on gas 7188.96 943.38 1207.59 9,339.93

(5) Costs, Case III,
Heating Plant on gas,
Domestic Gas and
Miscellaneous on gas 7748.00 943.38 1207.59 9,898.97
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GROSS OPERAT ING SAVINGS (CONTINUED)

Heating Domestic Miscel -r Total
Plant as laneous

(6) Saving of Case
I A over Case I,
(1) minus (2) $1758.19 0.00 $0.00 01758.19

(7) Saving of Case
II over Case I,
(1) minus (3) 0.00 0.00 1454.51 1454.51

(8) Saving of Case
II A over Case I,
(1) minus (4) 1758.19 0.00 1454.51 3212.70

(9) Saving of Case
III over Case I,
(i) minus (5) 1199.15 0.00 1454.51 2653.66
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Expenditures for Changeover

Heating Plant

For the purpose of making this estimate, the costs as

proposed by the L. 13, Mettler Company are used because they

are more in detail. The Anthony Company's proposal is

very similar, and it is probable that some of the other

companies could quote on an equivalent basis if they were

requested to do so specifically.

Burners and Controls

Amount Kind of Equipment
Combination Gas and
oil burners

Unit Cost
404.75

Total
)2047. 0

2 M. J. L. Controls 150.00 300.00
10 Duplex Oil --Steam 75.00 750.00

Valves
2 Balanced Gas Valves 30.00 60.00
4 Linkage Systems 50.00 200.00

Estimated
Estimated
Estimated

Estimated
Estimated
Estimated
Estimated

Brick
500 firebrick
1000 insulating brick
500 common brick

Mortar
5 cu. ft. of High-tempite
10 sacks of cement
12 cu. yds. of sand
50 lbs. of hydrated lime

I -Beams
4 Six inch I. -beams 8' long estimated
4 Six inch I -beams 62' long estimated

Pipe and Pittinps
21' Six inch pipe
53' Three inch pipe

Miscellaneous fittings estimated

Forward

50.00
200.00
30,00

10.00
7.50
4.50
2.00

48.00
39.00

42.00
39.00
75.00

03904.50
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Labor
3 TradesmenTradesmeT871.25 per hour x3.75
3 Helpers u .75 per hour 2.25
Total per hour 6.00
Estimated 176 hours

Total

Contingencies, estimated

Forward 3904.50

1056.00

4960.50

350.00

Grand Total 5310.50

Amortizing 45310 over 15 years, which is estimated as

the probeble life of the burners:

5310 = $354 yearly amortization expense. A sketch of
15

this proposed installation will be found in the appendix.

Miscellaneous Heaters

Arizona Hall

Present Equipment:
Crane I-7 -W boiler, 3 sections, coal fired

Required:
Webster Janitrol Conversion Gas (Note 1)

Burner X-3-8, including regulator 107.45
Installation, estimated 25.00
Gas main from 4th street, 150 ft.,

estimated at X1.00 per ft. . 150.00

Greenhouse

Present Equipment:
Burnham N-25 -4 Boiler, 4 sections, coal

fired

Forward $282.45

Note 1. Webster Janitrol equipment is supplied through Crane
Company.
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Forward 0282.45

Webster Janitrol Conversion Gas Burner
# X -3 -S including regulator 107.45

Installation estimated 25.00
Gas main from 4th street, 90 ft.,

estimated at 01.00 per ft. 90.00

Mens Gymnasium

Present Equipment :
Ideal Boiler #247 equipped with a

Sundstrand oil burner #B5V

Required:
Webster Janitrol Conversion Gas Burner

#5-1--4, including regulator
Installation, estimated
Piping 30' estimated at

Pima Hall

Present Equipment:
Cylindrical cast iron coal fired hot
water heater

Required:
Indirect hot water heating system with

gas fired steam boiler, American
Gas Products Corporation equipment
0-GS -5 (Note 1) including regulator

Installation, estimated
(Gas piping is already available)

Maricopa Hall

Present Equipment:
Cylindrical cast iron hot water heater,

oil fired

188.20
45.00
20.00

182.80
50.00

Forward $ 990.90

Note 1. This equipment is handled in Tucson by the Standard
Sanitary Manufacturing Co.
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Forward

Required:
Indirect hot water heating system with
gas fired steam boiler, -- American
Gas Products Corporation equipment
#00,GS --7, including regulator

Installation, estimated

Dining Hall

Bake oven, oil fired

Required:
Natural Gas Equipment, Bakery Type G.A.
conversion burner installed complete
(Note i)

Cylindrical cast iron hot water heater

Required:
Indirect hot water heating system with

gas fired steam boiler, - American
Gas Products Corporation equipment
#0- -GS -5, including regulator

Installation, estimated

Excelso Heater for use with above, size #27
(American Gas Products Corporation)

Installation, estimated

Cook stove
(4) #2 Ga somat is Restuarant Range
Burners, installed complete (Note 1)

Metallurgy Laboratory

Required:
(3) Burners, estimated capacity of 750

cu. ft. /hr; estimated cost O $15 each
(1) Burner, estimated capacity of 400

cu. ft. /hr; estimated cost
Installation of (4) burners
Piping, 40 feet, estimated a t l per foot

Forward

i990.90

222.60
50.00

125.00

182.80
50.00

49.92
25.00

170.00

45.00

10.00
40.00
40.00

4001.22

Note 1. Supplied by Tucson Gas, Light and Power Company.
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Boiler, Dairy Department

Forward $2001.22

Required:
Conversion burner, estimated at

1000 cu. ft. per hour;-estimated
cost 25.00

Installation, estimated 15.00

Total $2041.22

Amortizing $2041 over 15 years, which is estimated

as the probably life of the equipment:

2041 ; $136 yearly amortization expense.

Heating Plant, Expenditures Necessary to Purchase Oil Direct

Truck and Tank Trailer
Cost

Truck $970
Trailer (1600 gallon) $1900

Probable life
Truck 12 years
Trailer 20 years

Amortization charges
Truck
Trailer

$81
95

Repairs - Trailer
Washing and Painting 30
Greasing ..

Total per year 4$245

Storage Tank (20,000 gallons)
Estimated cost including tank,
excavation, steam coils and piping 0500
Estimated life 20 years

Amortization charges

Total amortization charges
(Tank and truck)

$25

4l270
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ET BAVINGS

Heating Domestic RTiscel- Tote].
Plnnt Gns 1p-nAous

(1) Orerating Costs,
CPse I, Heeting P19. nt
on oil, Domestic GA.s,
and Miscellaneous on
coal aud oil
(Present Svstem) $8947.15

(2) Orerati.ng Costs,
Case I A, Heating
Plant on oil
(rurchased direct),
Domestic GPIs, and
M3a c ellane ous on
coal and oil

(3) Amortization
Costs, CPse I A

(4) Total Cost,
Case I A

7188.96

270.00

7458.96

(5) Operating Costs,
Case II, Heating
Plant on oil, Domestic
GPs, and Miscellaneous
on gas 8947.15

(6) Amortization
Costs, Case II

(7) Tots]. Cost on
CP se II

w

43.38 $2662.10

943.38 2662.10

-- --

943.38 2662.10

943.38 1207.59

w 136.00

$12,552.63

10,, 794.44

270.00

11,064.44

11, 098.12

136.00

8947.15 943.38 1343.59 11, 234.12

(8) Operating Costs,
Case II A, Heating
Plant on oil (purchased
direct) , Domestic Gas,
and Miscellaneous on
gas 7188.96 943.38 1207.59 9,339.93
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NET SAVINGS (CONTINUED)

Heating Domestic Miscel- Total
Plant Gas aneo us

(9) Amortization Costs
Case II A 0270.00 3 - -- $136.00 X406.00

(10) Total Costs
on Case II A 7458.96 943.38 1343.59 9,745.93

(11) Operating Costs,
Case III, Heating Plant
on gas, Domestic Gas,
and I1iscellaneous on
gas 7748.00 943.38 1207.59 9,898.97

(12) Amortization
Costs, Case III 354.00 - -- 136.00 490.00

(13) Total Costs,
Case III 8102.00 943.38 1343.59 10,388.97

(14) SAVING of
Case I A over Case I
(1) minus (4) 1488.19 0.00 0.00 1,488.19

(15) SAVING of
Case II over Case I
(1) minus (7) 0.00 0.00 1318.51 1,318.51

(16) SAVING of
Case II A over Case I
(1) minus (10) 1488.19 0.00 1318.51 2,806.70

(17) SAVING of
Case III over Case .. I

(1) minus (13) 845.15 0.00 1318.51 2,163.66
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Discussion

From the calculated amount of savings at the bottom

of page , it will be seen that the saving of 01488.19

in Case I A has been combined with the saving of 01318.51

in Case II to give a total saving of 02806.70 in Case II A.

This combination of fuel load has the heating plant

operating on oil (purchased direct from the refinery) ,

domestic gas and miscellaneous load on gas. Inasmuch as

Case II A contains both the savings of Cases I A and II,

they will not be discussed individually. The question then

simmers down to a comparison of Case II A with Case III, in

which all three types of load are on gas.

Case III gives a 'yearly saving of 02164 over the present

system, while Case II A gives a saving of 02807, or 0643

more per year. This saving has been figured on the present

price of oil, - $0.48 per barrel. If the cost of oil should

advance, the saving will be reduced until the price reaches

00.65 per barrel. At this point there is very little

difference in cost of one fuel over the other. Should the

price of oil continue to advance beyond this price, tip gas

company will also charge more for gas, as stipulated in their

contracts with industrial users, and there will not be a

great Cdeal of difference in the costs of the two fuels.
The capital expenditures for the all gas installation,

Case III, are estimated at 07351. This includes (1)
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combination gas and oil burners with full automatic

control for the boilers in the central heating plant; (2)

conversion gas burners for installation in the boilers at

Arizona Hall, the Men's Gymnasium, and the Greehhouse;

'(3) new gas. fired steam boilers with indirect heaters for

Pima Hall, Mariaopa Hall, and the hot water tank of the

dining room; (4) special conversion burners for the cooking

range and the bake oven in the dining room, for the boiler

in the dairy department, and for the muffle furnaces in the

metallurgical laboratory.

Capital expenditures for Case II A are the same as

above, except that instead of new burners for the boilers;

it will be necessary to purchase a truck and tank trailer,

and to build a new oil storage tank at the central heating

plant. This variation would reduce the capital expenditures

by an amount of $1940, making them amount to $ 5411. This

amount might further be reduced by the possibility of

purchasing a used truck and trailer for considerably less

than what a new one would cost.

The pecuniary advantage of Case II A, using oil

(purchased direct) and gas for the balance of the load, in

addition to being contingent on the present low price for

oil,.may not be available to the university, because of the

fact that the state is paying practically all of its bills

at the present time with warrants. The warrants are about

six months in arrears, and it is doubtful if an oil



refinery would accept them in lieu of cash.

Gas has some advantages which cannot be evaluated in

dollars and cents. It is cleaner than oil, and would

simplify the operation of the central heating plant. The

fuel oil pumps and strainers would be eliminated, and there

would be no choking of burners or clogging of pipe lines,

as sometimes happens with even the most careful oil

operation. The periodic ordering of fuel, and constant

checking of oil levels in the tanks would be eliminated

with the use of gas. These duties, however, can be attended

to by one fireman, and since it is always necessary to have

one fireman on the job, there is no saving involved.

If gas is supplied on an industrial basis, the

contract will contain a provision that in case of a gas

shortage, domestic users 1 ve first call on the gas. The

gas company says that this is to take care of a washout

of the pipe line where it crosses a river bed, and that

there would be sufficient pressure left in the line to run

the community of Tucson for 24 hours. They intend to keep

the manufactured gas plant turned over so that it will be

able to take care of emergency requirements on about five

hours notice.

The natural gas which is being supplied in Tucson

does not burn well in the ordinary domestic gas burner,

even after the burner has been converted by changing the

size of the orifice. The objection of many housewives is
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that the gas is slow in heating. An investigation in the

Mechanical Engineering Department at the university has

shown that this is due to insufficient air being admitted

into the mixing chamber, If a greater amount of air is

admitted to the converted burner, the velocity of the

mixture is so great that the flame cones are blown off the

outside row of ports of the burner. To remedy these

difficulties, the following changes were incorporated in

a new type of burner:

1. The area of the ports where the combustible

mixture burns is made large in comparison with

the total area of the burner surface. This is

similar in construction to a Meeker burner.

2. A pilot ring is placed around the outer edge of

the burner to keep the outside cones from blowing

off the ports, This pilot ring may be a flat

ring of metal with small perforated holes, or

any other device to slow down the issuing velocity

of the combustible mixture, and keep it from

blowing off the ports.

3. A large mixing chamber or throat.

By means of these three improvements, the flame can be

adjusted into a sharp cone, and can even be made to roar.

These adjustments have been placed on many burners, and

have caused them to operate satisfactorily, so any difficulties

in using gas for cooking on the campus can probably be over-

come without much trouble.
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Summary

The saving of the two most important arrangements

of fuel load over present conditions is set forth below:

Case II A, Heating Plant on
oil (purchased direct),
Domestic Gas and Miscellaneous
on gas

Case III, Heating Plant on
gas, Domestic Gas, and
kiseellaneous on gas

Net Capital
Saving Expenditures

Involved

02 807 C35411

"4:)2164 7351

The difficulties of using gas for domestic purposes

can be remedied, and its installation for the miscellaneous

equipment looks favorable. The installation of gas in the

central heating plant does not look quite as favorable as

purchasing oil direct. By buying oil direct there is a

greater saving of X643 per year at present price levels,

while the capital investment is $1940 less. It is very

doubtful if any intangible advantages would outweigh this

actual saving. From the above estimates, it will be seen

that the savings of Case II A will pay for the capital

expenditures in two years, while those of Case III will

require three and one half years to completely pay off the

capital expenditures necessary for this case.
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