
INFLUENCE OF FARM STORAGE ON
FUEL PROPERTIES

INTRODUCTION

Road transportation vehicles provide
the dominant market for engine fuels,
which are supplied through a system of
relatively short-term storage before dis
pensation through roadside "service
stations." The requirements of the agri
cultural segment of the market, how
ever, and the economics of delivery
dictate a system incorporating on-the-
farm storage for each agricultural
production unit.

Since the volatility of gasolines and
the viscosity of diesel fuels are varied in
accordance with predicted climatic con
ditions in each geographic region, it is
desirable that replenishment deliveries be
frequent and the duration of storage be
short. Furthermore, it is appropriate to
regulate supply in accordance with con
sumption so that storage tanks are filled
in the spring and fall after the major
seasonal transitions from winter-grade
fuels to summer-grade fuels, and vice
versa, have taken place.

Except during periods of peak activ
ity, short-term storage is not always
feasible, and is more easily achieved on
a large farm enterprise than on a small
acreage. The foregoing apply even for
underground storage, which is the ideal
method for gasoline fuels, but the
majority of on-the-farm storage facilities
are above ground.

There is then a second reason for delib

erately attempting to minimize storage
time of gasolines; namely, to reduce the
potential loss in the form of vapor.
Gasoline is a mixture of hydrocarbons
having a range of boiling points, and the
results of a loss of the lower boiling
point fractions in long-term storage
above ground are: (1) atmospheric con
tamination and (2) depression of engine
performance.

Two questions therefore arise. First,
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are the losses of fuel and changes in
physical characteristics of the fuel signif
icant in terms of resultant engine out
put, operating costs, and atmospheric
contamination? Second, how may
detrimental effects of the aboveground
storage of fuels by the agricultural
industry be minimized in practice?

PROCEDURE

Commercial summer-grade gasoline
and diesel fuels were stored for the 4

summer months in cylindrical 200-gal
(910-liter) tanks mounted 5 ft (1.5 m)
above ground on suitable structures. Two
of the gasoline tanks were fitted with
vapor pressure/vacuum relief valves
(PRV) set to open at 14 psig (0.96 bar)
and all other tanks had open vents to
atmosphere. In addition, one gasoline
tank with open vent was located at
ground level. Various combinations of
shade roof material and tank external
surface color were used to give different
radiative heating and cooling cycle char
acteristics (Table I).

Thermocouples were installed in each
tank to record temperatures in and
above the liquid fuel, and meteorologi
cal data at the site were recorded on a
daily basis. The two tanks that were
equipped with PRV were also fitted
with mercury manometers.

Each tank was initially filled with
fuel and the surface area of liquid fuel
in each cylindrical tank was then
changed every 30 days by removing 50
gal (227 liters), thus approaching the
conditions on a small farm. The physical

TABLE II FUEL STORAGE TANK TREATMENTS IN SECOND YEAR OF TESTING

properties of the fuel samples were
established by standard ASTM labora
tory methods and, in addition, the maxi
mum performance achieved by a
standard test engine was determined in
each case.

Thus a comparison of the results of
the various storage treatments was
effected through the laboratory tests on
each batch of extracted samples and the
calculated total loss by evaporation for
each tank.

An extension of this experiment was
then carried out in an ensuing year.
Three of the same tanks, all painted
silver and mounted at ground level

TABLE I FUEL STORAGE TANK TREAT

MENTS IN FIRST YEAR OF
TESTING

Treat

ment Color

Shade

roof Vent

Gasoline

1 (ground level) B1" Nil Open
2 B Nil Open
3 S* Nil Open
4 B Nil PRV
5 B Metal Open
6 B Metal PRV
7 B Wood Open
8 S Wood Open

Diesel

9 B Nil Open
10 S Nil Open
11 B Metal Open
12 S Wood Open

* B, black.
* S, silver.

Treatment Color

Shade

roof Vent
Fuel delivery

method

Gasoline

13 (ground level)
14 (ground level)

St
S

Nil

Nil

PRV set at 14 psi
Commercial PRV

Gravity + vapor pressure
Hand pump

15 (ground level) S Nil
set at 3 psi

Open Hand pump

S, silver.
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without shade cover, were used to store
100 gal (455 liters) of gasoline per tank
for the same 4 summer months (Table
II).

In this case no samples were ex
tracted during the storage period and
laboratory determinations of fuel prop
erties were made before and after

storage only. The tank of treatment 13
was completely sealed and fitted with a
mercury manometer; in the other two
treatments, vapor losses could possibly
occur through the hand pump (installed
as in common farm practice) as well as
through the vent system.

The investigation was carried out
under the climatic conditions at Guelph,
Ontario, and with fuels supplied in that
region.

RESULTS

In both years of the experiment, the
summer was "below average" in terms
of maximum temperatures and hours of
sunshine. It may therefore be expected
that the consequences of aboveground
storage in southern Ontario would fre
quently be greater than was determined
in these tests.

The magnitude of the values obtained
was as follows.

Tank Pressure (Gasoline Only, in Tanks
Fitted with PRV)

The average of the maximum pres
sures recorded each day in treatments 4
and 6 were, respectively, 7.4 and 4.1
inches Hg (252 and 139 mbar). The cor
responding value in treatment 13 (not
the same year) was 5.1 inches Hg (173
mbar).

Manometer readings were primarily a
function of ambient temperature range
and sunshine hours. It appears possible
to calculate, for academic interest, a
"tank heat unit" in a similar manner to

the "corn heat unit" employed by
agronomists.

In treatment 4 (without shade), the
lowest maximum pressure recorded was
1.68 inches Hg (57 mbar), on a day with
zero sunshine hours and a maximum

ambient temperature of 58°F (14.4°C).
The highest value was 13.80 inches Hg
(468 mbar), on a day with 11.6 h of
sunshine and a maximum temperature of
91°F(32.8°C).

The lowest and highest maximum
readings obtained with treatment 6 were
0.24 and 7.92 inches Hg (8 and 268
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mbar), respectively. In treatment 13, the
corresponding values were 1.0 and 11.2
inches Hg (33.8 and 380 mbar).

Direct comparison of treatments 4
(no shade) and 6 (shade roof) is valid,
but treatment 13 was carried out in a
subsequent year. The comparison of the
recorded conditions at the times of

highest manometer readings (Table III)
is nevertheless of interest as an indica

tion of the influence of tank color and

height above ground.

Liquid Fuel Temperature

The maximum liquid temperatures
recorded daily were always greater than
the corresponding maximum atmos
pheric temperatures in all those treat
ments in which tank color was black.

Fuel temperature exceeded air tempera
ture by up to 18 F degrees (10 C
degrees) and by an average of 7 F
degrees (3.9 C degrees) over the storage
period.

With those treatments in which tank

color was silver, the maximum fuel tem
peratures were always less than the cor
responding maximum air temperatures,
by up to 8 F degrees (4.5 C degrees)
and by an average of 3 F degrees (1.7 C
degrees).

The mean difference in maximum

liquid fuel temperatures between the
group of treatments in which the tank
was black and those in which the tank

was silver was thus of the order of 10 F

degrees (5 C degrees), irrespective of
fuel type.

The chart records also showed that
the diurnal characteristic of temperature
rise and decline was substantially the
same in all the tanks on any particular
day. The differences were in magnitude
and not in shape of the curves, although
these were clearly distinguished into two
groups in accordance with tank color.

Temperature Above Liquid Fuel

The thermocouples installed above
the liquid fuel in each tank showed
major differences between treatments
and an appreciably greater variation than
occurred with the liquid fuel tempera
tures.

The maximum gasoline vapor temper
ature recorded was 124°F (51°C), and
the maximum increase above liquid tem
perature was 43 F degrees (24 C
degrees).

There was no appreciable distinction
between the gasoline and diesel fuels.

TABLE III RECORDED CONDITIONS AT

TIMES OF HIGHEST MANOM
ETER READINGS

Treatment

Condition 4 13

Ambient temp (°F)
Max 91 92
Min 62 64

Sunshine (h) 11.6 12.9
Degree-days 35 36

RH (%) 64 72

Max pressure (inches Hg) 13.8 11.2

There were, however, major differences
due to the various storage treatments, so
that the mean increase above the corre

sponding maximum liquid temperature
ranged from 7.0 to 35.7 F degrees (3.9
to 19.8 C degrees).

Physical Properties of Diesel Fuel Sam-
ples

The initial boiling point (IBP) and
the 10% distillation point remained
unchanged, and there were no significant
differences in the measured viscosities.

The flash point values obtained with the
four samples from each treatment
showed a progressive decline from the
initial 146°F (63.3°C) to a final
138-143°F (59-62°C).

Centrifuge tests for water and sedi
ment content gave zero values until the
end of the experiment, when the fuel
remaining in each tank was found to
contain 0.03% contamination. Microbio

logical examination of these final sam
ples revealed the presence of fungi.

Physical Properties of Gasoline Samples

As with the diesel fuels, water and
sediment content readings were zero
until the last sample. Contamination of
the gasoline fuel remaining in the tanks
at the end of the experiment was found
to range from 0.02% (treatments 1 and 5)
to 0.08% (treatment 8).

The IBP values progressively increased
over the storage period, from an initial
88.5°F (31.4°C) to final readings of
104.5-113.0°F (40.3-45.0°C). Similarly,
the 10% distillation point temperatures
increased from the initial 120°F
(48.9°C) to values of 139.5-149.5°F
(59.8-65.3°C). In both instances, the
lowest increase occurred with treatments

4 and 6 (tanks fitted with PRV).

The determinations of Reid vapor
pressure (RVP) demonstrated similar dis
tinctions between treatments, and the
values decreased from the initial 8.5 psig
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TABLE IV TOTAL CHANGES IN PHYSI
CAL PROPERTIES OF GASO

LINE

Increase

in IBP

Treatment (°F)

13

14

15

18.0

24.5

20.5

15.5
23.0

17.5
22.0

19.5

2.0

5.0

15.0

Increase in

10% point
(°F)

20.0

29.5

24.0

21.5

27.5

20.5

25.5

23.5

4.0

17.0

25.0

Decrease in

RVP

(psig)

1.40

2.40

1.30

1.15

2.00

1.05

1.90

1.00

0.55

1.60

2.80

TABLE V INFLUENCE OF POSITION

Height (ft)
Final IBP (°F)
Final 10% point (°F)
Final RVP (psig)

Treatment

1 2

0 5

106.5 113.0

140.0 149.5

7.1 6.1

(58.6 kN/m2) to a range of 7.5-6.1 psig
(51.7-42.1 kN/m2).

The differences between the proper
ties of the initial and final samples were
found to be comparable with the above
in treatments 14 and 15, but appre
ciably smaller differences were derived
with treatment 13. A summary of the
total changes due to the 4-mo storage
period is shown in Table IV.

Engine Tests

Tests with a standard engine using the
diesel fuel samples showed no significant
differences in performance between treat
ments or with time of storage.

In the case of the gasoline samples,
the maximum power output of the
four-cylinder engine used as a standard
increased slightly with duration of fuel
storage, but the small differences be
tween treatments were neither consistent

nor significant. The increase in engine
output with time of fuel storage may be
attributed to the increased specific grav
ity, and was from a maximum corrected
BHP of 45.9 initially to 47.2-48.0 in the
final test.

No investigations of cold starting
were made.

Treatment

2

9

7

3

10

TABLE VI INFLUENCE OF TANK COLOR

Color

Bt
B

B

S*
S

S

Avg max Avg max temp
liquid temp above liquid Avg difference

(°F) (°F) (°F)

71.3 107.0 35.7

71.3 105.0 33.7

70.4 81.5 11.1

64.5 83.4 18.9

67.2 84.0 16.8

63.4 72.8 9.4

* B, black.
* S, silver.

COMPARISON OF TREATMENTS

Thus, results of the different treat
ments were not apparent in terms of
significant differences in measurable en
gine performance, but were clearly de
fined in terms of storage temperatures
and pressures, and changes in physical
properties of the gasoline fuel.

Influence of Position

A direct comparison of the same
tanks at ground level and elevated 5 ft
(1.5 m) above ground was afforded by
treatments 1 and 2 (Table V). Treat
ment 2 consistently produced the
greater change in IBP, 10% point, and
RVP. In point of fact, this treatment
gave the greatest change of these values
in the experiment.

Influence of Tank Color

Fuel temperatures with the silver-color
tanks were appreciably less than with
black tanks (Table VI).

The shade roof employed in treat
ments 7 and 8 reduced the temperature
above the liquid fuel, but caused almost
no change in liquid temperature.

Treatment 3 (silver) produced signifi
cantly less change in the physical
properties of the gasoline than did treat
ment 2 (black), so that the final IBP
was lower by 3.5 F degrees (1.9 C
degrees), the 10% distillation point was
lower by 5.5 F degrees (3.0 C degrees),
and the RVP was greater by 1.1 psig
(7.6 kN/m2). The differences between
treatments 8 and 7 (both with shade
cover) confirmed this effect of tank
color but were smaller, being 2.5 F
degrees (1.4 C degrees), 2.0 F degrees
(1.1 C degrees), and 0.9 psig (6.2
kN/m2), respectively.

Influence of Shade Cover

The shade roof in treatments 8 and 7

reduced the average maximum tempera-

CANADIAN AGRICULTURAL ENGINEERING, VOL. 15, NO. 2, DECEMBER 1973

ture above the liquid fuel by some 11 F
degrees (6.1 C degrees) and 25 F degrees
(13.9 C degrees), respectively. Thus, this
influence was less with a silver tank than

with a black tank. The effect of shade on

maximum liquid temperatures was, how
ever, minor.

Similar results were obtained from

the other comparative treatments (Table
VII).

A shade roof thus reduced the average
maximum temperature above the liquid
fuel by 26-27 F degrees (14.4-15.0 C
degrees) in all black tanks and by 10-13
F degrees (5.5-7.2 C degrees) with the
silver color. The difference between metal

and wood roofs in this respect was
negligible.

The measurements of the physical
properties of the fuel samples also dem
onstrated the favorable effect of shade

cover, particularly for the black tanks not
fitted with a PRV. A summary is given in
Table VIII.

A shade roof on a tank equipped with
a PRV (treatment 6) also substantially
reduced the maximum pressures record
ed. The average maximum tank pressure
without shade (treatment 4) was 1.8 that
derived with a shade roof (treatment 6).

Relative Influence of Color, Shade, and
Position

The results show that, for the storage
of gasoline, color was more important
than shade (Table IX). The beneficial
effects of changing the tank color from
black to silver were greater than those
of erecting a shade roof structure. Fur
thermore, the determinations of physical
properties indicated that location at
ground level rather than at 5 ft (1.5 m)
above ground was advantageous,
although maximum fuel temperatures
were unaffected.

Influence of Tank Pressure

The pressure in the storage tank had
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TABLE VII INFLUENCE OF SHADE COVER ON TEMPERATURES

Treatment

2

7

2

5

9

11

3

8

10

12

4

6

Shade

roof

Nil

Wood

Nil

Metal

Nil

Metal

Nil

Wood

Nil

Wood

Nil

Metal

Avg max
liquid temp

(°F)

Avg max temp
above liquid

(°F)
Avg difference

(°F)

71.3

70.4

107.0

81.5

35.7

11.1

71.3

70.8

107.0

79.9

35.7

9.1

71.3

68.2

105.0

78.6

33.7

12.4

64.5

63.4

83.4

72.8
18.9

9.4

67.2

64.0

84.0

71.0

16.8

7.0

69.7

70.5

104.5

77.4

34.8

7.0

TABLE VIII INFLUENCE OF SHADE COVER ON PHYSICAL PROPERTIES OF GASOLINE

Treatment

comparison

7 vs. 2

5 vs. 2

8 vs. 3

6 vs. 4

Shade

roof

Wood

Metal

Wood

Metal

Reduction of Reduction of Increase of

final IBP final 10% point final RVP

(°F) (°F) (psig)

2.0 4.0 0.5

1.0 2.5 0.4

1.0 0.5 0.3

-2.0 0.5 0.1

TABLE IX RELATIVE INFLUENCE (GASOLINE)

Reduction Reduction Reduction Reduction Increase

in avg max in avg max in final in final in final

Treatment liquid temp vapor temp IBP 10% point RVP

comparison (°F) (°F) (°F) (°F) (psig)

3 vs. 2 (color) 6.8 23.6 3.5 5.5 1.1

7 vs. 2 (shade) 0.9 25.5 2.0 4.0 0.5

8 vs. 3 (shade) 1.1 10.6 1.0 0.5 0.3

1 vs. 2 (position) 0.2 0.4 6.5 9.5 1.0

Treatment

comparison

4 vs. 2

6 vs. 5

13 vs. 15

14 vs. 15

TABLE X INFLUENCE OF PRESSURE

Reduction Reduction Reduction Reduction Increase

in avg max in avg max in final in final in final

liquid temp vapor temp IBP 10% point RVP

(°F) (°F) (°F) (°F) (psig)

1.6 2.5 8.5 8.0 1.25

0.3 2.5 5.5 7.0 0.95

13.0 21.0 2.25

10.0 8.0 1.20

TABLE XI VAPOR LOSSES only a minor effect on temperatures,
but a major influence on the physical
properties of the stored fuel (Table X).
This effect was less in tanks equipped
with shade covers (treatments 6 vs. 5).

duration and method of storage in this
experiment were found to be zero in all
the diesel fuel treatments.

With the gasoline storage treatments,
the reduction of fuel volumes at 30-day
intervals and the extraction of samples
for laboratory analysis caused some dif
ficulty in the precise measurement of
total vapor loss from each tank (calcu
lated by difference). Consequently, the
final numerical accuracy of the total
vapor loss determinations was open to
question, and the results are therefore
presented in the form of the following
"order of merit" of the eight treat
ments:

lowest loss —

highest loss

6 (black, shade, PRV)
4 (black, PRV)

8 (silver, shade)
3 (silver)
1 (black, ground level)

7 (black, shade)
5 (black, shade)

[

2 (black)

It was clear that if minor extraneous

leakage had been zero, then the losses
from treatments 6 and 4 would have

been nil. Although some difficulties
were experienced in completely and per
manently sealing the tanks fitted with
PRV, this should not apply in practice
when instrumentation is not required.
Nevertheless, an additional advantage of
shade cover in this connection may well
be the lower tank pressure derived.

The highest vapor loss (treatment 2)
in this experiment with the stored liquid
fuel volume being reduced by 25% every
30 days, during a "below average"
summer, was of the order of 30 gal (136
liters); that is, 15% of the initial stored
volume.

With treatments 13, 14, and 15,
which were investigated in an ensuing
but similar year, no liquid fuel was
removed during the storage period and
no temperature measurements were
made. The vapor loss values determined
are in Table XI.

The loss of 14% with treatment 15 (a
silver-painted tank at ground level) may
be taken to represent the lowest value ob
tainable with an open-vent tank without
shade if the stored volume is not

changed during a "below average"
summer in southern Ontario.

Total volume loss

Treatment gal
% initial

vol

13 (PRV)
14 (commercial PRV)
15 (open vent)

0.23

8.76

14.10

0.23

8.76

14.10

LOSSES BY EVAPORATION

The volume losses resulting from the The commercially available pressure
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PRESSURE RELIEF VALVES
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relief valve used in treatment 14 initially
opened at 3.3 inches Hg (112 mbar), but
was found at the end of the experiment
to be lifting at 1.6 inches Hg (54 mbar).

The average of the maximum pressures
recorded each day in treatment 13 was
5.1 inches Hg (172 mbar), the lowest and
highest values being 1.0 and 11.2 (33.8
and 380). Thus, the commercial PRV
used in treatment 14 was frequently
open, as is demonstrated by the vapor
loss of 8.76%.

The small volume loss from treatment

13 was presumably due to undetected
leakage, since the PRV used in treatments
4, 6, and 13 were set to open at 28 inches
Hg (950 mbar), i.e., more than twice the
maximum tank pressure recorded in any
treatment. In practice, a much lower PRV
setting would suffice. In treatment 4
(black, without shade) the maximum
pressure recorded was 13.8 inches Hg
(468 mbar) and a PRV setting of 15
inches Hg (500 mbar) would be appropri
ate. With treatment 13 (silver, without
shade) the PRV could be set to open at
12 inches Hg (400 mbar); and for treat
ment 6 (black, with shade), having a
maximum tank pressure of 7.9 inches Hg
(268 mbar), the PRV setting could be 9
inches Hg (300 mbar). However, a PRV
setting suitable for treatment 6 would
permit some vapor loss if used for treat
ments 13 or 4. The PRV setting should be
appropriate to the particular storage con
ditions, but need not exceed 15 inches Hg
(0.5 mbar) for any case.

CONCLUSIONS

1. The storage of diesel fuel in this
experiment gave fuel temperatures
comparable to those obtained with
gasoline, but the only effect on physi
cal properties of the fuel was a small
depression of flash point.

2. The storage of gasoline fuel in this
experiment produced vapor tempera
tures as high as 124°F (51°C) and
pressures (in the sealed tanks) as high
as 13.8 inches Hg (468 mbar). The
effects on the properties of the stored
fuel were, progressively, an increase in
the IBP and 10% distillation tempera
tures and a decrease in RVP.

3. Gasoline vapor losses in this experi
ment were appreciable.

4. The above effects on stored gasoline
were reduced by positioning the tank
at ground level, painting the tank
silver, providing shade cover, or sealing
the tank and fitting an appropriate
pressure relief valve.

5. The most suitable method for above-

ground fuel storage on the farm is a
sealed silver-colored tank at ground
level equipped with shade cover and a
pressure relief valve having an appro
priate setting above maximum tank
pressure.

6. The least suitable method of on-the-
farm storage is a black tank with open
vent and elevated above ground (for
gravity feed purposes) without shade
cover.

7. The changes in the physical properties
of fuels due to storage in this experi
ment did not result in significant
differences in the measured output of
a standard engine.

RECOMMENDATIONS

1. Additional investigations of this sub
ject are desirable, particularly in other
regions of Canada that experience
higher maximum temperatures and
hours of sunshine per day.

2. A Canadian "standard" of recom
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mended practice for on-the-farm fuel
storage could be of value.

SUMMARY

The aboveground storage of engine
fuels on farms is a potential source of
financial loss and atmospheric pollution,
as well as of reduced engine output per
unit fuel consumption. Gasoline and
diesel fuels were stored in 200-gallon
(910-liter) tanks having different shade
covers, or none, and different colors,
using both vented and pressurized tanks.
Temperatures, pressures, and vapor losses
were recorded, and samples of each fuel
withdrawn at fixed time intervals were

subjected to standard tests.

The data showed that the type of
storage had no influence on diesel fuel,
but did have significant effects on the
physical properties of gasoline. Vapor
temperatures as high as 124 degrees
Fahrenheit (51 degrees Celsius) and seal
ed tank pressures as high as 13.8 inches of
mercury (468 millibars) were recorded.
Nevertheless, no significant differences in
the performance of a standard test engine
were determined.

Volume losses in the form of gasoline
vapor were appreciable, and the data
indicate that the lowest loss to be expect
ed over the 4 summer months in southern
Ontario from an open-vent storage with
out shade cover is 14 percent of the
stored quantity.

The least suitable method of on-the-
farm storage was found to be a black tank
with open vent and elevated above
ground but without shade cover. The
most suitable method of aboveground
storage was found to be a sealed, silver-
painted tank located at ground level and
equipped with both a shade roof and a
pressure/vacuum relief valve set to open
at a value above maximum tank pressure.
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