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LOSSES .OF GASOLINE IN STORAGE AND HANDLING

The National Bureau of Standards receives many inquiries
regarding the extent of the losses which may he expected in

the storage end handling of gasoline, and in order to summa-
rise the available information and expedite the answering of
these inquiries

,
this letter circular lias been prepared.

There appears to have been little research of a, comprehensive
nature on this problem and much of the published information
is applicable only under very restricted, conditions end to spe-

cific t ypes 0 f equipment

.

Evaporation Losses (Ref. 1)

.Evaporation, losses on stored gasoline ,Till depend upon
( 1 ) the vapor pressure of the gasoline, ( 2 ) the storage tem-
perature, ( 3 )

the volume of vapor space in the tank, and

( 4 ) the amount of air circulation into or out of the tank.

If any vented tank or container is partially filled
vith gasoline at a constant temperature and at' a constant
barometric pressure, a sufficient amount of gasoline will
evaporate to saturate the air in the tank. During' this
process, the air arid vapor r:

-
ill expand somewhat and part

of the mixture vdLH escape : through the vent. The escaping
mixture will be mostly air

,
since the vapors are heavier

than air and will tend to remain close to the liquid surface.

When this equilibrium has been reached, the pressure in
the tank will remain the same as that outside and there will
be no escape of gasoline vapor ,

except such as takes place
by slow diffusion from the vent. If the vent is as small as
practicable

,
losses of gasoline under these conditions are

extremely slow and usually negligible. In the unusual case,
,rhere the temperature is above the boiling point of the
gasoline, the vapor will continue to escape and losses may be
1 ar ge

.

. 0

However
,
constant temperature and barometric pressure are

not to-be expected. If the temperature rises, an additional
amount of gasoline ill evaporate, there rill be an expansion
in the volume of gases and of gasoline in the tank

,
and some

of the vapor and air --ill be forced out of the vent. If the
temperature falls', the contraction in volume of gases and of
the- gasoline in the' tank ' will draw in fresh air -thich in turn
will become saturated irith vapor. Fluctuating temperatures
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therefore result in a gradual loss of vapor from a partially
filled tank. This orocess is commonly called 'breathing*.
The losses "ill be somewhat proportional to the volume of
vapor space in the tank, -and a tank nearly full '111 lose
much less than one hich is nearly empty. Losses of this
kind in a vented tank above ground may be considerable due
to daily temperature changes. For underground - storage tanks,
the temperature changes are probably negligible

,
except- "hen

a fresh supply is added.

Changes in barometric pressure; liaye much' the same effect
as ' changes in temperature, \7hen the barometer rises, fresh
air is forced- into the tank and "hen it falls, some 'of the
air- vapor mixture is forced out. In this case also, the loss
is proportional to the vapor space and

_

a' tank nearly -full,

suffers only slight losses. Such losses, due to changes in
barometric pressure ,

occur .both in underground and exposed,
t ank s

.

Breathing losses may be reduced b: r underground storage,
and by automatic vent valves on the tanks. Uilder. favorable
conditions of. suitable equipment and underground storage at
60°F or belong such losses should not be more than 8. few
percent of the tank capacity per year. For storage' in ex-
posed tanks, these losses may be somewhat greater.

Considerable information on evaporation losses in large
tank storage has been obtained. by the Bureau of Mines (Ref. 2).
Two very interesting papers on losses in this type of storage
may also be found in the Proceedings of .the American Petroleum
Institute (Ref. 3 ), Losses from exposed tanks may be mini-
mized by the use of insulated roofs

,
by painting the tanks

with aluminum or other reflecting paints
, by covering the out-

side of the tank "ith aluminum foil or other shiny material
and by the use of rubber balloons attached to the vent

,
to

permit expansion and contraction of the vapors without appre-
ciable loss.

The above considerations .-are concerned exclusively pith
the losses which occur after the gasoline is in the tank, and
are applicable both to conditions of long time storage and
to conditions "here portions of the gasoline are withdrawn
from time to time. An additional loss, however, occurs in
the operation of filling, the tank with a new supply.

Assume a 1000-gallon, tank nearly empty. It ’"ill contain
from 1 to 3 gallons of gasoline in the form of vapor depend-
ing on the temperature and vapor pressure of the gasoline in
the bottom of the tank. If this tank is then filled with,
fresh gasoline, the vapor is forced out of the vent and lost.
This loss appears to be practically unavoidable

,
except with
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those types of hydraulic systemp where the vapor space is

always kept at a minimum. In the usual type of storing and
dispensing system, up to about 0.5 percent of the previous
tank full'" may be lost on refilling.

Thermal Expansion

All gasolines- expand Pith increase in temperature and
contract in volume ^hen the temperature is lowered. On the
average, the volume of gasoline changes approximately 1 per-
cent for every 17°F change in temperature. More accurate
values for the volume change with, temperature may be found
in the National Standard Petroleum Oil Tables (Ref. 4) ,

or

in- the Abridged Volume Correction Tables (Ref. 5 ).

In the ' wholesale transactions involving large shipments
of gasoline, it is customary to take into consideration the
volume change rrith temperature , and to correct all volumes to

a standard temperature of 60°F. If this, correction were not'
applied, differences would result in individual transactions,
but if shipments were made both in hot and cold weather, such
differences ^ould tend to compensate each other over a period
of a year.

In retail transactions, and in tank truck 'deliveries to
service stations, it is not customary to take ,into consider-
ation the volume change -"ith temperature. The number of
gallons of -‘gasoline "measured into a service station, tank may
differ appreciably from the number of gallons i hich can be
withdrawn for sale, there being a loss to the filling station
in Summer ' and 4 a gain in -’winter. This loss or gain is the
result 'of changes in volume which amount to approximately
1 percent 'for each *17°F difference in the actual temperatures
of the gasoline at the time of its purchase and the time of
its sale. The extent of the net loss or gain over a period
of one year will depend upon the climatic conditions in the
locality in which the filling station is- situated and upon the
relative volumes of sales during different seasons of the year.

Retail Me a sur ing , De vi ce s

In general , retail gasoline measuring units are well
designed, and when properl-' installed adjusted

,
and operated,

may be expected to yield accurate results, heights and meas-
ures officials of the majority of jurisdictions, when testing
these devices’ in use

,
reject devices having errors in excess

of approximately i 0.5 percent. The user of a measuring unit
may readily check its accuracy as frequently as desired, by
the use of a standard 5-gallon test measure, and thus guard
against inaccuracies which ma- r develop as a result of use, and
which may sometimes be in the direction of overmeasure and
sometimes in the opposite direction.
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General Considerat ions

In the handling of gasoline at the -Dr e sent time, losses
due to evaooration must be considered as normal. In under-
ground storage, all losses- cue to evaporation should not ex-
ceed 1 oercent and are usually not more than 0,5 percent of
the total gallonage handled. With exposed storage tanks

,

the evaporation losses may range from 1 to 2 percent. In the
case of the retail operator

,
there are volume losses in hot

.•leather and volume gains in cold weather due to thermal ex-
pansion of the gasoline.

For any particular dealer, whether large or small, it
should be practicable to arrive at a figure representing
normal losses for his particular operations and equipment,
by carefully kept records over a period of several weeks at
various seasons of the year. If the losses so arrived at
appear excessive

,
attention should be directed towards errors

in measuring devices or towards possible leaks in . storage
tanks and accessory piping.
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