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ABSTRACT

The Evaporation Loss Committee * of the American Petroleum Institute devel-
oped evaporation-loss correlations for tank cars, tank trucks, and marine vessels
from loss data submitted by several oil companies.ﬁhese correlations apply to
crude oil and products with true vapor pressures up to approximately 9 Dsia.dj

% Unloading and loading losses from tank. cars and trucks can be estimated Wwithin
25 per cent when per cent saturation of the vapor space is known. Exhibit I shows
how these losses vary with stock vapor pressure and loading method. For example,
losses from handling a 9.0-psia RVP gasoline at 80 F would be: splash-loading loss,
0.23 fzr cent; subsurface-Joading loss, 0.07 per cent; and unloading loss, 0.06 per

cent.| Although transit-loss data were nof supplied, such loss usually is considered
neglifible for hauls of less than two days. '

Correlations for unloading and loading losses from marine vessels are based on
meager data and are less reliable{ For a 9.0-psia RVP gisoline at 80 F, unloading
loss is indicated to be approximately 0.05 per cent, and loading loss probably would
not exceed 0.05 per cent. Transit loss usually is sufficient to be measured and, for
the example gasoline, is indicated to be approximately 0.07 per cent for a one-week
voyage.

More ;j:st data are needed to further verify unloading and loading losses from
[!marinc vessels and transit losses from tank cars, tank trucks, and marine vessels.

* The 1959 membership of the API Evaporation Loss Committee is recorded in Appendix
VII of this bulletin, as well as the membership of its three subcommittees.
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The American Petroleum Institute takes no position as to whether any method,
apparatus, or product mentioned herein is covered by an existing patent, nor as 10
the validity of @my patent alleged to cOVer amy such method. Furthermore, the
information ¢ontained in this bulletin does not grant the right, by implication or
otherwise, for manufacture, sale, or use in connection with any method, apparatus,
or product covered by letters patent; nor does it insure anyone against Liability for

infringement of letters patent.
“This bulletin may be used by anyone desiing 10 do so, but the American

Petroleum Institute shall not be held responsible or liable in any way either for loss
or damage resulting therefrom, or for the violation of any federal, state, ot municipal

regulations with which it may conflict.
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EVAPORATION LOSS FROM TANK CARS, TANK TRUCKS, AND

MARINE VESSELS .

o T INTRODUCTION Co

The -Evaporation Loss Committee of the American
Petroleum Institute has developed general correlations
for estimating evaporation loss from transportation ve-
hicles. These correlations apply to crude oil and prod-
ucts with true vapor pressures up to approximately
9 psia. Whereas loss correlations for storage tanks
usually give the average loss for a year, those for trans-
portation vehicles must give loss for each phase of the
transportation cycle. Thus, three different losses were
considered: unloading, loading, and transit.

Unloading loss is the volume of stock that evaporates
ifto the air drawn into the compartment during unload-
ing, even though this vapor is not expelled until the

compartment is reloaded. This vapor, existing in the’

compartment before loading, will hereafter be referred
to as the existent vapor. ]‘_]7‘(

[ Loading loss is the volume of stock that evaporates
as the compartment 15 being filled; loss of the existent
_ vapor is not included. “[ X

~Transit loss is the breathing loss that.occurs between
points of receipt and delivery;}‘

Evaporation that occurs in the shipping tank during
withdrawal, that is, occurring between the opening and
closing gages on the tank, is called withdrawal loss. Be-

cause this loss does not occur from the transportation
vehicle, it is beyond the scope of this bulletin. However,
it may affect the final correlations, depending upon the
test method used, and is considered only to that extent.
Q‘ank—car and tank-truck shipments, each shicment
ally is less than 250 bbl, normally require culy a
short period of time to load and unload. Subsurface
loading is the common filling method, but splash load-
ing is still used in some areas.| The storage compart-
ments are seldom freed from hydrocarbon vapor be-
twzen shipments, and this vapor retards evaperation
during loading. Data on transit loss are not reported;
however, such loss for the usual short haul (less than
two days) is thought to be too small to be measurzd by
present test methods. '

Tankers and barges, large-capacity carriers, may re-
quire a day or more for loadmg and unloadmcr The
fill pipes are integral parts of the cgrriers and remnt
loading with a minimum of splashing.z.i'l? he storage tom-
partments sometines are freed from hydrocarbon vapor
after unloading.{ Under such a condition, maximum
evaporation loss occurs during loading. Becausz ! voy-

azes frequently last one week or more, the transit loss
usually can be measured.

TESTING METHODS

The data used in developing correlations for evapora-
tion loss from tank cars, tank trucks, and marine ves-
sels were obtained by several different methods.] Basi-
cally, the test methods fall into three general categories:
stock-property change (vapor-pressure change and den-

sity change), vapor analysis via the air-balance tech- -

nique, and direct measurement of loss via repeated
transfer.| To properly evaluate the data, the character-
istics oT each test method must be recognized and ac-
counted for.

The property-change metheds were used to measure
loading loss and transit loss. The measured loading loss
should be corrected for withdrawal loss if the shipping
tank was a fixed-roof container. Such loss for large
marine-type loadings has been estimated to be approxi-
mately 0.007 per cent per psia of true vapor pressure
(TVP).* These methods cannot detect the loss of whole
stock, such as occurs with entrainment during splash
loading. Any loss beyond the equivalent of complete
saturation of the expelled vapor would indicate an errot

_in the test method. Transit loss as measured by the
property-change methods does not need any correction.

* Test No. 2 in Appendix VI is the basis for this estimate.
Correction of this magnitude applied to other marine-loading
tests tend to substantiate this value.

The vapor-analysis method via the air-balance tech-
nique was used to measure only loading loss. Szminles
of compartment vapors before loading and of exvelled
vapors during loading were collected in evacuated
sample containers. Analyses were made with th: mass
spectrometer. Theoretically, these data do not need any
corrections.

Repeated-transfer techniques were used to maasure
loading loss plus unloading loss. Stock was transizrred
repeatedly between compartments until a measurable
loss occurred. The loss was determined by the ~2izht
of stock added to fill to the original level, by a caange
in weight of total contents, or by the difference in meter
readings. Compartment vapors were not analyze2 dur-
ing these tests; thus a precise split between loadizz loss
and unloading loss cannot be given. However, czcause
such tests usually are done rapidly, unloading prc-ably
resulted in only 10 per cent saturation of the vapor
space. When used to measure splash-loading lcss. any
loss by entrainment would be included and the indicated
evaporation loss would tend to be high.

+ The experiments were designed to ehmmate loss by euagc
at fittings and pump glands
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TANK CARS AND TANK TRUCKS

Most evaporation losses from tank cars and tank
trucks occur during loading and unloading.| The load-
ing rates used in the subsurface- and splash-loading tests

‘reported here were low by modern present-day standards

but no other data were available. Its effect on loading
loss, however, is apparently minor. The saturation'con-
dition of thepjpor space before loading is a major con-

" trolling factor] Because this condition results from the

unloading op®lation, the unloading-loss correlation will
be developed first.

Unloading Loss

In this bulletm,ﬁstimation of unloading loss is con-
fined to the amoufit of hydrocarbon which evaporates
into the air drawn in during a complete withdrawal of
stock from a compartment. Evaporation caused by split

deliveries is considered under “Transit Loss.” Thus, the .

unloading loss is simply the hydrocarbon vapor in the
of The Vvapor, air included,
will nof fegMarly be available for calgulation of the
volume of equivalent liquid. However|the loss can be
estimated knowing the TVP of the stock, the slope at
the 10-per-cent point of the ASTM distillation curve,
and the per cent saturation of the vapor space follow-
ing unloading. Per cent saturation is relatively constant
for z given pattern of unloading{ For typical motor gaso-
lines, the volume of hydrocarbon vapor which will
occupy 1 gal as a liguid will vary between 28.8 cu It

“and 30.7 cu ft. Fig. T shows a theoretically derived

chart for estimating unloading loss. Liquid volume loss

as a per cent of the liquid load withdrawn is plotted as

a function of TVP and per cent saturation. This chart

is ‘based on an average gasoline-vapor compositioit in

which 29.% cu ft of vapor will occupy 1 gal as a liquid.
Fig. 1 cim be expressed in the following form:

Unloading loss, per cent by volume
_ (per cent saturation) (TVP,* psia) V4
- (29.9)(7.48)(14.7)

two factors: 1, the vapor valume equivalent for crude-

*TVP is obtained from appropriate RVP-TVP chart in
Appendix I. : : Co

. gasoline trucks, a

(224 = wel_cosafy,
by 1 90 o

oil vapors varies over a wider range--from 26.7 cu ft to
32.0 cu ft; and, 2, conversion of RVP 1 to TVP is less
accurate.- -

Per cent saturation of the vapor space following un-
loading can sometimes be estimated. Unloading in one
rapid delivery minimizes evaporation and results in a
low per cent saturation. Unloading in several steps may
result-in 100 per cept saturation, particularly if signifi-
cant liquid remains‘:rData reported on seven returning
emptied in one-stop deliveries,
showed vapor concentrations to range from 10 to 45 per
cent saturated for an average value of approximately 30
per cent. Vapor analyses on seven empty, crude-oil tank
cars showed an average vapor concentration equal to
20 per cent saturation.\ When the pattern of operation
is not known, an analysis of the vapor space should be
obtained because the upper possible limit of saturation
is 100 per cent.

Loading Loss

The method used for loading has the greatest influ-
ence on rate of loss. The industry has long recognized
that subsurface or submerged loading incurs the smallest
loss. The use of a long spout or fixed pipe with tight
connections permits delivery to the bottom of the com-
partment without splashing. Direct bottom loading
achieves the same effect. Splash loading causes much
greater loss than subsurface loading. The stock is dis-
charged into the upper part of the compartment through
a short spout, which never dips below the surface. The
free fall promotes evaporation and even results im the
expulsion of liquid dropletsy this entrainment loss, by
definition, is not an evaporation loss. Such loss is not
amenable to correlation and is not considerecﬂ

Subsurface-Loading Loss

[:In subsurface loading, rapid evaporation occurs until
the tip of the loading pipe is adequately covered to give

TRUE VAPOR PRESSURE (TVP), PSIA
FIG. 1—TVUnloading-Loss Corrclation for Tank Cars and

Tank Trucks (Gasoline and Crude Oil),—- .

520" S
Unloading loss, per cent by volume Wf\r PR:E;:.Q‘I oS f) 1 Reid vapor pressure.
*
_(S)(TVP*) 1) 0.3 =
3,300 ‘
Per cent saturation (S) . b ;
i N . a<a :

_(14.7) (mole per cent Hydrocarbon in vapor) ( 2—)__& ) ‘

T (TVP,* psia) = g
Thus, |when the TVP and average saturation of the & O g
vapor space are known, the unloading loss for gasoline I l
can be estimated with a probable error of less than o g 0.1
=10 g > {

This correlation can also be used to estimate unload-- o t
ing loss from crude oil byt the answer will be less ac-
curate than for gasoline.} Lower accuracy stems from O.OO | 2 3 4 S5 6 7T 8 9




EVAPORATION L.0SS FROM

TRANSPORTATION VESSELS

a relatively calm surface. For maximum benefit the
vapor-tight loading pipe should be within a few inches

. of the bottom.| This ideal situation is not easily obtained

because the Many different-shaped tank cars and trucks

facilities. In_fact, about half the data used to develop

1l _the correlation for subsurface-loading loss were obtained

from tests in which the loading pipe was between 12 in.
and 14 in. from the bottom.

The degree of saturation m the vapor space affects
the loading loss. At zero per cent saturation, loss is at

a maximum, whereas between 95 and 100 per cent [grose

saturation loss is nil. The existent vapor is the unload-
ing loss from the previous operation.

Six sets of gasoline-loss data from five companies,
ranging between 3.3 psia and 8.0 psia TVP at the gaso-
line temperatures, were used to establish the correlation.
Thirty-five separate tests, based on five different tech-
niques of loss measurement, were made (see Table 1).
The concentration of hydrocarbon in the vapor space,
before loading ranged from O to 45 per cent sabtyatﬁ;/
the average was approximately 20 per cent]Detailed
test results, including the environmental conditions, are
listed in Appendix II. i :

The data may be interpreted to fall within three fami-
lies as shown in Fig. ZEaCh family is related to the
method used for measurement of evaporation loss. The:
center family nearly represents an average of the three_:(

The scatter of data within each family permits as-
suming only a straight-line proportionality between per
cent loss and TVP; each line may be reasonably extrap-
olated to zero loss at zero TVP. The indicated scat-
ter of data, ranging from =30 per cent to =70 per
cent is most reasonable. The +30 per cent scatter
occurring at the highest level of loss and the =70 per
cent scatter occurring at the lowest level indicate about
the same absolute degree of deviation. At 6.0 psia
TVP the deviation is =0.03 per cent of the volume
loaded (=40 per cent scatter); this deviation allows )
for differences of hydrocarbon-vapor concentration in
compartments before loading, extent of splashing before

impose some practical design limitations on loading

:,”,' 0.2¢
93
'ZS
(o}
=6 0.l
< 5 -
(s ol
s
&3
- ) 0 ey FrR T = : :
w Yol 2 3 4 5 6 T 8 9
TRUE VAPOR PRESSURE (TVP), PSIA
Lo% hew JEST METHODS
DI e VAPOR PRESSURE CHANGE
on Geglee=T"%X VAPOR ANALYSIS
© REPEATED TRANSFER (WEIGE MAKEUP)
& REPEATED TRANSFER (WEIGH TOTAL)
¢ METERED TRANSFER (AVERASE OF 7)
-+ SAME AS ¢ BUT BOTTOM LCADED

& VAPOR PRESSURE CHANGE=-TANK CAR

FIG. 2—Loss from Subsurface Loading of ‘Gasoline
(Tank Trucks). .

the loading spout is submerged, and variation in loading
rates. i
E\fter adjustments are made for peculiarities of test
methods,_jhe center family best represents loss in the
35 tests, | The data points for the repeated-transfer
tests, representing both loading and unloading losses,
fall in the center family when corrected by an amount
equal to 10 per cent saturation of the vapors before
loading. The top family of data, obtained by the vapor-
pressure-change method, lies above the center family
by an amount roughly equal to withdrawal loss from the
shipper’s tank (0.003 per cent per psia TVP vs. 0.007
per cent per psia TVP). The bottom family of data,
obtained by vapor-analysis method, appears to be low.
The iine for the center family of data is defined as
zevo per cent loss at zero psia TVP and 0.10 per cent

loss at 8.0 psia TVP.|This line assumes 20 per cent

TABLE 1—Techniques of Loss Measurement and Loading Conditions (Subsurface-Loading Loss)

Number of

Data

Test Methods Points
Vapor-pressure change . ........................ 10
Vapor analysis ..... ... .o 13
Repeated transfer (weigh makeup)*.............. 6
Repeated transfer (weigh total)®................. 4
Metered transfer (average of 7)°............. ... 2
Total .. ... 35

» Loss measured by weighing stock added to fill to original level.
% T oss measured by chanie in total weight.

¢ T oss measured by difference in merer readings.

4End of spout immersed at all times.

* Enters through bottom, deflected horizontally.

. Probable Accuracy of
Spourt Location Experimental
(Inches from Filling Rate Measurement,
Bottom) (Gallons per Minute) =+ Per Centof Load
<12, 12 70 to 265 0.040
12, 24 200 to 800 0.02, 0.025
4 65 0.005
0* 1 150 0.006
30 18 380

0.020

P P £ s = o TPl PR 1
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saturation of the existent vapors, the average of thetest
data. Loss is calculated as: '

E)SS, per cent by volume
_ (40 per cent incremental saturation) (TVP)] (33

3,300
Equation (3) states: with the existent vapor 20 per

cent saturated, the <et evaporation or loading loss is
enough to cause a 40 per cent increment of saturation
of a vapor volume as large as the gasoline delivery. This.
equation holds for a condition where the degree of
saturation of existent vapors is 20 pet cent, which is the
average of that found in the tests. Fora different degree
of saturation, loading loss would be different. When

__the existent vapor is 100 per cent saturated, incrermen-

tal saturation during loading must be zero. Thus, with
these two reference points and straight-line proportion-
ality, incremental saturation can be determined for other
degrees of per cent saturation before loading. The pro-
portionality data are shown in Table 2.

"The liquid loss, in per cent by volume, from subsur-
_ face loading is given by equation (4).

(per cent incremental saturation) (TVP)
= 3,300 (4)7(

Equation (4) is plotted in Fig. 3, based on incremental
saturations listed. ‘ '

E- Although loss rate is probably sensitive to spout loca
fion and loading rate, a correlation is not apparent.
Nozzle velocity may be an important correlating vari-
able but such data are not available.

Tests to measure subsurface-loading loss from crude
oil were corducted by one company. Data from nine
tests on West Texas crude oil and on blends containing
5 per cent gf 20-psia natural gasoline are listed in Ap-
pendix IIL | Fig. 4 indicates that the loss rate i approxi-
mately\m%__m_gg&ﬁnﬂ(f_.gThis lower loss
rate is reasonable because a crude oil Daving the same
TVP as a gasoline becomes dgficient in the more volatile
components more rapidly. | Because the difference in
loss rates is relatively small and difficult to measure, the

Loss, per cent by volume

TABLE 2—Incremental Per Cent Saturation During
Loading (Subsurface-Loading Loss)

Per Cent Saturation Incremental Per Cent Satura-

Before Loading tion During Loading
0 50
10 45
20 40"
30 35
40 30
50 T X S
60 20 ‘
70 15
80 . : 10
100® o’

® Average of the test data.
b By theory. - S

3
80 0.2 _____ — : E
g i — : :
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=~ =

On =

:;0 0.1 E

Q:B% =

[ S =
a5 E

== = S g ) e
& 00 g CE—t ;
(o] | pd 3 4 5 6 7 8 . 9 -

o
[N

VOL. % OF LOAD
B =

o
o
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TRUE VAPOR PRESSURE (TVP), PSIA

FIG. 3—Subsurface-Loading-Loss Correlation for Tank Cars
and Tank Trucks (Gasoline and Crude Oil).

also be used for crude oil. {The TVP for crude oil should
be determined from Fig” “B” in Appendix L
Accurate use of the correlation depends upon a
knowledge of saturation (or hydrocarbon content) of
the vapor space before loading, Tue subsurface-loading
loss estimated from Fig. 3 should deviate no more than
+25 per cent from actual value ninety per cent of the
time. However, when the saturation before loading is
assumed to be 30 per cent, subsurface-loading loss may
deviate as much as = 50 per cent. Because the level of
loss in subsurface loading is low, this accuracy usually
is adequate.. The loss correlation is based on the simpli-
fied case of a vehicle in which the vapor space before
loading contains gasoline or crude-oil vapor which evap-
orated from a liquid similar to the new load of gasoline

subsurface-loading-loss jrrelation for gasoline should

or_crude oil. :

The loss correlation does not apply to operations in
which the existent vapor is chemically dissimilar to the
stock being loaded. For examyle, for conditions of
equal TVP and per cent saturation, an existent vapor
of pure hexane and air would retard evaporation less
than would a vapor from gasoline. The correlation
breaks down, theoretically, with different gaso]ines:] Two
gasolines of equal RVP, one pressurized with Butane
and the other with propane, will give vapors of widely
different compositions. Such combinations are beyond
the scope of this bulletin.

To estimate the subsurface-loading loss, the per cent

TRUE VAPOR PRESSURE (TVP), PSIA
Subsurface Loading of Crude

¥1G. 4—Loss -irom
S T (Tﬂnk &rﬂ)r R EA

il

=




_‘..EV_AP‘ORATION._LOSS FROM TRANSPORTATION VESSELS . o 11

TABLE 3—Techmqucs of Loss Mensuremenl and Loading Conditions (Spla:h—Loadmg Loss)

Number of

Test Methods —————— Data Points
Vapor-pressure change ... .. Creeeeeen G e 25
Vapor analysis ....... ... ... ... .. ... ... e 2
Repeated transfer (weigh makeup)*®. . ... ........... 4

Repeated transfer (weigh total)®. ... ... P

Metered transfer (average of 6)°.%. ................ 1
STotal e 38

* Loss measured by weighing stock added to fill to original level.

® Loss measured by change in total weight.
= Loss measured by difference in meter readings.
4 Not reported but nozzle end not immersed.

Probable Accuracy
Spout Location Filling Rate of Experimental
(Inches Below (Gallons per Measurement,
- .- Hatch) - ------ - -~Minute) =+ -Per Cent of Load - -
1, 6to 12 70 to 372 : "0.040 .
ot 200 0.025
6 65 - 0.013
Oto5 150 0.006
4 384 0.020

saturation must be determined by analysis or assumed.*
From the saturation data, the unloading loss and load-
ing loss can be estimated,) For example, if the existent
vapor is 30 per cent saturated and 6.0 psia TVP, the
unloading loss, from Fig. 1, is 0.055 per cent and the
subsurface-loading loss for 6.0 psia TVP, from Fig. 3, 1is
0.065 per cent.

Fajlure to correct per cent saturation of existent
vapors for differences between unloading and loading
conditions results in a wrong estimate. An example
shows the procedure for making this correction. How-
ever, a relatively small residual error will still exist in
cases where the temperature of the vapor space is dif-
ferent from the temperature of the liguid being loaded.

PROBLEM: Determine loss from unloading a 10-psia
RVP (slope of ASTM distillation curve at 10 per cent
evaporated equals 2.3) gasoline at 50 F when the vapor
space of the empty compartment is at 30 per cent satu-
ration. Also, determine loss from loading a 10-psia
RVP gasoline at 70 F into the same compartment.

SOLUTION: Three figures are used to solve the
problem. RVP is converted to TVP by Fig. “A” in Ap-
pendix I. Unloading loss is estimated by use of Fig. 1
Loading loss is estimated by use of Fig. 1 and Fig. 3.

1. Unloading loss:. First, from Fig, “A” in Appendix 1,
convert 10 psia RVP to TVP at 50 F, 4.3 psia. Then
locate 4.3 psia on Fig. 1 and move vertically to the
30 per cent saturatlon line. The unloading loss is 0.04
per cent.

2. Loading loss: First, correct vapor-space per cent
saturation to loading conditions. TVP at loading con-
ditions from Fig. “A” in Appendix I is 6.3 psia. Locate
6.3 psia TVP on Fig. 1 and move vertically to 0.04 per
cent loss and read the new per cent saturation (cor-
rected to loading conditions), 20 per cent. On Fig. 3,
Tocate 6.3 psia TVP and move vertically to the 20 per
cent saturation line. The correct subsurface-loading loss
is 0.075 per cent. The uncorrected loss would have
been 0.065 per cent.

-* T imited data indicate that in normal operation vapor from
gasoline compartments is 30 per cent sarurated and vapor from
crude-oil compartments is 20 per cent saturated.

The same procedure should be used for estimating
loss from similar stocks having different RVP.

Splash-Loading Loss

In splash loading, stock free falls into the compart-
meént during the entire operation. Vapor leaving the
compartment flows countercurrent to the falling stream
and becomes almost completely saturated regardless of
saturation in the existent vapor.

The many variables in splasi-loading loss limits the
correlation to operations with _a short spout—outlet
from O in. to 12 in. below hatch. [ One-third of the data
were obtained from tests in which the spout was less
than 6 in. below the hatch. Faulty design or poorly con-
ducted operations can result in entrainment loss, which
may be two or three times greater than the evaporation
loss. The use of funnels with splash loading can cause
inspiration of air and markedly increase evaporation
loss and chances for entrainment. Such operations are
excluded from the correlation,

Five sets of gasoline-loss data from fcur companies,
ranging between 3.7 psia and 7.7 psia TVP at gasoline
temperatures, were used to establish the correlation.
Thirty-eight separate tests, based on five different tech-
niques of loss measurement were made (see Table 3).
Existent vapor ranged from O to 45 per cent saturated-
before loading; the averdge was approximately 20 per
‘cent. Detailed test data, including environmental con-
ditions are listed in Appendix IV.

Fig. 5 shows much scatter among the 38 data points;
however, they may be interpreted to follow a curvature.
The dashed line, the maximum evaporation loss theo-
retically possible, assumes zero pern cent saturated vapor
before loading and 100 per cent saturation of the-total -
vapor leaving the tank. Four data points determined by
the vapor-pressure-change method are too high and are
excluded from the correlation. Some of the data points
from the repeated-transfer tests could be high because
of liquid entrainment. The remaining scatter could have
resulted from differences in loading rate, degree of
saturation in the compartment before loading, and ele-
vation and angle of the loading spout.
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FIG. 5—Loss from Splash Loading of Gasoline
(Tank Trucks).

I__Because the expelled vapor from a splash-loading
operation is nearly 100 per cent saturated, the correla-
tion equation should resemble the air-balance formuls.
Allowing for 95 per cent saturation of the expelled
vapor, the equation would be: | 5 T

100

J .

0.4 —

0.3

0.2

0.0

EVAPORATION LOSS, V0L, % OF LOAD

0 | 2 3 4 56 7 8 9
TRUE VAPOR PRESSURE (TVR), PSIA

6—Splash-Loading-Loss Correlation for Tank Cars
and Tank Trucks (Gascline and Crude Qil).

FIG.

existent vapor is between 95 and 100 per cent satura-
tion, evaporation loss is negligible. [The correlation equa-
tion is plotted in Fig. 6.

Eighteen tests on splash loading of crude oil * were
conducted by one company at two locations. The air-
balance technique was used for all tests. Detailed data
are listed in Appendix V.

Fig. 7 shows that the two sets of data form similar
curves, neither of which is satisfactory. Curve A is far
too high because it indicates an impossible degree of
super saturation of the vapor. Curve B seems too low.
Although the two sets of data cannot be reconciled with
available information, an intermediate value is more
nearly correct.t_l‘he logical compromise is to use the
gasoline-loss cotrelation shown in Fig. 6; (also, the
RVP-TVP relationship for crude oil, Fig. “B” in Ap-
pendix I, should be used.

14.7 — (0.01) ( per cent saturation of existent vapor) (TVP),

Loss,pec-cefit by volumcl:_ (748)(299)

Equation (5) appears to fit the test data. With ali
scatter allowed for, an “assumed correlation™ was drawn
through the data points. When the repeated transfer
data are corrected for 10 per cent saturation before
loading, they fall close to this line. The assumed cor-
relation curve passes through zero loss at zero TVP and
0.23 per cent loss at 6.0 psia TVP. With existent vapor
at 20 per cent saturation and expelled vapor at 95 per
cent saturation, the air-balance formula satisfies the test
data.. Therefore:

14.7—(0.01) (20)(6.0)

14,7 —(0.01) (95 per cent saturation of expelled vapor) (TVP) 1] %)

Accurate use of the splash-loading correlation, Fig. 6,
depends upon knowing the saturation of the vapor space
before loading. | When it is known, loss (exclusive of
any entrainment) can be estimated with a deviation_not
more than =10 per cent, ninety per cent of the time[ If
saturation of the existent vapor is assumed to be 30 per
cent, predicted loss would not deviate more than +35
per cent.

Splash-loading loss may be estimated in the same
manner as described under “Subsurface-Loading Loss™;

" Loss, per cent by volume = 0.45 l:
[For the entire range of per cent saturation of existent

vapors (0 to 95 per cent), equation (5) should be
satisfactory for splash-loading evaporation loss. When

14.7—(0.01)(95)(6.0)

1]: 0.23 per cent (6)

* West Texas crgde oil and blends containing 5 per cent. of
20-psia natural gasoline,

-
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FIG. 7——Loss from Splash Loading of Crude Oil
(Tank Cars).

- however, the correlation chart fbr splash loading (Fig.

6) should be used.

Transit Loss

Data for evaporation loss from tank cars and trucks
in transit were not reported. '

Because travel time is usually short, less than two
days, the transit loss for a one-stop delivery is probably
too small to measure. However, a distinction should
not be drawn between transit loss from tank cars and
trucks and that from marine vessels.[‘:[“o make a rough
estimate of such loss, refer to the paragraph on transit
loss under “Marine Vessels.” The estimated loss should
be time-corrected on a prorated basis.

Sometimes the transit loss might large, such as
when the load is split between two or more stops. A
relatively large vapor space is created by the first-stop
delivery. The vapor espands and contracts because of
temperature changes. Loss is accentuated because the
vapor is nearly 100 per cent saturated. Also, changes In
atmospheric and solar heat may cause rather large fluc-
tuations in TVP, which add to the expansion and con-
traction effects.f:i'oss from this type operation cannot
be correlated. ]

MARINE VESSELS

Evaporation loss from marine vessels usually occurs
during all phases of the transportation cycle] However,
tankers and barges can be designed to minumize evapo-
ration loss. This requires that vents operate effectively
at maximum permissible pressure settings, and that
stripper pumps drain the last traces of liquid from the
storage compartments: The fill pipes should be integral
parts of the carriers and should be arranged so as to
minimize splashing.

Unloading Loss

Data are not available for unloading loss from tank-
ers and barges. Because of the size of cargoes and the
time required to unload, loss could be approximately
the same as the analogous shore-tank withdrawal loss—
0.007 per cent per psia TVP JFor split deliveries from
one compartment, the loss fught equal 100 per cent

saturation of the vapor space (approximately 0.03 per
cent per psia TVP). :

Loading Loss

Data from eight tests on loading gasoline, at TVP
ranging between 4.9 psia and 9.0 psia, were supplied
by three companies. Three different test methods were
used: density change, vapor-pressure change, and vapor
metering * (see Table 4). ‘

* The expelled vapor is measured by means of an orifice
meter. With the compartment free of hydrocarbon vapor before
loading, the difference between the volume of vapor expelled
and the volume of stock received should be the hydrocarbon
vapor expelled. The shore-tank withdrawal loss is not involved.
This method is described in detail in API Bull. 2512: Tentative
Methods of Measuring Evaporation Loss from Petroleum Tanks
and Transportation Equipment.

TABLE 4—Loading-Loss Data for Tankers and Barges

Volume Tested

Test (Thousands of

No.  Vessd Barrels) Test Method
1 Barge 11 Density
2 Ship 70 Density
3 Ship 80 Vapor pressure
4 Barges (4) 80 . Vapor pressure
5 Ship 10 . Vapor pressure
6 Ship 9 Vapor meter
7 Ship 9 Vapor meter
8 Ship 9 Vapor meter

Total Loss Loading Loss
(Per Cent by Type of Tank  (Per Cent by
TVP Volume) Filled From Volume)
9.0 0.06 Floating roof 0.06°
8.0 0.12 Fixed roof 0.06
7.6 0.12 Fixed roof 0.063
54 0.08 Tanker 0.042
4.9 0.07 Fixed roof ~0.036
6.7 0.015 . 0.015
6.7 0.016 . 0.016
1.0 0.008 .. 0.008
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TABLE 5—Transit-Loss Data for Tankers and Barges

Volume Tested

Test (Thousands of ’ Transit Loss Per Cent per
No. Vessel Barrels) Days Test Method TVP (Per Cent of Load) TVP per Week
1 Ship 80 9 Vapor pressure 6.8 - 0.07 0.008
2 Ship 10 23 Vapor pressure 4.9 0.06 0.0037
3 Barge 11 6 Density 8.6 0.11 0.015
4 Ship 33 6 Density 7.1 0.08 0.013

Per cent saturation of the vapor spaces was zero in
four tests and unreported in four tests. However, cir-
cumstances suggest that per cent saturation was prob-

EVAPORATION LOSS, VOL. % OF LOAD

T A SR VAHOR
RETEFTNG-TEC R

YRR AL (N SrAre i i PR

o | 2 3 4 5 6 7 8 9 10 i 12 13
TRUE VAPOR PRESSURE (TVP), PSIA

FIG. 8—Loss from Loading Tankers and Barges.

ably zero in two of these tests. Detailed data are listed in
Appendix V1.

The eight data points are plotted in Fig. 8. One data
point obtained by the density-change method did not
need correction-for withdrawal loss because the shore
tank was equipped with a floating roof. When the
vapor-pressure-change data points are corrected for a
withdrawal loss, a relatively good line is obtained:

[: Loading loss, per cent by volume=0.008(TVP) (7)

However, the data obtained by the vapor-metering
method show a much lower loss: 0.001 to 0.002 per
cent per psia TVP. The possible correlation given in
equation (7) would apply to ships which are relatively
vapor free. The loss would be lower for ships having
significant existent vapor.

Before a firm correlation can be established, more ex-
perimental data are required on loading loss from tank-
ers and barges. ’

Transit Loss

A limited amount of data received on marine transit
loss are included for orientation purposes. Four test
results were reported by three companies (see Table. 5).

EExcept for Test No. 2, the data show that the transit

loss was approximately 0.01 per cent per psia TVP for
a one-week voyage. j

CONCLUSION

The present correlations for estimating evaporation
losses from tank cars and trucks are distinct improve-
ments over older information. The unloading- and
loading-loss correlations are reliable yardsticks for the
normal, well-conducted operations. Refinement, which
might be attained with more test data, would probably
be of iirtle added value. Entrainment loss, the result of
faulty design or poorly conducted operations, cannot be
satisfactorily correlated. Transit-loss data were not re-
ported, and although such loss is assumed to be negli-
gible for short, one-stop deliveries, supporting test data
would be reassuring. For split deliveries, transit loss

might be significant, but, here again, no data are avail-
able. .

the loss correlations for marine vessels are not sup-
ported by enough data to be accepted as ﬁnal;[Unload-
ing loss, forlack of any data, is assumed to be equal to
shore-tank withdrawal loss; this conclusion should be
confirmed. The loading-loss correlation shows the need
for further test work, especially to determine the relia-
bility of the vapor-metering method. Transit loss is
significant, but several more data points are needed to

¥

(oY

substantiate the indicated loss rate:

[t
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APPENDIX I—VAPOR-PRESSURE CHARTS -

w
5}

REID VAPOR PRESSURE

§ = SLOPE OF THE ASTM DISTILLATION CURVE AT
10 PER CENT EVAPORATED =

DEG F AT 15 PER CENT MINUS DEG F AT 5 PER CENT
10

IN THE ABSENCE OF DISTILLATION DATA THE FOLLOW ="

ING AVERAGE VALUES OF S MAY BE USED :

MOTOR GASOLINE 3

AVIATION GASOQOLINE 2

LIGHT NAPHTHA (9-14 PSIARVP) 3.5
2.5

'NAPHTHA (2-8 PSIA RVP)

Source: Nomograph drawn from data of the National Burcau of Standards.

_ FIG, A—Vapor Pressures of Gasolines and Finished Petrolenm Products.
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APPENDIX VII—COMMITTEE MEMBERSHIP
Committee on Evaporation Loss (1959) ~
Oﬂicers :
J. H. McClintock (Chazrman) ........... Esso Research and Engineering Co. .. ... .. .. Linden, N. J.
E. L. Hoffman (Vice Chairman) . .. ... ... Socony Mobil Qil Co., Inc.. . ....... .. .... New York, N. Y.
E. O. Mattocks (Secretary) ............. American Petroleum Institute. . .. ........... New York, N. Y.
Members ‘ '
FJHBrown: ...........eucev.......Tidewater Ol Co.. .. ..... ... ... ......... New York, N. Y.
S. H. Dowdell....................... The British American Qil Co.,, Ltd.. . .. ... ... Toronto, Ont., Canada
D.E.Hanson. ...... . ...couoieeoannn. Sinclair Refining Co.............. ...... New York,N. Y.
H M Hart. .. ... Standard Oil Co. (Indiana)................ Whiting, Ind.
Frapcis Horton .. ....... ... «........ Texaco Imc. .. ... ... ... .. ... ... S New York, N. Y.
F.P.Irwin.......... ... e Imperial Oil Limited. .. ................... Toronto, Ont., Canada
A W.Jasek. . ... .Humble Pipe Line Co.. . ......... ... . .... Houston, Texas
O.W.Johoson. ..... ................ Standard Oil Co. of California. .. ... ..... ... San Francisco, Calif.
E.P.KIODP. - -+ ccc oo iiieinneens The Standard Oil Co. (Ohio) ... .. .. ..... Cleveland, Ohio
R.T.Mapston....................... Richfield Ol Corp............ .. .. e Wilmington, Calif.
H.S.Mount_........................ Sun Ol Co.. ... .. ... Philadelphia, Pa.
K.G.Oswald. .............. ........ The Pure Oil Co.. ... ......... . ... .... Chicago, 11l
H. C. Packard. . .......... e Shel Ol Co....... .. .. .. New York, N. Y.
H. E. Simomson. . ...............>....Phillips Petroleum Co... .. .. .. ........... Bartlesville, Okla.
A B.Stevens_ . ... ... General Petroleum Corp......... S Torrance, Calif.
E.F.Wagner........................ The Atlantic Refining Co.. ... ... ...... .. Philadelphia, Pa.
Subcommittee [—Methods of Testing (1959)

Officer : . -
O. W. Johnson (Chairman) . ..... ....... Standard Oil Co. of California. ............. San Francisco, Calif.
Members _ '
JA Amold ... ... ... The Standard Qil Co. (Ohio) ~....... ... . ... Cleveland, Ohio

- J. M. Dempster. . ......... S The Standard Oil Co, (Qhio) .. .. ........... Cleveland, Ohio
D.RayMiley .................. ... SunOilCo.. ... ... Toledo, Ohio
George Rezanka ................. ... Sinclair Refining Co.......... [ East Chicago, Ind.
Associate Member ) ] _ . :
L.V.Larsen. .. ...oooneeiainnnann Chicago Bridge and Iron Co................ New York, N.Y.

Subcommittee II—Correlations (1959)

Officers .
A. B. Stevens (Chairman) . ... ... ..... General Petroleum Corp.. ... .............. Torrance, Calif.
E. P. Kropp (Vice Chairman) . . . ... .. ... The Standard Oil Co. (Ohio) .. ... ... e Cleveland, Ohio
Members . :
P.D.Baker......................... The Carter Ol Co. - .. ..o Tulsa, Okla.
SHDowdell........................ The British American Qil Co., Ltd.. . .. ... .. Toronto, Ont., Canada
Otto Gerbes ...........cciviiniennvnn, Humble Oil and Refining Co... ... ... .. ... Baytown, Texas
D.EHanson........................ Sinclair Refining Co... ... .. e New York, N. Y.
AW Jasek. ... .. Humble Pipe Line Co.. ... .......... .. .. .. Houston, Texas o
O. W. Johnson——— - T L. Standard Qil Co. of California™ " . ... ... San Francisco, Calif. ~
R W Martz ......_................. Esso Standard Ol Co.. .. ... ... .. ... ... New York,N.Y.
H. S. Mount. . .. .. e, e SunQil Co........ .. ... .. Philadelphia, Pa.
H. E. Simonson. ............... . Phillips Petroleum Co..................... Bartlesville, Okla.. - %
E.F. Wagner.................... ....The Atlantic Refining Co.............. ... Philadelphia, Pa.
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: Subcommittee [I—(Continued)
Associate Members :

Subcommittee III—Field Test Program Development (1959)

A. A. Lummio. . .........-- [ Graver Tank and Manufacturing Co.. . ©... .- East Chicago, Ind.
T.D. Mueller. ... ... cvonnennn.:o. .. Graver Tahk and Manufacturing Co.. ...... .- East Chicago, Ind.
N, A Pierson. .. . cev v oo e General American Transportation Corp.. .. .. .Los Angeles, Calif.
J. C. ThOMPSON . . cvvoeinee e anennee General American Transportation Corp.. ... .- New York, N. Y.~
L L Wissmiller. ..........cccocnmvns Chicago Bridge and Iron Co.........-..---- Chicago, 1L

Officers ]
H. C. Packard (Chairman) ... ... ... T Shell Qi1 Co... .o e New York, N. Y.
E. G. Ellerbrake (Secretary) . .. .......-- Sohio Pipe Line Co.. .. .. .. A P St. Louis, Mo.
Members < .
K. C. Bottenberg. . .. . ... ooonnn Phillips Petroleum Co.. ..o oo-eoeree Bartlesville, Okla.
JLE.Chaffin. ... ... c.voueneavnmnnnn-s Cities Service Pipeline Co...........------ . Bartlesville, Okla.
R.OE Fields. . ...« oo The Atlantic Refining Co.. . ... ... -voioe o Dallas, Texas
F.P. Irwin. .. .... PR Imperial Oil Limited. . ... .....ooooeevooe Toronto, Ont., Canada
F.S.Lee. . e Shell Oil Co. of Canada, Ltd.. .~ . ......... -~ Toronto, Ont., Canada
S. B. Lisle. .. ... .o - Sohio. Petroleum Co.. ... ... oo . .Oklahoma City, Okla.
D.RayMiley. . ... ..coooverenmnenns SmOilCo.. ..... ... e Toledo, Ohio
S.H.Pope. ... i Guif OilCorp.. . .. ..o oo e Houston, Texas
R. B. Thacker, Jr.. ... .. ...c.ooonnes Sinclair Refining Co.. . ... ... .o vv e Marcus Hook, Pa.
Associate Members )
E. A Barton. . .....c.-cvnrrm-nnes Nash Engineering Co.. . ... ovnes _.Cleveland, Ohio
R W.Bodley. . ......cienrnrcamnnns Graver Tank and Manufacturing Co........ .- East Chicago, Ind.
A TFiNO . o . Hammond Iron Works. .. ... Warren, Pa.
L. V. Larsen o

(alternate to L L. Wissmiller) . .. .. - .. Chicago Bridge and Iron COoo o New York, N. Y.
W.K. Lewis..........-.... e Massachusetts Institute of Technology. . ... .. Cambridge, Mass.
F.V.long ... . .ocooon-nnnn e Vapor Recovery Systems Co i Compton, Calif.
N. M. Wiseman. . ... ...-.oonenn-ons General American Transportatin Corp.. ... .. Chicago, I

L L. Wissmiller . .........cooeerer--- Chicago Bridge and Iron Co.. . ... IR Chicago, IIl.

Editorial Advisor (1959)
H M Hart. ... e e . Standard Oil Co. (Indiana)............---- Whiting, Ind.




2M—Nov. 1959
IM—Aug. 1966

. API EVAPORATION LOSS BULLETINS
API Bulletin 2512: Tentative Methods of Measuring Evaporation Loss
from Petroleum Tanks and Transportation Equipment (1957) . ... . .. -

API Bulletin 2513: Evaporation Loss in the Petroleum Industry—Causes
and Control (1959) .. . 1. i

API Bulletin 2514: Evaporation Loss from Tank Cars, Tank Trucks, and
Marine Vessels (1959) .. oo

API Bulletin 2515: Use of Plastic Foam to Reduce Evaporation Loss
1061) . e

API Bulletin 2516: Evaporz;tion Loss from Low-Pressure Tanks (1962) ..
API Bulletin 2517 Evaporation Loss from Floating-Roof Tanks (1962) . .
API Bulletin 2518: Evaporation Loss from Fixed-Roof Tanks (1962). .

API Bulletin 2519: Use of Internal Floating Covers for Fixed-Roof Tanks
to Reduce Evaporation Loss (1962) .. ...............ovoonns L.

API Bulletin 2520: Use of Variable-Vapor Space Systems to Reduce
Evaporation Loss (1964) ... ... . ..ot
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