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SPECIAL NOTES

1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU-
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS
UNDER LOCAL, STATE, OR FEDERAL LAWS.

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI-
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET.

4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT.

5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF-
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE-
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF-
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART-
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API,
1220 L STREET, N.W., WASHINGTON, D.C. 20005.

Copyright © 1993 American Petroleum Institute
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FOREWORD

API publications may be used by anyone desiring to do so. Every effort has been made
by the Institute to assure the accuracy and reliability of the data contained in them; however,
the Institute makes no representation, warranty, or guarantee in connection with this pub-
lication and hereby expressly disclaims any liability or responsibility for loss or damage re-
sulting from its use or for the violation of any federal, state, or municipal regulation with
which this publication may conflict.

Suggested revisions are invited and should be submitted to the director of the Measure-
ment Coordination, Industry Services Department, American Petroleum Institute, 1220 L
Street, N.W., Washington, D.C. 20005.
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' Documentation File for
API Publication 2519, "Evaporation
Loss from Internal Floating-Roof Tanks"

Section A - Basic Data

A.l API Data Base (Extensive Computer Print-Out)
A.l1.1 Summary of Average Test Tank Results
A.1.2 Test Tank Temperature Data
A.1.3 Test Tank Flow Rate and Concentration Data
A.l.4 Vapor Pressure Calculations
A.1.5 Selected Equilibrium Flow Rate/Concentration Data
A.1.6 Statistical Analysis of Windspeed Significance
A.1.7 Statistical Analysis of Data-Averaging Techniques
A.2 Contractor - Reported-Data Base
A.3 Comparison of API/Contractor - Reported Data Bases

Section B - Data Analysis/Parameter Evaluation

Evaluation of Vapor Pressure Functions
Development of Product Factor
Development of Rim Seal Loss Factors
Development of Fitting Loss Factors
Development of Deck Seam Loss Factors
Analysis of Field Tank Data

Wwwwww
AW

Section C - Related Reports (Copies of reports available
on request for a copy fee from address given
below.)

Section D - Pictures/Drawings of Test Equipment (Pictures
available for inspection by contacting American
Petroleum Institute at address given below.)

American Petroleum Institute
Measurement Coordination Department
1220 L St., N.W.
Washington, DC. 20005
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ata Base®™ (Extensive Computer Print-out)
Summary of Average Test Tank Results
.2 Test Tank Temperature Data

PI D
1
2
.3 Test Tank Flow Rate and Concentration Data
4
5
6
7

=

Vapor Pressure Calculations

Selected Equilibrium Flow Rate/Concentration Data
Statistical Analysis of Windspeed Significance
Statistical Analysis of Data-Averaging Techniques

T T

* The API Data Base is on an extensive computer printout.

It is on file at the Améerican Petroleum Institute. For
further information on the printout contact:

Director, Measurement Coordination
American Petroleum Institute

1220 L, St.,N.W.

Washington, D.C. 20005
202-682-8145
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A.l1.1 SUMMARY OF AVERAGE TEST TANK RESULTS

Table A.l.l-]1 presents a summary of emissions
calculated for all potentially relevant tank tests. Tests which
Chicago Bridge & Iron (CBI) reported as being void, and those
tests in which equilibrium conditions were not obtained are
excluded from Table A.l.l-1. Some of.the data in Table A.l.1l-1
were not used in subsequent calculations discussed in sections
B.l, B.2, B.3, or B.5 because of other conditions during the
test which precluded them from being useful. Because, as noted
below, the data analysis indicated that the emisssions were
essentially independent of wind speed a single average emission
value was determined for each test as recorded in Table A.l.1-1.

The data from which the emissions were calculated were
obtained by CBl under a contract with the American Petroleun
Institute (API), Committee on Evaporation Loss Measurement
(CELM). At the request of the CELM 2519 Steering Committee CBI
made copies of all of their raw data sheets and sent them to the
Union 0il CELM representative for computer analysis. Lists of
the computerized raw data are contained in Sections A.l.2 and
A.l1.3. To convert the raw data into emissions it is necessary
to calculate the true vapor pressure (TVP) during each test.

The method and data used to obtain the TVP is described in
Section A.l1.4. To ensure that emisions from various tests can
be compared it is necessary to be sure that the data points used

to calculate the emissions were obtained under equilibrium
conditions. The methods used by the CELM committee to select
data points representative of equilibrium conditions is
described in Section A.l.5. .

To determine whether wind is a significant variable
for an emission correlation equation two statistical techniques
were used. The first technique assumed a linear correlation
between emissions (E) and wind speed (V) of the form E = kv® and
used a linear regression analysis to determine the values of k
and n. This analysis indicated that n was approximately 0.0 for
the majority of the tests and that the inclusion of the term vt
in the equation did not significantly improve the ability to
predict the emissions. This technique is documented in Section
A.1.6. A second technique used was a one way analysis of
variance of emissions for wind speeds <20 mph, wind speeds >20
mph, and for all wind speeds. This analysis revealed that for
most tests in each of the above 3 catorgories there was at
least one wind speed for which the emissions were statistically
different from the rest of the group. However, plots of.all of
the test results revealed that for the majority of the tests
most of the data fell within the 90X confidence limits of the
emissions averaged over all wind speeds. The 90X confidence
limits of the emisions for data at windspeeds <20 aph and at
windspeeds >20 mph overlap the 902 confidence limits for all
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Aolol-z

windspeeds and the plots indicated no consistent trend of
emissions with wind speed. Thus it was concluded that internal
floating roof tank emissions are essentially independent of wind
speed and that a single average value for the emissions
determined during a given test can be used as representative of
the emissions for that given condition.- This second analysis
technique is discussed in detail in Section A.l.7.

Sections A.1.2 through A.1.7 contain a substantial
volume of computer printout and computer plots, which are
available for review at APl headquarters in Washington, D.C.
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Aalol-3-

TABLE A.l.1-1: SUMMARY OF EMISSIONS CALCULATED BY API FOR ALL
POTENTIALLY RELEVANT TESTS

TRUE VAPOR
cs1? PRESSUR MOLECULAR
TEST (PSIA) WEIGHT AVERAGE EMISSIONS
NUMBER AVERAGE NOMINAL P/PMC P/ DAY PM/DAYC
API-1 %.56 5.00 47.1 13.4 0.283
API-2 3.60 5.00 51.0 21.6 0.423
API-3 5.08 5.00 47.3 14.6 0.309
API-4 4.33 5.00 48.0 21.5 0.449
API=-5S 4.75 5.00 47.6 63.3 1.33
API-7 5.14 5.00 47.7 10.7 0.224
API-8 5.00 5.00 47.4 20.8 0.439
API-12 0.40 0.50 76.5 1.39 0.0181
API-13 0.38 0.50 111. 6.71 0.0605
API-14 0.45 0.50 110. 7.35 0.0668
API-13R 0.48 0.50 110. 6.264 0.0567
API-13,13R 0.42 0.50 111. 6.53 0.059
API-14R 0.46 0.50 110. 21.6 0.196
API-14,14R 0.46 0.50 110. 17.5 0.159
API-16 3.70 5.00 46.1 42.7 0.926
API-17 5.13 5.00 45.9 3.21 0.0698
API-18 4.95 5.00 45.9 5.05 0.110
API-19 4.90 5.00 45.9 6.13 0.134
API-19A 4.92 5.00 45.9 6.75 0.147
API-21A 2.98 5.00 47.5 4,79 0.101
API-21B 2.72 5.00 47.5 4.23 0.0891
‘API=21C 2.67 5.00 47.5 4.32 0.0909
API-21AR 2.64 5.00 47.5 8.14 0.171
API-21A,AR 2.84 5.00 47.5 6.13 0.129
API-21BR 2.60 5.00 47.5 6.65 0.140
API-21B,BR 2.69 5.00 47.5 4.84 0.102
API-21CR 2.61 5.00 47.5 6.30 0.133
API-21C,CR 2.65 5.00 47.5 5.11 0.108
API-22A 4.21 5.00 45.8 6.493 0.142
API-22B1I . 4.25 5.00 45.8 7.57 0.165
API-22D 3.80 5.00 45.8 5.69 0.124
API-22B 3.78 5.00 45.8 8.05 0.176
API-22BI,B 3.90 5.00 45.8 7.936 0.173
API-22C 3.77 - 5.00 45.8 9.65 0.211
API-21E 3.61 5.90 45.8 5.88 0.128
API-23 7.05 5.00 45.8 3.27 0.0714
API-24 6.84 5.00 45.8 5.48 0.120
API-25 6.85 5.00 45.8 4.97 0.108
API-26A 3.72 5.00 L 46.3 5.42 0.117
API-26B 2.40 5.00 48.5 6.21 0.128
API=27A 0.73 0.50 61.0 1.83 0.030
API-27B 0.73 0.50 61.0 1.19 0.0196
API-27C 0.73 0.50 61.0 3.37 0.0553
API-28 " 0.72 0.50 62.0 1.04 0.0167
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TABLE A.l.1l-

A.l.1-4

1: SUMMARY OF EMISSIONS CALCULATED BY API FOR ALL

"POTENTIALLY RELEVANT TESTS (continued)

TRUE VAPOR
cBI? PRESSURE MOLECULAR
TEST (PSIA) WEIGHT ___
NUMBER AVERAGE NOMINAL P/PM-
API-30 0.29 0.50 105.
API-29R 0.29 0.50 105.
API-31 0.28 0.50 108.
API-31A 0.27 0.50 108.
API-32 1.92 2.50 86.2°
API-33 2.12 2.50 86.2
API-33A 2.28 2.50 86.2
API-34 2.35 2.50 86.2
API-34A 2.34 2.50 86.2
API-=35 4,07 5.00 47.5
API-36 4.01 5.00 47.5
API-37 4.02 5.00 47.5
API-38 3.97 5.00 47.6
API-39 3.91 5.00 47.2
API-39R 5.61 5.00 46.8
AP1=40 5.67 5.00 46.8
API-41 5.25 5.00 46.8
API-42 5.21 5.00 46.8
API=43 5.02 5.00 46.5
"AP1-44 5.38 5.00 46.4
API-45 5.24 5.00 46.4
API-46 5.13 5.00 46.5
API-47 4,87 5.00 46.5
API-48 4.64 5.00 46.6
API-49 4.49 5.00 46.6
API-50 0.60 0.50 87.0
API-51 0.60 0.50 87.5
API-52 5.51 5.00 48.0
API-S3P 5.52 5.00 48.0
API-54 5.45 5.00 48.0
API-53 5.31 5.00 48.0
API-53P,53 5.47 5.00. 48.0
API-SS 5.40 5.00 48.1
API-56 5.47 5.00 48.2
API-S7 5.50 5.00 48.2
API-58 5.48 5.00 48.2
API-52R 5.53 5.00 48.0
API-52,52R 5.52 5.00 48.0
API-59 4.35 5.00 48.6
API-60 4.39 5.00 49.0
API-61 4.46 5.00 49.0
API-62 2.96 5.00 52.0
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AVERASE EMISSIONS

P/DAY PM/DAY"
3.32 0.0316
15.0 0.143
3.86 0.0357
2.77 0.0256
2.00 0.0232
2.64 0.0306
2.17 0.0251
2.73 0.0317
2.99 0.0347
1.74 0.0366
1.70 0.0359
1.41 0.0297
1.59 0.0334
2.32 0.0492
1.81 0.0387
1.41 0.0301
0.722 0.0154
0.825 0.0176
1.25 0.0269
0.69 0.0149
0.322 0.00693
0.431 0.00928
0.79 0.0170
1.15 0.0246
0.877 0.0188
0.371 0.00426
3.41 0.0390
1.81 0.0376
1.95 0.0407
1.92 0.0400
1.79 0.0372
1.92 0.0399
0.749 0.0156
1.63 0.0338
1.66 0.0345
2.09 0.0433
2.09 0.0435
1.92 0.0400
2.61 0.0536
2.81 0.0574
3.38 0.0690
3.37° 0.0649
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A.l.l°5

TABLE A.l.1-1: SUMMARY OF EMISSIONS CALCULATED BY API FOR ALL
POTENTIALLY RELEVANT TESTS (continued)

TRUE VAPOR
cB1? PRESSUR MOLECULAR
TEST .__(PSIA) WEICHT AVERAGE EMISSIONS
NUMBER AVERAGE NOHINAL P/PHC P/DAY PM/DAY"
API-63R 0.88 0.50 75.5 0.702 0.00930
API-64 0.55 0.50 105. 0.911 0.00867
API-65 3.30 2.50 86.2 2.09 0.0242
API-66 3.21 2.50 86.2 3.26 0.0378
API=66R 3.30 2.50 86.2 2.77 0.0322
API-65R 3.34 2.50 86.2 3.51 0.0407
API-65A 3.31 2.50 86.2 3.59 0.0417
API-67A 0.43 0.50 97.5 0.759 0.00779
API-67 0.36 0.50 112. 0.559 0.00500
API-68 2.96 2.50 86.2 0.903 0.0105
API-69 2.95 2.50 86.2 0.617 0.00715
API-70 6.22 5.00 46.3 0.935 0.0202
API-71 6.19 5.00 46.3 1.14 0.0247
API-72 2.38 5.00 51.2 2.05 0.040
API-73 5.97 5.00 46.6 2.17 0.0466
API-73A 5.83 5.00 46.6 2.92 0.0628
API-T74 5.58 5.00 46.6 2.92 0.0627
API-75S 5.55 5.00 46.7 3.41 0.0730
API-76 5.34 5.00 46.8 2.38 0.0509
API-76R 5.25 5.00 46.8 2.03 0.0433
API-76,76R 5.31 5.00 46.8 2.26 0.0484
API=77 5.08 5.00 47.1 1.96 0.0417

a. CBI = Chicago Bridge & Iron.

b. Average true vapor pressure (TVP) is the average TVP during
the time the test was being conducted. Nominal TVP is_ the
TVP at which the emissions were calculated using the P
function to normalize the measured hydrocarbon concentration
to the concentration expected at the nominal TVP. The TVP
is expressed in pounds per square inch absolute (PSIA).

¢. P/PM = POUNDS PER POUND-MOLE.
d. P/DAY = POUNDS PER DAY.

e. PM/DAY = POUND-MOLE PER DAY.
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API Publication 2519
Documentation File

Section A.3 - Comparison of API/Contractor - Reported Data Bases
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B.1l Evaluation .of Vapor Pressure Functions

October 11, 1982

\R.J. lLaverman
Plainfield Research

RE: Vapor Pressure Functions for Scaling
Internal Floating Roof Emissions

In accordance with your request, I have reveiwed the problem of

evaluating appropriate vapor pressure functions for scaling IFR
emission data. '

The following functions were analyzed and compared:

P .
v .
) ) b 14.7) -~ (Used in Bulletin 2517
: l ( P, :5]2_ and Draft Bulletin 2519)
l l - ——

td
1

14.7

—(Former API vapor pressure

). E= function)
(3). E = b(rpv )N = (Function proposed by
14.7 TRW Engineering)

where: E Emissions, (lbmoles/day)

Pv = Product True Vapor Pressure, (psia)
—— b = A scaling constant dependent upon roof and seal type,
—_ (lbmoles/day)
- ‘N=aA scaling exponent (the optimum value of N was to be
— selected)
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‘R.J. Laverman
Plainfield Research

Page Two
October 11, 1982

Attached to this letter is a copy of Table 1 and Figures 1 through

4, which were prepared by R.L. Russell of Union 0il Co. and are

dated 6-11-82. The emission and vapor pressure values listed in
Table 1 pertaining only to the tests on mixtures of propane and
normal octane were used to evaluate the above vapor pressure
functions. These values are also listed in Table 2, which summarizes

the evaluation described below.

‘Table 2 summarizes the resulting b values for Phases 1 through 3.
For each test listed, the average vapor pressure was used to
calculate a value of xi for each of the scaling functions. The
Xy values were then paired with the average emissions, Y,, for
each test. For each vapor pressure function the data pairs
(Xi,Yi) were used to find the straight line which passed through
(0,0) and which gave the best fit using the least squares method.
The slope of the straight line determined why this method was the
scaling constant, b.

For each vapor pressure function, the correlation coefficient was
also calculated as an indicator of how well the function fit the
data. Note that the correlation coefficient is close to 1.00
(1.00 corresponds to a perfect fit) in all cases. This indicates
that the vapor pressure data fit ié good regardless of the vapor

pressure function used.

Figure 5 shows a graphical method of determining the best scaling
exponent N for use in Equation (3) on page 1. It is evident that
the best fit is obtained when N = 0.7.

A more accurate way to determine the optimum value of N is to
apply a least square analysis directly to the (E,Pv) data. This

method leads to the following result.
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R.J. lLaverman
Plainfeild Research

Page Three

" October 11, 1982

Phase Number of
Number b N Tests Included
1 0.1549 0.6156 4
2 0.0581 0.7457 -]
3 0.1062 0.6622 3
N = Weighted Average
~ 4(0.6156) + 5(0.7457)+ 3(0.6622)
4 + 5 + 3
‘N = 0.6815

Carrying the exponent N beyond one significant figure is probably
not justifiable on the basis of the data scatter. Therefore, the
suggested value of N to be used is 0.7.

A comparison of the three vapor pressure functions is shown in
Figure 6 for the Phase 1 data with 1 in2 seal gaps/ft dia. Note
that each of the functions fits the data fairly well. At any
given vapor pressure, the difference between the scaling functions
is small relative to ﬁhe data scatter at the same point.

Figure 7 shows the data from Phase 1 for 0 in2 seal gaps/ft dia.
It would be diffdcult to determine the best function on the basis
of this data since three of the four points occur at a single
vapor pressure. Note that all of the functions fall below the
data at the low end of the vapor pressure scale. This is due to
the fact that the functions were defined such that they must pass
through the point (0,0).

Figure 8 shows the data of Phases 2 and 3, each with 1 in2 of
seal gaps/ft dia. Note that the TRW function, .Equation (3) with
N = 0.7, gives the best fit for both phases. This is reflected
by the correlation coefficients which are 0.9964 and 0.9996 for
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R.J. Laverman
Plainfeild Researct

Page Four

October 11, 1982

Phases 2 and 3, respectively.

Examination of Figure 8 reveals once again that any one of the
scaling functions is capable of adequately scaling the emission
data when applied within the vapor pressure range in which data
was actually taken. However, gross differences become apparent
if an attempt is made to estimate emissions above the range of
test data. The data from Phase 2 can be used to illustrate this
point. At 14.0 psia, the emission functions for the Phase 2
roof predict the following:

Function Pv E
Number Description (psia) (lbmoles/cavy)
1 P* function from Bulletin 2517 14.0 0.154
2 . Former API function 14.0 8.14
3 Proposed by TRW 14.0 '0.0531

The lack of emmission data from relatively high vapor pressure
stocks precludes the possibility of accurately determining the
best function to use for extrapolation beyond the range of vapor
pressuré test data. .

Conclusions:

The overall conclusions that may be derived from this evaluation

are summarized below:

(1). Based on the correlation coefficient, the function
proposed by TRW with N = 0.7 provides a better fit to
the data then either of the other two functions evaluated
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R.J. Laverman
Plainfeild Research

Page Five
October 11, 1982

(2). The improvement in data fit provided by the TRW
function is small and may not merit revising the

proposed Bulletin 2519.

(3). ‘Gross differences between scaling functions may
occur if an attempt is made to scale emission data
to vapor pressures above 9 psia. The accuracy of
the proposed Bulletin 2519 is dubious beyond this
point.

If you should have any guestions regarding the attached information,

please feel free to contact me.

Sincerely,

/’:‘ .
Timothy “J. Haynie
Research Engineer

TJH:sib

an

)
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