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APPENDICES

Appendix A Determination of parameter in calculation

Determination of molecular weight of gasoline vapor

Molecular weight of gasoline vapor, My, can be calculated as follows
1) Molecular weight of gasoline vapor from . . EPA (1999a). Table A-I
shows properties of selected petroleum liquids.

Table A-1 Properties of selected petroleum liquids ( . . EPA, 1999)

Petroleum liquid Vapor molecular weight at 60°F
Mv (Ib/lb-mole)
Gasoline RVP 13 62
Gasoline RVP 10 66
Gasoline RVP 7 68
Gasoline RVP 5 50
Jet naphtha 80
Jet kerosene 130

2) Molecular weight of gasoline vapor from the Beychok’s equation, (A-l).
My = 72.833-]1.3183(RVP)+0.15079(RVP)20.0087302(RVP)3 (A-l)

RVP = Reid vapor pressure, psi
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Determination of liquid surface temperature
Daily average liquid surface temperature (T1a) can be calculated as
follows

Tm = 0.44Taa + 0.567; +0.007% (A-2)

Daily temperature range (ATV} can calculated as follows

ATV = 0.72A7; +0.028aA (A-3)
Where
Tia = daily average liquid surface temperature, R
ATy = daily temperature range, R
Taa — daily average ambient temperature, R
i (A-4)
2 (A)
ATa =  daily ambient temperature range, R
Tax =  (aily maximum ambient temperature, R
Tan = (Caily minimum ambient temperature, R
T = liquid bulk temperature, R
Tb =Taa+6cc-\ (A'6)
cn = tank paint solar absorbance, dimensionless
and /= dailytotal solar insolation factor, btu/ft2d
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Determination of true vapor pressure

True vapor pressure of gasoline (F\Qin this work was measured with a
Setavap analyzer. Table A-2 shows true vapor pressure of gasoline at different
temperatures.

Table A-2 True vapor pressure of gasoline at different temperatures

Temperature Pressure (atm)
(°C) Data 1 Data 2 Data 3 Average
30 0.3099 0.2941 0.3069 0.3036
3 0.4283 0.4283 0.4204 0.4257
40 0.5004 0.4806 0.4579 0.4796

Appendix B Determination of expansion coefficient and molar diffusivity

Determination of liquid expansion coefficient
Liguid expansion coefficient (aL) can calculated as follows:

al = 5x10'67" +0.00137" -0.0102 (B-I)
Where
al = liquid expansion coefficient
Tie = daily average liquid surface temperature, °c

Determination of vapor expansion coefficient
Vapor expansion coefficient (av) is calculated as follows:

av (B-2)

Where
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ay = vapor expansion coefficient
ATa = (aily ambient temperature range, K
Tan = daily minimum ambient temperature, K

Determination of molar diffusivity
1) Molar diffusivity of gasoline determined by using a mathematical equation
as follows

d \m w
o o g (B3
Where
Da molar diffusivity of gasoline to air, cm2s
Dw = molardiffusivity of water to air, cmas
M g molecular weight of gasoline
My molecular weight of water
Molecular diffusivity of water (D\Aa) can be calculated from
01037 1+ 1]
(B-4)
Where
M a molecular weight of air
Tla daily average liquid surface temperature, K
Pa atmospheric pressure, Pa
VA group contribution value for air, 20.1

Zvw = group contribution value for water, 12.7
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Table B-I Molar diffusivity of gasoline from calculation
T(°C) Mty Mar A\gr Evar  Molar diffusivity (cmVs)

W ater Gasoline
30 18 29 127 21 0.2587 0.1339
35 18 29 127 21 0.2662 0.1378
40 18 29 127 21 0.2738 0.1417

2) Determination of molar diffusivity of gasoline from experimental results.
Equation (2.25) was used to determine the molar diffusivity,

Lo =Afr Wy (2-25)

From this equation, loss from diffusion, Lo, can be determined from
experiment by starting with loading liquid gasoline until the storage was full
and the liquid level exceeded the bottom of the release vent. Then, the same
procedure as mentioned in experimental part was carried out. Vent height,
Az, was measured from the top to liquid level inside the release vent. Cross-
sectional area of the release vent was 0.1963 cm2 (vent diameter = 0.5 cm).
Vapor density of gasoline can be determined by Equation (2.11). Table B-2
reports of gasoline molar diffusivity from the experiment.

Table 8-2 Molar diffusivity of gasoline from experimental

Temperature Area Vent height  Emission rate  Diffusivity
(°C) (cm?2) (cm) X106 (g/s) (cm 2s)
30 0.1963 26.7 11111 0.18379
3 0.1963 253 1.6667 0.18939

40 0.1963 24.5 2.0833 0.20679
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Table B-3 shows the comparison of the molar diffusivity from the
model and experiment.

Table B-3 Comparison of molar diffusivity from the calculation and
experiment

Temperature Volume  Molar diffusivity (cmVs)  Deviation

(°C) (ml)  cCalculation Experiment %
30 300 0.1339 0.18379 37.26
3H 300 0.1378 0.18939 37.45

40 300 0.1417 0.20679 4591



Appendix ¢

Tabl C-1 EXPeriment resuits

Day

—N oo U1 B W PO

Vent height 15 ¢cm &

Summarized experimental results and modeling results

Gasoline volume of

300 ml

Temperature (°C)

30

0.2
0.18
0.19
0.18
0.20
0.19
0.20

35

0.29
0.23
0.25
0.23
0.23
0.19
0.23

40

0.47
0.32
0.31
0.34
0.32
0.33
0.28

Weight (g/day)

Vent height 30 cm &  Vent height 45 cm &
Gasoline volume of

300 ml

Temperature (°C)

30

0.155
0.120
0.125
0.100
0.130
0.100
0.110

35

0.230
0.130
0.135
0.145
0.130
0.145
0.145

40

0.320
0.165
0.180
0.175
0.180
0.215
0.195

Gasoline volume of

300 ml

Temperature (°C)

30

0.130
0,090
0.100
0.080
0.090
0.085
0.080

35

0.180
0.090
0.095
0.105
0.085
0.110
0.100

40

0.320
0.090
0.120
0.110
0.120
0.120
0.120

Vent height 30 cm &
Temperature of

40°¢c

Volume (ml)

250

0.370
0.160
0.160
0.200
0.185
0.180
0.200

300

0.320
0.165
0.180
0.175
0.180
0.215
0.195

350

0.270
0.185
0.195
0.165
0.185
0.200
0.165



Table -2 Comparison of modeling results with different conditions

Model Gasoline volume of
300 ml
Temperature (°C)
30 35 40
Thesis  0.182 0.261 0.321
.. EPA 0.004 o0.011 0.022
Nevers o0.011 0.018 0.027

Model results (g/day)
Vent height 15 ¢cm &  Vent height 30 cm &  Vent height 45 cm &

Gasoline volume of

300 ml

Temperature (°C)

30

35 40

Gasoline volume of

300 ml

Temperature (°C)

30

35 40

0.097 0.140 0.176 0.068 0098 0.125

0.005 0.013 0.026 0.004

0.011

0.018 0.029

0.011

0.011 0.022

0.017 0.027

Vent height 30 cm &
Temperature of
40°c
Volume (ml)

250 300 350 1
0.177 0.176 0.174

0.036 0.026 0.015

0030 0029 0.027



Table C-3 Deviations of the models from the experimental results
Deviation (%)

Vent height 15 cm & Vent height 30 cm &  Vent height 45 ¢cm &  Vent height 30 cm &

Model Gasoline volume of  Gasoline volume of  Gasoline volume of Temperature of
300 ml 300 ml 300 ml 40°c
Temperature (°C) Temperature (°C) Temperature (°C) Volume (ml)

30 35 40 30 35 40 30 35 40 250 300 350
Thesis 436 1486 444 1431 490 666 2216 784 1150 839 6.66 7.69

.. EPA 9786 9495 92.89 9588 90.48 86.02 9552 8861 80.79 79.87 86.02 91.74

Nevers 9425 9229 9136 9000 86.81 8448 87.70 82.12 76.00 83.38 84.48 84.90



56

Appendix D Experimental data

Table D-I Experimental data at 25°C, 15 cm release vent height and 300 ml
gasoline volume

Data Gasoline weights (g) Gasoline losses (g)
Batch 1  Batch 2 Batch 3  Batch 1 Batch 2 Batch 3

Initial ~ 500.19  502.61  491.35 : - -

500.04 50247 49121 0.15 0.14 0.14
499.89  502.36  491.08 0.15 0.11 0.13
499.75 50222 490.95 0.14 0.14 0.13
499.59  502.08 49081 0.16 0.14 0.14
499.45 50196 ~ 490.69 0.14 0.12 0.12
499.31  501.83  490.56 0.14 0.13 0.13
499.17 50170 49043 0.14 0.13 0.13
499.02  501.56  490.28 0.15 0.14 0.15
498.88 50144  490.16 0.14 0.12 0.12

—

O© OO0 —NJ o o1 &~ W o
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Table D-2 Experimental data at 30°c, 15 cm release vent height and 300 m
gasoline volume

Data

Initial
1

W o —NJ4 o Ol B~ W N

— =
_ O

Gasoline weights (g)

Batch 1

501.40
501.20
500.90
500.71
500.51
500.31
500.09
499.88
499.67
499.46
499.26
499.06

Batch 2

504.37
504.16
503.91
503.74
503.56
503.39
503.21
503.03
502.84
502.67
502.50
502.33

Batch 3

49265
492 43
492.20
492.02
491.83
491.65
491.44
491.25
491.05
490.86
490.67
490.49

Gasoline losses (g)

Batch 1

0.20
0.30
0.19
0.20
0.20
0.22
0.21
0.21
0.21
0.20
0.20

Batch 2

0.21
0.25
0.17
0.18
0.17
0.18
0.18
0.19
0.17
0.17
0.17

Batch 3

0.22
0.23
0.18
0.19
0.18
0.21
0.19
0.20
0.19
0.19
0.18
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Table D-3 Experimental data at 35°C, 15 cm release vent height and 300 ml
gasoline volume

Data

Initial
1

~N O o1 B w O

Gasoline weights (g)

Batch 1
499.73
499.42
499.17
498.90
498.65
498.40
498.19
497.94

Batch 2
502.62
502.34
502.11
501.86
501.48
501.25
501.07
500.84

Batch 3
492.55
492.27
492.05
491.81
491.59
491.38
491.19
490.98

Gasoline losses (g)

Batch 1  Batch 2 Batch 3
0.31 0.28 0.28
0.25 0.23 0.22
0.27 0.25 0.24
0.24 0.38 0.22
0.25 0.23 0.21
0.21 0.18 0.19
0.25 0.23 0.21



59

Table D-4 Experimental data at 40°c, 15 cm release vent height and 300 ml
gasoline volume
Data Gasoline weights (g) Gasoline losses (g)
Batch 1  Batch 2 Batch 3  Batch 1 Batch 2 Batch 3

Initial ~ 501.60  504.07  492.62 : : :
1 50124 50371  492.25 0.48 0.47 0.47

2 50090  503.38  491.93 0.34 0.33 0.32
3 50057  503.06  491.62 0.33 0.32 0.31
4 500.24 50270 49130 0.33 0.36 0.32
5 500.19  502.60  491.24 : : :

6 499.711  502.14  490.81 0.48 0.46 0.43
1 499.38  501.83 490,50 0.33 0.31 0.31
8 499.03  501.51  490.17 0.35 0.32 0.33
9 498.73  501.25  489.89 0.30 0.26 0.28
10 498.40 50094  489.59 0.33 0.31 0.30

Data 5 restart experiment cause of electrical problem in college
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Table D-5 Experimental data at 30°c, 30 cm release vent height and 300 ml
gasoline volume

Data Gasoline weights (g) Gasoline losses (g)
Batch 1 Batch 2 Batch 1 Batch 2

Initial 509.19  532.38 - -

| 509.06 53221 0.14 0.17
508.93  532.09 0.12 0.12
508.82  531.95 0.11 0.14
508.72  531.85 0.10 0.10
508.60  531.71 0.12 010 1
508.50 53161 0.10 0.10
508.40  531.49 0.10 0.12
508.28  431.37 0.12 0.12

oo N o o1 &~ LW

Table D-6 Experimental data at 30°C, 45 cm release vent height and 300 ml
gasoline volume

Data Gasoline weights (g)  Gasoline losses (g)
Batch 1 Batch 2 Batch 1  Batch 2

Initial 515.79 505.31 - :

1 515.65 505.19 0.14 0.12
515.56 505.10 0.09 0.09 °
515.46 505.00 0.10 0.10
515.39 504.91 0.07 0.09
515.29 504.83 0.10 0.08
515.21 504.74 0.08 0.09
515.13 504.66 0.08 0.08
515.05 50457 0.08 0.09

o N O o1 B oW o
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Table D-7 Experimental data at 35°c, 30 cm release vent height and 300 ml
gasoline volume

Data Gasoline weights (g) Gasoline losses (g)
Batch 1 Batch 2 Batch 1 Batch 2

Initial 508.94  533.33 - -
1 508.71 533.10 0.23 0.23
508.58  532.97 0.13 0.13
508.44  532.84 0.14 0.13
508.30  532.69 0.14 0.15
508.17  532.56 0.13 0.13
508.02  532.42 0.15 0.14
507.87  532.28 0.15 0.14

~N o o1 B LW O

Table D-8 Experimental data at 35°C, 45 cm release vent height and 300 ml
gasoline volume

Data Gasoline weights (g) Gasoline losses (g)
Batch 1 Batch 2 Batch 1 Batch 2

Initial 516.00  505.24 : :

1 515.82  505.06 0.18 0.18
515.74  504.96 0.08 0.10
51565  504.86 0.09 010 1
51555  504.75 0.10 0.11
51547 504.66 0.08 0.09
51537 504.54 0.10 0.12
51527  504.44 0.10 0.10

~N O O BB LW
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Table D-9 Experimental data at 40°c, 30 cm release vent height and 300 ml
gasoline volume
Data Gasoline weights (g) Gasoline losses (g)
Batch 1 Batch 2 Batch 1 Batch 2

Initial 507.96  532.87 : :
1 507.64 53255 0.32 0.32
507.47 53239 0.17 0.16
507.30  532.20 0.17 0.19
507.12  532.03 0.18 0.17
506.94  531.85 0.18 0.18
506.73  531.63 0.21 0.22
506.54 53143 0.19 0.20

-~ O o1 &= W

Table D-10 Experimental data at 40°C, 45 cm release vent height and 300 ml
gasoline volume

Data Gasoline weights (y) Gasoline losses (g)
Batch 1 Batch 2 Batch 1 Batch 2
Initial 515.87 516.46 - 1
1 515.55 516.21 0.32 0.25
515.46 516.05 0.09 0.16
515.34 515.90 0.12 0.15
515.23 515.77 0.11 0.13
515.11 515.61 0.12 0.16
514.99 515.44 0.12 0.17
514.87 515.27 0.12 0.17

—~ O o1 B~ LW
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Table D -1l Experimental data at 40°c, 30 cm release vent height and 250 ml
gasoline volume
Data Gasoline weights (g)  Gasoline losses (g)
Batch 1  Batch 2 Batch 1 Batch 2

Initial 47218 49545 - -
1 47183  495.06 0.35 0.39
471.69  494.88 0.14 0.18
47154 49471 0.15 0.17
471.34 49451 0.20 0.20
47116 494.32 0.18 0.19
470,98  494.14 0.18 0.18
470.80 ~ 493.92 0.18 0.22

~N O O B o w D

Table D-12 Experimental data at 40°C, 30 cm release vent height and 350 ml
gasoline volume

Data Gasoline weights (g) Gasoline losses (g)
Batch 1 Batch 2 Batch 1 Batch 2

Initial 546.33  569.75 : :

1 546.07  569.47 0.26 0.28
54589  569.28 0.18 0.19
54569  569.09 0.20 0.19
54553  568.92 0.16 0.17
54535  568.73 0.18 019
54515  568.53 0.20 0.20
54499  568.36 0.16 0.17

~N O o1 BB W P
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Appendix E: Stainless storage tank experiment

The other experiment carried out involved a simulated storage tank
which was made from stainless steel. This storage tank configuration was
based on the underground storage tank as shown in Figure E.I  The
experiment was set up at room temperautre and with 10 litre initial gasoline
volume. Results from this experiment were shown in Table E.| and Figure
E.2.

i /|
Release vent,
0.4 cm ID
87 cm
Filling tube,
0.8 cm ID
20 cm
v
P e 3.5 CMm e p

Figure E.I Stainless steel storage tank
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Table E.I Experimental data at room temperature, 10 litre gasoline volume
and 87 cm vent heig

Data Gasolige weight Data Gasoline weight
1 10626.0 26 10565.0
2 10623.8 28 10562.8
3 10621.7 31 10558.5
5 10620.0 32 10556.9
8 10617.6 40 10552.8
9 10616.7 41 10549.5
10 10615.7 42 10548.8
11 10614.9 43 10544.9
12 10614.2 44 10547.3
13 10613.2 45 10547.7
15 10610.2 46 10551.7
16 10588.9 47 10552.5
17 10587.7 49 10542.1
123 10583.8 50 10538.6

From this table, the results from the experiment were unreliable. This
may be due to the unproportional size of the storage tank and the digital
balance used. Therefore, the proposed model was not used with these results.



X Experimental data

10 X Y 4) o)
Time (d)

Figure E.2 Stainless steel storage tank experimental data
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