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A P P E N D I C E S

A p p e n d ix  A  ะ D e t e r m in a t io n  o f  p a r a m e t e r  in  c a lc u la t io n

D e t e r m in a t io n  o f  m o le c u la r  w e ig h t  o f  g a s o l in e  v a p o r
M olecu lar w eight o f  gasoline vapor, M y , can be calcu lated  as follow s 

1) M o lecu la r w eigh t o f  gasoline vapor from  บ .ร . E P A  (1999a). T able A -l 
show s p roperties o f  selected  petro leum  liquids.

T a b le  A - l  P roperties o f  selected  petro leum  liquids (บ .ร . EPA , 1999)
P e t r o le u m  l iq u id V a p o r  m o le c u la r  w e ig h t  a t  6 0 ° F  

M v  ( lb / lb - m o le )
G asoline  R V P 13 62
G aso line  R V P 10 66
G aso line  R V P 7 68
G aso line  R V P 5 50

Je t naph tha 80
Je t kerosene 130

2) M o lecu la r w eigh t o f  gasoline vapor from  the B eycho k ’s equation , (A -l).

M y  =  7 2 .8 3 3 - ] .3 1 8 3 ( R V P ) + 0 .1 5 0 7 9 ( R V P ) 2- 0 .0 0 8 7 3 0 2 ( R V P ) 3 (A -l)

R V P  = R eid vapor pressure, psi



48

Tm  = 0 .44T aa + 0.567; + 0.0079a  J  (A-2)

Determination of liquid surface temperature
D a ily  a v e ra g e  liq u id  su rface  te m p e ra tu re  ( T l a )  can  b e  c a lc u la te d  as

fo llo w s

Daily temperature range (ATV) can calculated as follows

ATV = 0.72A7; + 0 .0 2 8 a AI

where
T la  = daily average liquid surface temperature, R
A T y  = daily temperature range, R
Ta a  — daily average ambient temperature, R

II
รุ<

A T a  = daily ambient temperature range, R
Ta x  = daily maximum ambient temperature, R
Ta n  = daily minimum ambient temperature, R
T b  = liquid bulk temperature, R

Tb = T a a + 6 cc- \

CCA = tank paint solar absorbance, dimensionless
/  = daily total solar insolation factor, btu/ft2.d

(A-3)

(A-4)

(A-5)

(A-6)

and
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D e t e r m in a t io n  o f  t r u e  v a p o r  p r e s s u r e
True vapor pressure of gasoline (FVyO in this work was measured with a 

Setavap analyzer. Table A-2 shows true vapor pressure of gasoline at different 
temperatures.

T a b le  A - 2  True vapor pressure of gasoline at different temperatures
T e m p e r a t u r e

(° C )
P r e s s u r e  (a tm )

D a ta  1 D a ta  2 D a t a  3 A v e r a g e
30 0.3099 0.2941 0.3069 0.3036
35 0.4283 0.4283 0.4204 0.4257
40 0.5004 0.4806 0.4579 0.4796

A p p e n d ix  B  ะ D e t e r m in a t io n  o f  e x p a n s io n  c o e f f ic ie n t  a n d  m o la r  d if f u s iv it y

D e t e r m in a t io n  o f  l iq u id  e x p a n s io n  c o e f f ic ie n t
Liquid expansion coefficient (a L) can calculated as follows:

a L = 5x10'67^ +0.00137^ -0.0102 (B-l)
where

a L = liquid expansion coefficient
TL4 = daily average liquid surface temperature, °c

D e t e r m in a t io n  o f  v a p o r  e x p a n s io n  c o e f f ic ie n t
Vapor expansion coefficient (a v) is calculated as follows:

a v (B-2)

where
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a y  =  vapor expansion coefficient
A T a = daily ambient temperature range, K
Ta n  = daily minimum ambient temperature, K

D e t e r m in a t io n  o f  m o la r  d if f u s iv it y
1) Molar diffusivity of gasoline determined by using a mathematical equation
as follows

d g _  \m w
L \v \  M g

(B-3)

where
D a molar diffusivity of gasoline to air, cm2/s
D w = molar diffusivity of water to air, cm2/s
M g molecular weight of gasoline
M fv molecular weight of water

Molecular diffusivity of water (DWater) can be calculated from

0.10137^75f 1 + 1 ]
(B-4)

where
M a molecular weight of air
Tla daily average liquid surface temperature, K
P a atmospheric pressure, Pa
I v A group contribution value for air, 20.1
Z v w = group contribution value for water, 12.7
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T a b le  B - l  Molar diffusivity of gasoline from calculation
T ( ° C ) 1VI1Tiwater M air -̂' Vwater £ v air M o la r  d i f f u s iv i t y  (c m V s )

W a t e r G a s o l i n e

30 18 29 12.7 20.1 0.2587 0.1339
35 18 29 12.7 20.1 0.2662 0.1378
40 18 29 12.7 20.1 0.2738 0.1417

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

L °  = ^ f r W v (2-25)

From this equation, loss from diffusion, L  0 , 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.

T a b le  B -2  Molar diffusivity of gasoline from experimental
T e m p e r a t u r e

(°C )
A r e a
( c m 2)

V e n t  h e ig h t  
(c m )

E m is s io n  r a te  
x i o 6 (g /s )

D if f u s iv it y
( c m 2/s )

30 0.1963 26.7 1. 1111 0.18379
35 0.1963 25.3 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.

T a b le  B -3  Comparison of molar diffusivity from the calculation and 
experiment

T e m p e r a t u r e
(°C )

V o lu m e
(m l)

M o la r  d if f u s iv it y  (c m V s) D e v ia t io n
%C a lc u la t io n E x p e r im e n t

30 300 0.1339 0.18379 37.26
35 300 0.1378 0.18939 37.45
40 300 0.1417 0.20679 45.91



A p p e n d ix  c  ะ S u m m a r iz e d  e x p e r im e n t a l  r e s u l t s  a n d  m o d e l in g  r e s u lt s
T a  b 1 e  C - 1 Exp e r im en t re su its

W e ig h t  (g /d a y )
V e n t  h e ig h t  15  c m  & V e n t  h e ig h t  3 0  c m  & V e n t  h e ig h t  4 5  c m  & V e n t  h e ig h t  3 0  c m  &

D a y G a s o l in e  v o lu m e  o f G a s o l in e  v o lu m e  o f G a s o l in e  v o lu m e  o f T e m p e r a t u r e  o f
3 0 0  m l 3 0 0  m l 3 0 0  m l 4 0 ° c

T e m p e r a t u r e  (°C ) T e m p e r a t u r e  (°C ) T e m p e r a t u r e  (°C ) V o lu m e  (m l)
3 0 3 5 4 0 3 0 3 5 4 0 3 0 3 5 4 0 2 5 0 3 0 0 3 5 0

1 0.21 0.29 0.47 0.155 0.230 0.320 0.130 0.180 0.320 0.370 0.320 0.270
2 0.18 0.23 0.32 0.120 0.130 0.165 0,090 0.090 0.090 0.160 0.165 0.185
3 0.19 0.25 0.31 0.125 0.135 0.180 0.100 0.095 0.120 0.160 0.180 0.195
4 0.18 0.23 0.34 0.100 0.145 0.175 0.080 0.105 0.110 0.200 0.175 0.165
5 0.20 0.23 0.32 0.130 0.130 0.180 0.090 0.085 0.120 0.185 0.180 0.185
6 0.19 0.19 0.33 0.100 0.145 0.215 0.085 0.110 0.120 0.180 0.215 0.200
7 0.20 0.23 0.28 0.110 0.145 0.195 0.080 0.100 0.120 0.200 0.195 0.165



T a b le  C -2  Comparison of modeling results with different conditions
M o d e l  r e s u l t s  (g /d a y )

M o d e l
V e n t  h e ig h t  15  c m  &  
G a s o l in e  v o lu m e  o f  

3 0 0  m l

V e n t  h e ig h t  3 0  c m  &  
G a s o l in e  v o lu m e  o f  

3 0 0  m l

V e n t  h e ig h t  4 5  c m  &  
G a s o l in e  v o lu m e  o f  

3 0 0  m l

V e n t  h e ig h t  3 0  c m  &  
T e m p e r a t u r e  o f  

40°c
T e m p e r a t u r e  (°C ) T e m p e r a t u r e  (°C ) T e m p e r a t u r e  (°C ) V o lu m e  (m l)
3 0 3 5 4 0 3 0 3 5 4 0 3 0 3 5 4 0 2 5 0 3 0 0 3 5 0  1

Thesis 0.182 0.261 0.321 0.097 0.140 0.176 0.068 0.098 0.125 0.177 0.176 0.174

บ .ร . EPA 0.004 0 . 0 1 1 0.022 0.005 0.013 0.026 0.004 0 . 0 1 1 0.022 0.036 0.026 0.015

N e ver s 0 . 0 1 1 0.018 0.027 0 . 0 1 1 0.018 0.029 0 . 0 1 1 0.017 0.027 0.030 0.029 0.027



T a b le  C-3 Deviations of the models from the experimental results
D e v ia t io n  (% )

M o d e l
V e n t  h e ig h t  15  c m  &  
G a s o l in e  v o lu m e  o f  

3 0 0  m l

V e n t  h e ig h t  3 0  c m  &  
G a s o l in e  v o lu m e  o f  

3 0 0  m l

V e n t  h e ig h t  4 5  c m  &  
G a s o l in e  v o lu m e  o f  

3 0 0  m l

V e n t  h e ig h t  3 0  c m  &  
T e m p e r a t u r e  o f  

40°c
T e m p e r a t u r e  (°C) T e m p e r a t u r e  (°C) T e m p e r a t u r e  (°C ) V o lu m e  (m l)
3 0 3 5 4 0 3 0 3 5 4 0 3 0 3 5 4 0 2 5 0 3 0 0 3 5 0

Thesis 4.36 14.86 4.44 14.31 4.90 6.66 22.16 7.84 11.50 8.39 6.66 7.69

บ .ร . EPA 97.86 94.95 92.89 95.88 90.48 86.02 95.52 88.61 80.79 79.87 86.02 91.74

N e vers 94.25 92.29 91.36 90.00 86.81 84.48 87.70 82.12 76.00 83.38 84.48 84.90
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A p p e n d ix  D  ะ E x p e r im e n t a l  d a ta

T a b le  D - l  E xperim ental data at 25°c, 15 cm  release  vent he igh t and 300 ml 
gaso line  volum e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  3 B a tc h  1 B a t c h  2 B a tc h  3

Initial 500 .19 502.61 491.35 - - -

1 500.04 502.47 491.21 0.15 0.14 0.14
2 499 .89 502.36 491.08 0.15 0.11 0.13
3 499.75 502.22 490.95 0.14 0.14 0.13
4 499 .59 502.08 490.81 0.16 0.14 0.14
5 499.45 501.96 490.69 0.14 0.12 0.12
6 499.31 501.83 490.56 0.14 0.13 0.13
7 499 .17 501.70 490.43 0.14 0.13 0.13
8 499 .02 501.56 490.28 0.15 0.14 0.15
9 498.88 501.44 490.16 0.14 0.12 0.12
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T a b le  D -2  Experimental data at 30°c, 15 cm release vent height and 300 ml
gasoline volume

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a t c h  1 B a t c h  2 B a tc h  3 B a tc h  1 B a t c h  2 B a tc h  3

Initial 501 .40 504.37 492.65 - - -

1 501.20 504.16 492.43 0.20 0.21 0.22
; 2 500.90 503.91 492.20 0.30 0.25 0.23
! 3 500.71 503.74 492 .02 0.19 0.17 0.18
1 4 500.51 503.56 491.83 0.20 0.18 0.19

5 500.31 503.39 491.65 0.20 0.17 0.18
6 500.09 503.21 491.44 0.22 0.18 0.21

; 7 499.88 503.03 491.25 0.21 0.18 0.19
8 499 .67 502.84 491.05 0.21 0.19 0.20
9 499.46 502.67 490.86 0.21 0.17 0.19
10 499.26 502.50 490.67 0.20 0.17 0.19
11 499 .06 502.33 490 .49 0.20 0.17 0.18
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T a b le  D -3  E xperim en ta l data at 35°c, 15 cm  release ven t he igh t and 300 ml 
gaso line  volum e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a t c h  1 B a tc h  2 B a tc h  3 B a tc h  1 B a t c h  2 B a tc h  3

Initial 499.73 502.62 492.55 - - -

1 499 .42 502.34 492.27 0.31 0.28 0.28
2 499 .17 502.11 492.05 0.25 0.23 0.22
3 498.90 501.86 491.81 0.27 0.25 0.24
4 498.65 501.48 491.59 0.24 0.38 0.22
5 498 .40 501.25 491.38 0.25 0.23 0.21
6 498 .19 501.07 491.19 0.21 0.18 0.19
7 497.94 500.84 490.98 0.25 0.23 0.21
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T a b le  D - 4  Experimental data at 40°c, 15 cm release vent height and 300 ml
gasoline volume

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a t c h  1 B a tc h  2 B a tc h  3 B a tc h  1 B a t c h  2 B a tc h  3

Initial 501 .60 504.07 492.62 - - -

1 501.24 503.71 492.25 0.48 0.47 0.47
2 500 .90 503.38 491.93 0.34 0.33 0.32
3 500.57 503.06 491.62 0.33 0.32 0.31
4 500 .24 502.70 491.30 0.33 0.36 0.32
5 500 .19 502.60 491.24 - - -

6 499.71 502.14 490.81 0.48 0.46 0.43
7 499 .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 .40 500.94 489.59 0.33 0.31 0.30

D ata  5 res ta rt experim ent cause o f  electrical problem  in college
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T a b le  D -5  E x p e rim e n ta l  d a ta  a t 3 0 ° c , 30  cm  re le a se  v e n t h e ig h t an d  3 0 0  m l
g a s o lin e  v o lu m e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  1 B a tc h  2

Initial 509.19 532.38 - -

1 509.05 532.21 0.14 0.17
2 508.93 532.09 0.12 0.12
3 508.82 531.95 0.11 0.14
4 508.72 531.85 0.10 0.10
5 508.60 531.71 0.12 0.10 1
6 508.50 531.61 0.10 0.10
7 508.40 531.49 0.10 0.12
8 508.28 431.37 0.12 0.12

T a b le  D -6  E xperim en ta l data at 30°c, 45 cm release  vent he igh t and 300 ml 
gaso line  vo lum e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  1 B a t c h  2

Initial 515.79 505.31 - -

1 515.65 505.19 0.14 0.12
2 515.56 505.10 0.09 0.09  '
3 515.46 505.00 0.10 0.10
4 515.39 504.91 0.07 0.09
5 515.29 504.83 0.10 0.08

! 6 515.21 504.74 0.08 0.09
1 7 515.13 504.66 0.08 0.08

8 515.05 504.57 0.08 0.09
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T a b le  D - 7  E x p e rim e n ta l  d a ta  a t 3 5 ° c , 30  cm  re le a se  v e n t h e ig h t  a n d  300  m l
g a so lin e  v o lu m e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  1 B a tc h  2

Initial 508.94 533.33 - -

1 508.71 533.10 0.23 0.23
i 2 508.58 532.97 0.13 0.13

3 508.44 532.84 0.14 0.13
4 508.30 532.69 0.14 0.15

j 5 508.17 532.56 0.13 0.13
6 508.02 532.42 0.15 0.14

I 7 507.87 532.28 0.15 0.14

T a b le  D -8  E xperim en ta l data  at 35°c, 45 cm  release ven t he igh t and 300 m l 
gaso line  vo lum e

D a t a G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a t c h  1 B a tc h  2 B a tc h  1 B a tc h  2

Initial 516.00 505.24 - -

1 515.82 505.06 0.18 0.18
2 515.74 504.96 0.08 0.10
3 515.65 504.86 0.09 0.10  1
4 515.55 504.75 0.10 0.11
5 515.47 504.66 0.08 0.09

j 6 515.37 504.54 0.10 0.12
7 515.27 504.44 0.10 0.10
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T a b le  D - 9  E x p e rim e n ta l d a ta  a t 4 0 ° c , 30  cm  re le a se  v e n t h e ig h t an d  3 0 0  m l
g a s o lin e  v o lu m e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  1 B a t c h  2

Initial 507.96 532.87 - -

1 507.64 532.55 0.32 0.32
2 507.47 532.39 0.17 0.16
3 507.30 532.20 0.17 0.19
4 507.12 532.03 0.18 0.17
5 506.94 531.85 0.18 0.18
6 506.73 531.63 0.21 0.22
7 506.54 531.43 0.19 0.20

T a b le  D - 1 0  E xperim en ta l data at 40°c, 45 cm release ven t he igh t and 300 m l 
gaso line  vo lum e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  1 B a t c h  2

Initial 515.87 516.46 - 1

1 515.55 516.21 0.32 0.25
2 515.46 516.05 0.09 0.16
3 515.34 515.90 0.12 0.15
4 515.23 515.77 0.11 0.13
5 515.11 515.61 0.12 0.16
6 514.99 515.44 0.12 0.17
7 514.87 515.27 0.12 0.17
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T a b le  D - l l  E x p e rim e n ta l d a ta  a t 4 0 ° c , 30  cm  re lea se  v e n t h e ig h t an d  2 5 0  m l
g a so lin e  v o lu m e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a t c h  1 B a tc h  2 B a tc h  1 B a t c h  2

Initial 472.18 495.45 - -

1 471.83 495.06 0.35 0.39
2 471 .69 494.88 0.14 0.18
3 471.54 494.71 0.15 0.17
4 471.34 494.51 0.20 0.20
5 471.16 494.32 0.18 0.19
6 470.98 494.14 0.18 0.18
7 470 .80 493.92 0.18 0.22

T a b le  D - 1 2  E xperim en ta l data at 40°c, 30 cm  release ven t he igh t and 350 m l 
gaso line  vo lum e

D a ta G a s o l in e  w e ig h t s  (g ) G a s o l in e  lo s s e s  (g )
B a tc h  1 B a tc h  2 B a tc h  1 B a t c h  2

Initial 546.33 569.75 - -

1 546.07 569.47 0.26 0.28
2 545.89 569.28 0.18 0.19
3 545.69 569.09 0.20 0.19
4 545.53 568.92 0.16 0.17
5 545.35 568.73 0.18 0.19 ;
6 545.15 568.53 0.20 0.20
7 544.99 568.36 0.16 0.17
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A p p e n d ix  E : S t a in le s s  s t o r a g e  t a n k  e x p e r im e n t
T he o ther experim ent carried  out involved a sim ulated  storage tank 

w hich w as m ade from  stainless steel. This storage tank configu ra tion  w as 
based  on the underground storage tank as show n in F igure E .l  The 
experim en t w as se t up  at room  tem perautre and w ith  10 litre  in itia l gasoline 
volum e. R esults from  this experim ent w ere show n in T able  E .l  and  Figure
E.2.

^ ------------ 37.5 cm ------------p.

F ig u r e  E . l  Stain less steel storage tank
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T a b le  E . l  E xperim en ta l data  at room  tem perature, 10 litre gaso line  volum e 
and 87 cm  ven t heigh t
D a ta G a so lin e  w e ig h tz D ata G aso lin e  w e ig h t

น
1 10626.0 26 10565.0

;l 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

1 13 10613.2 45 10547.7
1 15 10610.2 46 10551.7

16 10588.9 47 10552.5
17 10587.7 49 10542.1

1 23 10583.8 50 10538.6

From  th is table, the results from  the experim ent w ere unreliab le. This 
m ay  be due to  the unproportional size o f  the storage tank and the digital 
ba lance used. T herefore, the proposed  m odel w as n o t used  w ith  these results.
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F ig u r e  E.2 S tainless steel storage tank experim ental data
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