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APPENDICES

Appendix A True Boiling Point Curve

Table A1 True boiling point temperature versus recovery percent of Phet crude

obtained from sim-dist GC

R TBP temperature (°C) from Sim-Dist GC
ecovery data
(%) Run 1 Run 2 Average
0 67.8 69.6 68.7
5 59.0 62.4 60.7
10 90.1 95.0 92.6
20 137.5 144.6 141.1
30 170.6 179.9 1753
50 230.8 243.2 237.0
70 297.0 309.8 303.4
80 321.9 342.1 332.0
90 365.5 391.3 378.4
100 4408 - 4784 459.6
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Appendix B Calculation of n-Paraffins Content in Crude Oil

Example: the calculation of the amount of CsHj, containing in Phet crude oil 0.0289 g.

Standard
The certified hydrocarbon solution contains CsHiz 0.1948 wt%

In the standard 1 g, it will contain CsHj; =(0.1948 x 1) /100 =1.948x 10° g
The whole standard solution, 1 g, was dissolved in 25 ml of CS,.
In 25 ml or 25 x 10° ul of CS; solution contained CsHyz = 1.948 x 107 g
The standard solution 1 pl injection contained CsHy; = (1.948 x 10° x 1)/ (25 x 10°)
=7.792%x10% gor 7.792 x 107 g,
From GC chromatogram of the standard, it was found that
CsHj; peak area = 5572.6 units = 7.792 x 102 pg.
If CsHi, peak area= Tunit = (7.792x 10% x 1)/ (5572.6) =13982x 10 pg.
Crude Oil Sample
Crude oil of 0.0289 g was dissolved in CS; 4.5665x 10° pl
The crude solution of 1 pul injection is equivalent to
(0.0289 g x 1 pl x 10%) /(4.5665 x 10° pl x 1 g) = 6.3287 pg of crude
From the GC chromatogram of Phet crude oil sample solution
CsHj, having peak area of 3774.9 units = (1.3982x 10-5x3774.9) / 1
=0.0528 ug
Therefore, in crude oil of 6.3287 pg, it contained CsHj2 = 0.0528 pg
= (0.0528 x 100) / 6.3287 = 0.8343% (wt)

Similar calculations, which were done for other hydrocarbons in Phet crude sample,

are summarized in Tables B-1.



Table B-1 The concentration of n-paraffins in Phet crude

Peak area wt% of n- n-paraffins
Formular Standard | Phet crude parzgll:ids alr[:j the [ in E;ug)oxl

CsHj» 5572.6 3774.9 0.1948 0.8352
CsHia 9465.9 7086.5 0.1782 0.8444
C7Hi6 8580.1 2398.0 0.1945 0.3441
CgHis 6895.2 - 0.1982 -
CoHao 9055.4 - 0.1981 -
CioH22 9132.4 - 0.2183 -
Ci1Ha4 9215.8 1333.0 0.2091 0.1914
CioHae | 8179.7 | 75072 0.2127 1.2356
Ci3Hzs 7974.8 64503 0.2126 1.0884
Ci14H3o 82713 1555.5 0.2226 0.2650
CysHsz 8205.2 52374 0.2263 0.9143
CisHs34 8070.6 49513 0.2213 0.8593
Cy7H36 6934.1 4625.2 0.2322 0.9803
CigHss 7123.4 3774.1 0.2203 0.7388
Ca0Haz 6633.0 3466.0 0.2205 0.7293
CHag 5759.9 2804.4 0.1984 06114
Ca4Hso 4607.2 1993 2 0.2297 0.6290
CogHss 3506.8 - 0.2236 -
Cs2Hss 2831.0 - 0.2043 -
CsgH7s 2632.6 - 0.2147 -
CqHsg2 | 2613.2 - 0.2108 -
Cs4Hoo 19953 - 0.2049 -
Total 10.2665

68
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Appendix C Effect of Poly(ethylene-co-vinyl acetate) on Pour Point Temperature

Table C1 Pour point temperature of Phet crude when added EVA with 25% vinyl

acetate content

Concentration Risii Inhibitor | Crude wt. | Pour point | Average pour | SD of pour
(ppm) w.@ | (@ (C) | point(’C) | point('C)
100 1 0.0025 25.7081 235 22.8 0.76
2 0.0027 26.8632 22.0
3 0.0025 25.5202 23.0
200 1 0.0049 | 24.6371 20.0 20.7 0.58
2 0.0049 24.4884 21.0
3 0.0046 25.2063 21.0
400 1 0.0102 25.7454 21.0 20.3 0.58
2 0.0098 24.6839 20.0
3 0.0099 24.7037 20.0
600 1 0.0148 | 24.8686 19.5 20.0 0.50
2 0.0152 | 25.0196 20.0
3 0.0138 23.1594 20.5
800 1 0.0201 25.2630 26.0 24.7 1.53
2 0.0204 25.8650 23.0
3 0.0194 24.3809 25.0
1000 1 0.0259 25.8933 25.0 24.7 0.58
2 0.0261 | 26.1743 24.0
3 0.0253 | 25.3799 25.0

Table C2 Pour point temperature of Phet crude when added EVA with 33% vinyl

acetate content

Concentration Run Inhibitor | Crude wt. | Pour point | Average pour | SD of pour
(ppm) wt.(2) | (2) 0 point ('C) | point (*C)
100 1 0.0032 | 31.6772 29.5 273 1.89
2 0.0025 25.1073 26.0
3 0.0022 21.9571 26.5
200 1 0.0050 24.8535 24.5 24.7 0.29
2 0.0049 24,4991 25.0
3 0.0049 24.3458 24.5
400 1 0.0099 24.9781 22.0 21.8 0.29
2 0.0102 25.7667 215
3 0.0103 | 25.7558 22.0
600 1 0.0153 25.9930 21.0 21.0 1.00
2 0.0153 | 25.5619 22.0
3 0.0151 25.1427 20.0
800 1 0.0190 | 23.8927 24.0 22.0 2.65
2 0.0202 | 25.3221 19.0
3 0.0195 | 24.5773 23.0
1000 1 0.0253 | 25.2448 21.0 20.8 0.76
2 0.0254 25.4606 20.0
3 0.0244 24.4617 215
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Table C3 Pour point temperature of Phet crude when added EVA with 40% vinyl

acetate content
Concentration Run Inhibitor | Crude wt. | Pour point | Average pour | SD of pour
(ppm) wt. (g) (2 (9) point (°C) | point (°C)

100 1 0.0026 | 26.3126 30.0 29.5 0.50
2 0.0026 | 26.5585 29.0
3 0.0028 | 27.8609 29.5

200 1 0.0059 | 29.6584 28.0 28.7 0.58
2 0.0056 | 28.0086 29.0
3 0.0050 | 25.2175 29.0

400 1 0.0105 | 26.3535 24.0 247 1.15
2 0.0102 | 25.5637 24.0
3 0.0101 | 25.4648 26.0

600 1 0.0158 | 26.5589 22.5 223 0.76
2 0.0154 | 26.0056 23.0
3 0.0147 | 24.4651 21.5

800 1 0.0205 | 25.7195 21.5 20.5 1.32
2 0.0195 | 24.6798 19.0
3 0.0202 | 25.4556 21.0

1000 1 0.0261 | 26.1942 15.0 16.3 1.15
2 0.0269 | 26.9894 17.0
3 0.0253 | 25.3331 17.0

Table C4 Pour point temperature of Phet crude when added EVAFLEX with 28%

vinyl acetate content

Concentration Radi Inhibitor | Crude wt. | Pour point | Average pour | SD of pour
(ppm) wt. (g) (2) (0 point (°C) | point (°C)
100 1 0.0027 | 26.7920 23.0 245 1.32
% 0.0027 | 26.6095 25.0
3 0.0023 | 23.3022 25.5

200 1 0.0048 | 24.0373 19.5 20.2 0.76
2 0.0049 | 24.3979 20.0
3 0.0052 | 26.1640 21.0

400 1 0.0098 | 24.8450 20.5 20.2 029
2 0.0099 | 24.8710 20.0
3 0.0103 | 25.8538 20.0

600 1 0.0153 | 25.5793 24.0 237 1.04
2 0.0148 | 24.7218 245
3 0.0156 | 26.0634 22.5

800 1 0.0202 | 25.3407 215 20.5 1.32
2 0.0199 | 24.9180 19.0
3 0.0201 | 25.1430 21.0

1000 1 0.0236 | 23.7684 20.0 19.83 0.76
2 0.0255 | 25.5686 19.0
3 0.0255 | 25.7543 20.5
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Table C5 Pour point temperature of Phet crude when added EVAFLEX with 33%

vinyl acetate content

Concentration fh Inhibitor | Crude wt. | Pour point | Average pour | SD of pour
(ppm) w.@ | (@ (C) point (°C) | point (°C
100 1 0.0023 | 23.3796 26.5 273 0.76
2 0.0026 | 26.5756 21.5
3 0.0024 23.8562 28.0

200 1 0.0047 23.8979 26.5 252 1.53
2 0.0052 26.1750 23.5
3 0.0052 26.3001 255

400 1 0.0100 25.6999 23.0 23.2 0.29
2 0.0093 23.3850 235
3 0.0092 23.0719 23.0

600 1 0.0155 | 25.8842 225 23.7 1.26
2 0.0146 24.5245 25.0
3 0.0150 25.2910 23.5

800 1 0.0197 | 24.7105 23.0 20.7 2.08
2 0.0194 | 24.2603 19.0
3 0.0203 | 25.3836 20.0

1000 1 0.0247 | 24.6889 18.0 18.2 0.76
2 0.0257 25.7148 17.5
3 0.0251 25.2702 19.0

Table C6 Pour point temperature of Phet crude when added EVAFLEX with 41%

vinyl acetate content

Concentration Run Inhibitor | Crude wt. | Pour point | Average pour | SD of pour
(ppm) wt. () (2) (§9) point (°C) | point (°C)
100 1 0.0026 | 25.6317 30.0 30.0 0.00
2 0.0026 | 26.0206 30.0
3 0.0026 | 26.4731 30.0
200 1 0.0048 | 24.1979 295 30.0 0.50
2 0.0048 | 24.0797 30.0
3 0.0050 | 24.9756 30.5
400 1 0.0103 | 25.9599 295 29.7 0.76
2 0.0097 | 24.1165 29.0
3 0.0096 | 24.0752 30.5
600 1 0.0149 | 24.8383 30.0 30.2 0.29
2 0.0141 | 23.6610 30.0
3 0.0148 | 24.6745 30.5
800 1 0.0198 | 24.7935 28.0 28.8 1.04
2 0.0209 | 26.1650 28.5
3 0.0206 | 25.7732 30.0
1000 1 0.0251 | 25.1224 27.0 26.7 0.58
2 0.0242 | 24.2943 26.0
3 0.0251 | 25.1623 27.0
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Appendix D Effect of Poly(ethylene-co-vinyl acetate) on ROB Reduction Using

Glass Container

Table D1 % ROB reduction of crude when using EVA with 25% vinyl acetate
content and preheated at 60°C

Concentration Inhibitor | Crude | , % average | %SD of

(ppm) Run | "0y | we@) | °ROB | ROB(C) | ROB

1000 1 0.2203 | 220.62 12.95 12.5 0.63
2 0.2397 | 240.09 12.05

800 1 0.1861 232.69 11.68 9.9 1.72
2 0.1928 | 241.52 9.68
3 0.1799 | 225.18 8.25

600 1 0.1463 | 243.79 8.18 8.0 0.70
2 0.1438 | 239.98 7.22
3 0.1405 | 235.21 8.58

400 1 0.0957 | 239.85 7.92 7.8 0.41
2 0.0950 | 237.76 8.18
3 0.0961 240.17 7.38

200 1 0.0482 | 241.64 6.12 72 1.17
2 0.0477 | 238.73 8.44
3 0.0487 | 244.71 7.02

100 1 0.0245 | 246.23 8.59 8.4 0.83
2 0.0241 241.37 7.49
3 0.0242 | 242.95 9.12

content and preheated at 60°C

Table D2 % ROB reduction of crude when using EVA with 40% vinyl acetate

Concentration Inhibitor | Crude | , % average | SD of
(ppm) Run | "0 @) | wi.@) | °ROP | ROB(C) | %ROB
1000 1 0.2402 | 240.35 12.0 10.5 1.46
2 0.2416 | 241.76 9.1
3 0.2403 | 240.72 10.2

800 1 0.1931 | 241.60 259 258 5.44
2 0.1914 | 239.81 31.1
3 0.1921 | 240.29 20.2

600 1 0.1439 | 240.26 42.0 435 1.32
2 0.1442 | 240.45 442
3 0.1454 | 242.80 443

400 1 0.0986 | 246.73 100.0 100.0 0.00
2 0.0963 | 240.92 | 100.0
3 0.0956 | 239.09 | 100.0

200 1 0.0477 | 238.39 100.0 100.0 0.00
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Table D3 % ROB reduction of crude when using EVAFLEX with 28% vinyl acetate

content and preheated at 60°C

Concentration Inhibitor [ Crude % average | %SD of
(ppm) Run | "0 | wt@ | 2ROP | ROB ¢0) | “ROB
1000 1 0.2416 | 242.10 6.9 6.5 0.41
2 0.2412 241.14 6.4
3 0.2404 | 240.76 6.1
800 1 0.1919 | 240.17 6.8 6.5 0.26
2 0.1915 | 239.53 6.3
3 0.1914 240.14 6.5
600 1 0.1463 245.29 7.6 75 0.10
2 0.1437 | 239.73 7.4
3 0.1433 239.32 7.6
400 1 0.0965 241.59 11.3 95 1.64
2 0.0957 23947 8.9
3 0.0752 188.27 8.2
200 1 0.0493 | 246.59 16.0 159 0.38
2 0.0484 242.27 16.2
3 0.0477 | 238.60 15.5
100 1 0.0249 | 249.09 524 595 6.51
2 0.0236 | 236.23 65.2
3 0.0242 | 241091 60.8

Table D4 % ROB reduction of crude when using EVAFLEX with 33% vinyl acetate
content and preheated at 60°C

Concentration Inhibitor | Crude | , % average | SD of
(ppm) Run | o) | wiig) | °ROB | ROB(O) | %ROB
1000 [ 02399 | 239.77 | 40 35 0.46
2 | 02411 | 24103 | 34
3 | 02397 | 24025 | 31

800 I [ 01927 | 24177 | 100 102 025
2 | 01929 | 24147 | 100
3 | 01925 | 24126 | 105

600 1| 01439 | 24050 | 142 107 3.09
2 | 01436 | 23936 | 94
3 | 01441 | 24036 | 85

200 1| 00985 | 24838 | 151 145 183
2 | 00960 | 24027 | 159
3 | 00953 | 23850 | 124

200 1 | 00459 | 22964 | 208 5.7 418
2| 00485 | 24249 | 279
3| 00500 | 25190 | 282

100 I | 00234 | 23482 | 1000 | 1000 | 000
> | 00235 | 23556 | 100.0
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Table D5 % ROB reduction with pour point temperature of crude when using EVA

and preheated at 60°C
Concentration 25% VA 400/;' ¥a
(ppm) (f g) SD PP reﬁﬁc?ign SD ROB (fg) sppp | “ROB | spRroB
0 30.83 | 0.76 0.00 000 |3083] 0.76 0.00 0.00
100 2283 0.76 91.60 083 |29.50| 0.50 0.00 0.00
200 2067 0.58 9281 117 | 2867] 058 0.00 0.00
400 2033 | 0.58 92.17 041 |24.67]| 115 0.00 0.00
600 2000 | 0.50 92.00 070 |22.33| 0.76 56.51 132
800 2467| 1.53 90.13 172 | 2050 132 74.24 5.44
1000 24.67| 0.58 87.50 063 |1633] 115 89.55 1.46

Table D6 % ROB reduction with pour point temperature of crude when using

EVAFLX and preheated at 60°C

Concentration [—pp any:/\liga PP 33‘@‘;‘33
0 0.
(ppm) 0 | PP | roduction | SPROB | ) sppp | %P8 | sDROB
0 3083 | 0.76 0.00 000 |3083] 076 0.00 0.00
100 2450 | 132 40.50 651 | 2733] 076 0.00 0.00
200 2017| 0.76 8411 038 [25.17] 153 74.34 418
200 2017| 029 90.51 164 (2317 029 | 8549 1.83
600 23.67| 1.0 92.46 010 | 23.67| 126 89.29 3.09
800 2050 | 1.32 93.50 026 12067 2.08 89.83 025
1000 1983 076 93.54 041 | 18.17] 0.76 | 9651 0.46




Appendix E Pour Point Temperature of Oil and ROB Fractions Obtained from Glass Container

Table E1 Pour point temperature of oil and ROB fractions when using EVA with 25 and 40% vinyl acetate content

Concentration 25% VA 40% VA
(ppm) Qil °C) s.D.(°C) | ROB (°C) | S.D. °C) Qil (°C) S.D.(°C) | ROB(°C) | S.D. (°C)
0 30.8 0.8 30.8 0.8 30.8 0.8 30.8 0.8
100 243 0.4 30.3 0.4 30.8 0.8 31.0 0.7
200 24.0 0.0 29.0 0.7 30.8 0.8 30.8 0.4
400 24.5 0.0 28.0 - 30.4 0.6 29.8 11
600 25.3 0.4 29.5 - 28.3 0.4 29.8 0.4
800 25.0 0.0 29.0 0.0 233 0.4 28.5 -
1000 26.3 0.4 30.5 - 23.0 0.0 28.5 2.1

Table E2 Pour point temperature of oil and ROB fractions when using EVAFLEX with 28 and 33% vinyl acetate content

Concentration 28% VA 2 33% VA

(ppm) Qil (°C) sD.(c) | ROB(°C) | S.D.(°C) oil (°C) s.D.Cc) | ROB(°C) | S.D.(°C)

0 30.8 0.8 30.8 0.8 30.8 0.8 30.8 0.8

100 26.8 1.1 27.5 - 29.0 0.7 30.3 04

200 24.8 0.4 28.0 - 27.8 0.4 30.8 0.4

400 22.5 0.7 26.3 0.4 23.8 0.4 28.3 0.4

600 21.3 0.4 29.3 0.4 21.5 0.7 27.3 0.4

800 19.3 0.4 28.5 0.0 20.3 0.4 24.3 0.4

1000 18.0 0.0 28.0 0.0 18.8 0.4 233 0.4

SL
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Appendix F Effect of EVAFLEX on Pour Point Reduction by Using Rail Train

Wagon

Table F1 Pour point reduction of both oil and ROB fractions with and without

inhibitor at Bung Phra Depot

Bung Phra Depot
EVAFLEX with 33% VA content Without Inhibitor
Run Crude ROB* Crude ROB*
48°CH* | 60°C*** | 48°C** | 60°C*** | 48°C** | 60°C*** | 48°C** | 60°C***
Runl | 28.0 235 315 315 30.0 30.0 315 30.5
Run2 | 285 235 385 375 30.0 30.0 36.0 35.0
Run3 | 29.0 23.2 37.0 38.0 30.5 30.5 345 35.0
Rund | 285 23.5 345 36.0 30.5 31.0 33.0 33.0
Run5 | 282 22.0 36.0 37.0 30.5 30.0 36.0 36.5

* After the train got back to Bung Phra depot, ** Preheated at 48°C, *** Preheated at 60°C

Table F2 Pour point reduction of both oil and ROB fractions with and without

inhibitor at Bangchak refinery

Bangchak Refinery
Riiit EVAFLEX with 33% VA content Without Inhibitor
Crude ROB Crude ROB
48°C 60°C 48°C 60°C 48°C 60°C 48°C 60°C
Run 1 27.5 235 31.0 32.5 30.0 305 30.0 31.0
Run 2 28.0 235 325 31.5 30.5 31.0, 30.5 31.0
Run 3 29.5 23.0 35.0 345 31.0 30.5 31.5 31.5
Run 4 28.5 235 35.5 36.0 30.5 30.0 33.0 335
Run 5 285 235 36.0 36.0 30.5 31.0 33.0 325

Table F3 Pour point reduction of ROB when using EVAFLEX with 33% vinyl

acetate content
Concentration s ;
o) Inhibitor wt.. (g) | Crude wt. (g) | Pour point (°C)

0 - 25.0360 335
100 0.0030 30.5297 36.0
200 0.0042 21.2299 345
400 0.0104 26.1267 33.0
600 0.0143 24.1723 335
800 0.0194 25.1060 335
1000 0.0245 24.5065 34.0
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Appendix G Volume of ROB in Rail Train Wagon

Runs Depot Refinery
1 1 1
2 7 d— >2
__.--_,/'
3 3 A >3
_.--——_-"-'/‘-
5 5 4——— »S

The volume of the ROB at Bung Phra depot was higher than that at
Bangchak refinery, as shown in Figure G1 and G2, respectively because the ROB
volume adhering on the sidewall of the wagon move to the bottom of the wagon
during 12 hours transportation back to Bung Phra.

The amount of ROB after adding the inhibitor was higher than that without
inhibitor for every experimental run. This could be due to the formation of
aggregates between inhibitor molecules and high molecular weight paraffinic
hydrocarbons.

The differences between lab results and rail train wagon results can be due
to poor mixing of inhibitor with crude in the wagon, this inhomogineity of the

mixture being enhanced by an inefficient preheating temperature (48°C).
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Appendix H Chromatograms of oil and ROB with EVAFLEX with 28%VA
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Figure H1 Chromatogram of oil fraction with EVAFLEX with 28% vinyl

acetate content at 72 ppm.
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Figure H2 Chromatogram of ROB fraction with EVAFLEX with 28% vinyl

acetate content at 28 ppm.
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Appendix I Calculation of Amount of Inhibitor in Oil and ROB Fractions from

n-Paraffins Enthalpy

EVAFLEX with 28% vinyl acetate content at 100 ppm was added into the
original crude oil equilibrated for 12 h at 30°C. The crude fluid was drained off

which was called oil fraction and the remaining in the container call ROB fraction.

Assumption
After separation into two fractions, oil fraction contain EVAFLEX = A ppm

ROB fraction contain EVAFLEX = B ppm
Therefore, A+B = 100 ppm
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Figure I1 DSC thermogram obtained by cooling from 80 to -30°C of oil fraction
with EVAFLEX with 28% vinyl acetate content at 100+A ppm

Table I1 Enthalpy change of oil and ROB fractions

Conc. OilAH | Conc. | ROBAH
(ppm) (7g) (ppm) (Vg)
100+A 1.127 100+B 0.996
200+A 1.031 200+B 0.926
400+A 0.967 400+B 0.941
600+A 0.878 600+B 0.886
800+A 0.804 800+B 0.891
1000+A | 0684 | 1000+B 0.858
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Figure 12

Plot of data in Table 11 for oil fraction when A = 0 ppm.
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Figure 14

Plot of data in Table I1 for ROB fraction when B = 0 ppm.
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ROB fraction
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Figure I5 Plot of data in Table I1 for ROB fraction when B = 100 ppm.

From Figures 12 and I3, when concentration of EVAFLEX in oil fraction changes 100 ppm,

the intercept changes = 1.1960 — 1.1505 = 0.0455)/g
From Figures 14 and 15, when concentration of EVAFLEX in ROB fraction change 100 ppm,
the intercept changes = 0.995 —0.9824 =0.0126 J/g

Therefore, % EVAFLEX in oil fraction = (0.0455*100) / (0.0455 + 0.0126)=78.31 %
% EVAFLEX in ROB fraction = (0.0126%100) / (0.0455 + 0.0126) = 21.69
%
Thus, the inhibitor was calculated in oil = 78.31 ppm and in ROB = 21 .69 ppm.
The validity of the EVAFLEX in oil fraction was checked by finding a new
intercept by substituting A of 78.31 ppm in Table I1 and compare with the intercept
at 0-100 ppm EVAFLEX.
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Figure I6 Plot of data in Table 11 for oil fraction when A =78.31 ppm.
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ROB fraction
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Figure 17 Plot of data in Table 11 for ROB fraction when B = 21.69 ppm

From Figure 16, the new intercept (enthalpy) = 1.1861 J/g compared to that of

experiment (1.154 J/g) yielded the error less than 3%.

From Figure 17 the new intercept (enthalpy) = 0.9851 J/g compared to that of

experiment (= 0.983 J/g yielded the error less than 1%.

It can be concluded that the amount of inhibitor in the oil and ROB fractions

are 78 and 22 ppm, respectively.
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Appendix J Calculation of Total Disposal Cost per Year with and without
Inhibitor Addition

The company is currently losing money for cleaning wax in the wagon tanks
and loss of opportunity to sale ROB as crude. The cost calculation is based on the
information in 2006 provided by the company as follows:

1) Steam for cleaning ROB in RTW = 20,000 Baht/tank

2.) Water treatment for oil contaminated wastewater = 2500 Baht/ton water

3.) Transport of contaminated water = 6,000 Baht/trip and 6 ton/trip

4.) Maximum ROB measured > 6% of crude production

5.) Minimum ROB measured = 2.25% of crude production

6.) Maximum sludge wax measured after cleaning wagon tanks

= 4,000 ton/year

7.) Minimum sludge wax measured after cleaning wagon tanks

= 1,500 ton/year

8.) Production rate = 18,800 bbl/day

9.) Wagon cleaning = 380 tanks/year

10.) Contaminated water produced = 80 ton water/year

11.) Rail transport cost = 55.5 Baht/bbl.

12.) Sale of ROB as crude =26.58 US$/bbl. = 7,627.12 Baht/ton

Important data used in the calculation are,
1) Crude oil production = 18,800 bbl/day = 2,391,360 kg/day
2.) Specific gravity of crude = 0.8
3.) Conversion 1 bbl. = 159 liter
4.) Exchange rate of 1 US$ =36.50 Baht

Without Inhibitor

Total disposal cost = Steam + Water treatment + Transport + Rail freight
20,000baht 380 tan ks
Steam cost = Sy o = 7,600,000 baht/year
tank year
2 h
Water treatment cost = il X Bognyaly | 200,000 Baht/year

tonWater year



85

. 6,000baht _80tonWater 6tonWater
Transport cost of contaminated water = X X

trip year trip
= 80,000 bahts/year
fleul el cost ¥ Ss.lfjfh : * 1 SI;zi'er . (f;jg : l,oliikg
- (43632 baht/ton) = 436';1!’ L 9?:::""
= 8,568,923 baht/year
Therefore, the total disposal cost = 7,600,000 + 200,000 + 80,000 + 8,568,923
= 16,448,923 Baht/year
With Inhibitor
Cost of Inhibitor
Information for economic assessment is as follows:
EVAFLEX |[EVAFLEX |Toluene® |Diesel’ H. Naphtha’|H. Aromatic’
(28% VA)' |(33% VA)'
US$/ton 990 713 572.46
baht/ton 36,135
baht/kg 90 95 36.135 23.56 26.02 20.89

("Onyx Limted source: updated 2007), * Bangchak source: updated Aug 2007, * ATC

source: updated Aug 2007)

Example of inhibitor solution preparation

EVA (28%VA) at 200 ppm (wt/wt) in 1:5 weight ratio of EVA to solvent,

200 ppm EVA _ _ 200kgEVA _ 1,000kgCrude
1,000,000kgCrude ton
= 0.2 kg EVA/ton crude
EVAinsolvent =15 = 0.2kgEVA/ tonCrude

1.0kgSolvent
Thus, 200 ppm EVA solution in 1

solvent.

ton of crude contains 0.2 kg EVA and 1.0 kg




Table J1 The amount of inhibitor solution at various concentrations.
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EVA:Solvent = 1:5 Cost of solvent per ton Crude (baht)
ppmEVA [kg EVA/ |kg Sovent/ | Toluene | Diesel | Naphtha H.Aromatid
solution 151 Crude |ton Crude

100 0.1 0.5 18.0675 11.78 13.01 10.445
200 0.2 1 36.135 23.56 26.02 20.89
400 0.4 2 72.27 4712 52.04 41.78
600 0.6 3 108.405 70.68 78.06 62.67
800 0.8 4 144.54 94.24 104.08 83.56

Cost calculation of inhibitor and solvent

200 ppm EVA solution in 1 ton of crude contains 0.2 kg EVA and 1.0 kg solvent.

= 18.0 baht EVA/ton Crude

- 90baht _0.2kgEVA
Inhibitor cost = x
kgEVA 1tonCrude
36.135baht _1kgToluene
Toluene cost = X
kgToluene = ltonCrude
sl = 25baht e lkgDiesel
kgDiesel 1tonCrude
Naphtha cost = 26.02baht  1kgNaphtha
kgNaphtha  1tonCrude
Heavy Aromaitc cost = 20.89baht xlkgH Aro.
kgH Aro. ltonCrude
crude

=136.135 baht 7oluene /ton crude

= 23.56 baht Diesel /ton crude

= 26.02 baht Naphtha /ton crude

= 20.89 baht Heavy Aromaitc /ton

Table J2 Cost of materials at the condition 200 ppm EVA solution in 1 ton of crude

contains 0.2 kg EVA and 1.0 kg solvent.

baht / kg [baht Material |baht Material / |baht Material /

Usage |Material |/ton Crude |day Crude* year Crude
Inhibitor cost 0.2kg 90 18 43,044.48 15,711,235.20
Toluene cost 1.0kg 36.135 36.135 86,411.79 31,540,304.66
Diesel cost 1.0kg 23.56 23.56 56,340.44 20,564,261.18
Naphtha cost 1.0kg 26.02 26.02 62,223.19 22,711,463.33
Heavy Aro. cost |  1.0kg 20.89 20.89 49,955.51 18,233,761.30

* Crude production 2,391.360 tons/day.




87

Disposal cost by varying the ROB reduction
Assumption: The maximum sludge wax can be converted is 4,000 ton/year (100%

ROB reduction), and the minimum is 1,500 ton/year.

Therefore, working ROB reduction= 4000 — 1500 = 2500  ton/year
The working ROB reduction could be credited as crude after the inhibitor solution is
applied. Thus,

The ROB credited as crude = [(4000 — 1500)*90]/ 100 = 2,500 ton/year

2,500t0onROB - 7,627.12baht
year fon

Gain of income from saling ROB as crude =

= 19,067,800 Baht/year



Appendix K Inhibitor Cost with Various Types of Solvents
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Table K1 Cost of EVAFLEX with 28% vinyl acetate content in toluene solvent

Conc. EVA EVA Toluene | Toluene i nhjl—:;(t)(t)z;loo - inhigi(t’::lcos ¢

(ppm) | (kg/day) | (Baht/day) | (kg/day) | (Baht/day) (Baht/day) (Baht/year)

100 239.14 21,522 1,195.68 43,212 64,734 23,627,952

200 478.27 43,044 2,391.36 86,424 129,468 47,255,904

400 956.54 86,089 478272 | 172,848 258,936 94,511,808

600 1434 .82 129,133 7,17408 | 259,271 388,405 141,767,712
800 1913.09 172,178 9.565.44 | 345,695 517,873 189,023,616
1000 2391.36 215,222 11,956.8 | 432,119 647,341 236,279,520

Table K2 Cost of EVAFLEX with 33% vinyl acetate content in toluene solvent

Conc. EVA EVA Toluene | Toluene ; n}ug:(t:;l ot inhil':]»‘i't]::'lcos ¢
(ppm) | (kg/day) | (Bahtiday) | (ke/day) | (Bahwday) | "(poye O | “(gil v T
100 239.14 22,718 1195.68 43,212 65,930 24,064,375
200 478.27 45436 2391.36 86,424 131,860 48,128,750
400 956.54 90,872 4782.72 | 172,848 263,719 96,257,501
600 1434.82 | 136,308 | 7174.08 | 259,271 395,579 144,386,251
800 1913.09 | 181,743 | 9565.44 | 345,695 527438 192,515,002
1000 | 239136 | 227,179 | 11956.8 | 432,119 659,298 240,643,752

Table K3 Cost of EVAFLEX with 28% vinyl acetate content in diesel solvent

Conc. EVA EVA Diesel Diesel ; nhggg ot Total inhibitor
(ppm) | (kg)/day | (Baht/day) | (kg/day) | (Baht/day) (Baht/day) cost (Baht/year)
100 239 21,522 1,196 28,170 49,692 18,137,748
200 478 43,044 2,391 56,340 99,385 36,275,496
400 957 86,089 4,783 112,681 198,770 72,550,993
600 1,435 129,133 7,174 169.021 298,155 108,826,489
800 1,913 172,178 9,565 225,362 397,540 145,101,986
1,000 2,391 215,222 11,957 281,702 496,925 181,377,482
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Table K4 Cost of EVAFLEX with 33% vinyl acetate content in diesel solvent

Cooc. | BVA EVA | Diesel | Diesel | n]ﬁ:i‘t’:;‘w . | Total inhibitor
(ppm) | (kg)/day | (Baht/day) | (kg/day) | (Baht/day) (Baht/day cost (Baht/year)
100 | 239 | 22718 | 1.19 | 28.170 50,888 18.574.171
200 | 478 | 45436 | 2391 | 56,340 101,776 37.148.343
200 | 957 | 90.872 | 4783 | 112,681 | 203,553 74,296,686
600 | 1435 | 136308 | 7.174 | 169,021 305.329 111,445,028
800 | 1913 | 181.743 | 9.565 | 225362 | 407,105 148,593,371
1000 | 2391 | 227179 | 11,957 | 281,702 | 508,881 185.741.714

Table K5 Cost of EVAFLEX with 28% vinyl acetate content in naphtha solvent

Conc. | EVA | EVA | Naphtha | Naphtha | . .19 | Total inhibitor
(ppm) | (kg)/day | (Baht/day) | (kg/day) | (Baht/day) (Baht/day cost (Baht/year)
100 | 239 | 21522 | 119 31112 52,634 19,211,349
200 | 478 | 43044 | 2391 62,223 105,268 38,422,699
200 | 957 | 86,089 | 4.783 124.446 | 210,535 76,845,397
600 | 1,435 | 129133 | 7,174 186,670 | 315803 115.268,096
800 | 1913 | 172178 | 9.565 248.893 | 421,071 153,690,794
1000 | 2391 | 215222 | 11957 | 311116 | _ 526,338 192.113.493

Table K6 Cost of EVAFLEX with 33% vinyl acetate content in naphtha solvent

Conc. | EVA | EVA |Naphtha| Naphtha | .. .t9@ | Total inhibitor
(ppm) | (kg)/day | (Baht/day) | (kg/day) | (Baht/day) (Baht/day cost (Baht/year)
100 | 239 22718 | 1,19 31,112 53.830 19,647,772
200 478 45,436 2,391 62,223 107,659 39,295,545
400 957 90,872 4783 124 446 215,318 78,591,090
600 | 1435 | 136308 | 7,174 186,670 322.977 117,886,635
800 | 1,913 | 181,743 | 9.565 248 893 430,636 157,182,180
1,000 2,391 227,179 11,957 311,116 538,295 196,477,725
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Table K7 Cost of EVAFLEX with 28% vinyl acetate content in heavy aromatic

solvent
Total bt
Conc. EVA EVA H. Arom | H. Arom sobabiees aoct Total inhibitor
(ppm) | (kg)/day | (Baht/day) | (kg/day) | (Baht/day) (Baht/day cost (Baht/year)
100 239 21,522 1,196 24978 46,500 16,972,498
200 478 43,044 | 2391 49,956 93,000 33,944,996
400 957 86,089 4,783 99,911 186,000 67,889,993
600 1,435 129,133 7,174 149,867 279,000 101,834,989
800 | 1913 | 172,178 | 9,565 199,822 372,000 135,779,986
1,000 2,391 215,222 11,957 249,778 465,000 169,724,982

Table K8 Cost of EVAFLEX with 33% vinyl acetate content in heavy aromatic

solvent

C | Total o L
onc. EVA EVA H.Arom | H. Arom Siliibitor cost Total inhibitor

(ppm) | (kg)/day | (Baht/day) | (kg/day) | (Baht/day) (Baht/day cost (Baht/year)
100 239 22,718 1,196 24,978 47,696 17,408,921
200 478 45,436 2,391 49,956 95,391 34,817,843
400 957 90,872 4,783 99911 190,783 69,635,686
600 1,435 136,308 7,174 149,867 286,174 104,453,529
800 1,913, 181,743 9,565 199,822 381,565 139,271,372

1,000 2,391 227,179 11,957 249,778 476,957 174,089,214
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