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3 - Effect of seals on evaporation loss from the Khark Island crude oil storage tanks - The 6th
International Chemical Engineering Congress and Exhibition (IChEC 2009) — Kish Island — 16
Nov 2009.

4- Studying effects of pipe line flow rate on metering systems in Kharg Island oil terminal-
The 6th International Chemical Engineering Congress and Exhibition (IChEC 2009) — Kish
Island — 16 Nov 2009.
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Temperatur Dia. integral asph.deoposition asph.detoposition asph.deoposition sludge
e kg liter barrel barrel
5 0.013628 0.9715961 57854313 54579.54052 472.031 53.4069
7 0.013659 0.9715154 57849510 54575.00962 471.992 53.4025
9 0.013690 0.9714347 57844702 54570.47392 471.952 53.3980
11 0.013722 0.9713538 57839889 54565.93344 471.913 53.3936
13 0.013753 0.9712729 57835071 54561.38816 471.874 53.3891
15 0.013784 0.9711919 57830248 54556.8381 471.834 53.3847
17 0.013815 0.9710838 57823810 54550.76388 471.782 53.3787
19 0.013846 0.9710026 57818975 54546.20262 471.742 53.3743
21 0.013878 0.9709213 57814135 54541.63656 471.703 53.3698
23 0.013909 0.9708399 57809290 54537.0657 471.663 53.3653
25 0.013940 0.9707585 57804439 54532.49003 471.624 53.3609
27 0.013971 0.9706770 57799584 54527.90956 471.584 53.3564
29 0.014002 0.9705953 57794724 54523.32427 471.545 53.3519
31 0.014034 0.9705136 57789858 54518.73418 471.505 53.3474
33 0.014065 0.9704318 57784988 54514.13926 471.465 53.3429
35 0.014096 0.9703226 57778486 54508.00522 471.412 53.3369
37 0.014127 0.9702406 57773603 54503.39907 471.372 53.3324
39 0.014158 0.9701585 57768715 54498.7881 471.332 53.3279
41 0.014190 0.9700764 57763823 54494.17231 471.292 53.3234
43 0.014221 0.9699941 57758925 54489.55168 471.252 53.3188
45 0.014252 0.9699118 57754022 54484.92623 471.212 53.3143
47 0.014283 0.9698294 57749114 54480.29595 471.172 53.3098
49 0.014314 0.9697468 57744200 54475.66084 471.132 53.3053

A



Oedlin] gy BSiS e (et ipges Jad

3 S9zge Cudi iz lo Lo slp ) puitllin] gy BSaS Gl oles oo R loged 5o
)'9) g_i.) B ‘r:}l:.n 6Lob tS.) Lg‘).a Lo J...i..u )‘..\.Q.A aS el )Sb a f)y 09.0.) ol liwe cu)?bo

o eolaziwl GJLuJ i 6L€b olo ‘5‘).) Loy J.._iw.- u‘).uo ML?LO 6‘).3 CJLJ LJ"‘ )| ML’ <

53.4500

light crude oil

s
53.4000 -+

y =-0.0023x + 53.4188
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Asphaltene sludge , barrel/day
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Tem. Dia. integral asph.delj)gposition asph.dﬁ;)e;;osition asph.dbzcr):)ecl)sition sludge barrel
5 0.014181 0.970101038 134785679 127156.3 1099.710 111.511
7 0.014213  0.970013325 134773492.2 127144.8 1099.611 111.501
9 0.014246  0.969922768 134760910.3 127132.9 1099.508 111.490
11 0.014278  0.969834857 134748695.8 127121.4 1099.408 111.480
13 0.014311  0.969744095 134736085.5 127109.5 1099.306 111.470
15 0.014343  0.969655985 134723843.4 127098.0 1099.206 111.459
17 0.014375 0.969567776 134711587.7 127086.4 1099.106 111.449
19 0.014408  0.969476709 134698934.8 127074.5 1099.002 111.439
21 0.014440 0.969388301 134686651.5 127062.9 1098.902 111.429
23 0.014473  0.969297028 134673970 127050.9 1098.799 111.418
25 0.014505  0.969208421 134661658.9 127039.3 1098.698 111.408
27 0.014537 0.969119716 134649334.3 127027.7 1098.598 111.398
29 0.014570  0.969028136 134636610.1 127015.7 1098.494 111.387
31 0.014602  0.968939231 134624257.7 127004.0 1098.393 111.377
33 0.014635  0.968847445 134611505 126992.0 1098.289 111.367
35 0.014667  0.96875834 134599124.8 126980.3 1098.188 111.356
37 0.014699  0.968669137 134586730.9 126968.6 1098.087 111.346
39 0.014732  0.968577043 134573935.4 126956.5 1097.983 111.335
41 0.014764  0.96848764 134561513.8 126944.8 1097.881 111.325
43 0.014797  0.96839534 134548689.6 126932.7 1097.777 111.315
45 0.014829  0.968305737 134536240.1 126921.0 1097.675 111.304
47 0.014861 0.968216034 134523776.9 126909.2 1097.573 111.294
49 0.014894  0.968123426 134510909.9 126897.1 1097.468 111.283
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Light Crude Oil

component Mole % component Wt %

Propane 0.060 Propane 0.01

I-Butane 0.139 I-Butane 0.04

N-Butane 0.897 N-Butane 0.25

I-Pentane 1.704 I-Pentane 0.59

N- Pentane 2.501 N- Pentane 0. 87
2DiMethyl Butane 2 0.399 2DiMethyl Butane 2 0.02
3DiMethyl Butane 2 0.329 3DiMethyl Butane 2 0.13
2Methyl Pentane 1.056 2Methyl Pentane 0. 44
3Methyl Pentane 0.628 3Methyl Pentane 0.26
N-Hexane 0.688 N-Hexane 0.28

Methyl Cyclo Pentane 0.130 Methyl Cyclo Pentane 0.05
Benzene 0.110 Benzene 0. 04

Cyclo Hexane 0.020 Cyclo Hexane 0.01
N-Heptane+ 91.341 N-Heptane+ 97.01

Total 100 Total 100

Mw C7+=221.497,
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y =-0.00049x2 - 0.091x + 2.93

Wax Precipitated, wt%
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Tem Z’:Z::( D crit integ.A integ.B integ.Total wax depl?é depov.\:ii); depo.bavrvrae)l( barrel<sludge
5 246275 0.018406 0.936007518 0.062183281 0.9981908 97587148.39 103816 898 131

7 2.26899 0.018448 0.935995582 0.062183281 0.998178863  89908279.77 95647 827 120

9 2.07131 0.018491 0.935983302 0.062183281 0.998166583  82074239.18 87313 755 110

11  1.86971 0.018533 0.93597125 0.062183281 0.998154531 74085082.8 78814 682 99
13  1.66419 0.018576 0.935958851 0.062183281 0.998142132 65940772.88 70150 607 88
15 1.45475 0.018618 0.935946683 0.062183281 0.998129964 57641356.99 61321 530 77
17 1.24139 0.018660 0.935934457 0.062183281 0.998117738 49186820.88 52326 453 66
19 1.02411 0.018703 0.93592188 0.062183281 0.998105161 40577159.79 43167 373 54
21 0.80291 0.018745 0.935909536 0.062183281 0.998092818  31812407.33 33843 293 43
23 0.57779 0.018788 0.935896839 0.062183281  0.998080121 22892549.6 24354 211 31
25 0.34875 0.018830 0.935884379  0.062183281 0.99806766  13817610.21 14700 127 18
27 0.11579 0.018872 0.93587186  0.062183281 0.998055142  4587587.148 4880 42 6
27.76 0 0.018889 0.935866777 0.062183281 0.998050058 0 0 0 0
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Tem. Z’r\':: D crit integ.A integ.B integ.Total wax depo. Kg de\gj.):itr dep:Z);rrel barrel¢sludge
5 0.9415 0.020316  0.935405254  0.06218328  0.997588536  37284687.82 39665 343 37
7 0.85974  0.020362  0.935389208  0.06218328  0.997572489  34046332.33 36220 313 34
9 0.77206  0.020409  0.935372736  0.06218328  0.997556017 30573635.4 32525 281 30
11 0.67846  0.020455  0.935356538  0.06218328  0.99753982 26866631.96 28582 247 27
13 0.57894 0.020502  0.935339912  0.06218328  0.997523193  22925314.17 24389 211 23
15 0.4735  0.020548  0.935323563  0.06218328  0.997506844  18749712.15 19947 173 19
17 0.36214 0.020594  0.935307139  0.06218328  0.99749042 14339828.85 15255 132 14
19 0.24486  0.020641 0.93529028 0.06218328  0.997473561  9695673.351 10315 89 10
21 0.12166 0.020687  0.935273704  0.06218328  0.997456985  4817267.081 5125 44 5

22.6 0 0.020725  0.935259953  0.06218328  0.997443234 0 0 0 0
25 0 0.020780 0.93523996 0.06218328  0.997423241 0 0 0 0
27 0 0.020826  0.935223155  0.06218328  0.997406436 0 0 0 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 29.173 53.35 53.3511 0
white 29.251 53.35 53.3509 0
yellow 29.307 53.35 53.3508 0
green 29.421 53.35 53.3505 0
alum galvanize 29.456 53.35 53.3504 0
brown 29.57 53.35 53.3502 0
black 29.66 53.35 53.3500 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 26.106 53.3582 64.6 113
white 26.165 53.3581 64.2 10.9
yellow 26.206 53.3580 64.0 10.6
green 26.29 53.3578 63.5 10.1
alum galvanize 26.335 53.3577 63.2 9.8
brown 26.4 53.358 62.8 9.4
black 26.47 53.357 62.3 9.0
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Asph.sludge<ba

Color Tem. rrel Total sludge«barrel Wax sludge«barrel
white zinc 20.101 53.3722 101.2 47.8
white 20.155 53.3720 100.9 47.5
yellow 20.194 53.3720 100.7 47.3
green 20.272 53.3718 100.2 46.8
alum galvanize 20.304 53.3717 100.0 46.6
brown 20.37 53.3715 99.6 46.2
black 20.43 53.3714 99.3 45.9
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Asph.sludge«bar

Color Tem. rel Total sludge<barrel Wax sludge«barrel
white zinc 14.117 53.3861 1355 82.2
white 14.167 53.3860 135.3 81.9
yellow 14.204 53.3859 135.1 81.7
green 14.277 53.3857 134.7 81.3
alum galvanize 14.297 53.3857 134.5 81.2
brown 14.37 53.3855 134.1 80.8
black 14.43 53.3854 133.8 80.4

S lp oS gy 5 STy 5 el gy LSS (e 5 Lo S0l 398 Jgor

Olime (JuB olo 40 s Lo jialS 4y 4z gy b alll oo (60 olo [0 caliBne lo S, L o35
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 12.143 53.3907 146.4 93.0
white 12.206 53.3905 146.1 92.7
yellow 12.252 53.3904 145.8 92.4
green 12.343 53.3902 145.3 91.9
alum galvanize 12.373 53.3901 145.2 91.8
brown 12.46 53.3899 144.7 91.3
black 12.53 53.3898 1443 90.9
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Color Tem. Asph.sludge<barrel Total sludge«barrel Wax sludge«barrel
white zinc 15.167 53.3836 129.7 76.3
white 15.24 53.3835 129.3 75.9
yellow 15.292 53.3834 129.0 75.6
green 15.397 53.3831 128.4 75.0
alum galvanize 15.434 53.3830 128.2 74.8
brown 15.53 53.3828 127.6 74.2
black 15.62 53.3826 127.1 73.7
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 19.204 53.3743 106.5 53.1
white 19.286 53.3741 106.0 52.6
yellow 19.346 53.3739 105.7 52.3
green 19.467 53.3736 104.9 51.6
alum galvanize 19.499 53.3736 104.8 51.4
brown 19.62 53.3733 104.0 50.7
black 19.72 53.3731 103.5 50.1
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 25.256 53.3602 69.9 16.6
white 25.348 53.3600 69.4 16.0
yellow 25.416 53.3598 68.9 15.6
green 25.552 53.3595 68.1 14.7
alum galvanize 25.58 53.3594 67.9 145
brown 25.73 53.3591 67.0 13.6
black 25.84 53.3588 66.3 12.9
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 30.28 53.3485 53.349 0
white 30.373 53.3483 53.348 0
yellow 30.443 53.3481 53.348 0
green 30.582 53.3478 53.348 0
alum galvanize 30.603 53.3478 53.348 0
brown 30.76 53.3474 53.347 0
black 30.87 53.3471 53.347 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 32.24 53.3440 53.3440 0
white 32.329 53.3438 53.3438 0
yellow 32.394 53.3436 53.3436 0
green 32.524 53.3433 53.3433 0
alum galvanize 32.556 53.3432 53.3432 0
brown 32.69 53.3429 53.3429 0
black 32.8 53.3427 53.3427 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 32.262 53.3439 53.3439 0
white 32.351 53.3437 53.3437 0
yellow 32.418 53.3435 53.3435 0
green 32.551 53.3432 53.3432 0
alum galvanize 32.574 53.3432 53.3432 0
brown 32.72 53.3428 53.3428 0
black 32.83 53.3426 53.3426 0

cu.?u Syg0 u).?.o Lg‘).’ O u_i..S.Q.: u)j..o D) J.._im.’ u‘).»_.o 9 Loo QO .by).c G»Lu
oo gy 5l uSTe Sl e () ABdS ole il Lol ol Lo (358 loged jo ole ooy 4o

VAT

ole ot )d Aike slo ) sl Sy Glies e (VV-0) Jyor

Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 32.232 53.3440 53.3440 0
white 32.319 53.3438 53.3438 0
yellow 32.384 53.3436 53.3436 0
green 32.514 53.3433 53.3433 0
alum galvanize 32.538 53.3433 53.3433 0
brown 32.68 53.3429 53.3429 0
black 32.78 53.3427 53.3427 0
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Color White zinc oxide

Month number day Sludge for one day«<barrel Sludge for one month<barrel  Height Sludge<mm
Farvardin 31 106.5 3301.5 37.406
Ordibehesht 31 69.9 2166.9 24.551
Khordad 31 53.349 1653.819 18.738
Tir 31 53.344 1653.664 18.736
Mordad 31 53.343 1653.633 18.736
Shahrivar 31 53.344 1653.664 18.736
Mehr 30 53.351 1600.53 18.134
Aban 30 64.6 1938 21.958
Azar 30 101.2 3036 34.398
Dey 30 135.5 4065 46.056
Bahaman 30 146.4 4392 49.761
Esfand 30 129.7 3891 44.085
Sludge for one year 31005.7 351.3
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Color White

Month number day Sludge for one day«barrel S:’:f;fg;:;zr Height Sludgesmm
Farvardin 31 106 3286 37.230
Ordibehesht 31 69.4 2151.4 24.375
Khordad 31 53.348 1653.788 18.737
Tir 31 53.343 1653.633 18.736
Mordad 31 53.343 1653.633 18.736
Shahrivar 31 53.343 1653.633 18.736
Mehr 30 53.35 1600.5 18.134
Aban 30 64.2 1926 21.822
Azar 30 100.9 3027 34.296
Dey 30 135.3 4059 45.988
Bahaman 30 146.1 4383 49.659
Esfand 30 129.3 3879 43.949
Sludge for one year 30926.6 350.4
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Color Yellow
Month number day Sludge for one day<barrel  Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 105.7 3276.7 37.125
Ordibehesht 31 68.9 2135.9 24.200
Khordad 31 53.348 1653.788 18.737
Tir 31 53.343 1653.633 18.736
Mordad 31 53.343 1653.633 18.736
Shahrivar 31 53.343 1653.633 18.736
Mehr 30 53.35 1600.5 18.134
Aban 30 64 1920 21.754
Azar 30 100.7 3021 34.228
Dey 30 135.1 4053 45.920
Bahaman 30 145.8 4374 49.557
Esfand 30 129 3870 43.847
Sludge for one year 30865.8 349.7
' White
? Yellow
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Color Green
Month number day Sludge for one day«barrel Sludge for one Height Sludgesmm
month«barrel
Farvardin 31 104.9 3251.9 36.844
Ordibehesht 31 68.1 21111 23.919
Khordad 31 53.348 1653.788 18.737
Tir 31 53.343 1653.633 18.736
Mordad 31 53.343 1653.633 18.736
Shahrivar 31 53.343 1653.633 18.736
Mehr 30 53.35 1600.5 18.134
Aban 30 63.5 1905 21.584
Azar 30 100.2 3006 34.058
Dey 30 134.7 4041 45.785
Bahaman 30 145.3 4359 49.387
Esfand 30 128.4 3852 43.643
Sludge for one year 30741.2 348.3
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Color Aluminum galvanized
Month number day Slléiia:;rrrzre Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 104.8 3248.8 36.809
Ordibehesht 31 67.9 2104.9 23.849
Khordad 31 53.348 1653.788 18.737
Tir 31 53.343 1653.633 18.736
Mordad 31 53.343 1653.633 18.736
Shahrivar 31 53.343 1653.633 18.736
Mehr 30 53.35 1600.5 18.134
Aban 30 63.2 1896 21.482
Azar 30 100 3000 33.990
Dey 30 1345 4035 45.717
Bahaman 30 145.2 4356 49.353
Esfand 30 128.2 3846 43.575
Sludge for one year 30701.9 347.9
! Green

? Aluminum galvanized
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Color brown

Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 104 3224 36.528
Ordibehesht 31 67 2077 23.532
Khordad 31 53.347 1653.757 18.737
Tir 31 53.3429 1653.6299 18.736
Mordad 31 53.3428 1653.6268 18.736
Shahrivar 31 53.3429 1653.6299 18.736
Mehr 30 53.3502 1600.506 18.134
Aban 30 62.8 1884 21.346
Azar 30 99.6 2988 33.854
Dey 30 134.1 4023 45.581
Bahaman 30 144.7 4341 49.184
Esfand 30 127.6 3828 43.371
Sludge for one year 30580.1 346.5
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Color black

Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 103.5 3208.5 36.352
Ordibehesht 31 66.3 2055.3 23.287
Khordad 31 53.347 1653.757 18.737
Tir 31 53.3427 1653.6237 18.736
Mordad 31 53.3426 1653.6206 18.736
Shahrivar 31 53.3427 1653.6237 18.736
Mehr 30 53.35 1600.5 18.134
Aban 30 62.3 1869 21.176
Azar 30 99.3 2979 33.752
Dey 30 133.8 4014 45.479
Bahaman 30 144.3 4329 49.048
Esfand 30 127.1 3813 43.201
Sludge for one year 30482.9 345.4
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Color Tem. Asph.sludge<barrel Total sludge«barrel Wax sludge«barrel
white zinc 35.93 111.3512 111.3512 0
white 35.96 111.3511 111.3511 0
yellow 35.98 111.3510 111.3510 0
green 36.01 111.3508 111.3508 0
alum galvanize 36.04 111.3506 111.3506 0
brown 36.07 111.3505 111.3505 0
black 36.1 111.3503 111.3503 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 30.94 111.3770 111.3770 0.0
white 30.96 111.3769 111.3769 0.0
yellow 30.98 111.3768 111.3768 0.0
green 31 111.3767 111.3767 0.0
alum galvanize 31.02 111.3766 111.3766 0.0
brown 31.04 111.3765 111.3765 0.0
black 31.06 111.3764 111.3764 0.0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 24.95 111.4079 111.408 0.0
white 24.96 111.4079 111.408 0.0
yellow 24.98 111.4078 111.408 0.0
green 25 111.4077 111.408 0.0
alum galvanize 25.02 111.4076 111.408 0.0
brown 25.04 111.4075 111.407 0.0
black 25.06 111.4074 111.407 0.0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 19.94 111.4338 118.64 7.21
white 19.95 111.4338 118.61 7.18
yellow 19.96 111.4337 118.59 7.16
green 19.99 111.4335 118.51 7.08
alum galvanize 20 111.4335 118.49 7.06
brown 20.02 111.4334 118.44 7.01
black 20.04 111.4333 118.39 6.96
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 17.96 111.4440 123.45 12.0
white 17.98 111.4439 123.41 12.0
yellow 17.99 111.4439 123.38 11.9
green 18.02 111.4437 123.31 11.9
alum galvanize 18.03 111.4437 123.29 11.8
brown 18.06 111.4435 123.22 11.77
black 18.09 111.4434 123.14 11.70

o sl S wgmy 5 STy 5 el gy S5 e 5 oo ik (YF-0) Jgoor

Olimo Jud ole dy connd Lo alS a5 4z g Lol oo pogo ol jo ccdlizs sl SO, L o35

oy ST e gl gy 45 358 oo abamdle azily b3l LuSTy o3 5l 56 e,

3 b e ol oy Lo Jlade (o peS bl oo Gy o Ay < /TY i sl S5,

IS w5y 9 STy 5 el gy JS8S Gl g Led Sl 05 Jgor s 0 &) olo ot

olo 4y Cond Lo yiolidl 4y do gy Lol oo dinl ol 0wl slo SOy L35 SO 6l

0



Q)':'muﬂ.‘;_émébb «5.3) Lg‘).g gy u‘ﬂw—*—*—’ﬁ’“’uj“ﬁ

il e gy 0 Ay T il slo S5 o gy ST ol e gl oy i

olo m\)omdb ;i;) 6‘;) L D) ulﬁM(Y&—A)Jjw

Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 21.94 111.4235 113.51 2.1
white 21.96 111.4234 113.46 2.0
yellow 21.98 111.4233 113.41 2.0
green 22.01 111.4231 113.33 19
alum galvanize 22.03 111.4230 113.28 19
brown 22.07 111.4228 113.17 1.75
black 22.09 111.4227 113.12 1.70
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 25.96 111.4027 111.4027 0.0
white 25.98 111.4026 111.4026 0.0
yellow 26 111.4025 111.4025 0.0
green 26.04 111.4023 111.4023 0.0
alum galvanize 26.06 111.4022 111.4022 0.0
brown 26.1 111.4020 111.4020 0.0
black 26.13 111.4018 111.4018 0.0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 32.95 111.3666 111.3666 0.0
white 32.99 111.3664 111.3664 0.0
yellow 33.01 111.3663 111.3663 0.0
green 33.05 111.3661 111.3661 0.0
alum galvanize 33.07 111.3660 111.3660 0.0
brown 33.12 111.3657 111.3657 0.0
black 33.16 111.3655 111.3655 0.0

¥



Q)'.éc.au’d.‘;_éc.aéb «5.3) Lg‘).g gy u‘ﬂw—*—*—’ﬁ’“’uj“ﬁ

S sl S wgmy 5 STy 5 el gy eSS e 5 oo ik (YV-0) Jgor
..\..»l.,‘sa).o..c).uoLA

ole ols 5y alizee sl Ky (glp gy i Guatd (YA-0 ) Jga

Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 36.98 111.3458 111.3458 0
white 37.02 111.3456 111.3456 0
yellow 37.04 111.3455 111.3455 0
green 37.08 111.3453 111.3453 0
alum galvanize 37.1 111.3452 111.3452 0
brown 37.15 111.3449 111.3449 0
black 37.18 111.3448 111.3448 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 37.98 111.3406 111.3406 0
white 38.01 111.3405 111.3405 0
yellow 38.03 111.3404 111.3404 0
green 38.07 111.3402 111.3402 0
alum galvanize 38.09 111.3401 111.3401 0
brown 38.15 111.3397 111.3397 0
black 38.17 111.3396 111.3396 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 38.97 111.3355 111.3355 0
white 39 111.3354 111.3354 0
yellow 39.02 111.3353 111.3353 0
green 39.06 111.3350 111.3350 0
alum galvanize 39.08 111.3349 111.3349 0
brown 39.13 111.3347 111.3347 0
black 39.16 111.3345 111.3345 0
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Color Tem. Asph.sludge<barrel Total sludge<barrel Wax sludge«barrel
white zinc 38.96 111.3356 111.3356 0
white 38.99 111.3354 111.3354 0
yellow 39.02 111.3353 111.3353 0
green 39.06 111.3350 111.3350 0
alum galvanize 39.09 111.3349 111.3349 0
brown 39.13 111.3347 111.3347 0
black 39.16 111.3345 111.3345 0
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Color Whit.e zinc
oxide
Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 111.402 3453.462 39.128
Ordibehesht 31 111.367 3452.377 39.115
Khordad 31 111.346 3451.726 39.108
Tir 31 111.340 3451.54 39.106
Mordad 31 111.335 3451.385 39.104
Shahrivar 31 111.335 3451.385 39.104
Mehr 30 111.351 3340.53 37.848
Aban 30 111.377 3341.31 37.857
Azar 30 111.408 3342.24 37.868
Dey 30 118.640 3559.2 40.326
Bahaman 30 123.450 3703.5 41.961
Esfand 30 113.510 3405.3 38.582
Sludge for one 41404.0 469.11
year
Sis S5, b (350 sl Lo G50 i3 gy Ol sl (YY-0 ) Jso
Color White
Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height
Sludge<mm
Farvardin 31 111.402 3453.462 39.128
Ordibehesht 31 111.366 3452.346 39.115
Khordad 31 111.346 3451.726 39.108
Tir 31 111.34 3451.54 39.106
Mordad 31 111.335 3451.385 39.104
Shahrivar 31 111.335 3451.385 39.104
Mehr 30 111.351 3340.53 37.848
Aban 30 111.376 3341.28 37.857
Azar 30 111.408 3342.24 37.868
Dey 30 118.61 3558.3 40.316
Bahaman 30 123.41 37023 41.947
Esfand 30 113.46 3403.8 38.565
Sludge for one year 41400.3 469.07
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Color Yellow
Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 111.402 3453.462 39.128
Ordibehesht 31 111.366 3452.346 39.115
Khordad 31 111.345 3451.695 39.108
Tir 31 111.34 3451.54 39.106
Mordad 31 111.335 3451.385 39.104
Shahrivar 31 111.335 3451.385 39.104
Mehr 30 111.351 3340.53 37.848
Aban 30 111.376 3341.28 37.857
Azar 30 111.408 3342.24 37.868
Dey 30 118.59 3557.7 40.309
Bahaman 30 123.38 3701.4 41.937
Esfand 30 113.41 3402.3 38.548
Sludge for one 413973 469.03
year
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Color Green
Month number day Sludge for one day«<barrel S:ff;fg;:;zr Height Sludgesmm

Farvardin 31 111.402 3453.462 39.128
Ordibehesht 31 111.366 3452.346 39.115
Khordad 31 111.345 3451.695 39.108
Tir 31 111.34 3451.54 39.106
Mordad 31 111.335 3451.385 39.104
Shahrivar 31 111.335 3451.385 39.104
Mehr 30 111.35 3340.5 37.848
Aban 30 111.376 3341.28 37.857
Azar 30 111.408 3342.24 37.868
Dey 30 118.51 3555.3 40.282
Bahaman 30 12331 3699.3 41.913
Esfand 30 113.33 3399.9 38.521
Sludge for one 413903 468.95

year
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Color Alumir?um
galvanized
Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm

Farvardin 31 111.402 3453.462 39.128
Ordibehesht 31 111.366 3452.346 39.115
Khordad 31 111.345 3451.695 39.108
Tir 31 111.34 3451.54 39.106
Mordad 31 111.334 3451.354 39.104
Shahrivar 31 111.334 3451.354 39.104
Mehr 30 111.35 3340.5 37.848
Aban 30 111.376 3341.28 37.857
Azar 30 111.408 3342.24 37.868
Dey 30 118.49 3554.7 40.275
Bahaman 30 123.29 3698.7 41.906
Esfand 30 113.28 3398.4 38.504
Sludge for one year 41387.6 468.92
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Color Brown
Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm
Farvardin 31 111.402 3453.462 39.128
Ordibehesht 31 111.366 3452.3367 39.115
Khordad 31 111.345 3451.6919 39.108
Tir 31 111.340 3451.5307 39.106
Mordad 31 111.335 3451.3757 39.104
Shahrivar 31 111.335 3451.3757 39.104
Mehr 30 111.351 3340.515 37.848
Aban 30 111.377 3341.295 37.857
Azar 30 111.407 3342.21 37.867
Dey 30 118.440 3553.2 40.258
Bahaman 30 123.220 3696.6 41.882
Esfand 30 113.170 3395.1 38.466

Sludge for one
year

41380.7 468.84
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Color Black
Month number day Sludge for one day«<barrel Sludge for one month«<barrel Height Sludgesmm

Farvardin 31 111.402 3453.4558 39.128
Ordibehesht 31 111.366 3452.3305 39.115
Khordad 31 111.345 3451.6888 39.108
Tir 31 111.340 3451.5276 39.106
Mordad 31 111.335 3451.3695 39.104
Shahrivar 31 111.335 3451.3695 39.104
Mehr 30 111.350 3340.509 37.848
Aban 30 111.376 3341.292 37.857
Azar 30 111.407 3342.21 37.867
Dey 30 118.390 3551.7 40.241
Bahaman 30 123.140 3694.2 41.855
Esfand 30 113.120 3393.6 38.449
Sludge for one 413753 468.78

year
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Height Sludge,mm/year
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Heavy crude oil
469.11 469.07 469.03 468.95 468.92 468.84 468.78
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Color
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Light Crude Oil
Liq Mass % Boiling Temp (C) Light Ends Liq Mass %
1.38 15 Methane 0.00
5.33 65 Ethane 0.00
11.14 100 Propane 0.02
13.75 125 [-Butane 0.06
17.88 150 N-Butane 0.36
22.23 175 [-Pentane 0.80
26.41 200 N- Pentane 1.16
30.47 225 2DiMethyl Butane2 0.02
35.16 250 3DiMethyl Butane.2 0.17
39.51 275 2Methyl Pentane 0.56
43.12 300 3Methyl Pentane 0.33
46.17 325 N-Hexane 0.36
49.96 350 Methyl Cyclo Pentane 0.06
Benzene 0.04
Cyclo Hexane 0.01
H,0O 0.00
RVP 7.89
API 33.36 TOTAL 3.95
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Add Component Selected Components Components Available in the Component Library
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e <-fdd Pure bCholesteral  beta-Cholesterol C27H4E0
e evare bCholesterol — Dusoline C27H460
2-Mpertane - bCholesteral  beta-Cholesteral C27H4E0
Fpentans <-Substiute-> bChalesteral Chalest-5-En-3-beta-01 CZ7H4E0
bCholesteral  Cardulan C27H460
Benzene Benzene CEHR
F E Benzene CyclohexaT iene CEHE
Benzene Benzol CEHE
- Benzidine Benzidine Cl2H12M2
Sort List BerzoTrCl  BenzoTriChloride C7HSCI
BenzoTriF BenzoTriFluaride C7HBF3
BenzaylCl BenzaylChloride CPHACIO
W L OMEOrE Benzpldmine  Benzyltmine C7HIN i
Ban=ulll Mhlarnnhanilratiana R |
¥ Show Synonyms ™ Cluster

= Selected | Component by Type
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~Agzociated Flow Sheets
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¥ Casze [Main] B asis-1 |

Fluid Package and the aszaciated Property Package

Tao Enter the Oil eriranment, There must be a
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Enter Oil Environment. .. |
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Oil Input Preferences...
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Aszzay | Cut/Blend ] Uszer Property J Correlatian J Install Oil J
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—Azzay Definition ~lnput [ ata
Bulk Properties m  Bulk Props Azzay Basiz
Assap Data Tupe TRP = (" Digtillation e | Temp[;ature
Light Ends lgnore - |
taolecular Wit Curve m
Denzity Curve m
Wiscosity Curves m
TEF Diztillation Conditions
(& Atmospheric T Macuum
Light Ends Handling & Bulk Fitting Options | Edit Azzay... T |:u:.|ir'|ls e
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pil Assay Input Table
~Agzay nput Data
Azzay Percent Temperature al
A Ic]

1.280 1500

5300 500

11.14 1000

1375 | 125.0 |

17.88 1500 |

22.23 | 1750 |

2641 | 200.0 |

J0.47 | z2all ]

35.16 | 2500 |

29.51 2750 |

312 3000

4617 3260

4996 | 3800
I camntus | cemntus T
All input curves except diztillation are on midpaint
baziz. Dependent curves will be zhifted to middle.

Cancel ok
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Neled = Ethane | 0.0000 | 5660 |
tolecular Wt C kot Uzed - S il s o)
R Propane | 2000e002 | -4210 |
Dengity Curve Mot Uged - iButane | 6.000e-002 A1.73 |
nBuane | 03600 05020
Wizcozity Curves Mot Used =z Pentane 02000 | 27.88
-TBF Djztillation Conditions i Pentane | 1.160 | 36.06 |
: -Hexane 0.3600 | G373
o s ! | 1L ETEN
{+ Atmospheric W acuunm S Mparts | 05600 60,26 |
Shpentc | 03300 B327 |
Cycloher | 1.000e-002 | 8073
| Meopclope || 5.000e-002 71et [
Light Ends Handling & Bulk Fitting Options
Percent of Light Ends in Aszay l] 3.9500
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= crud oil light

=% ]

WwWorkzheet Stream Mame crud il light | Liquid Phase
... | |Wapouw / Phase Fraction 0.00000 | 1.00000
CaBCRIONS Temperature [C] 20,000 | 20,000 |
Properties Fressure [kPa] 101.00 | 101.00
o tdalar Flow [karmalesh) 17.193 17.1939
Composiion Mass Flow [ka/h] 3600.0 36000
K. ¥alue Std Ideal Lig Yol Fiow [m3/h] 42630 | 4.2630
Iser Yariahles tolar Enthalpy [k /kgmals] -4 572e+005 -4 572e+005
tdolar Entropy [k Akgmale-C) 35182 351.82
Notes Heat Flove [kJ/h] 7 .BE38e+0E | -7.BE38e+06
Cost Parameters Lig %ol Flow @5td Cond [ma3dh) 42630 | 42630 |
Fluid Package B aziz-1 [
[

o ——
Workzheet i Attachments Ji)_l,lnamic& |
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RN e ozt ) aled
5k @l oy oS oo Sl COmPOSIHON (55, 52 Vb ojomty ) «33% J=lpe (b 5l g
aS NBP[0]380% alas 5l «laS 5 51 SO 5o Jon duo,8 g (Sh9 o0 Olg oo o] jo a5 09

g o0 00l iuled (! C7+ Olen

;ﬂ Input Composition for Stream: light

PazsFraction | -Composition Bagis-
FPropane 00001 | | 7 Mole Fractions
Butane ooosd | | o
n-Butane 0.0025 5
| i-Pertane 0.0053 £ Lig Yolume Fractions
n-Pentane 00087 | Mol Fl
2Z-Mbutane 0.0002 | el Fiel
| 23-Mbutane 0003 | " Massz Flows
2-Mpentane 00044 | :
| 3-Mpentane 00026 | " Lig Wolurne Flows
n-Hexate 00028 -
cyclopentan 0.0005 ~Composition Controls——————
Benzene 0.0004 | |
| Cyclobexans 00007 | Erase
NEF[D]3a0 08701 .
| Mormalize |
[
[ Cancel l
Total  [1.0000 | ok I

RN e ozt ) aled
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F -
;‘j Input Compesition for Stream: light ﬁ
M oleF raction —Compozition B asiz
Fropane 0.000& &+ Maole Fractions
i-Butane 0004 :
n-Butane 0004 " Mass Fractions
i-Pentane 0.017 ¢ Lig¥alume Fractions
n-Pentane 0.0251  MoleFl
| 22 Mbutane 0.0004 Male Flows
23-Mbutane 0.0033 " Mass Flows
2-Mpentane 0.0106 ;
| 3-Mpentane 0. 00E3 " LigYolume Flows
n-Hexane 000859 -
Mecyclopentan 0oma —Compozition Controls————
Eenzene 0.00171 e I
Cuclohexane 0.0002 Mok
MEP[0]380* 09167 -
Marmalize |
Cancel I
Tatal !1 0000 | 0k I

SR e ot ) aled
&) o,y Toazme a5 558 oo oawlie o a8, Editing Poreperties cod 4 L3 0,50 o

Ol ol 5 (Bl ) 0 2ty G Caoms )3 99250 (ol 5l S 5o Blgs (o0 (] j0 a5 205 (e 5L
| )L».: Sy90 (G J?‘)A )bdsua‘y u.a‘ )| L5'>)" .)9.0.! o&wwd‘P‘ )‘ LSJ)-QLS‘)J ‘)

b o CT+ lon NBP[0]380% a5 ol 153 4 p3¥ ol o 00,1 o cslo U5 5o

;ﬂ Editing Properties for Stream light
et C b Property Yl
£ Propeity Name amponen roperty Walue
 Group Propane 440970
C Tipe i-Butans 58.1240
€ Hodiy Status Ll ol el 0
i-Pertane 721510
n-Pentane 721510
4 E,Dbsb Phmmeis i 22Mbutane BE.1779
T 23 Mbutane BE1773
-+ Group Parameters W BE1779
-GS Acentricity IMpentane BB1779 |
- Heat of Combustion i 361779
- Heat of Formation Meypclopentan 841613 |
- |deal Enthalpy o Benzene 781100
- K.appa Cyclohexane 841600
- Malar Yaolume MNEP[D]280" 221.497
& Mole ght L
- Hadius of Gyration 0
- Solid Temperature
- Solubility
- SRK Acentricity (=
- Standard Liguid Density
- Theta & i
Hezet-Selected Prop Wetar to FP Diefault | Fezat All Props to FR D efaul

S b 2t LS 5y by pe JsSo )39
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5‘.':] Editing Properties for Stream light Lilglg

FSetBy————————————— c Property Yalue

{* Property Name R = [ka/m3]

" Group Propane 506675

& i-Butane 561,966

 Modiy Status _n-Butane 583223

i-Pentane E23.442
-+ Heat of Combustion - 2;—§E::::2 gég ;ég
= Heatnlfeanalin 23butane §65. 168
-~ Ideal Enthalpy 2Mpentane E56 507
- Kappa FMpertare BE7.684
- MolarVolume n-Hexane BEZ.664
- Molecular ‘Weight Meypclopentan 7h2.0E5
- Rladius of Gyration Benzene 882190
- Solid Temperature Cyclobexane 781,822
- Solubility r MEF[07350¢ 852.929
- SRK Acentricity
ard Liguid

- Theta & £
- Theta B
- Uniquac @
- Uniguac R
- Wfilzon Yalume =

Reset:Selected Prop Vetor to FP Detault | Feset &l Frops to FR Detault

S a5 i LS 5 4 bgype 3l anesls

=
gﬂ Editing Properties for Stream light lalﬂlﬁ
~Sort B Froperty Yalue
* Property Mame el [kPa]
" Group Propane 4256 B
i i-Butane IE47 B2
(“- MDdIf}' Ctatus ln-Butane 3?9552
i-Pentane 333355
n-Pentane 337512
O ? 22-Mbutane 3052
B 23-tbutane N6 EY
- Characteristic Yolume il ZMpentane WT0.36
-+ CN Molar Yalume FMpentans 312364
-~ CN Salubiity nrHexane 303162
¥ al Pr E Meyclopentan 378955
- Critical Temperature Benzene 4924 39
- Critical Volurme Cyclohexate 405300
- Dipole Moment MNBP[0]380* 1134.29
- Enthalpy Basis Offzet Tir
- EOS Parameters
- Gibbsg
- Group Parameters
- G5 Acentricity
- Heat of Combustion
- Heat of Formation -
Fleset Selected Prop Vetar to FF Default | Feset Al Fropz to FP Default

S a5 i LS 5 4 bgaje Sl jLaS
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w Editing Properties for Stream light Lilglg
rSatBy————————— Froperty ¥ alue
* Property Name Loy - [C]
" Group Propane 421020
i i-Butane -11.7300
¢ Modify Status .n-Eutane -0.501330
i-Pentane 27.8780
T —p 7 n-Pentane 36,0530
s = 22-Mbutane 497310
ey 23-Mbutane 57.9770
g o Lempe 2Mpertane B0.2610
- Cavelt & 3 Mpentane £12700
- Cavett B E n-Hexane £8 7300
- Charactenstic Yolume Mcyclopentan 71.8090
- CM Molar Valume Benzene 50,0890
- EM Solubility Cyclohexane 80.7300
- Critical Pressure MEP[O]220* 373515
- Critical Temperature
- Critical Volirne
- Dipole Moment
-« Enthalpy Basiz Qffzet
- EO05 Parameters
- Gibbs
- Group Parameters =
Reset Selectad PropMWetor ta FR Diefault | Feset All Props ta FP Cietault

S pl3 i SLS 5 & b ype by alais (glod

i
ﬂ Editing Properties for Stream light E@Iﬁ
pEetBy—— Praperty Yalue
* Property Mame Eargden [C]
 Group Propane 96,7480
e i-Butane 134948
 Modiy Status .n-E utane 152.049
i-Pentane 187.248
n-Fentane 196450
e i 22 Mbutane 231,23
i 23-Mbutane 226,830
- Characteristic Wolume T Z-Mpentans 294 347
- CN Molar Yolume I hpentane 231,299
- CN Solubilty n-Hexane 234,748
- Lritical Pressure = Meyclopentan 259,550
Temperature Benzens 288,948
- Critical Yolurne Cyclohexane 280.050
- Dipole Moment MBP[0]380 R33818
-« Enthalpy Basis Offzet
- EOS Parameters
- Gibbz
- Group Parameters
- 35 Acentricity
- Heat of Combustion
- Heat of Formation -

Reset Selected Prop Vetor to FP Default | Reset All Frops to FP Lrefault
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File Edit View Fluid CharFluid Pure Component  Lkilikies  Window  Help

D W& & B @ UntSstom i | 2o B oa” oo b B[ ST ooF |

Unit Converter

oo FR o e R @A @00 @5 P
P E e 25 244 o™ @D

3 SRE Peneloux (T)
4 PR Penelousx

5 FR
& PR Penelowx (T}
7 PR7S Peneloux

Current fluid: crude o

Injection gaz: Mo injection gas selected

PR7E Penelows: (T}

w Standard Lumping
ab Lumping

v Mormal C7+ Char
Heawy C7+ Char

ZSP Wiscosity
w LBC Yiscosiby

Showe Char Fluid

Sawve Char

v Default Mw and Dens

w Preserve Input

& Databaze: G:Minal projecttfinal projecthFILE MARMAFZARpvtzinn] Fhcrude il | | Fetnc units | PR7E Standard Marmal C7+ LEC

RN e ot ) aled
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nit System

Fressure JT coefficient & Mok
+ Metic

I bara _:] I C/bara _:] -
Temperature Welocity " Eield
|c x| s El
Length / Depth Wizcozity
I m ﬂ I P _:] (™ Uszer defined 1
Denszity Thermal Conductiity " Uszer defined 2
I g/emil _:] I i _:j
Enthalpy Surface Tension
| ol ~| | b dm |
Entropy Gaz-0il R atio
| Jémal ~| | /s ~]
Heat Capacity Male Flow
| démal C | | kmalhr |
Malar Yolume Maszz Flow L
I cmé/mal _:] I kadhr _:] Cancel
rStandard Conditions

Temp [°C) Pres [bara]

I w00 [ 1013 Defauilt

RN e ozt ) aled
S o0 b 1y p) e (S )0 bgle Gy 6l g

Fluid — Enter New Fluid

09 o0 5k 5 S5 Blle sl oy B9 e B L
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Z3 Enter Mew Fluid

Fluid-
il [ Test Fluid |
Sample | Text |
Historny
rComposition Options Fluid type-
el Liqui.d 23 ™ Save Char Fluid f* Plus fraction
Component hal st Density
% i || " Mo plus fraction
| [ Adjust to sat point
r2 28.014 (" Characterized
coz 44.010
Has 24,020 rInput composzition i ok
& 16.043 & Mol
oo 0070 Cancel
" Weights
) .C3 44097 Pint I
ic4 58124
nC4 58.124, [ Input wax fraction Lhar Uptions
ica 72151
ncs 77151 Interact Param
CE
86178 0.6640 YT Data I
c7 96.000 0.7380
ca 107 000 nzesnl >l i I
Total £ 0000
Maormalize | LClear I Add Comps | Mol to 'wieight I

RN e ozt ) aled

Slasein ol 45 Sl 15 45 03Y oS oo oSS 25 USS illae |, Fluid Coond clascios

u...‘>L~w Lg‘)awdd‘gw)djwl.‘u Q)‘j).u‘) L§)§"‘> o)|5.o w‘ysof)lssw‘ 6)Lu.‘>‘
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Z32 Enter New Fluid

Fluid-
el crude oil Test |jight Fluid |
Sample | Text |
Histary
Compositiarn I-Dptiun&- Fluid type
Mal Liqui_d =] [~ Save Char Fluid " Pluz fraction
Componerit ol wt Density i
% giems || ™ Mo plus fraction
| | | | [ Adust to zat point
Rz | | 28014 " Characterized
o2 | 44.010
H2s 24000 rInput compaoszition ir '
e 16.043 * Mol
o2 07 Cancel
e [ T Wweight?
) :C3. | | 44.097 Frint
ic4 | 58124
|.1C4 | SLE9E [~ Input way fraction Lhar Options
ic5 | | 72151
ncs 72151 Irkeract Param
CE
: | 86178 06640 PVT Data ]
cr | 9E.000 07380
Ca 107 000 nzesnl ~ | Vise Diata I
Tatal # 0.000
Mormalize ] LClear I Add Comps ] Mol to Wweight J omplete ]

RN e ozt ) aled

el eolainl by all g o a5 | SIS 5 Joe ao,o « Composition Ceowd [0 g:S|

Sl aS 058 e cadlin (Jos ol plosl 5l L3 oS oo )y ol cews 4 HYSYS 54l
005 3l Jee 51 3 1A) ol sod 992 g0 coad o0l ioles oy 0 Sew o s LS
G0 0,y aS 09 o0 odoline g 00,5 SIS 0 ey slll o Add Comps 59, ¢ Jgo wo )0
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Add Components

Components to add

Short Mame | Systematic Name Formula Mame | |

H20 _!_.L

e0H | Methanal CH40

EtOH Ethanal C2Hen

FG Fropulene-glycol CEHa0Z

FPGME Fropylene-glycol-methylether C4H102

MEG M ono-ethylene-glycol C2HeD2

DEG | Di-ethylene-glycol C4H1003

TEG Tri-ethylene-glycal CEH1404 Ok
DPGME Dipropylene-glycol-methylether CYHI1B03

DPG Di-nropulene-dlucal CEH1403  ~ Cancel |

S5 o5 0§ e
L oS (o0 SIS OK (59, 2 9 Sl Gg opmiy 51, p3¥ SlaS 5 5l S5 (98]
Aol oo O9zge g8 0,y yo Wae K jx A SLoS S eled a5 gl oo alasdle 85 oS
oole Slaseine b (gl oole Wl 1A L0l o3 99290 (358 0,2 Cewd o 2DiMethyl Butane2

oS (oo b ) ) e ok (nl
Pure Component — Add
aladi (glod cyaz oole pb 0,5 5)lg L aS 005 o Lles (sl oy (398 po b L
1 B35 e ol ool 45,5 olal gz oole iy 5l aleye S 1] J5Sho i9 5 sz

il o bl e S5

Add Pure Component

rComponent Tupe

Shart Mame

22DMB utane " Hydrate Inhibitar

Normal Tb °C ol

49731 " Other inorganic

bl 't i+ Organic defined ]
861779 " Pseudo-companent Cancel

S5 o 05y 3l oo

\Y¥



Ot (LB S 5l eSde oz ool 4 bgype (Seelinoge i Dlasin a5 cul S 4 63Y
Al o gy BB HYSYS 580 6,5 5l oolaiwl b g Juad

2bo b a5 005 o Ghles 0y Gillae (sl oy Aloldl (358 0,y w5l

g il sod 59,0 elem sled 0,5 olg a5 el (SS a4 a3V 05 o ls | was cole plg>

5 S i1 55 e e i 5 5 S e daline 38 5 555 1, sl 3 a3 Lo
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B Selected Component (PR parameters)

Zystematic Mame Zhart Mame etk quu[d CHt T
Mame fll et Density 5
30 char. 10 char Z
10 char glcm®
22DMBtane 220MButane 220MBUtane 86175 D.l352l3| 231299 |
o | >
Irteraction i kij Hv alfa | HV gi® | HY giR  HY gi-TR HY gi-TiR | &
matrices rule - - ke b - -
H20 | Classic 0.0000 0.0000 0.00 Q.00 0.00 0.00
.MEOH . Classic 0.0000 0.0000 0.00 Q.00 0.00 0.00
EtCOH _ Classic 0.0000 0.0000 .00 0.0a 0.00 0.00
P _ Classic 0.0000 0.0000 Q.00 Q.00 0.00 0.00
PGRE | Clazsic 0.0000 0.0000 0.a0 0.0a 0.00 0.00] -
] Cancel ‘

S5 o5 05y 3 oo

IS gllas |, Il soles oo awo s 5 axiS , Enter New Fluido ey 4 Tsaze 59257
Pl ey s Josle 55 polie LT+ sl bl oS conl S5 4 03Y pnlad (o0 3l 25

pemles (ol 1) (L8 idu 5l o] Caws 4 polie g ools ks abgs e oo
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Z3 Selected Fluid

Fluid
whell W Test I— Fluid [jight
Sample | Text |
History
Camposition Options Fluid type:
Mol Liqui.d Ji= ™ Save Char Fluid * Pluz fraction
Component Wil wvt Density -
% gioms || ™ Mo plus fraction
| | | . [ Adijust to zat point
€3 | 0080 44097 E
ic4 | 0.139 53124
nca 0.897 53124 Input compaosition ir oK
ic5 | 1.704 72151 & Mal?
ncs | 25m| 72151 e _ Concd |
2zdmbutan | 0393 8517 06520 el B
23-dim-C4 | 0.323 86178 0.6670 =
s | 1.058 B6.178 LAy [ Input wax fraction o
m-C3 | 0.628 86178 0.6630
C6 | 0683 BGI7E  D.6G4D Ll AIcE G aen
-c-C5
m-c | 0.130 84.162 0.7550 YT Data
Benzene | 0.110 78114 0.88E0
c-C6 0020 24 1R nzaanl ~ Wizz Data
Total# | 100.000
Mormalize | Clear I Add Comps | Mol to weight I Compl I

S5 05 0 3 le

=5 Jye 2oy pyaze 516 oS o SIS Normalize g5, 5 os Jole b 51 omg
D9 hawd Vee 3.Bo sae 4y g ool ogleyi g Vel eSTL g iy

3 oS oo Jé |, Save Char Fluid o> ¢ Pluse fraction 4., ;5 Fluid type cwend o
Sgd oo ol gl saims jlaze sly Alolddl Jee (pl b owles o SIS OK (59, p 5 >0
il oo Database cod ol jo Jlaw cpl ol 0,053 00 Ly aS

oS oo o 1y g e 5l plaST o wles Lol yer DLS 5 as 0 casline sl
Char Fluid — Edit Current
Oiled dniloe 3l Gy 1) SLLS 5 Slogas coled a5 05d (0 5L 5 0yt 358 Wig, (b L

AR <
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&, Current Char. Fluid

Fluid
wiell Test l— Fluid  [fight
Sample | Test |EDS=PR7E
Hiztom
Compozition Fluid bupe
Liculicd : ; Ao ] 7]
Componert r'fl%?l il st Density CEnCT ?;gtr: Ta
gicm® ] £
C3 | 0.080 440597 96.650 42 45 f+ Characterized
ic4 . 0139 58124 134.980 J6.48
nca . 0.897 53124 152,080 38.00 oK
iC5 | 1.704] 72151 187.250 33.84]
ncs | 28m 72151 196.450 33.74 o
2 2dmbutan | 0.339 BE.178 0.6520 231299 38.81 Prift ]
2,3-dim-C4 | 0.329 AE17a 0.6670 226750 31.31 =
2m-Cs 1.056 BE.178 [0.6580 224,380 J0.09 Char Options
3m-Cs 0628 BE.178 [.6690 231.280 31.21
cé | 06232 26178 0ES40 234250 2959 Interact Param
m-c-C5 0130 84,182 07580 259,650 37.90
T FWT Data
Benzene 0110 78114 08560 288,950 48.94] =
‘] | 'l_‘ Yisc Data
Total # | 100.000
Mormalize ‘ Clear I Add Compes J ol to eigh I Complete I

S5 5 0 5l ol
sl 00y L 4 PVTsim 1380 6 5 50 S caad 50,5 Jow OK (59, o 50,5 SIS L

$o035% Sl ol 5l S 2l g3l e 250 b A cnl pog i 4 4z L
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ﬂ Input Composition for Stream: heavy- mon k-k

S

F azzFraction ~Composition Basis ————
Propane 0000  Male Fractions
i-Butane 0.0004 & i
n-Butane 00031
i-Pentane 00076 " Lig ¥olume Fractions
n-Pentane 0.0030 Mol Fi
n-Hexane .00 il i
22-Mbutane 0.0002 {7 Massz Flows
ot 80 | v
M pentane 0.00:25 o
Meoyclopentan 00005 ~Composzition Controls———
Benzene 0.0003 e |
MBF[0)364* 09673 =3
Maormalize |
Cancel |
Total  [1.0000 oK. |

A

S pl G OLLS 5 S do o

S ot Corno et o R | ]

Input Composition for Stream: heavy- mon k-k

b alek raction —Composgition Basis—————
Fropane 0.0005% f* Maole Fractions
i-Butane 00014 -
et oo " Masz Fractions
| -Pentane 00218 = Lig%alume Fractions
n-Pentane 00258  Mole Fl
n-Hexane 0.0053 bl s
22-Mbutane 0.0005 i Maszs Flows
23-kbutane 0.0045 :
= Wreniae a7  Lig Yolume Flows
J-Mpentane 0.00e0 -
Mcuclopentan 0ooz —Compogition Controls
Benzene n.000g E |
MNEP[0]364* 0.9095 1958
Mormalize |
Cancel |
Totsl  [1.0000 | oK |
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ﬂ Editing Properties for Stream heavy

(= B

~Sat By
* Property Name

" Group

" Type

 Modify Status

- EOS Parameters

- Gibbs

- [roup Parameters
-GS Acentricity

- Heat of Combustion
- Heat af Formation
- |deal Enthalpy

- Kappa

- Molar Yolume

ht

- Radiuz of Gyration

- Solid Temperature

- Solubility

- SRK Acentricity

- Standard Liguid Denzity
- Theta &

Rezet Selected Prop Vetor to FP Default

Componernt Property ¥ alue
Fropane 44.0970
i-Butane 58.1240
r-Butane 531240
i-Pentane 721510
n-Fentane 721510
n-Hexane 861779
22-Mbutane 861774
23-tbutane BE1779
2-tpentane BE.1779
F-Mpentane BE.1779
tcyclopentan a4.1619
Benzens a0
MBP[0]364* 219624

m

Hezet &ll Fropz to FP Default

S s s SLS 5 JSe 39

@ Editing Properties for Stream heavy

~Sort By
+ Property Name
" Group

" Type
€ Modify Status

-~ G5 Acentricity

- Heat of Combustion
- Heat of Formation
- |deal Enthalpy

- Kappa

- Molar Volume

- Maolecular Weight
- Radiuz of Gyration
- Solid Temperature
- Solubility

- SAK Acentricity

- Theta B
-~ Uniquac
- Uniquac R

Reset Selected Prop Wetor bo FP. Defaul

Component Pm?f;fm\;?lue
Fropane 50E.E7S
i-Butane 561,966
n-Butane 583.223
i-Pentane E23 442
n-Pentane E29.729
r-Hexane FE2 BE4
2Z2-Mbutane ES2EES |
23-mbutane EER 168
2t pentane EBE 507
I-Mpentane BEY B84
M cyclopentan 752 0ER
Benzens 892190
MNEBP[0]364% 890704

Reset &l Props to FF Default

S pl> s OLoS 5 adls
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&2 Selected Fluid

Fluid-
whell crude oil Test Fluid  [heavyz
Sample | Teut |
Histary |
Composition ~Options Fluid tppe
wial Ligjuicd " Plus fraction
Componert Ml et Density i
ke g li=) 1 Mo plus fraction
| I I Adjust to zat point
c3 0,050 44097 =
ic4 0.140 58.124
Aca 1.100 53124 Input composzition in oK
L] 2180 72151 = Mol?
ncs 2580 72151 a _ Camcel |
2, Zdmbutan 0.050 86178 06520 & i
2 3-dim-c4 0.460] 8E6.178 06670 =
2-m-C5 1.170 8E.178 0.6580 e e e Char Options
3-m-C5 0.600 8E.178 06630
CE 0,530 86.178 06640 Irteract Param
-C-C05
m-c-: 0120 84.162 0.7550 PYT Data I
Benzens 0.020 78114 0.8260
CT+ an a41 219 £24 neanzl > “isc Data
Total# | {00,000
Mormalize Clear I Aidd Comps | ol to wieight J

S5 o5 05y 3 oo

a4 odd 0,53 Jlow Loles o5 okae S S il Joe o a5 Giliske Jolye (b 3l
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Selected Fluid

Fluid
el crude oil Test Fluid |hea'-.f_l,.l2
Sample | Texst |EDS=F'FI?EI
History
Composition Fluid tppe
Licquicl . . Ao | [y
Component r“:l.‘zl Mal st Density C:ET (tl;rrt a fa
e ars ] -
C3 | 0.050 44 087 96.E50 42 46 f* Characterzed
ic4 | 0.140 55.124 134950 36.48
nC4 | 1.100 58124 152.050 38.00 0.
iIC3 | 2180 72151 187.250 3384
s | 2880 72151 196 450 33.74 _ Cameel |
2 2dmbutan | 0.050 BE.178 0.6520 231.293 3881 Erint
2,3-dim-C4 | 0.4E0 BE.178 0.EE70 226.750 3.3 =
2-m-C35 | 1.170 BE.178 0.6580 224 350 30,09 Char Options
3-m-C5 | 0.600 BE.178 0.6630 231.250 3.2
6 _ 0530 86178 NEE40 234 250 2959 _Interact Param |
m-c-C35 0120 84182 0.7550 259550 3790
e ] FPYT Data
Benzens 0.080 78114 0.8860 288 950 4894 X
4 I ] L l_— Wisc Data
Total # 100,000
Maormalize l Clear ] Add Comps ] Aol bot ] Complete ]

5 0 02 5 e
20,5 3w Joe PVTSIM 1381 0 5 50 55 oK o s e 5 ol
IR e sl 5l Jol> s

3 5 S oo ol onys 5 0,53 Light lgie cow a5 1) S pl> o Databases >,
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)

3 selected Fluid

Fluid
Well crude oil Test Fluid light
Sample | Text [Tumed*01 EOS= PR7SE
History
rComposition - Fluid tppe
Licjuict ; : A | i E
Componert r";:' Mol et Censity C:ET i;:tr: fa L
gicm® ] e
3 0.060 44.037 96.650 4245 (* Characterized
ic4 | 0133 53.124 134.350 36.438
nC4 | 0.897 58124 152.060 38.00 Ok
=] | 1.704 72.151 187.250 33.84
ncs 2,501 72151 196,450 3374 _ Cencel |
2.2dmbutan | 0.339 BE.178 0.E520 231.299 33.81 Erint
2,3-dim-C4 | 0.329 86178 0.E670 226.750 .31 =
2-m-C3 1.056 BE.178 0.E580 224350 30.09 Char Options
3-m-C5 | 0.628 86178 0.6690 231.250 .21
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Abstract

One of the major difficulties related to crude oil storage tank is settling heavy particles
and forming accumulated sludge at the bottom of the tank. Accumulated sludge which is mostly
composed of asphaltene and wax particles, causes to decrease the tank storage capacity and
corrosion. Due to high density of asphaltene and wax particles, these particles settle due to
gravity force. In the present work, a numerical study has been carried out to study for the effect
of solar irradiation on sludge forming of the crude oil storage tanks. We use Angstrom model for
calculating solar irradiation for every month of year and then predicting mean crude oil
temperature in tank.

An experimental and numerical study has been carried out to investigate sludge
formation at bottom of an in-use crude oil storage tank. The numerical method has been
developed to determine amount of monthly sludge formation. Firstly, a thermodynamic model
which is based on equality of fugacity for each component in both the solid and liquid phases has
been developed to predict wax precipitation. The amount of asphaltene precipitation is
determined by experiments. Secondly, Stoke's Law, Fick's law of diffusion and Einstein's law of
diffusion have been employed to detect the critical particle size and critical particle molecular
weight. Critical particle molecular weight which is the size of smallest particle that settles under
the force of gravity. Then by knowing a particle size distribution, a fraction of the incoming
asphaltene and wax particles which settle in the tank has been calculated. Finally, the numerical
value of sludge height has been compared with similar measured value and good agreement has
been encountered.

In experiment investigation, Khark 28" crude oil storage tank is selected as a case study
and sludge height has been measured every month for more than a year. The numerical and
measured value of sludge height shows 350 mm growth during a year. This corresponds to 30926
barrels of crude oil and means 30926x75%= 23194508 financial lost for just one crude oil storage

tank.

Keywords: Sludge formation, Asphaltene; Wax,; Storage tank; Khark Island; Solar

irradiation
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