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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 — 16-20 Nov 2009.

4- Studying effects of pipe line flow rate on metering systems in Kharg Island oil
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Tanks Construction & Rim-seal Loss Factors
system Kra Kgp (Ib.mole/(mph)".ft.yr) n
(Ib.mole/ft.yr)
Welded Tanks

Mechanical-shoe Primary only 5.8 0.3 2.1
seal Shoe-mounted 1.6 0.3 1.6

secondary
Rim-mounted 0.6 0.4 1.0

secondary
Liquid-mounted Primary only 1.6 0.3 1.5
seal Weather shield 0.7 0.3 1.2
Rim-mounted 0.3 0.6 0.3

secondary
Vapor-mounted Primary only 6.7 0.2 3.0
seal Weather shield 3.3 0.1 3.0
Rim-mounted 2.2 0.003 43

secondary

Riveted Tanks

Mechanical-shoe Primary only 10.8 0.4 2.0
seal Shoe-mounted 9.2 0.2 1.9

secondary
Rim-mounted 1.1 0.3 1.5

secondary
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{A = 12.82 — 0.9672.Ln(RVP) (0-Y)

B = 7261 — 1216.Ln(RVP)
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Fitting Type And Construction Details Loss Factors Typical
Kr, Krp m Number Of
(Ib- (Ib- (dimensionless) Fittings,
mole/yr) | mole/(mph)™ Nr
-yr)
Access hatch | Bolted cover, gasketed 1.6 0 0
(24-inch Unbolted cover, 36 5.9 1.2
diameter ungasketed 1
well) Unbolted cover, 31 52 1.3
gasketed
Fixed roof Round pipe, ungasketed 31
support sliding cover
column well | Round pipe, gasketed 25
sliding cover
Round pipe, flexible 10
fabric sleeve seal Nc
Built-up column, 51
ungasketed sliding
cover
Built-up column, 33
gasketed sliding cover
Unslotted Ungasketed sliding 31 150 1.4
guide-pole cover
and well (8- | Ungasketed sliding 25 2.2 2.1
inch cover w/pole
diameter sleeveGasketed sliding 25 13 2.2 1
unslotted cover
pole, 21-inch | Gasketed sliding cover 14 3.7 0.78
diameter wi/pole wiper
well) Gasketed sliding cover 8.6 12 0.81
w/pole sleeve
Slotted Ungasketed or gasketed 43 270 1.4
guide- sliding cover
pole/sample | Ungasketed or gasketed 31 36 2.0
well (8-inch | sliding cover,
diameter with floatg
slotted pole, | Gasketed sliding cover, 41 48 14
21-inch with pole wiper
diameter Gasketed sliding cover, 11 46 14
well) with pole sleeve F
Gasketed sliding cover, 8.3 4.4 1.6
with pole sleeve
and pole wiper
Gasketed sliding cover, 21 7.9 1.8
with float and
pole wiper
Gasketed sliding cover, 11 9.9 0.89
with float, pole
sleeve, and pole wiper
Gauge-float | Unbolted cover, 14 5.4 1.1
well ungasketed
(automatic Unbolted cover, 4.3 17 0.338 1
gauge) gasketed
Bolted cover, gasketed 2.8 0 0
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Fitting Type And Construction Details Loss Factors Typical
Kr, Krp m Number Of
(Ib- (Ib- (dimensionless) | Fittings,
mole/yr) | mole/(mph)™- N
yr)
Gauge- Weighted mechanical 0.47 0.02 0.97
hatch/sample | actuation, 1
port gasketed
Slit fabric seal, 10% 12
open area
Weighted mechanical
actuation, 2.3 0 0
ungasketed
Vacuum Weighted mechanical 7.8 0.01 4.0
breaker actuation, Nuw
ungasketed
Weighted mechanical 6.2 1.2 0.94
actuation, gasketed
Stub drain (1-inch diameter) 1.2 Ng
Deck leg (3- | Adjustable, internal 7.9
inch floating deck
diameter) Adjustable, pontoon 2.0 0.37 0.91
area - ungasketed
Adjustable, pontoon 1.3 0.08 0.65
area - gasketed
Adjustable, pontoon 1.2 0.14 0.65
area - sock Np
Adjustable, center area - 0.82 0.53 0.14
ungasketed
Adjustable, center area - 0.53 0.11 0.13
gasketed
Adjustable, center area - 0.49 0.16 0.14
sock
Adjustable, double-deck 0.82 0.53 0.14
roofs
Fixed 0 0 0
Rim vent Weighted mechanical 0.68 1.8 1.0
actuation, ungasketed 1
Weighted mechanical 0.71 0.10 1.0
actuation, gasketed
Ladder well | Sliding cover, 98
ungasketed 1
Sliding cover, gasketed 56
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Fitting Type Construction Details Number
Access hatch Bolted cover, gasketed 3
Vacuum breaker Weighted mechanical actuation, gasketed 14
Roof drain 100% open 5
Unslotted Guide Pole | Ungasketed sliding cover 2
Deck leg Adjustable, pontoon area - gasketed 301
Rim vent Weighted mechanical actuation, gasketed 13
Primary Liquid-mounted seal
Rim-seal Secondary Weather shield !
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Light Crude Oil
Assay Liq Boiling Temp Light Ends Liq Mass %
Volume % ©

2.08 15 Methane 0.00
7.51 65 Ethane 0.00
14.43 100 Propane 0.02
17.42 125 I-Butane 0.06
22.05 150 N-Butane 0.36
26.84 175 I-Pentane 0.80
31.36 200 N- Pentane 1.16
35.67 225 2,2DiMethyl Butane 0.02
40.56 250 2,3DiMethyl Butane 0.17
45.00 275 2Methyl Pentane 0.56
48.65 300 3Methyl Pentane 0.33
51.71 325 N-Hexane 0.36
55.48 350 Methyl Cyclo Pentane 0.06
Benzene 0.04

Cyclo Hexane 0.01

H,0 0.00

RVP 7.89

API 33.36 TOTAL 3.95
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0.156 -
0.154 -
0.152 -
0.15 -
0.148 -
0.146 -
0.144 -
0.142 -

Conductivity (W/m-K)
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0.136 . T . T . T .
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Temperature ( K)
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Light Crude Oil
T (°F) 40 50 60 70 80 90 100
Vapor pressure (Psia) | 3.73 4.5 5.38 6.4 7.55 8.84 10.34
Vapor Molecular Weight My Liqg. Density W Lig. Molecular Weight RVP
(Ib/Tb-mole) (Ib/gal @60°F) (Ib/Tb-mole)
74 7.1 197 7.89

"RVP (Reid Vapor Pressure)
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Abstract

There are 40 storage tanks in the Khark Island for storing crude oil at the ambient
temperature for some periods of time to stabilize the flow between production wells and
transporting ships. Considering the hot summers of the island, light hydrocarbons
vaporize and accumulate in the space between the liquid and the tank roof, which are
often vented to the atmosphere. This process causes environmental pollution and also
affects the quality of the crude oil besides the economic detriment. Therefore, crude oil
evaporation loss associated with the storage tank is an important issue which should be
carefully investigated to identify the potential means of its reduction. The aim of the
present work is to determine the evaporation rates from external floating storage tanks
and to study the effects of their exterior surface paint on the losses due to the solar
irradiation. The API standards along with the thermal analysis of the tank have been
employed to evaluate the tank temperature and the evaporation losses of a typical tank

based on the actual ambient conditions of the Khark Island for one year.

In this study a numerical scheme has been developed for estimating the time
variations of the storage tank temperature and evaporation losses. The scheme is
validated against the measured values of the storage tank temperature at different times
during a day, where reasonable agreements are observed. Furthermore, the numerical
value of monthly averaged evaporation losses have also been compared with the

estimations based on the API AP-42 standard.

The results show that the absorptivity of the exterior surface paint has considerable
effects on tank temperature variations and the evaporative losses accordingly. Paints
with low absorption can reduce the evaporation losses significantly, when strong solar
radiation is present. Furthermore, experimental data has been provided to validate the

calculated tank temperature variations, where reasonable agreements have been found.

Keywords: Storage tank; External floating roof; Evaporative losses; surface Paint;

Solar radiation



