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Wax Appearance Temperature Measurement of Opaque Oil for Flow

Assurance in Subsea Petroleum Production System
Jong-Se Limt - Seung-Young Back' - Pan-Sang Kang' + Seung-Ryul Yu' - Hyo-Sang Kim' - Ji-Hong Park'
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Abstract: Deepwater oil is becoming more attractive because most onshore and shallow water oil is
developing or developed. With the on-going trend to deepwater oil developments, flow assurance problems
which prevent oil flow from reservoir to processing facilities are becoming an issue because deposited
material can be occurred in case oil is exposed to very different environment from reservoir. Wax
deposition which is one of flow assurance problems can be a major technical and economic issue because
it is very sensitive to temperature. In order to predict and mitigate wax problems, the precise measurement
of wax appearance temperature (WAT) which is the starting temperature of wax precipitation is very
important. Various methods have been suggested for WAT measurement of opaque oil because there is no
standard method for opaque oil. In this study, the WAT of opaque oil samples was measured using
viscosity measurement method, differential scanning calorimetry, filter plugging method, and pressurized
filter plugging method. Wax deposition test and high temperature gas chromatography analysis were applied
to verify measured WAT. As a result of study, the WAT of opaque oils was successfully measured and
verified. If WAT measurement methods of opaque oil related to oil characteristics is systematized using the
results of this study, it can be a valuable tool for WAT measurement of opaque oil and flow assurance
related to wax deposition.

Key words: Wax appearance temperature (WAT), Flow assurance, Petroleum production system, Opaque

oil

T ZAAR G SN S AR AL, E-mail:jslim@hhu.ac.kr, Tel: 051-410-4682)
1 =g st ol x| z-dg 8t}

gh=tul ik Uo] ek x] A36d Al1E, 2012. 1/ 185



186 AZA - W -

LM 2

T, Amet 22 NEEE=e] AAGEA w
2 AF 72 SV s Aate] Goldk AN
o] A A ol ARHJAY HFE Y F
ol7] wiitel Ao A sido] AA o] Fo
A A2 AFAAA o] BHFE L AT

Afre Aoz ke el gskeal 2
de gy Adder TG 1A, AA, LAGe
getraz A" Sy oitsea, A, &
st S 22 vgstear 239t A& @
f AT AFS(Reservoin)dl EA st ThgF 7
R 9T AR et ARS B4
e 2ot el EHW A A g 24
s 2T 5 ok Aok 22 AL A H{7t
EEHW AN M agEel A 3 FA
wo] b H A HFgLE Wefstel Azek EA 7}
TS vk AWHH O R 4] 400mol A ko]
ge)w o5 siAst] S vEoR ALY
1,600m% oF #uh ©@2jo] wjgo] QY FA-H
T2 Qs AakskA] X3 717 Feke] £47A] ¢
ahil Sl st 92 FUHIT2). 19928 %
Bl 2002d7bA] HAIS rll ARt v ) A 3
Fet Adste] T 519 i g dde] 24
g A 7Y glow ol & sidsty] fle W vl
28 5 ATH3]

I¥E F gEWa)T ©@AEF7E 18~6591

n-alkane, iso-alkane, cycloalkanesZ *+4 ¥ B2,
AFSAMT S27F dA AR EA st A
AFAMA RS it fEstaA A 2271 &
2 A2 2% (Wax appearance temperature, WAT) ©] 3}
2 Yolxw M{o oA faEr) FHaste] A%
FHE M EEo JH a7 AlAg4]. g7 sk

Az W AAHE AR fESE WH v}

il

FYS 099 A LEE FAANEA 45
42 0T Holste] Y1YHLES 54

186 / st dxyoi g ets] A A36d A1Z, 2012. 1

il

method), A Z}F=AHE 2 (Differential scanning
calorimetry, DSC), ZE 2}

method), 4 IESA
method) S 283t &
S5y, IHBAYNREGA S taaRetE T
9] (High temperature gas chromatography, HTGC)E ©]
gt SA4E d2AYLEE A ok

A=A (Filter plugging
(Pressurized filter plugging

290 F2YHRES

A
- o
o,

2. MRl =24 3 X2

g2 JAH FAE UF FAL ARl 7H &
Q] edd A AAs FAVE HA o=
g27F AAHE YE 2d AFE AAs] A8
AlE9] APl HIZS UESAHORE FHAT A
=34W 2 IFEANYFEGEY AFAAE
3 JETFE v = 2L I EE Cone & Plate =
A(DV [l +pro, Brookfield)Z ZA3IAth A3 2%
271& AEZE Y ol fEsA ¥ 25 fF
% (Pour point) ©J3tZ FA T A L2rt HEHIA
=4 FRlsty] oAHI AA AL gl A AH
227t F5 3 ol3tE WolAes AE =8V W&
of 7zt AlE9 fF5HES ASTM D977 1Mo Z =43}
ATH13]. A AH83 LUAE 209 EARS

Table 13} 7t}

Table 1: Properties of oil samples.

Sample A Sample B

API gravity(°) 335 22.0

Kinetic viscosity(mn/sec) 11.23 424

Pour point(C) -10 20
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Figure 1:
measurement.

Experimental apparatus for viscosity
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Figure 2: Viscosity variation of sample A depending
on temperature from 25C to 10C.
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Figure 3: Viscosity variation of sample A depending
on temperature from 10°C to -10C.
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Figure 4: Viscosity variation of sample B depending
on temperature from 80C to 20C.
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Figure 5: Viscosity variation of sample B depending
on temperature from 35C to 257C.
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Figure 6: Differential scanning calorimetry for WAT
measurement.
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Figure 7: Heat flow variation of sample A by DSC.
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Figure 9: Experimental apparatus for WAT
measurement by filter-plugging method.

332 A94m 3 Aany

ZF odel wet HEd g7 A8 & F
gloens dy 39 2717 49 Al & 9F
S vA F itk 8 ER dE 359 A7 A
at7] $18) 80C= 7}°d0}°4 g5 BFE 3T
A&l 150kg/cm’®]3ke] 71 %i% 7tete] I A
717 e ZHE 54*171 e AEE st
Arh AE AT ZH I i717}045 m, A& BE
10um A-¢-7HARE 2 do] T3l 7] el &
7F 4EEd Z47e sid dEE Yol 2] F3
32 X Aol ety FHTIHSGUE ol
£ G2 2EFA A FHT EHE AR A9
78 0.45um, AlE B 79 10um= 747+ A1 53
ok oA AT dEo] 2=l wet TS AR

St dix v sla] 1] A36d A1E, 2012. 1 / 189



190

7

A
ol

Hl ok

o FAE

333 Ad43

otl%_;q] . un%og . 7}

AE A9 73 045umSl BE S AREshe] 2712

=] -
IS

=2 ogn x> o g8 o mlo b
I
e e - mlm

L) OF“

o W

m

Ay {fy

o T~

rE

L
i)

[o ot
Ol
fr o
ot

fu

€ oox T
s
ey
e
rir
pa)
|o
fu
ns)
Fl
32
i)
rlo
k1
o ooX

off
k)
_O‘L
rie
>
il
o
02
o
o
o
_O‘L
rir
Py
rlo

0TS ~10C744 BHE et 2o F2
EH“ exdl BHF ooe) ool i
S Fgue 109 UERISIT. Sxgtae] wel
29 = A%

o
o
o
B>
olt
i

2
o
+
%
32
[u!

25

20

15

Percentage (%)

10

-20.0 0.0 20.0

Temperature (C)

40.0 60.0 80.0 100.0

Figure 10: The percentage of sample A passed
through the 0.45um filter.
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Figure 11: The percentage of sample B passed

through the 10um filter.
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Figure 12: The schematic diagram for WAT

measurement by pressurized filter plugging method.
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Figure 13: Pressure variation of sample A depending
on temperature from 5C to -10C.
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Figure 14: Pressure variation of sample B depending
on temperature from 40C to 20C.

Table 2: Wax appearance temperature of sample A
and B by four methods.

Sample A Sample B
Viscosit 5
measuremZnt N/A 300C
Differential
Scanning -1.7C N/A
Calorimetry
F'Itier;l;gdgmg N/A 32,6
Pressurized
filter plugging -1.0TC N/A

method

N/A : Not Available
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Figure 15: The schematic diagram for wax deposition
test.

‘4- -J
I

Hot Water Circulation

VAL 255 7 Wi o g 243 AL
T2, §7] B2 g0TE A VAR |

23 = JAAANAHY AT BEH 2ol <
Iy E w2 2o 7] wiEol] et 2 gelst
7} AR goeng 4AAHE AT SYS A
s
2

o2 g3lAZ & %= MEK (Methyl Ethyl

A

192 / =i yoldehsl#] #36¢ Al15, 2012. 1

ofy
of

N
2]
oy

TRES AFsAT. olFA 94
g 7YFol 42TFEo| ofd FE JouE 47
AR e AzAzokETRAE B

2] <
o2 FA4E9 nalkaned] FTEE BrAW sl wet
_‘

353 g E AT Ad A4

IPENAFEZAE  ol& HAFL T
Figure 16, Figure 179} 7Fo] A5 A¢} BollA JA#
IPES {7 Foad F QU

b

Figure 16: Deposited wax of sample A.

Figure 17: Deposited wax of sample B.
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Figure 18: The results of HTGC
sample A.
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Figure 19: The results of HTGC analysis using
sample B.
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