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ABSTRACT

L HAE 424D FE2 Y5l 129 Steam S ©|-&5te] HIEHI Y] A& ZFZ5H= SAGD(Steam-Assisted Gravity
Drainage)& 5 ©] o] 0|85 1L ot A= @ A5E 913 -FAA 9 o] 774 o = A Hutet th2H, ZF {78 utet Watercut

ﬂ¥
%
L

F=
Meter ©|-§5t] =9 Bl-&2 S5t At o5 &l A 28lS F=5HAAIRE, Bl EH O] -7 ool tigt 7|9 A 5424
S5t Ao vl AAIZE 13—“?—— A 4 AT 53] LAME] QA2 AREAQl G40 o FEHET ST o] Bkt ¥
7 w-2of| Watercut Meter LU E] 3 A|AH 9] & @ AJo] &olx| 11 Qlct B Ao A= F-5-of gt 251 718t SOR(steam to oil ratio)
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Recently, SAGD method, which is extracted by reducing viscosity of bitumen by using high-temperature steam for extraction of
non-traditional petroleum resources, has been used a lot. The number of oil wells for oil drilling for each oil producing country differs
from region to region, and the water ratio of each oil well is measured using a watercut meter and a production prediction confirmation
system has been established. However, conventional laboratory measurements of the moisture content of bitumen have not been able to
provide real-time information compared to accurate information. In particular, since the oil sand mining method is an additional and
more complex process than the general oil extraction method, the importance of the Watercut meter monitoring system is increasing. In
this work, we conduct computational numerical analysis and experiments on ultrasonic-based SOR (steam to oil ratio)variations on
heavy oil. According to the analysis, the maximum sound pressure point and ultrasonic reach time were analyzed as variables, and the
higher the rate of water between water and oil, the shorter the ultrasonic reach time, the higher the rate of oil, and the smaller the
maximum sound pressure. Using these experimental and numerical results, the development of watercut meters and watercut figures of
petroleum produced in petrochemical plants’ wells can be monitored and used as basic data for the plant’s rear end process.
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Fig. 1. Ultrasound-based watercut meter diagram
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(a) Water cut meter modeling (b) Watercut meter model hypermesh

Fig. 2. Watercut meter analysis model
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Table 1. Boundary conditions

Bitumen Water
Velocity of sound (m/s) 1200 1500
Viscosity (mPa - s) 105 1.144
Operating temperature (°C) 150
Fluid pressure (kPa) 650
Inlet velocity (m/s) 10
Operating frequency (MHz) 1
SOR (steam-oil ratio) Water 100% 3.0 2.0

2.1.3 AEdold 24
ZHHeavy Oil) 2] THA L= 102-105Pa-socH?, HIEHIO] THA] L ZGof Sl =2 105Pa-s 0.2 45T} ESH
HIEH0] 542 HIEH O] 271 150°CE 739 oF 1200m/s ] 5592 2-8510] ZASHAT .
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Table 2. Watercut meter simulation cases

CASE SOR =41 Zout 54 Ful
Case 1 Water 100%

Case 2 SOR 3.0 1MHz

Case 3 SOR 2.0

A GAPE S Rs sl ot 28} 54 A1, HolE] 4:459] 4] Fi2.0 2 TUgsle] 9l0m, Fig, 37+ o] 7
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Fig. 3. Watercut meter experiment schematic
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3.1.2 49 A4 =4
PHENA FE5= BIFHE F9]0] 01‘:"37 | wioll BlEH o] Ada H et -fARRE 222 thiAlste] ARgSHAT A
HE719] 515t 2402 Table 37 200 S ot Ui, APIE B FS o) S50t fARES HRITH?, 2 Agofx= HE
9] operation temperature %1 150°C 2 o] EA J—]- S5t 35°C ] ACHSE-ME AAste] Agg Agstantl

Table 3. Elemental composition of bitumen & UNITAR definitions of heavy oil and bitumen

(a) Elemental composition of bitumen (b) UNITAR definitions of heavy oil and bitumen
Element Bitumen composition Bitumen (150°C) | Heavy oil - Bunker C (35°C)
C 83.1% Viscosity 10 102-10
H 10.1% (mPa - 5) =105 -105
(¢} 1.17% ]
Density
N 0.56% >1.00 0.934-1.0
(g/ce)
S 5.14%
Ni 150rpm API gravity <10 10-20
v 290rpm
3.2 AU
- A32 Table 29154 T 271 0 2 SORS A 7] Alo| 22 A ﬂMﬁ‘r Fig. 4= 9 2} gho = st et 230
& Case 1= &°] H2°] 100% % ), Case 2= SOR%?] 3.0 m, Case 32 SOR #£°] 2.0 © IMHz 9| Z21E 541510 A]
Zbol wfeh wisteis 109kS 2ot 2] 9t AR ARRS £ }oq 7} Case'd TR RES TR vehisich 7
Case™12 3919] A1 RS0 7] ZA T glo] Baghe olstel Aake HAjstar

(c) SOR 2.0, Amplitude and time to reach maximum voltage

Fig. 4. Case.1,2,3 Amplitude and time to reach maximum voltage
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Fig. 5. Case.1,2,3 Acoustic pressure graphs and waves
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Table 4. Maximum acoustic pressure/amplitude and reach time for each case

Numerical analysis Experiment
Case SOR Maximum acoustic pressure Highest point reach time Maximum amplitude Highest point reach time
(Pa) (s) (mV) O
1 617 6.9E-5
Water 2 621 6.82E-5
Case 1 123.5387 6.8333E-5
100% 3 618 6.92E-5
A 618.6667 6.88E-5
1 568 7.0E-5
2 567 6.9E-5
Case2 | SOR 3.0 109.1178 6.8333E-5
3 568 6.95E-5
A 567.6667 6.95E-5
1 539 7.2E-5
2 541 7.1E-5
Case 3 | SOR 2.0 99.2792 6.9166E-5
3 538 7.25E-5
A 539.3333 7.18E-5
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Fig. 6. Maximum acoustic pressure/amplitude and reach time graph for each case
Table 5. Numerical analysis and formulation of experiments
Numerical analysis Experiment
Maximum acoustic pressure Highest point reach time Maximum amplitude Highest point reach time
(Pa) (s) (mV) (s)
Formulation y=137.13¢ 109 y=0.0422" —0.1262+6.917 | y=648.54¢ 003" y = 56.584 2117
R? 0.9941 1 0.9844 0.9691
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