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Abstract: In order to meet the drilling and production requirements of deep and ultra-deep oil and gas reservoirs
under high pressure in China, PVT characteristic measurement experiments of natural gas samples with different
components under high-pressure conditions were carried out by using high-temperature and high-pressure PVT
characteristic measurement system. The experiments show that the deviation factor of natural gas under high pressure
increases linearly with the increase in pressure and decreases with the increase in temperature, but the overall difference
is small. At the same time, an experimental database of the deviation factor of natural gas in a large temperature and
pressure range is established based on 1443 sets of data including Standing-Katz chart fitting data, experimental
measurement data, and public experimental data. Through the numerical method of multivariate nonlinear fitting, the
existing models are improved, and a new model for calculating the deviation factor of natural gas of ultra-deep oil and
gas reservoirs under high pressure is established. The predicted results of the model are compared with those of HY,
DPR, LXF, and other common methods. The error analysis shows that the relative error of the model is less than 2% in
the high-pressure section, and its calculation accuracy is higher than that of HY, DPR, LXF, and other methods, which
meets the practical needs of engineering and can provide guidance and support for safe and efficient drilling and
production of ultra-deep oil and gas reservoirs under high pressure.

Key words: ultra-deep reservoirs under high pressure; deviation factor of natural gas; database; calculation model;
Standing-Katz chart; error
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Table 1 Analysis of natural gas components of sample 1

and sample 2
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Fig.2 Distribution law of deviation factor of natural gas of sample 1 and sample 2 under experimental conditions
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Table 2 Commonly used calculation method for deviation factor of natural gas

Wk

AL

T

Beggs-Brilli:™

Z=A(1-A)exp(-B)+Cph,

0<p,=<10.0; 1.2<7,<2.4

0.061 25ppet
Hy " Z= [—"‘ ]exp[—1.2(l —t)z] 0.1<p,<24.0; 1.2<T,<3.0
Ppr
Z =1+ (A1 + Ay Ty + A3/ Tp,) ppr+
DPR#:” (A4 +As/Tor) pfy + AsAepipe/ Tr+ 0.2<p,<30.0; 1.05<7,,<3.00
A7 (1+ 403 o oxp (~Asope) 1T
Z=1+(A1+ Ao Ty + Az [Ty + Ag T+ As /T3, ) poc+
DAKP! (A6 +A7/Tor + Ag /T ) ph — Ao (A7 Tye + Ag | T3, ) pie+ 0.2<p, < 30.0; 1 < T,,<3
Aro(1+A1105) (o5 T exe (=An17)
2 3 A Ag
A+ Az In(ppe) + As(In ppr)”+ Ag(In ppr) + T—5 o
pr
E. Heidaryan (1 7 17 Z= E 02<p, <15.0; 1.2<7,<3.0
2 A9 Aj pr pr
1+A7ln(ppr)+Ag(lnppr) t—t 5
TP" Tpr
LXFE" Z = xp1 ppr + Xp2 0<p,<30.0; 1.05<T},,<3.00
— 4 3 2
590121 Z= (A‘Tpr+A2Tpr+A3Tpr +A4Tpr+A5)Ppr+
ZGD: . \ ) 8.0<pp < 30.0; 1.05<T,, < 3.00
(A6Tp. +A7Tp AsTpe® +A9Tpe +A )

W-Z-GE=>) Z= ap%r +bppe +c 15.05p,,<30.0; .67, <2.4

XS L

0.9 2= 0.9
7 8 9 1011 12 13 14 15
X R T
(a) S-K K

34
32t .05
.10

3.0f 20
28f 30

N 2.6 F ;‘8
\?«i 24} .60
3 22} 40
Eoo} 90
2.00

1.8 —— 220

1.6 — 2.40

4 —— 260

1) S
15 18 21 24 27 30
X HET p,e
(b) SMFEAFEI Y 5 B Ml 22 32 AR

3 S-KEmMMIMESRINSERRERBEMR
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Table 3 Experimental database of deviation factor of natural gas under high pressure
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Fig.4 Experimental database of deviation factor of natural gas under high pressure
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Table 4 Relative error between calculated and experimental results of new model

AR SR H SCHR[39TiaR I8 A Hi
T,~1.71 T,=1.90 T,~2.18 T,~2.13
Ppr AHXFIRZE, % Ppr AHXIRZE, % Ppr FHXTIRZE, % Popr AHXFIRZE, %

22.13 1.66 23.42 0.77 26.28 0.15 22.49 1.03
21.57 1.77 22.95 0.37 25.97 0.06 21.96 0.87
21.28 1.75 22.36 0.50 24.89 0.06 21.32 0.65
20.71 1.74 21.68 0.55 23.81 0.12 20.90 0.51
20.15 1.79 21.05 0.57 22.73 0.02 20.58 0.38
19.57 1.80 20.37 0.37 21.64 0.21 20.26 0.27
19.02 1.91 19.74 0.20 20.56 0.02 19.83 0.08
18.45 1.90 19.11 0.46 19.48 0.11 19.30 0.08
17.88 1.97 18.43 0.48 18.40 0.07 18.83 0.23
17.32 1.69 17.79 0.61 17.31 0.08 18.51 0.37
16.75 1.86 17.12 0.45 16.23 0.12 18.12 0.53
16.19 1.84 16.48 0.46 15.15 0.11

15.62 1.96 15.81 0.30 15.54 1.69
15.03 1.61 15.20 1.90
T 1.80 0.47 0.09 0.78




112 - % bzl 4k

#x # K 2023 F 11 A

R4, e 2R A T iR ZEHBOR, NI 6 H R BN
X2 FOTE RIS R . W, AR R Ok

S
o LXF ik
o ZGD i
< W-Z-G ¥
Nt &
14 18 22 26 30
XS] p,,
(a) T,=1.71
19
1.8}
N
ﬁ 1.6 "
N& S
15 LXF 3%
€41 ZGD
13 W-Z-G ¥
=T PR
12
14 18 22 26
FXFLEIE TS
(e)T,=2.13
25 -
20+
N
;}ﬁ 15+
&
junng
=10t
&
B

W
T

7,=1.71

7,=1.90

45 55 S I 25 2R B0 R X 35 22 23 30 3 S S AR A R
7, WRAR WA 5.

S]]

o LXF ¥

o 7ZGD

x  W-Z-G ¥

N [ il

15 18 21 24 27 30
X LIRSS p,e
(b) 7,,=1.90

14 18 22 26 30
FXFLLIE T py,

(d) 7,=2.18

W HY ¥

DPR #:
W LXF &
W ZGD #:
m W-Z-G i
| By i

7,=2.13

7,=2.18

(&) AN IR HIAXT R 2T HE

& 6

HEBURAEHERESKMNRRSMERBITL

Fig.6 Comparison of deviation factor of natural gas of new model and different calculation methods with measured data
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Table 5 Comparison of average relative errors of different calculation methods
SR HR SRR R, %
- HY % DPR LXFik ZGDi%: W-Z-Gik ki
T,=1.71 22.23 22.02 2.89 3.39 19.46 1.80
T,=1.90 23.38 23.73 0.67 0.51 8.38 0.47
7,=2.13"" 17.00 17.47 0.80 0.83 1.33 0.78
T,=2.18 21.86 22.04 0.99 1.09 322 0.09
pressure[J]. Natural Gas Industry, 2020, 40(7): 49-56.
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