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Abstract

Low temperature freezing process is used to treat natural gas in the natural gas treatment plant of
X gas field. The natural gas containing wax components is easy to precipitate wax crystallization
under low temperature conditions, and the wax crystallization adheres to the low temperature se-
parator and J-T valve to cause blockage, which greatly reduces the treatment efficiency of the treat-
ment plant and increases the treatment cost. Based on the actual operating parameters of the nat-
ural gas treatment plant in X gas field, this paper uses simulation software to restore the on-site
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process flow, and studies the wax melting effect from the aspects of condensate oil, condensate oil
injection and condensate oil recycling. The research results can provide decision-making reference
for the optimization of oil injection and wax melting process parameters in the natural gas treat-
ment plant of X gas field.

Keywords

Natural Gas Treatment Plant, Oil Injection and Wax Melting, Parameter Optimization

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1 55

XA BT  RAR A hER T &H P, OheSEw LKkR, ©5 a5 1 Cl4, Cl8,
ENlGE. FEEZEL BOR, HUEIERBCR, TWERBCR. L FESEA ), AR B D 5 T RS A,
SEUBL KB B > B A (1], TP E M X SRR B R G IER 84T, AT RR IRt
PR 2 0 1) Y A0S B0 4 r A IGR L] UK TRIERR 2], ZG0BRIAB]. 2 T k4] v ENBE
Hrimfbiiks], T oA KRB KFRIETNE, YFEHE6]55 AKH Unim Design A1 HYSYS #fi45
W, JEE Sk R A, T AR ARV RR SRR, A NSRRI A D R 7R R S AR
oY ROMOE T2, MR 1 UL 7 10 50 A I

FAT XA RN AAEHE) #5757 3 BHUK UGS, =B iR i ke B 44 3% FIAE 20 2% AN A0 A
FeRi o A5 JE IR IR 5 T B K A S R R R, WA R R AR T BRI AR
N B AU Rt PR AS (1 P8 e (LA B ARTE I S U5 AR A P AT IR B, it — B R #E, BRI
PRI, ASCGHE S BT S R RAE, SRRl i DGR BB AT S TE BT A
A = ANT7 THEAT VI B R AR T B 9T

2. T EATRH R
2.1. RS EA S FTEE O HT

HATERES X U RN RO Z | R A B RE h R R 0 5 10 t /2 AT gt
JHE R AL R AR AR ER B K AR L Rl 75 SR, BT S — BEBUK B ETEAN Z [ BedfT it i)
FIATYE, AT, AT OROR U 38 4 A S S RAS o

Table 1. Comparison of Dina light hydrocarbons with the whole components of condensate oil from Z plant
F 1 OEARIES Z BT EE S Xt

H4 A ke Z ] REb H4 AR R Z ] Reb
J5 B E 50 % (%) EH (%) S5 93 (%) EH (%)
C2 0.0000 0.0901 C16 0.0000 1.3927
C3 0.0056 0.7958 c17 0.0000 1.0003
ic4 0.0390 0.9265 C18 0.0000 0.8513
nC4 0.7287 1.7142 C19 0.0000 0.6855
iC5 6.0843 2.0625 C20 0.0000 0.4919
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nC5 5.2580 2.0392 cz21 0.0000 0.5453
1,4-—HK 0.0000 3.6750 Cc22 0.0000 0.6006
C6 14.5343 7.4595 C23 0.0000 0.6196

oK 25.1698 14.6351 C24 0.0000 0.3844

Cc7 7.1993 5.3428 C25 0.0000 0.2878
AR O 8.9027 6.1243 C26 0.0000 0.1557
2 10.3004 11.0497 C27 0.0000 0.1115

C8 8.4470 8.1055 C28 0.0000 0.0699

1, 2-Z"HIZK 5.0003 1.3513 C29 0.0000 0.0487
C9 1.6188 3.5024 C30 0.0000 0.0290
C10 3.3968 6.0992 C31 \ 0.0199
Cl1 1.1133 4.9213 C32 \ 0.013
C12 0.5075 3.8850 C33 \ 0.0061
C13 0.1103 \ C34 \ 0.0071
Cl4 0.0000 3.4491 C35 \ 0.0052
C15 0.0000 2.2222 C36 \ 0.0000

MR B3 HT (2 1), 3l IR i 2 4 43 C2~C6 15 1L 26.65%, Z | ki 42 4 4> C2~C6 5 £t 18.76%.
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Figure 1. Condensate oil freezing test results of Z plant
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Table 2. Processing parameters of the device adjusted by the test
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e 5 FHEAAME(HIIR) MR (A T8 7577 /N FI(CR)
a 500 100 5
b 600 100 5
c 700 100 5
d 800 100 5
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Figure 2. Parameter variation curve of condensate oil in Zhonggiu station under different treatment capacity
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TS — BRI B IR, ORISR ZET, 5 RGBT S, nreM
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MEF TR EN, LEINVE Z T BT I I SR B A TR AR E, TR BURIE LR B, AR R
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T O HYSYS BRI TR, R IR RS I AR o VAR vl CABRAR AT A, AT IR
A BT I BRI R, DRI o A R A 2 A NG AR AR I ke i, X IR D PR I-T WS IR AT 4
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H A B S—14.78°C, 7K & HN-14.33°C.
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Figure 3. HYSYS simulates the change trend of inlet pressure and wax precipitation temperature after J-T valve

Bl 3. HYSYS &Rl E NS I-T @BEhERE T LS

Table 3. Analysis of inlet pressure and wax precipitation temperature before and after J-T valve

3. HENS T @A I-T BEEEE S
RS -T WJEHTEHERE  J-T AT EE ek T WG HTEIRZ T WIHT i

(MPa) () (€) (MPa) (€) (€)
9.70 ~25.87 ~11.10 11.50 ~14.16 ~0.87
10.00 ~23.41 ~8.86 11.80 ~12.86 0.26
10.30 ~21.64 ~7.00 12.10 ~11.40 1.01
10.60 ~19.70 ~5.20 12.40 -10.11 1.49
10.90 ~17.94 -3.77 12.70 -9.23 171
11.20 ~15.96 -2.10 13.00 ~8.76 1.80
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Table 4. Effect of temperature before and after J-T valve on wax precipitation temperature
2 4.0-T {081, fRmE AR E S0

5 () (C) ko) (kg/h) () () () R G
1 8 -10 92 96 -12.65 -4.6 33.21 & &
2 6 -12 92 96 -14.38 -3.9 -22.12 i i
3 5 -16 92 96 -15.77 -3.2 —-22.56 i i
4 3 -18 92 96 -18.80 -2.9 —22.74 i i
5 1 -20 92 96 -22.11 -2.3 -23.03 i 5
6 -1 -22 92 96 —-24.73 1.8 - = 2

I T AR B 2 5 s O-T RS IR RE, ATl R A AN BT, 5L AT DA N i v J B2 55 A i A ] R ZE A
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Figure 4. The variation of wax injection amount and wax deposition temperature before and after J-T valve
4. BFEANES I-T WATEEEREETUNE
R TN R A 500 Kg/h~700 Kaih, J-T IS 145 65 IR IR AR FE AR, S i
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Table 5. Oil injection adjustment plan

5. JEMEEEITK

I [7] BB E (T TIR) T & (kg/ E 7375 /M)
ERPN 600 99
H2KR 600 90
RPN 600 85
EW PN 600 80
H5R 600 75
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Figure 5. Reducing the change of pressure difference with oil injection after Dina light hydrocarbon injection
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4.1. EMCEHTWLA S SR
XSG BT AT 2 iy, IF SRR A AL BEAT X B, Ik 6 PR

Table 6. Recovery of condensate oil and X station condensate oil component analysis

= 6. EYUEITHSEARIEEAD TR

P [ S BT T plib 5P fhany BT iR
FRENK)  REESE®%) O REREAR®%) R EHH%)
C, 0.0000 0.0000 Cis 1.2055 0.0000
Cs 0.0089 0.0056 Cy 0.3931 0.0000
iCy 0.0230 0.0390 < 0.0210
nC, 0.0730 0.7287 E[3 0.3810
iCs 0.2526 6.0843 Cis 0.0350 0.0000
nCs 0.2892 5.2580 Cio 0.0692 0.0000
Ce 2.1852 14.5343 Cx 0.0213 0.0000
P 24.8961 25.1698 Cx 0.0000 0.0000
(ol 2.7311 7.1993 Cx 0.0000 0.0000
IR Ut 3.2675 10.4627 Cy 0.0000 0.0000
2K 7.1668 10.3004 Co 0.0000 0.0000
Cs 7.1055 8.4470 Cus 0.0000 0.0000
1,4- % 1.1893 5.0003 Cu 0.0000 0.0000
1,2- % 4.1849 / Cy 0.0000 0.0000
Co 9.5044 1.6188 Cu 0.0000 0.0000
2-2.%E-1, 4- R 0.9604 / Cao 0.0000 0.0000
Cio 7.4678 3.3968 Cxo 0.0000 0.0000
SN 3.1555 / Cy 0.0000 0.0000
Cu 1.7033 1.1133 Csp 0.0000 0.0000
i\;ﬁé 1.5962 / Cy 0.0000 0.0000
1,3, 5-= FE 4RIk 0.8738 / Cy 0.0000 0.0000
1,3, 5, 6-PU FI L4 NIl 0.2493 / Css 0.0000 0.0000
%% 3.5593 / Css 0.0000 0.0000
Cp 3.9914 0.5075 Cy 0.0000 0.0000
Cis 3.4727 0.1103 Css 0.0000 0.0000
H k22 0.2783 / Cso 0.0000 0.0000
T 4.2050 0.0000 Cuo+ 0.0000 0.0000
Cu 1.9143 0.0239
&it 100.000 100.000
Cis 1.5689 0.0000

ALY BT, [RISCERTI A 20450 o5 L 63.02%, i ARG R4 43 i Lk 70.56%, {HL[RIIS (AT
& 6.88%ERIKELL K 8.36%IZ% . A BlL SESFEALy,  MURLURH Rl i) A 2R W (e YSc e inh
A R A OR -
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A=y B g 5 RV 2 B 2 AR A AR AR 2 88 . TR REIREWmEE, LK LIRFN R
TRETHAEE T KR R K AN 6 AT . IRI0 R AE P74 B 8 M JFURES 40 B8 28 VR A T i Hh Bt &5,
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Figure 6. Oil freezing test
6. AT RN

4.3. HYSYS =S HE

MR B & . TARGEH B IIRAR O g B E WM. RS aRE, Kol
G35 H SR IR I A7 A AT N 3 T B 7K P B e T B P« R AR SALFE R 600 x 10* m/d, #E¥fi 77 11.23
MPa, JERS B4R 25°C, IR0 B 4HEIE-14°C, Z FENE 625 kg/h, BBEENENRIEATT
N 0~50 kgthe R C B, 47 3-T W5 ROV G S A e B8 R AN 7 P
Table 7. Relationship between natural gas wax formation temperature and added hydrocarbon amount in the scheme of oil in-

jection before air cooler and circulation
F 7. ERRBANEHABHR S RRASWMEBRRESHREEXRRE

*h ek (kg/h) a3 J2 5 (kg/h) I-T AT TR i B (°C) J-T 1 Ji e JE2 pbc i P (C)
0 486 -19.3 -315
5 499 -19.3 -31.7
10 506 -19.4 -325
15 519 -195 -329
20 520 -19.6 -33.6
30 532 -19.8 -33.8

MR AR R, BT PR TR, AN URE T BT IR R 5 486 kg/h, BRI J-T 1)
AT Gl B 9 —-19.3°C, AR T J-T MR, REEE P A2 UL 5. [FIRE 3-T BRI BT
IR AN-315C, AT THRAE-14C, AEMBRE ST 3% FE W& IE. B A ek g in, e+
PRI N, I-T IR0 5% il IR R . BRI AT L2 A HE 2RIl 70 125 4% 70 128 L RN 22
A A TR NI, BIVEANKN 7R th B 6 Bt JORE < 14 2 Sl e 4 2 7 LA T R B v LR AR L R
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SRBERE T, TR ERV B E8E DLRIR 7 B A N AU UL AU e Nl ge . JE L BRRAE
VIR ZRACIE L, 25 H W3 8 fR.

Table 8. Comparison table of wax content of each key point medium injected into the front cycle of raw gas air cooler

* 8 RBSERFEAEREIAS RN S S EXR
FRSaEa BRSO ES RRASES RESES iR 7> B 4%

. Hor . . R
VES %% Al AR O WA O EHIO M EEER R
(kg/h) (kg/h) (kg/h) (kg/h) (kg/h)
SN 50.04 167.40 5.90 31.7500 98.70
JFRRIS AR
SRR g 3.11 0.21 8.76 0.0001 0.46
PSS 19.82 26.62 20.56 0.0600 25.32

xR PR, FORP R RN JE. BRI BE FRV I B S TP R R B R,
e A ER AT LA B SR AR
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Figure 7. Change of pressure difference of reinjected condensate oil
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T H AT L2004, 32 M Rl B A A A R RS 2 B A DL B NSRRI AR
PR AN D7 AT S G 25 9, BRI N AR DA S FRAIG T bbb 3 6

TiE—, M Z ) B A SRR Z R e R S =R MK R B E R, FE
FIJTEN 100 Kg/hZ | &b, 3#E B AN RIRS 20 127714

TR, A X e N FECIEE, M 99 kg FEE 83 kg/F1 37 RAR S A/, AbF ) 4k
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