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Abstract

The formation of natural gas hydrate will cause harm to natural gas exploitation, such as blocking
gathering and transportation system, seriously affecting the safety of production. Therefore, it is
very important to predict the formation conditions of gas hydrate. At present, the common predic-
tion methods are formula method and image method. The calculation using formula method is
more complicated, and the image method cannot be mapped according to the specific components
because of the diversity of gas components, so it is not targeted and has a large error. The Multif-
lash software attached to the multiphase flow steady-state simulation software PIPESIM can con-
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duct hydrate simulation calculations according to the specific temperament components. In this
paper, the temperature is calculated by known pressure and the pressure is calculated by known
temperature. The results show that the error is small and can well meet the needs of engineering
practice.
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RARFAETE RIS AR HPAE— & IR EE AR 15800 I 56 T G TR ORISR B[] RRSOK G2
AN AE PR R AL R, AR S ERABURTK . RKIRZTKE VT B2 X R ARSI A 7= Fl ¥
EPEASETE, WSS AR T AR, BURIIM A R[2], 77 R R AR 22 A v AU A P A A
EHEFR[3]. T K AIR S AW RS R RE P R 48 Tt R 1B 1 RAR KB e PRAIER SR
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HAT, & WA 7k £ 85 A ARk LG4 ARETEBRNED, TIEER. BGREZAN
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5 KZE[51RH CSMHYD 27 it5 17 AR 7 FLB/K Y BRI Tl R TS S0 K &4
FHFHETRISEN s I3RS [61FI A HYSYS BAF TR T AR AN Lot &4 F K SV AR BURE . LA ERSURAT T
IKE PN S5 BORIE T8 AT B B S H L T SR AR S K B T B P LA T R0 ) 1 75 R
Z MRS A PIPESIM ££ 5% 1) Multiflash 3 4. Multiflash #FREARYE BAR ISR 4A 5, HATKE
VIR BT, B RS FE R A E o 3 L0 0 SR R AT R B v W A Oy 2 R IR
PERIR S E T COL R T KRR SN E & HoS IR PE K AR SR G Ak A T A S SRR A 347 %
PAHIEE Multiflash BEEX RARSK G DT AR AR B T SR R ZE B /N
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FR TR A 1 R AR 20K ST, A5 CIT. Na*s K'Y Ca®*4% . RKSA-infochem BTl | A1 11 Bk &
Yiah, AT H BUKAY)

958 UE Multiflash T 7K & 4907 A S A4 IRHERA FE , AR 2528 SCHR[8] [9] [1013KHX 1 6 AN A UM FEA,
HoA SR 1 FASRE 2 RARRRYE RIRSREAR, SFE 3 FISFE 4 RS CO MR RIR A, M5 FISFE6
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Table 1. Components of each group of gas samples

F 1 RESHERES

405 1[3] 23] 3[4] 414] 5 [5] 6 [5]
y(C1) 98.60 90.04 86.0236 67.7289 75.48 66.38
y(C2) 0.59 3.69 1.6670 1.5867 - —
y (C3) 0.09 0.93 0.3093 0.4229 — —
y (iC4) 0.02 0.2 0.0439 0.0574 — —
y (nC4) 0.04 0.29 0.0466 0.0658 — —
y (ic5) 0.02 0.14 0.0142 0.0278 — —
y (nC5) 0.02 0.08 0.0041 0.0086 — —
y (C6) 0.07 0.14 — 0.0006 — —
y (N,) 0.56 4.48 2.0536 1.2381 — —
y (CO,) — — 9.8387 28.8632 6.81 7.00
y (HS) — — — — 17.71 26.62

3. WHHEARI LS
31 BHENHEEE

3.1.1. ERMRAS

RIE S CHR4], SHHERRMERIRS, AL BN HER 1) /& Bahadori v, [F K Multiflash #5041
B4R S Bahadori A ZES 45 BT, SPRRE 1 IS R ange 2 B, B 2 WA, 8
i EENE AR ER, Bahadori iR 2N 0.13%, Multiflash (71412 % 4-0.02%. Hi& 1 a] 40,
B 13K, Multiflash 15 22 B SUEZETRE 9 IEAE, 1 Bahadori v51% 22 S K% . W7 VL1 R i
JETRI R AR SR B2 IRE FE 225K, {H Multiflash fF)°F 3 1R 22 5871

Table 2. Calculation results and errors of hydrate formation temperature of gas sample 1

F2 SH1BKEMHREETRERSRE

3447 0.5631 2779 277.261 -0.23 278.09 0.07
3786 0.5631 278.7 278.098 -0.22 278.82 0.04
4143 0.5631 279.3 278.895 -0.15 279.42 0.04
4482 0.5631 279.9 279.585 -0.11 279.87 -0.01
4821 0.5631 280.2 280.219 0.01 280.24 0.01
5159 0.5631 280.5 280.803 0.11 280.89 0.14
6213 0.5631 281.2 282.376 0.42 282.88 0.60
P — — — —-0.02 — 0.13
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Figure 1. Calculation error of gas 1 hydrate formation temperature
E 1. S# 1KkEMERREITTHEIRE

3 NEKRE 2 WK BRI ST 8 R 507, WBIER 3 714, XAERRE RIARSFEA 2, Bahadori
EFEIR 2 8-0.11%, & KIRZEN 0.44%; Multiflash “F31% 2 5-0.76%, & Ki%ZEAN-1.31%. HAJ5iE
(175 H R 45 SRR ZHAR /N, R 2] DLV e ks SRk . IR 2 A4, iR 20 S A i 34 oy — 3.

Table 3. Calculation results and errors of gas sample dihydrate formation temperature
3 SH2KEYEREETESERSIRE

2413 0.614 281.68 279.599 -0.74 281.74 0.02
3109 0.614 285.45 281.717 -1.31 283.6 —-0.65
3786 0.614 286.16 283.326 -0.99 285.12 -0.36
4482 0.614 286.80 284.667 -0.74 286.14 -0.23
4821 0.614 287.08 285.233 —0.64 286.94 —0.05
5159 0.614 287.36 285.751 —0.56 287.53 0.06
6213 0.614 288.12 287.128 -0.34 289.38 0.44
3y — — — -0.76 — -0.11

3.1.2. & CO MBEMRRS

FRPE 225 SCHR[4], X R fr CO, IRPER IR, AREFRONHERII/ZE Hammer ¥, K Multiflash
5 Hammer A2 0243 H 85 REATxF b, WS LE R ande 4 frox. 38 4 AT %1, X5 TA08E 3, Multiflash ~F
B1RZEN-0.60%, Hammer iE-V3iR %A 2.72%. X Hammer A3(i%, Multiflash “F3iRZ=H /), H
Multiflash 7EAKE FiRZEECR, R N-8.19%, fEmE NRZER/N. HE 3 7/, WMIEEE IR
4000 kPa 2 J, R ZEAALIE LI AN ] B
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Figure 2. Calculation error of gas sample dihydrate formation temperature
2. SEE2KEYERREITRIRE

Table 4. Calculation results and errors of trihydrate formation temperature in gas samples

F 4. SH3IKAMTREEHBERERE

. Multiflash Multiflash Hammer Hammer
A SEIg FEAN ‘s R SN
FEokpa HIATEEL SHRMAM i ism WK R
546 0.668 270.56 248.398 -8.19 280.64 3.73
4027 0.668 278.60 280.903 0.83 286.39 2.80
7986 0.668 282.73 286.155 1.21 289.24 2.30
12014 0.668 284.23 288.842 1.62 291.23 2.46
14949 0.668 285.74 290.178 1.55 292.39 2.33
Sy — — — —-0.60 — 2.72
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Figure 3. Calculation error of gas sample trihydrate formation temperature
3. SHE3KEVHEABEEITRIRE
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TSR 4, B 5 A %0, Multiflash “F1i% 2 4-0.89%, Hammer i FIIRZEN 2.28%. FISFE 3
—#£, Multiflash ZEMCE FiRZEH B, ®AN-T7.79%, EEE FMRER/N. mE 4 775, 5 TeEd
CO, MR RARA, PAFN VLR ZE Bl T 1A i S AR [E], YA B8 2 RS K .

Table 5. Calculation results and errors of gas tetrahydrate formation temperature

F5 SHAKEUERBETELERSIRE

. Multiflash Multiflash Hammer Hammer
A SEIg FRAN ‘s R b s
FEokpa HIATEEL SHRMAM i iam WK R
546 0.852 271.17 250.039 -7.79 280.64 3.49
4027 0.852 280.06 280.899 0.30 286.39 2.26
7986 0.852 284.40 286.132 0.61 289.24 1.70
12014 0.852 285.18 288.977 1.33 291.23 212
14949 0.852 287.20 290.368 1.10 292.39 1.81
Sy — — — —-0.89 — 2.28
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Figure 4. Calculation error of gas sample 4 hydrate formation temperature

B 4. St 4 REVERBRETEIRE

3.1.3. & H,S HEEMERRS

PRI 22 SCHR[4], R A HoS BIBRME KRR, 24 303 etk Zahedi 135, RIEK; Multiflash 5 Zahedi
| AFGEFH S RBT. H3% 6 Al%1, XSAE 5, Multiflash T332 % 85-0.07%, Zahedi | 7°7-3)i%
ZE-1.34%, FHXIKUC Multiflash =255/, PF SRR SR E 2Kk, HIEL 5 v, BEEERIIHR, W
Tl B8 7 92 ER) 5 2 I TR/ o

XARE 6, B 7 WA, Multiflash “F35)1% 25 8-0.12%, Zahedi | 3112 % 8-3.23%. L5
R, Multiflash FAFEILGE R ks, 1 6 nTAn, Bl K /3 KmG K, Zahedi | VEMRZE#
[ 265 6B BE K ) AUE, T Multiflash i ) 1EAE .
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Table 6. Calculation results and errors of gas sample pentahydrate formation temperature
6. SHSKAMEREEUTEERSIRE

950 0.730 282.2 279.971 -0.79 278.4 -1.35
1244 0.730 284.2 282.547 —0.58 279.5 -1.65
1670 0.730 286.2 285.314 -0.31 281.02 -1.81
2368 0.730 288.2 288.492 0.10 283.32 -1.69
3080 0.730 290.2 290.773 0.20 285.45 -1.64
5314 0.730 294.2 295.027 0.28 290.75 -1.17
6880 0.730 295.8 296.713 0.31 293.36 -0.82
8680 0.730 297.2 296.713 0.26 295.4 -0.61
15 — — — -0.07 — -1.34
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Figure 5. Calculation error of gas 5 hydrate formation temperature
5. SHES KAV AREITRIRE
Table 7. Calculation results and errors of gas sample hexahydrate formation temperature
F=7. SHKAMEREETEAERSIRE
ke RMEE 9 wligine e uerRiek
786 0.787 284.2 281.506 -0.95 280.41 -1.33
1160 0.787 287.2 285.231 -0.69 281.44 -2.01
1788 0.787 290.2 289.256 -0.33 282.36 -2.70
2688 0.787 293.2 292.843 -0.12 283.24 -3.40
3910 0.787 295.2 295.854 0.22 284.11 -3.76
5030 0.787 296.7 297.651 0.32 284.89 -3.98
6562 0.787 298.2 299.278 0.36 285.63 —4.22
8080 0.787 299.7 300.307 0.20 286.33 —4.46
P14 — — — -0.12 — -3.23
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Figure 6. Calculation error of gas sample hexahydrate formation temperature
E 6. SH# 6 KEMERREITTHIRE

32 BHIREHEENR

3.2.1. FRMRRS

MRS 225 SCHR[4], X AERR T AR AR, 2, AEHRAER 2 Towler %, HILH Multiflash 15 Towler
AR R X . W 8 AE 7 B, Multiflash P12 %4 22.45%, Towler 3 F-H)i% 2N
—1.38%. Multiflash iR ZHCK, #AE 20%LA I, I A KL FEH -

Table 8. Calculation results and errors of gas sample dihydrate formation pressure

F 8 SH2KEMEBENTELERSIRE

K T S =TT O oY b A v
286.81 0.6142 4821 5946.566 23.35 4841.91 0.43
287.27 0.6142 5159 6336.719 22.83 5126.05 —0.64
288.47 0.6142 6213 7527.71 21.16 5967.91 -3.94
1 — — — 22.45 — -1.38

3.22. B& CO,BMMRAS

RYESHCHR4], WS CO, RARAAHRE 4, AETH X HER /& Zahedi |75, R Multiflash
5 Zahedi | AZEB BRSBTS . B2 9 740, Multiflash “T-3JiR 24 27.44%, Zahedi | 371515
729 71.36%. PN ITVERIRZEHLLEOR, AR UL, Zahedi | R 225 K. B 8 AT 40, Bl iR AT,
[ RE RIS IS N LN ST N

3.23. BE H,S XAREK

MRIE S R[4, KB HoS RIRSSNE 5, Ak AR )2 1zadmehr 7%, PR Multiflash
5 1zadmehr 2207k H OS5 AT 0. B3¢ 10 AT%0, Multiflash “F-351% 28 9.15%, 1zadmehr 74714
R7EN-40.31%. AR, Multiflash iRZZ5 /. H114 9 A0, BEAE IR EETHS, Multiflash 32 22 1287 J8/)N,
1M 1zadmehr 7217 22 128 34 K o
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Figure.7. Calculation error of gas sample 2 hydrate formation pressure
B 7. S# 2 KEMERENTEIRE

Table 9. Calculation results and errors of gas sample tetrahydrate formation pressure

=9 SHAKGYHBRENTEERSRE

Multiflash Multiflash Zahedil Zahedil
b= s S8 N . . ot o
BE/K MAEL KBEKP g ps iR KPR %
280.06 0.8520 4027 3615.167 -10.23 1346.50 —66.56
284.4 0.8520 7986 6384.884 —20.05 2629.44 —67.07
285.18 0.8520 12014 7048.233 —-41.33 2888.19 —75.96
287.2 0.8520 14949 9248.716 -38.13 3612.47 —75.83
P14 — — — —27.44 — —71.36
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Figure 8. Calculation error of gas 4-hydrate formation pressure
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Table 10. Calculation results and errors of gas 5 hydrate formation pressure
= 10. S S KEYEAENHTESERSRE

Multiflash Multiflash Izadmehr lzadmehr

BE/K MAELE KRR gl eps  mee iFEfUKPA ERE%
282.2 0.7301 950 1199.379 26.25 737.99 -22.32
284.2 0.7301 1244 1482.119 19.14 856.81 -31.12
286.2 0.7301 1670 1838.147 10.07 994.76 -40.43
288.2 0.7301 2368 2291.767 -3.22 1154.90 -51.23
290.2 0.7301 3080 2879.469 —-6.51 1340.88 -56.46
15 — — — 9.15 — -40.31
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Figure 9. Calculation error of gas 5 hydrate formation pressure
9. SHESKEMHAENHTEIRE

4, &Eig

1) XFFAERR M RAR SR, SR FEIRER, Bahadori 2A33EA Multiflash 2950 77 7L 35 68
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