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Abstract

In order to clarify the influence of sand production on the critical liquid carrying flow rate of gas
wells, the critical liquid carrying flow model suitable for the site is optimized and corrected. The
liquid medium with the same salinity as the actual gas field formation water and the screen num-
ber of the screening site are the same. The sand particles were subjected to the simulation expe-
riment of carrying air in the indoor air stream, and finally a new model of the critical liquid carry-
ing flow rate of the gas well was established. The actual data verification at the site found that the
new model has good accuracy, and effusion judgment of the new model is more suitable for the
actual situation in the case of sand production. The new model provides theoretical guidance for
the production design of sand production wells.
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Figure 1. Gas well production dynamic curve
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Table 1. Comparative analysis of measured bottomhole pressure and calculated bottomhole pressure in Well No.1

= 1. No.l HZMHARRESHEHRRERIX LD

N ; LAY SEFE  PERE MR PR FEKE TR
MIIEEN:R MRS
BT MPa / /MPa rc /mm H<10°m*d? jmd /MPa
2011-1-4 11.1 1371.25 12.920 61.00 73 7.566 1.245 13.012
2012-7-27 10.8 1371.25 12.490 62.00 73 4.572 3.988 12.444
2013-12-5 8.5 1371.25 11.433 60.00 60 1.266 8.007 10.875
2014-3-29 7.0 1371.25 11.256 62.00 60 1.133 4.263 8.5742
2016-4-20 8.2 1371.25 11.005 61.00 73 2.945 14.139 10.238
2017-7-3 8.0 1371.25 10.930 62.00 73 2911 16.392 10.106
2017-10-9 7.8 1371.25 10.962 61.00 73 2.332 13.499 9.875
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Figure 2. Error analysis of calculated and measured values of the model
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Figure 3. Correction of laboratory experiment data of Befoird model
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KH Befoird AR 13155 S20G B0 AT VHEL, B ESE R S e BREEE B T L, B IE R B DLW
3 FR. BHEIE REHAT T, X Befoird A 1934718 E )G AR T

v.=384[c(p-p,)/ p;]“s [sin(1.76)]"" Jo.74 (1)

A v, URIG FAGE, mis; o NARERITTR ST, mN; p WAL, kg/m’s p, W UREE, kg/m’;
O NEBMRA,

23, IEFERIRBIIARIE

HHZA WS IFATRB ST, BRI sEbR SRR B S LR IER R R s Rk Tt L, 4
Rinzk 2.

Table 2. Model correction of critical fluid accumulation point of gas well

2. SHIEFRRSERHKIE

i B Hi= =& H =K = IR RIS FIRAE TEARAY SRR
/MPa /MPa /x10* m*d™! /xm*d! /C /C /x10* m*d™! f

7.1 7.4 2.6141 3.0081 19 44.8 3.1668 0.8255
6.6 73 2.1573 4911 18 445 3.0468 0.7081
7.9 8.3 3.2184 1312 20 46.5 3.3816 0.9518
8 8.5 2.9845 1.199 17 46.3 3.4025 0.8772
8.3 8.7 3.4735 22952 14 46.4 3.4816 0.9977
9.7 102 1.9381 2.6565 20 473 3.8087 0.5089
6 6.9 27103 7.6097 13 47.4 3.9774 0.6814
7.1 7.9 1.5443 23745 189 447 3.1584 0.4889
8.8 9.2 3.2207 1.7558 19 479 3.5731 0.9014
9.9 10.1 3.7219 5.509 16 492 3.8446 0.9681
73 8 22337 24.5275 23.1 492 3.4212 0.6529
7.1 7.8 44501 18.2028 25 50.8 4.4546 0.999
10.1 11.1 3.0512 8.3348 21.6 93.3 3.5651 0.8558
7 / 3.2257 39.1263 28 85.6 42964 0.7508
7.8 / 4.0739 59.5403 34 104.7 4.6402 0.878
8.6 / 42897 28.8613 31 105.1 45702 0.9386
6.3 / 32314 29.3687 27 103.4 3.9468 0.8187
SEAE 0.8112

1T Befoird 57131 AR I R o 220 — BB PR 2K, X LRI R SR AR KR S b 32 AR O 20
AR SIS P4, e BB IR AT — PR IE, 13 3 Bl A% 0 B A T A KO8

v, =3.11[c(p - p,)/ P ]0‘25 [sin(1.760)]"" /0.74 @)
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Table 3. Comparison and analysis of diagnosis results of wellbore effusion with different calculation formulas

= 3. PRI EARAFRIRISEE R L SR

e shE LB B H 7=k 1% BIEMAEA  LiMin #5%  Turner #5%!  Coleman #:%Y
/MPa /MPa /10* m*d™! fmd™! I I 7 5 5
$8-3 5.2 8.0 0.3913 0.36 J J y y V
S$8-6 5.6 6.9 1.2471 0.00 x J y y y
SR15 52 6.8 1.4077 1.36 \ \ y S \/
SR25 6.2 7.6 1.5798 3.47 \ \ \/ S S
SRI12 5.5 6.8 1.3481 0.00 \ y y V V
SR10 5.8 6.8 1.6386 0.83 \ \ V V V
S10-3 5.6 6.3 12174 1.09 \ \ J J J
S1-12 52 6.9 1.6364 9.27 y y V 3 3
S1-11 49 6.9 2.0364 927 x x x J J
S1-7 8.5 8.6 1.067 11.24 x x \ J J
S2-2 6.2 6.9 2.1562 1.76 \ y x J J
$2-7 6.5 8.2 2.2536 0.80 y x x J J
S3-4 6.0 72 1.95101 11.17 \ y x J J
S4-7 5.9 6.8 2.0612 4.17 y y x J J
S5-2 5.1 6.7 1.4077 6.05 y y J J J
S$5-3 5.6 7.7 0.0017 0.00 y y J J J
SR24 6.4 7.1 2.0981 0.00 v v x \/ \
SR27 4.7 7.3 1.6252 0.38 v v x \ \
SR28 44 6.9 22026 0.38 y x x y v
SR29 46 53 1.1346 0.38 v v x \ y
SR30 73 7.4 0.0496 0.00 x x V \/ \/
H3-18 6.2 8.3 1.6363 0.00 x \/ y V y
S10 5.8 6.2 1.8732 1.72 x x x y y
F W HER 83% 48% 74% 74%

T BRR 7 RRRBUR, N7 R

i1 3 %0, Turner #5%AY[2]. Coleman %% [4]. LiMin A7) [8130 17 I W H- AR I HERFT SR 0051 Ry
T4%. T4%. 48%, A<V RUKS IF B A HE ORI I T HER 2R IA 2] 83%. 1t WS 1F J5 FRIAELTR G % 1 Hh 2 1y
2SS IR -
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Figure 4. Comparison of absolute error with and without sand model
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Hi&l 4 ATRAE H, RPRE SO I FHE R AL — e, AT St i AL, R SLA DI I
FEBARTH A R AR DN 4.5%, F_EIREIER IR SRR T DR IR 2N 6.2%.
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Figure 5. Impact analysis of sand flow and liquid flow
5. BbRLRE . RIERENFMIHT
H D I3 Tl SRR 5 AT AE IR R E RN, R E
I s 5485 V00U B B RSk P8 Y DR K, (LR 1 D P2 B A VR A B R 1 K sl s R — S I
iy 57455 VB0 AL 2 VR A YA O N T O AL NI B BRAR . SR B3, IR U Il S5 —
AN
3.3. RN A SRR B IREII7AHEIE
K W I il FABRR B AY  58 3X(4) 5 B R IE B S VRO T B A R0 SRR 2 W
ZURHHATX T, GEIHEER K 4. WLUE M, SEUERIIG SRR AT AURAR L, O RD I Il 5
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Table 4. Statistics of diagnostic results with and without considering sand particles affecting wellbore effusion

4. BEMAZEIREZEH BRSBTS R G

R IEAERL (TERD) H AL CERY)
Jpe WE £E H 7%3 5| F;7J< tam;ﬁrg ?Riﬁ‘ﬂ P - P -
MPa MPa 10*m m’/d m’/d Witk ImARRE TR I S = TR
*m’ H bt 10*m’ H bt
1-17 6.8 7.0 2413 0.43 1.9346E—03 x 23316 x 22541 x
223 52 7.4 0.4827 19.27 1.6496E—04 \ 2.1174 \ 23171 \
4-32 6.4 7.8 1.4832 0.39 2.8213E-03 \ 2.2489 \ 23610 \
4-47 9.1 92 3.5334 0.42 1.7444E-03 \ 1.8348 x 1.5707 x
1-22 6.5 7.0 1.0986 8.80 1.2436E—04 \ 22766 \ 22016 \
2-5 5.7 7.1 0.7932 6.65 7.0441E-04 \ 2.1372 \ 22150 \
2-24 5.2 7.1 0.861 8.30 2.1957E-04 \ 2.0432 y 23776 \
4-1 4.8 7.6 0.8475 0.80 7.5679E-04 Y 1.2743 y 1.4660 V
421 48 8.4 0.3673 0.35 3.1163E-04 y 1.9195 3 23218 V
1 6.0 7.1 1.6 5.70 2.2448E-03 V 2.1895 V 22717 y
9-3-4 55 73 1.423 4.60 6.3255E-04 y 2.0842 y 23421 y
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Continued

6-3-1 6.4 7.1 1.5664 0.00 3.0318E-03 v 22012 v 2.7940 v
R11-3 49 5.9 1.1789 2.97 2.0498E-04 J 1.9421 J 2.0309 J
R41-3 5.4 7.4 0.8986 6.00 1.6097E-03 v 1.4062 y 1.5386 \
R2-3 49 6.1 0.9368 1.80 8.0279E-05 y 1.2958 v 13768 y
R18-3 5.6 6.7 1.7095 0.00 6.5551E-05 y 2.0685 \ 2.7904 y
R6-3 9.4 9.5 2.8671 0.00 7.8186E—04 x 2.7506 x 2.6359 x
4-6-2 53 6.7 1.0872 10.58 9.7847E—04 y 2.0703 Y 22262 y
R11-2 5.0 6.3 1.2096 8.98 1.6633E-03 y 1.9866 y 2.1173 y

25 7.7 7.8 0.43 0.00 6.5148E-04 V 2.4679 V 3.0379 V
8-3-4 52 8.0 0.3913 0.36 3.6293E-03 \/ 1.9884 y 2.7815 S
8-6-1 5.6 6.9 1.2471 0.00 1.4897E—03 x 2.0454 V 2.8414 V
R15-3 52 6.8 1.4077 1.36 3.1692E-04 V 1.9940 x/ 2.2499 x/
R25-3 6.2 7.6 1.5798 3.47 7.3016E-04 x/ 22156 x/ 23279 x/
R12-3 5.5 6.8 1.3481 0.00 4.6285E-03 J 2.0458 J 2.9003 J
R10-2 5.8 6.8 1.6386 0.83 2.7688E—04 J 2.1026 J 22144 J
10-3-3 5.6 6.3 12174 1.09 5.3042E-03 J 2.0778 J 23810 J
1-11-3 52 6.9 1.6364 9.27 1.8484E—04 J 2.0591 J 22387 J
1-11-3 49 6.9 2.0364 927 1.8484E—04 x 1.9950 x 22387 x/
1-7-3 8.5 8.6 1.067 11.24 1.8256E-03 x/ 1.8344 \ 13674 \
2-2-3 6.2 6.9 2.1562 1.76 1.1098E-04 \ 22025 \ 23175 \
2-7-3 6.5 8.2 22536 0.80 2.8262E-03 y 2.2528 x 23034 y
3-4-3 6.0 7.2 1.95101 11.17 5.8265E-04 Y 2.2286 Y 2.9832 y
4-73 5.9 6.8 2.0612 4.17 5.0067E-03 V 2.1616 V 2.2098 V
5-2-3 5.1 6.7 1.4077 6.05 1.3420E-04 V 2.0093 V 2.2088 y
5-3-4 5.6 7.7 0.0017 0.00 1.7965E—04 y 2.0679 y 3.1593 V
6-2-4 6.1 72 2.3246 1.91 1.1132E-03 J 2.1834 x 2.3420 J
R19-3 5.9 7.0 1.439 0.00 9.8985E-04 J 1.4138 x 1.8903 J
R23-3 6.0 75 1.8333 1.01 5.4865E-04 J 2.1556 J 2.2140 J
R24-3 6.4 7.1 2.0981 0.00 7.2936E-04 J 22231 J 2.8997 J
R27-3 4.7 7.3 1.6252 0.38 6.5491E-04 N 1.8809 N 22211 \/
R28-3 44 6.9 2.2026 0.38 5.9183E—04 y 1.8157 x 2.3358 J
R29-3 4.6 53 1.1346 0.38 1.0907E-03 J 1.2427 J 1.4605 J
R30-3 73 7.4 0.0496 0.00 9.5452E-04 \ 2.3944 \ 2.9348 \
R31-3 6.0 7.1 2.0073 0.66 9.2498E—04 \ 1.4399 x 1.5645 x
R32-3 5.7 7.0 2.0597 0.62 2.1270E-03 \ 2.0930 \ 2.3084 x/
R34-3 4.8 5.2 2.1759 0.38 5.7766E—04 \ 1.9029 x 2.3206 \
R35-3 49 7.9 1.1926 091 1.8256E-04 \ 1.2895 \ 1.4460 \
R36-3 5.7 6.7 1.6847 1.58 3.4996E—03 y 1.4061 x 1.4672 x
R37-3 5.5 7.7 1.2888 2.50 2.4568E-04 \/ 1.3868 \ 1.5788 y
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Continued

9-1-3 5.0 8.1 3.3295 3.03 6.6529E-04 x 1.9685 x 2.4044 x
2-7-1 5.7 6.6 22158 15.17 4.3782E-03 x 22672 v 2.2069 x
3-1-1 5.4 6.4 2.555 5.95 2.3063E-03 x 2.0536 x 2.1938 x
15 6.3 72 1.5864 3.13 2.3791E-03 x 1.4875 x 1.5548 x
24 7.1 8.2 1.5473 3.06 1.2354E—04 y 1.5797 y 1.6035 y
7-10-2 6.1 7.2 23168 5.88 2.8184E—05 x 2.1978 x 22852 x
16 54 6.8 1.6356 14.23 6.6170E-05 x 1.4241 x 1.5496 x
R3-2 53 6.2 1.205 3.22 1.5813E-03 y 0.9358 x 0.9931 x
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