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Mathematical model and physical experimental research for

pressure response of formation testing while drilling

MA Tian-Shou, CHEN Ping
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Abstract Based on the fundamental principle of formation testing while drilling (FTWD) and
filtration theory, we built the pressure diffusion differential equation between pressure decline
and pressure buildup in the cylindrical coordinate, and determined the definite solutions problem
of FTWD. After homogenizing the boundary of definite solutions problem, the finite difference
approach was adopted to establish the explicit difference equation under four-dimensional space
and the analytic and finite difference methods were used to analyze homogeneous and spherical
filtration problem in the condition of point source, single phase, single testing room. The
calculation error of the two methods is less than 2. 00% . indicating the validity of the finite
difference method. With finite difference approach the influences of following factors on the
response of different permeability (0. 1X10 *pm®, 1.0X10 *um* and 10. 0X10 *pm’) formation

were quantitatively analyzed, including, skin effect, storage effect, formation heterogeneity,
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suction rate and suction probe radius. The analysis indicated that the impact of these factors on
the pressure response curve is significant, which mainly manifested in the following respects,
such as suction pressure drop, pressure drop rate, rate of pressure recovery, build-up time. And
the sensitive degree of different permeability formation differs significantly. We established a
formation pressure test simulation experiment platform to stimulate pressure suction testing in
three different permeability (108. 81 X 10 ° pm’, 16. 10 X 10 ° ym* and 4. 79 X 10 ° um*)
formations and adopted finite difference approach to carry out numerical simulation for the
experiment. The result shows that numerical simulation and the measured pressure response are
consistent. The absolute error is less than 1. 60MPa and the relative error less than 5. 00%

(maximum error is 4. 92%). The correctness and accuracy of the finite difference numerical

method were confirmed.
Keywords

difference; Simulated experiment
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Fig. 4 The influence of skin factor on

pressure response curves
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Oon pressure response curves
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Fig. 9 The simulation experiment platform
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Table 2 The key technical indexes of experiment platform

T A eI P RS 2
1 B R %5 [ J) /MPa <70 <+1%FS
2 T2 4003t 22 FE F7 / MPa <70 <+1%FS
3 R A 7 Hil T / MPa <70 <+1%FS
4 AR B/ mL <25 < +1%FS
5 flWE A/ (mL - s71) <5 < +1%FS
6 %L H AR/ mm 8100 /

7 0K /mm 50~200 /
8 % BEAE/mm 50~60 /
9 L AT /mm <60 <+1%FS
10 PSR )y /RN <50 <+1%FS

R3 XBRELUESH

Table 3 The physical parameters of experimental cores

E=2 i H 4 Fr ES

1 HOHS 1# 2% 3%
3 HA&/cm 10.00  10.00 10. 00
4 Wi/ em 10.08  10.03 7.06
5 R /(g e em™?) 2.179  2.261 2.451
6 FLBREE/ %) 16.20  15.00 12. 00
7 BiE#/1073 um? 108.81 16.10 4.79
8 BBk = g ik
9 P A/ () 12.50  22.60 30.0
10 THF L 0.229  0.271 0.319
11 Hi JE 38 #F / MPa 97.785 116.225 170. 891

(2) WS EE 0T NS D BE R .
) AT Fh R R A E D 0. 50~5. 00 mL/s,
ELFh W s AR B R 15, 00 ~ 25. 00 mL, iy W 15} 7] Ky
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(6) S 56 H R ™ % PR TIE 7 0 1) 28 1 AT
R 5 O 2 75 %

M b3k S5 J7 58 R L 9 B 7 1 3 )2 I 38
P SL 857 &, F 2010-10-04—2010-12-08 JF @ T
A 2 P S 400 4 R 5 55
6.3 LWHERRDH
6.3.1 1#BCERBEREHSH

1# 450 K=108. 81 X 10 ° um (F B B ML)
BLAULE . 35. 00 MPa, BE4LLFR 25 K ) 30. 00 MPa, 41
HiZE 7 29. 50 MPa, Fi iR R 45 250 4 X10 °MPa ',
FREABL A LR AR B 500. 0 em® , BE4BLIE 3k 248 0. 50 em,
B B F] 5.0 s, BEA B B 1. 00 mL/s, 3@
1ot S R A AN L 45 2 &) 11a B 7R FE 7 06 07l 2%
ANHE KBRS B ASEALL 5 S I e g o 1, — SobE R H 4
AR 2 R 7 2k 28. 65 MPa, i 52 Fr i 2 £
9 29.50 MPa,  # 48 X] % 25 24 0. 85 MPa, 1 A X%
BRZEAN 2. 8800, Ui MR AE J5 1 %) F o 8 7 M 2 1)
DL B A 1
6.3.2 2# BUERBERESH

2840 K=16.10X10° um? (W3 B2
B FEL I 35. 00 MPa, B35 %5 [ F) 36. 50 MPa, #5541
HuJZ ) 32,50 MPa, Ji R 4 240 410" MPa ', L
PUELARFL 500, 0 em® , LR L 242 0. 50 cm, f&%
AR E] 5.0 s B B E 1. 00 mL /s, i i
SIS FUBCEAS L L A5 B 11b FF /R FE i 7 il £k

ANHE K B BB AR5 S0 e g e R — SO L
B0 B AL B Y b 2 e ) Dl 3410 MPa, 1 52
PRt 22 32 32. 50 MPa, B8 45 %5422 4y 1. 60 MPa,
A XTI 250 4. 92 %0, (H &, 2 5 250 A5 400 52 56 I 75
8 4t J2 T M 15 3K R e L R P A — R R
B s L 3 25 s g B A, AT RE S USSR &5 5
b ZTE BT H I AR AR L A b 2 ) i e

AT S 5 A R O . A BB ER R & A DU AT
WS S ff B R ME R I, ff B AT B (W Mo 2 K 1k
34.10 MPa, 52 bR B4 26 25 e ) 5 B4 Y )2 Hs
J1¥° 36. 50 MPa, J§ # [ 45 % 1% 2 24 2. 40 MPa,
1A X R 2240 R 7. 38 %6, Hiil 22 B oA H3 3 B KL i
WIBCAL PR 25 ) 5 1 )2 e Ty JF R o8 e dh it . AT fig B
ST R UL AT 52 M) 1 A5 400 50 6 245 AR A ot
PR 25 SAT SR R L6 BECME 5 v 0 b A8 0
b JZ B ADL A B HE A 1.
6.3.3 3# BV EBLERRELSH

3 AL K=4.79X10 ° um® (KB B HE)
B JE 30. 00 MPa, 54D B8 %5 ) 27. 00 MPa, #5441
HILZ & S7 17. 00 MPa, i E45 258 4 <10 °MPa ',
B LA 500. 0 em® s BEABLAR 3K 2 420,50 em, B
PRI E] 7.0 s BEAUH IR BE 0. 50 ml./s, 38 i 52 56
FUBE AL A3 BN 11 e B TR 70 1o il 28 Ak &
L, BB AL 5 S R g e 1, — BOCPE R R 4 B
U JE LR J1 2 16. 41 MPa, 1 52 bR 2 5 ) 4
17.00 MPa. & 4 Xf = 224 0. 59 MPa. i A X} 2
ZE0UN 3. AT V0 B EUE J7 1 AR B 35 TR 2 (L
0L EE 55 .
6.3.4 FIs R by

XFH 3 BUAS [R]85 8 00 S e 25 2R o I i B
BRI A RAL B AR B 4 RN [FB S R A DR
U0 128 ST 30 235 2R L Gl A BT S XEAS S AR S5

k4 TEABEREVIRER
Table 4 The experimental results of cores

with different permeability

P EE A S 25 R

1 EagE TR 1# 2¢ 3%

2 HLBBR/1072 um? 108.81 16.10  4.79
3 A0 ALBRE /() 16.20  15.00  12.00
4 48 [ s / MPa 35.00  35.00  30.00
5 KL 25 JE 5/ MPa 30.00  36.50  27.00
6 FEAU )2 R 1 / MPa 29.50  32.50  17.00
7 MR/ (mL « s™1) 1.00 1.00  0.50
8 W I (E] /s 5. 00 5. 00 7.00
9 g /mL 5. 00 5. 00 3.50
10 i1 W% % / MPa 25.00  37.00  25.00
11 JE 1R E B 1E] /s 30.0  200.0 >>350.0
12 FE R A S rh 4 ]
13 A B4 H )2 TR )/ MPa 28.65  34.10  16.41
14 %% 15 2% /MPa —0.85 1.60 —0.87
15 xR ZE/ () 2.88 4,92 3.47
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The pressure response curves of physical experimental

(a) Core No. 1# ;(b) Core No. 2% ;(c) Core No. 3#.
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