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Inverse analysis of seepage field from packer permeability test

WANG Hong-bo, ZHANG Qing-song, LIU Ren-tai, LI Shu-cai,
ZHANG Le-wen, ZHENG Zhuo, ZHANG Lian-zheng
(Geotechnical and Structural Engineering Research Center, Shandong University, Jinan, Shandong 250061, China)

Abstract: Groundwater distribution and determination of rock mass permeability parameters are very important in the process of
underground engineering construction. Based on analysis of the objective function of underdetermined problem, and through the use
of fitness function and the principle of geological statistics and variation function optimization, we obtain a class of hydrogeological
problems' penalty function for solving formation permeability coefficient, which provides an optimized evaluation criterion to solve
the problem of inverse analysis of underdetermined problem. Also, a mathematical model of optimized back analysis combined with
particle swarm optimization (PSO) algorithm is established, and a new method to evaluate formation permeability coefficient is
proposed using back analysis of the drilling head change from packer permeability test. At Nanjing Shang Yuanmen subway station,
we conduct packer permeability test to get drilling head height on-site, and obtain permeability coefficient of the layer by using back
analysis numerical calculation to optimize the penalty function. Detection of the resistivity cross-hole CT is conducted to verify the
accuracy of the method, and drilling in-situ permeability tests verify the accuracy of the method to obtain numerical results. The
results show that calculation accuracy reached 90% after analysis optimization by a penalty function, which proves that the method
helps in getting comprehensive formation hydrogeological information. The method is important for the follow-up governance, which
is expected to have certain reference significance for similar projects.
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Table 1 Drilling head change of packer permeability test (unit: m)
BALES MBI

1 2 3 4 5 6 7 8 9 10
1+ VE 2.46 1.05 0.08 0.97 1.50 2.70 0.03 0.30 0.47
1- Hth -3.05 -1.45 -0.18 -0.55 -1.10 -2.32 -0.08 -0.52 -0.93
2+ 2.76 VE 2.65 -0.03 0.65 1.06 1.95 0.23 0.68 1.24
2- -2.75 Hth -1.85 -0.10 -0.45 -1.05 -2.30 -0.19 -0.72 -1.21
3+ 1.37 2.69 VE -0.25 0.18 0.46 0.92 0.65 1.53 3.12
3- -1.13 -1.81 Ejiil 0.48 0.04 -0.38 -0.86 -0.92 -1.98 -3.16
4+ 0.24 -0.33 -0.89 VE 0.85 0.35 0.22 -1.95 -1.11 -1.12
4- -0.02 -0.41 -0.16 Ejiil -0.58 -0.28 -0.18 0.86 0.47 0.10
5+ 0.92 0.26 -0.16 0.31 VE 1.20 0.97 -0.21 -0.05 -0.22
5= -0.60 -0.83 -0.29 -1.12 Ejiil -1.46 -0.86 0.64 0.32 0.02
6+ 1.60 0.79 0.16 0.12 1.40 VE 1.80 -0.03 0.12 0.02
6- -1.00 -1.33 -0.68 -0.51 -1.26 Ejiil -1.50 0.22 -0.13 -0.42
7+ 2.80 1.70 0.63 0.11 1.15 1.80 VE 0.00 0.22 0.26
7= -2.20 -2.55 -1.15 -0.29 -0.69 -1.49 Hth 0.02 -0.40 -0.76
8+ 0.16 -0.10 0.31 -0.95 -0.20 -0.08 0.01 VE 1.62 0.86
8- -0.04 -0.53 -1.25 1.87 0.65 0.18 0.03 Hth -1.76 -1.60
9+ 0.40 0.39 1.26 -0.63 -0.08 0.07 0.22 1.70 VE 2.83
9- -0.42 -1.00 -2.23 0.95 0.30 -0.18 -0.40 -1.69 il -3.10
10+ 0.72 1.15 3.05 -0.47 -0.04 0.19 0.45 1.14 3.02 VE
10— -0.68 -1.30 -3.25 0.75 0.20 -0.25 -0.57 -1.35 -2.90 Hth
11 0.30 -0.26 -0.67 1.54 0.85 0.38 0.27 -1.24 -0.69 -0.79
12 0.00 -0.56 -1.22 1.66 0.57 0.09 -0.03 -2.56 -1.68 -1.55
13 -0.42 -1.00 -2.05 0.90 0.26 -0.23 -0.42 -1.65 -3.25 -2.78
14 0.19 -0.33 -0.37 -0.11 0.44 0.10 0.08 0.02 0.00 -0.27
15 -0.20 -0.72 -0.77 0.13 0.05 -0.41 -0.37 -0.53 -0.63 -0.77
16 0.06 -0.43 -0.32 -0.65 0.14 -0.14 -0.10 0.40 0.19 -0.14
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Fig.2 Results of permeability coefficient
inversion simulation (unit: cm/s)
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Table 2 Physical and mechanical index of
soft-flow ground

c E 1) woJRE /4
/kPa /MPa /(°) /% /m i / (kKN/m®)
it ee] 7 38 29 348 18.03 0993 032 184

RE

BB TR 12 R kAT b 2
fiE, Bl RS AR I, Hhak BRI 45 2
{10 45 SR b 2 S (R BELIX o AR 308 1 2 P bR
BRPRI AT AT ACAI S5 B X S s K ko PRI, X 3
YUK A T HLBR Y BRI, 38 ok BT 2 ) BBk )
HEMSE R, AP ERAE TR 2B 3003 X AT I
IEffE.

5.2 HuIRYEREGRIITE

AT H A T R, SR TS LHAE CT
o TR WA X K SCHb A ST IR A . 5L HLBH
R CT R A2 [ 7= P4 2 FlashRES64 U8 iy i
B, B ZEiE. Sml. SRRk
P RARRF R

PEALHPHE CT A ol BEEMEER 1 m,
FRFE IR FEACRIG B 7L, ARG FLGT T A LA
BREGFLRR G A TR, FETE R 25 AN, LA &
ik 4 pros.

ZHK11+887.239 ZHK114933.297

ZHK11+995.893

B4 BEFLAIEER CTWLAER
Fig.4 Cross-hole resistivity CT line layout

PEFLHL LR CT AT yu Y i fLAN Y
2m, MTHEAREEALALIRA 23 m, IR E
F T 18~30 m IR FETuH o 5 4L CT £ ik
R 5 fros, S FrbR e R HE R A A
PRI, 1515 R BN K



990 = +

V| 2% 2018 4F

|
[
(=}

-25

BRI/ m

=30

0 5 10 15 20 25 ‘ 30 35
LI 25/ m
Tl BBHER/ (Qem)

_____________

BRI/ m

LIRS/ m
T LB/ (Qem)

BRI/ m

BRI/ m

0 5 10 15 20

LIRS/ m
m D uRLER (Qem)

(d) BhAL 7+~ 10+ LI PR 22 m Jisish

Bl5 BEFLrFEE CT SR E
Fig.5 Results of cross-hole resistivity CT

5.3 HUERYIERHRN G RS THE SR th i
MRYEESFL AR CT SN aT &, BT

LAR 23 m (R 5 2R W At DL IEL 6. A
FIRH: DIk A i FLHLBHAS CT ERE R L2570 Y
HEWTIZ S s 1 BT, g9 LRk R, Xk
Hoirs LARBIE R B X B C 5 fLAE
HCT MRRERIREL AT o HEITIZ R A IR e (AR
e, ems PR, IXKESbCA TARZE R
ORI Xk D AL CT R I IE
D, MR AT

ZHK114933.297

ZHK11+887.239

ZHK114995.893

D

Bl 6 HIBRYY BRI S R &

Fig.6 Plane diagram of geophysical exploration results

8 1 s KRS K Sk RO T AR U ST IE &
B fUEBLAR CT SR R el g, oy
Bris 2II A 058 R B IIRE R KB, S5k
T T KRG KBS TR I M8 AR B0 D
¥ EAE -

6 HZIRNBIE R

MR Bk fL P4 CT g &, ekt
L BHL 25 S I AN [ 1) XA 18 01 31 J-5 3K 5 A4
BligL, SR AR IR I ) b 2 S5 1B 2R B0
JiiE, kF S AMEALHIITT 23 m, BIEEBTTE 5 m 47
BIHATIEALEE RZEAA LB 7, JRE R
*3.

ZHK11+887.239 ZHK114933.297

ZHK114995.893

B 7 RAEEREIAETLFEE

Fig.7 Plane diagram of drilling in-situ permeability test

I T-1 2] J-5 150725 R BN R
IIMTRI, R AR i R I 2 1208 A
B8y HRE T B AU 18 S 7 AT o S (198 08 28 K
10% /04, TR PR B AR Bl ) 28R
PRESRSD, N T s R SE R, AR T
Fe AR R %M 2 I PB4 S BT A, 5]
JeAREG AEBE R 2 & I, 6iE 12 T Kt
6 R L 5T S o3 At BT A2 38 28 S0 e AR 1) T A
M.



53 FL A

BT B ARG ) B L I 43 # 991

x3 BB BERENRALEG R
Table 3 Results of in-situ permeability test
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1 g —
Hiflgi's / (cmis) / (cmrs) 52
J-1 3.85 4.25 1.1039
J-2 6.71 7.55 1.1252
J-3 4.32 4.68 1.083 3
J-4 2.96 3.09 1.0439
-5 4.72 5.24 1.1102
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