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Abstract: Exploitation of groundwater leads to land subsidence. Pumping discharge has great effect on
settlement. But the detailed theoretical relationship between land subsidence and pumping discharge
has not been revealed. Based on linear s-Inr relation between subsidence and distance:s=c¢; + ¢, Inr,
a linear correlation was found between the constants ¢, ¢, and the pumping discharge Q. Shape param-
eter ¢, represents the max subsidence at the center of land subsidence funnel. Shape parameter ¢, repre-
sents the slope of land subsidence funnel. These two equations were proved by the measured data from
two engineering cases in literature. The results from the numerical model established by groundwater
simulation software Processing MODFLOW verified the linear equations too. So the theoretical rela-
tionship between land subsidence and pumping discharge was founded. The result of this paper is sim-

ple and applicable. The shape parameter ¢, ¢, can be obtained by regression analysis from long-term
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monitoring data at subsidence region. Result from regression analysis can also be used to predict the

land subsidence trend in future. It has comprehensive applications in engineering.

Keywords: land subsidence; shape parameter; pumping discharge; linear regression
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Fig.1 Illustration of subsidence from groundwater pumping
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Fig.2  The contour plot of land subsidence of Pinghu in 2008
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Table 3 Parameters of ¢,.c, in each period

URETH A, 12 0T T3 4 b 4 i b i 3t
WAL, b TR 40 oA ok a4 O i R B 2k D 4% ROk B

A4} ¢ e AF 1Y 370 Ja T4
2006 4F 0.278 —0.029 R4 BE b bkyom om,EER
2007 4F 0.341 —0.036 Table 4 The inverted results of parameters %,.k,-m,-m,
2008 4§ 0.352 —0.037 Z m £, ",
2009 4F 0.543 —0.061 —1.225x10* 1.497 1.482X10° —0.176
0S5 Rl 32 (M R TR 6

=1

0.25 1 1 1 1 L )
8.0 85 9.0 9.5 10.0 10.5

0/10(m’ * a™)
K4 S8, 5FEREQRA

Fig.4 The regression line of parameter ¢; and pumping dis-

charge Q
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Table 5 Statistical table of deep groundwater pumping
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Fig.6  The contour plot of land subsidence of Dezhou
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Table 6 Cumulative settlement at observation site and the

distance to pumping center
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Table 7 Parameters of ¢,.c, in each period
g Y e o .
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1991~20004F 9 2003.8 0.970 —0.082 0.108 —0.009
1991~20054F 14 2452.1 1.660 —0.136 0.119 —0.010
2000~20054 5 3259.0 0.693 —0.053 0.139 —0.011
1991~20064F 15 2665.9 1.821 —0.151 0.121 —0.010
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—430m) MV FAKIZ4 (b P ek, —430~
—550 m)" . MR DL e v AR 4 )2 0 AR, AR S
A A B0 A5 50 8 4] 1 LA 1 600 km®, I B B
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H R K i Bl BOE L LK Processing MOD-
FLOW LI MODFLOW i #.0 35 82 )5, dd i A7 BR
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AR A SR i b T 0B o il ERCH TR K 5 1R b T T R
{3154 i Interbed Storage 2 7 40 52 B

3.2 &Efl1

RSB HG 5 AN T 00, 45 T 00 oA R 3 oy
40 km X 40 km B9 1E 77 % K3, AR 1600 km?, 3
J¥ 8 550 m, U EA BRI G, A2 N 5
KB, BB 1 SKEHCH AR, 0~
—90 m) 55 Il &K )2 41 (41> . # 4n ab Rk i)
—90~—180 m) . ZE Il /K Z A (Qab #anw,
—180~—280 m) .55 IV & K Z 4 (H#d, —280~
—430 m) FEEV FKEH (b b, —430~
—550m) . &% CHRBTRH20-21 ] & K HEHb X 7K SC
b 5B RHRT 4 1 1 2E RS 0 W B B A o
SHPE(E9) .

WE 10w, B4 To P ¥4 E T 5 1k
L8 0 KR8 10 m*/d, 54 T8 K i K
A3 3.6.9.12 154F o /K & 48345 2R 0L 3% 10,
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Table9 Summary of model parameters
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Fig.10 Layout of pumping wells

F10 HAKEGIT
Table 10 Statistical table of pumping discharge

T W/ HAtRE/ AEHUKE/ RihKE/

EIRCES m’ m’ m’
3 50 18 250 54 750
- 6 50 18 250 109 500
- 9 50 18 250 164 250
| 12 50 18 250 219 000
i 15 50 18 250 273 750

54 T Al 7K S B Hb T U B A5 2k 1] 11 R o
B ik A BE
(1) P11 4 T v 43 30l 16 B 26 OA LOB
OC .OD F1 OE 5 Hiy 1 7T 55 {5 2k 79 54> 28 5 5 M 4%
A28 R K RO B R R LR 11, A A TR
R —BEE I s — Iny 2P R B0k M ¢ FR I X i T &) 12
fis A A T OS2 20 (33) B 8 ne, vne,, BX
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Table 11 The actual distance of each research point from

the pumping center

B Uik HE 47K H 0 B B /m
i /m OA OB ocC oD OE

1.5 4119 5694 6872 8028 8924
0.9 5039 6941

0.7 8902 10195 11288
0.5 5913 8094 9752 11151 12380
0.3 6823 9296 11218 12826 14249
0.1 7599 10342 12452 14241 15818
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o T/ HHE

02 A& LH=HEE A
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Fig.12 The s— Inr fitting line under 5 working conditions
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Fig.13 The regression line of parameternc,and accumulated

pumping discharge Q

TSR N S8 e, 5 Rk & QEUEM &
HR 2R 2P A o R B0 99.92% , & 8 ne, 5 BTk
i QB LA M Ze Ze M AH ¢ R R 99.96 %0 T LA,
TEX TARIRIA(32) ((33) 280
nc, =~k Q-+ nm, =0.00132X Q — 14.064 (44)
ne, = k,Q + nm, =—1.339 X 10 * X Q+ 0.702
(45)
ENCRE NN FN= W RS
s=n(c, T c;InR)= (0.00132X Q — 14.064) +

THK i Q. W 12,4 54 TS M ne, \ne, 54 (—1.339 X 10 *X Q + 0.702)In R (46)
®12 ¥ oHE
Table 12 Parameters of ¢,.c,
T %5 n/4F Q/(m*a ) Q/m’ ne, ne, o ,
3 18 250 54 750 60.653 —6.776 20.218 —2.259
= 6 18 250 109 500 129.051 —13.939 21.509 —2.323
= 9 18 250 164 250 197.558 —20.927 21.951 —2.325
g 12 18 250 219 000 275.566 —28.792 22.964 —2.399
1. 15 18 250 273 750 347.764 —35.942 23.184 —2.396
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Fig.14 The regression line of parameternc,and accumulated

pumping discharge Q
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Table 13 Fitting results of parameters £,.k,.nm,.nm,

£ nm ks, nm,
0.001 32 —14.064 —1.339x10* 0.702

3 (46) ]I Ay A< B30 451) 4% ik (1] BE b 187 990 B 4 5 2R
K R OC R R A
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Fig.15 Layout of pumping wells
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Table.14 Statistical table of pumping discharge
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Fig.16 Land subsidence contour maps
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Table 15 The actual distance of each research point from

the pumping center

ESamiN FEAt K PO R /m
i /m oa ob oc od oe
0.1 9100 9632 10 017
0.2 6790 7707
0.3 8 344 8 883 9 289
0.5 5880 6825 7448 8008 8407
1 4900 5761 6412 6937 7343
1.5 4060 4914
2 3409 3990 5104 5642 5985
0.0
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Fig.17 The s—Inr fitting lines under 5 working conditions

F16 S#c .. HE
Tablel6 Parameters of ¢,.c,
TR o/ QN @/
4i%5 F (m'a ') m’
3 18250 54750 70.236 —7.908 23.412 —2.636
3 27375 82125 75.555—8.379 25.185 —2.793
3 36500 109 500 89.499 —9.822 29.833 —3.274
3
3

ne, ne, ¢ C,

|l

[1]

45625 136 875 97.083 —10.590 32.361 —3.530
54 750 164 250 101.49 —11.022 33.830 —3.674

H E

LM RRZTSE by oy om, BUE WL 3 175 3
B oo HEA TRAET- Sk & Q 1% & &l 20,
21 MR R P S H ke koo m, BUH
%18,

TR S8 ne, 5 Rt K E QEBUEM S
i 2 22 PEAH 56 BB R 95.74% , B B ne, 5 Btk
QA H TG Ml 2 Ze M AH O R Ak 95.020%0. BT A,
AR (32) . (33) 74 N .
ne, =k Q-+ nm; =3.07 X 10 *X Q + 53.160 (47)
ne, = k,Q + nm, = —3.07X 10 ° X Q — 6.180(48)
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Fig.18 The regression line of parameter nc, and accumulated

pumping discharge Q
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Fig.19 The regression line of parameter nc, and accumulated

pumping discharge Q

K17 B8 ki kynm nm, NEHER

Tablel7 Fitting results of parameters £, %k, ~nm,.nm,

/3 nm, ks, nm,

3.07X10* 53.160 —3.07X10°° —6.180

AR SR A51 M TR 23 AT 5 0h

.V:n(c'1+c'2 lnR):n[(3.07>< 107* X Q+ (
49)
53.160) +(—3.07X 107°X Q — 6.180)lnR]

2 (49) BV O A 55 51l 3 53 22 4F 32 B M i I
5 Rtk (] 5¢ R R kA

R18 BEk kym, m,NEER

Tablel8 Fitting results of parameters 2, %, -m .m,

3] my ks m,

3.070Xx 107" 17.720 —3.083X107° —2.056

L5 H B8, 54T B K Q B )
A YEA S 2R 95.72% , B8 ¢, 5 Bit ik
T QEUE A 2 L PEAH 5 B0 95.17 % T L,
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AR (39) . (40) 48 K

a=hrQ+m=3070X10""X Q + 17.720(50)

=k, Q + my=—3.083X 10 °X Q — 2.056(51)
AR B9 Hb T T 28 3T Ry

s=c+ e InR=(3.070 X 107X Q 4 17.720) +
(—3.083X 10 °X Q — 2.056)In R (52)
2 (52) B Ay A% 55 9] T 53 45 4F Hb 18D 0 B k5 47

S H A K R R 06 R Rk A

| - s
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Fig.20 The regression line of parameter ¢, and annual aver-

age pumping discharge Q
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Fig.21 The regression line of parameter ¢, and annual aver-

age pumping discharge Q
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su=c+enR=(kQ+ m) + (hQ+ m)InR
(31)
AR SR At K 0 A B B A TR AR A
Spu = n(cl + ¢, lnR) :n[(/ela + ml) + (/eza +

m)nR]| (34)

ZAEK IS ney one, 5 Btk i n Q4 L AL
PR R T — Rl K 5 | 0 Mo i TR & ey e, S AR
- H A K A Q X I AR A
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IE TR B,

ST L 2 AR R A A A b U R A X
KAL), S SR E QLMEMIXEREN
91.32%, Z 8 . S4EM B QLA MM RE N
88.96 %0,

su=0 T INR=(—1.225X107*X Q +
1.497) + (1.482% 10 "X Q — 0.176) InR 10

PN T ] 6 AR R 2R 45 a5 22 A1 b i I R A =X
M (43), B8, SAEF R QA TEMN X R E N
97.50% , B8 ¢, SAE M B QLM X RECH
94.83% .

S :n(cl + ¢, lnR) = n[(2.442 X 107°X Q +
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(3) % i 6 T 5 1 44 A , 9000 7K
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