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Water Release Compaction Effect and Microstructure Change of Aquifer System in Xi’an
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Abstract: In Xi’an city, the over-exploitation of groundwater is the most important factor for in-
ducing land subsidence and ground fissures. The confined groundwater head increases the effec-
tive stress of the aquifer layer. The release compaction of cohesive soil water causes the land sub-
sidence and ground fissures; it also results in the change of hydrogeological parameters, such as
aquifer porosity, water storage coefficient and permeability coefficient. The borehole cores on
both sides of the F4 ground fissure, served as the most active ground fissure in Xi’an city, are se-

lected for the compacted CT scanning in this paper. Under the different pressures (head draw-
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down amplitude), the microstructure changes of the pores within 300m shallow clay have been

obtained. And then, the coupling relationship between the permeability coefficient and micro-

structure change has been established. The results show that the large porosity and long porosity

can decrease with the increasing pressure during the increase of soil stress caused by the groundw-

ater exploitation. This is not conducive to the migration of water between pores. The macropores

of the upper and lower aquifers of the ground fissure will decrease by 39. 05% and 9. 22%, re-

spectively. The small and medium porosity is almost unchanged or only slightly increased. The

permeability coefficient shows a decreasing trend with the increase of pressure. The aquifer per-

meability coefficient decreases with depth, the decline magnitude is gradually decreasing, and its

maximum decrease is 71. 08%. Thus, the research results have a guiding significance for scien-

tific evaluation and prediction of land subsidence and ground fissure in Xi’an city.

Keywords: cohesive soil; water release compaction; CT; land subsidence

PO X T VTR L 4 T R B B RN R
F2 B W BRI L R R L TE R R KT
g A . Horp i R R M T K R I EEMIE K
P2, AL GEIA N G 22 1l [X 3 284 5% M 1 TR 1 K 22 1
T2 MY RS AR Uk A= W R4 1 MR K SR
5| 2 FUTMEIE i 24 4% (52 1 R 45, 2007) . 5 24
WFFE T VG 22 1l X b 2R 2 P OUDRS 1 - 5 i 25 S5 DO R
M 2R 22 5 5 R AN S TR il b 24 4% 9 1)
WF5E B S VE M T P R X M T R GOk R B A
2013),

DL AN AR 2 ) 1 42 3 SR Ml K R L P %
THT T R 114 32 2 T TR 5 /K2 9 B K R 2% TR I AR TR
FOKER KRR h 2 BRI ZE A AR AL L 2, L
CT A $ H AR AR 18 B 1 T e e 75 L Bt 0 58
AR E A e, B LR RS — R 0
1 s TRUBDRG B2 T 35 10K 9% 53] 19 L Bt (CCARLSON. et
al. , 2003) s & = AEa] Ak, o] DR B R R AT
= YR E AL P2 AL B AR AE S 80 (MOONEY, 2002)
=SETePAE AT LR AR R N 45 (Al-Raoush
et al, 2005), CT 4§ HARALE + 3 5338  FL B o0 B
FHMAETIZMA. R CT JiE AR Sk
FL BT Y 3 A1 AR B0 B A 3 [ 30 LN 19 22 Ak IR FE R
b XK A A AT 0 (R AR ILAF, 2007) 5t ] DLXE
- 5 A SR AR AL R 25 A R AR AT 40 BT GBS 4455, 2016) 5
AT AR CT 43 8 H AR R 75 /K B W Hi /s 43 AL
B JE 25 R AE (SRS 25, 2015) , ) B Ab B 45 424 ok
CT 43 4 19 &% 3 47 FL BR AN 5 o 0 CF 5 %%,
2015) ;32 i CT 42145 £ AR XA 2 v i) L BR 40 A 1F
1T = Y F A (k55 , 20100,

2 b A VG M DX M T IO R R R T S
TKTFR SRR & KEIE AL BB G HIFR BT
K 51 A 35 K E O A A B K2 K SOl R 2 80
PR BUIE AT T . ARFE I r 2 Hb 3ol i 30 £ 5 b o )
NIRRT S P T R R ) Ny
KRR 2 55w A CT 451486 1 1ok 485 40 oy B 1 %
] 25 5 K2 TR 4R A28 3 B B TR L b 2R 5% 7 )
TR BEK R 22 5 ORGP R K R 2 T R A S B
AN A B A SR K R B E R BB L.

1 Rt

L1 KEEESSR

TSI S A TR b 2R R R Y M IR BT L B
GG IR Ty AL K2 K Sk TR R ) A 80N )
o R4 e a5 o] s L BN AT CT 4. 5B
GJEM B CT HE M, & 113t 7 R4S
LA (B D BT A RS 78 A [ 4 Bt K2 (db
O L TR S MM E R CT L= gtfr, B
PRER QAT TE K e W i 22K 2 /N 2 )5
T ESMAE PR W 24 h, B 4 + A58 & A,
FE X5 aCRE A AR AN BE AT T Bk 45 R R L AR R
KRBT 98 % LA b A AR S R, OF MR
FAF A BV AT T BN L X A 3 5] T
JE(60%) , Fe 77 4t il 45 Hs 0 5% o A% B A% SR A2
B R BT T SR S . DT 36 T &
e N MR TRE S/ 3 S A N L DA 25 i €/ Ta Tl
SR 10 5,20 s.30 s.60 s.120 5,300 s,600 s,
1800 5.3 600 s (4[] ffa ic s R I Kd . D AT A 4%



5% 2 3

S TG 2 M X B K R SRR T S B R A AR A 65

WA E 1), S 2 A/ AR BN F 1 mm.
BlCh . ©Of —Z0m ke Z )5 . Bl ik 47 =
4t CT s, ©B AL b LA YRE R

TR/ R TR AR R B e B L i R A —
A XT320 B4 b5 AT CT $14. SEB L HERY A
(] S5 40 A5 AR B R IR T BRI RS

1. JRJEE ;2. iBIAAMRE 3. S 4. P FR0. BAKA 6. a7, T8, NS :9. InEAF
VB < BRI AT 304 R ARl 1 A, H A BB A4 1 2 058 1 b4 bl U D B AE T2 B8 3 - A2 B b R 4 B A 25 57 DA e X ER I 2R B RE ) .
1 EANERTESRHREMSFZE

Fig. 1 Pressure measurement and transmitter equipment
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Tab.1 YHG -1 borehole CT experimental strata list

OMRRIE MRIRE

[ ITETRS LA ]
(m) (m)
1-1 23.05 4.35 R+
1-2 50. 41 6. 27 A B R
1-3 59. 47 6. 00 A+
- 65 o8 - — WK A AT R 4 4% %
P+ 2
1-5 73. 42 5.92 i+
1-6 93. 69 8. 60 i A+
1-7 98. 2 2. 60 i+t
55— 2K E K AT TR
1-8 119. 17 3.82 A+
. Gk Fekt L2
1-9 150. 5 3. 30 At
9 )2 R E K AT R
1-10 179. 49 7.36 B+
FHREHELE
1-11 229. 68 2.73 Bt
55 =2 AR KT JE
1-12 274. 58 3. 62 B+
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AT R ﬁj\if:& %Jif& HEA Ui B N ,
2.1 FLERWMEHRE
2-1 17. 32 3.9 Bt A5 CT 4 EHR 347 G2 3 43 #r » 18 IR AL BR
2-2 3745 17 LES T Bt  ORALBR B R AL B LB R S AL B
2-3 68.25 8. 24 KRS JEVRALBERE b LB RE /N AL B | e AL Bt T AR
24 88. 12 428 BIRCEL V-5 LAR R IB R KDL B S AS K] L R R AL
2=5 1Lz 153 B R Rk i Bt 5 RO L B E AN KL LB E R AL B A% ) S
2-6 141. 02 7.46  KEE L+ TIRAREMEL)Z PERESE 18 AT LI S 80 X (E 5) .,
2-7 170. 78 1.35 Bt o RREKEE 2.2 FLEETWK
2-8 21145 3.7 Bt IRACRIE LR 4 i B T AR AL BB A H A R B 2 15
e ase s vy pmay TORRIKE Me] (6, 32 2 (28 Ak e S Sy Bl 6 07 3 35 m s
AT CRIE L2 FL B E s B 2 A5 20 35, R B R 44 S fLBR
R3 YCH-1 AL BEMERRICS
Tab.3 YGH -1 Summary of Pressure Data for Drilling Samples
. n Jin
i 9 5 BURE TR BE (m)
IR Iy (kPa) 55— Wi (kPa) 5% Wi (kPa)  #¢1k &) (kPa) CT WAL
1-1 23.05 423.01 - - 423.01 2
1-2 50. 41 663. 54 - - 663. 54 2
1-3 59. 47 1017. 31 - - 1 091. 24 2
1-4 65.98 1083.71 - - 1 210.79 3
1-5 73.42 1 159.67 - - 1 347. 25 3
1-6 93. 69 1 366. 19 - - 1719.14 3
1-7 98. 2 1412.22 - - 1 802. 04 3
1-8 119. 17 1626.07 1792. 26 1 955.19 2 186.76 5
1-9 150. 5 1 945.01 2 352. 34 - 2 759.67 4
1-10 179. 49 2 240. 33 2 647. 66 3 054. 99 3 293.69 5
1-11 229. 68 2752.61 3 482. 69 - 4195.52 4
1-12 274.58 2799.22 3 564.15 4 276.99 5 038.59 5
F4 YGH-2#h7liXEmMERELS
Tab.4 YGH -2 Summary of Pressure Data for Drilling Samples
moJE
FE 4 5 U R (m) -
IR E S (kPa) SR — YN (kPa) 55 KA (kPa)  Z¢ 1k JE J7 (kPa) CT WAL
2-1 17. 32 317. 72 - - 317.72 2
2-2 37. 45 688. 39 - - 688. 39 2
2-3 68. 25 1 185. 34 - - 1 252.55 3
2-4 88.12 1 389. 00 - - 1617.11 3
2-5 111. 12 1623.22 1 832.99 - 2 038.70 4
2-6 141. 02 1 928. 00 2 145. 32 2 362.63 2 588.41
2-7 170. 78 2 232.18 2 545. 82 2 851.32 3 134.42 5
2-8 211.45 2 645. 62 3 034.62 3 441. 96 3 881. 87 5
2-9 269.72 3 240. 74 3 767.82 4 378.82 4 950. 68 5
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Tab. 5 Definition of Pore Parameters

BHHF BHGEX

LR MK T 1 mm B AL B (KIM et al., 20105
RACHMAN et al. , 2005)

BB R 0.2~1 mm 9ALBR

AELBE SR ERNT 0.2 mm 1 ALBE

UALB BRI 1~2 7L

FRMALE TBREF 2~5 mALK

KAB BRETF>5 mALE

wpk EES CsmammRL. A BALBUR KO

PG AR (mm)
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B N TN 5 S WU AR R < - R D
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Fig. 2 1-12 Number of soil samples pore

varies with pressure increase
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Tab. 6 Statistical table of average porosity of samples under different pressures
HEET) SALBR KALBR LB /NFLBR
T FE G

(kPa) fLp L6 FLBR A B FLBR A B FLER A B
1626.07 40. 56 %* 1123¢ 28. 79 %= 31° 7.35%"* 101P 4. 41 %0 991¢
1792. 26 38. 78 % 10674 26.18%* 310 8. 12 %" 108" 4. 48 % 9284
e 1.955.19 38.36%* 1513¢ 24. 58 %* 338 8. 21%:* 1239 5. 57 %® 13572
2 186.76 37.67 %" 1 365" 23. 64 %" 30 8. 51%* 124 5.51%" 12110
1.945.01 45. 11%" 1153 34.33%" 34b 6.32%" 85¢ 4. 46 %" 1 0407
1-9 2 352. 34 43.53%¢ 1 233% 30. 73%¢ 338 7.91%* 1140 4. 89 % 1086®
2 759. 67 41. 86 % 1 246¢ 28. 68 %* 2842 8.22%" 116 4.96%¢ 1096°
2 240. 33 43.69%" 1 380¢ 31.33%" 40°¢ 7.15%" 104¢ 5.21%¢ 1 240¢
2 647.66 42.06 %" 1 536¢ 26.80%" 39¢ 8.98%¢ 138P 6.28%¢ 1 359¢
b 3 054. 99 40. 08 %" 1 683P 23.96 %" 36° 9. 27 %= 149° 6.86%" 1 494°
3 293. 69 39. 04 %= 3 488" 17. 62 %" 548 11.29 %® 256° 10. 13 %> 3178
2 752.61 41. 85%* 12700 28. 95 %= 358 7.98%¢ 115¢ 4.92%" 1 124"
1-11 3 482. 69 38.95%¢* 1 4072 23.73%" 342 9. 38 %" 1420 5. 84 %* 1230°
4195.52 37.52%¢ 1 540° 21. 58 %% 31¢ 9.70%" 151P 6.23%* 1 355¢
2799.22 41.14%- 11128 26. 64 %¢ 40be 9.89%¢ 1420 4.61 % 9307
3 564.15 38.02%" 1232° 21. 26 %" 438 11.61%* 16220 5.15%" 10270
e 4 276.99 36. 98 %4 1 309¢ 21.31%" 36° 10. 96 % 188" 4.72%" 1101¢
5 038. 59 33.40%" 1 419¢ 15. 71 %2 32¢ 11.78 %" 170¢ 5.91%" 1212¢
1623. 22 49.75%= 5874 42.62 % 25¢ 4.83%¢* 83" 2.31%* 4792
2-5 1.832.99 48.52%* 6072 41.19% 26° 4.93%> 857 2.41%* 4977
2 038.7 46. 89 %" 627" 38. 77 %+ 292 5. 58 %" 942 2.54%* 504
1928 39. 34 % 1012° 24. 88 %* 358 10. 03 %* 174° 4. 43%" 803b
2 145. 32 38.11%¢ 1105° 23.26%" 35° 10. 18 % 185 4.68%* 885%
2 2 362. 63 36. 89 % 1 1342 21.63%¢ 36° 10. 41 % 188" 4.85%* 9107
2 588. 41 36.13%" 1142° 20. 36 %° 342b 10. 83 %° 193b 4.93%" 915>
2 232.18 37.93% 10672 27.97 % 231 5.99%" 105° 3. 98 %" 9392
2 545. 82 37.22%" 1 089° 26. 25 %" 25° 6. 74 %> 117 4.23%* 947¢
2 2 851. 32 36.38%* 1287% 24. 37 % 274 7.16 % 13420 4. 85 % 1 126¢
3 134.42 36.20%" 940" 24. 48 %" 222 7.14 % 128 4.58%¢" 790"
2 645. 62 42.71%>* 1037¢ 31.61%* 212 6. 77 %" 130be 4.34%- 886¢
3 034. 62 42.47% 965¢ 31. 40 %" 1940 6. 87 %" 1274 4.19%* 818¢
2 3 441. 96 41. 22 % 1122° 30. 05 % 21b 6.58% 13020 4.59%" 971"
3 881.87 39. 46 %* 1178¢ 27.43%* 220 7.18%" 141¢ 4.85%¢ 1 015¢
3 240. 74 24.17 %> 1 620" 10. 95 %" 207 7.17%* 146" 6.04 % 1 454°
3767.82 24. 47 %> 1781% 12.25%* 169 6. 07 %* 1380 6. 14 %% 16272
2 4 378.82 18.91 %= 1988P 5.77%* 142 6. 25 %® 145° 6. 89 %* 1 830°
4 950. 68 18.10%" 1481° 7.04 % 128 5. 56 %* 1170 5.50 % 13520

T i) — S K A AN 6 2 B R R TE p<l0. 05 /K FAFTE 3 22 5% .
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Fig. 4 Pore distribution under different pressures(Black is porous and white is solid)
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Fig. 5 Pore average area reduction curve
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Fig. 6

The variation of permeability coefficients

of soil samples with pressure
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Tab. 7 The permeability distribution of the soil samples under different conditions

+ RS R 11 (kPa) D, Dt Amaz(mm) k(mm?) K(cm/s)
2 799 1. 796 L343 4 0.154 7 2.57TE-08 2. 49E - 04
3 564 1. 775 345 6 0.130 0 1. 17E-08 1. 13E-04
e 4 277 1. 765 . 346 4 0.1250 9. 71E-09 9.43E-05
5039 1. 750 . 348 1 0.118 2 7.44E - 09 7.22E-05
2232 1. 816 . 345 2 0.136 1 1. 49E - 08 1. 44E - 04
2 546 1. 778 L3461 0.128 8 1. 12E-08 1. 09E - 04
2 2 851 1. 754 . 347 2 0.128 2 1. 07TE - 08 1. 04E - 04
3134 1. 688 . 348 3 0.120 2 7.54E-09 7.33E-05
3 241 1.753 350 2 0.096 0 2.99E -09 2.90E - 05
3768 1. 589 . 3534 0.092 0 2. 08E-09 2.02E-05
2 4 379 1. 556 354 8 0.081 2 1. 16E-09 1. 13E - 05
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