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Abstract: Ancient buried hill is a main rich area of hydro—geothermal in China, which has the characteristics of wide distribution,
great potential and good development and utilization conditions, and it is also the area with relatively serious land subsidence.
Therefore, clarifying the influence mechanism of ground subsidence in the buried hill area is the basis for the reasonable planning,

development and utilization of regional groundwater resources and geothermal resources. Based on the mechanism of land
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subsidence, with Xiong'an district as an example, combined with analysis on the Quaternary thickness, clayey soil content, water
level change, soil consolidation, groundwater recharge and its withdrawal, the influence on land subsidence by development of
geothermal was studied, which indicates that the occurrence of land subsidence in Xiong'an new area is mainly affected by two
factors: over— extraction of groundwater in Quaternary and unbalance of sandstone thermal reservoir. Among them, the
overexploitation of groundwater is the main factor of land subsidence and the disordered development of sandstone thermal reservoir
is the secondary one. Although the development of carbonate reservoir will cause the decrease of reservoir pressure, the reservoir
will not produce obvious compression deformation under the influence of the compression performance of carbonate. As a result, the

research can provide support for land subsidence prevention and energy planning in Xiong'an new area.

Key words: ancient buried hill therma; land subsidence; compression consolidation; urban geological survey project; Xiong'an new
area; Hebei Province
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Fig.1 Compressive deformation of soil
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Fig.2 The relationship between land subsidence and cohesive
soil thickness (after Fei Yuhong, 2006)
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Table 1 Contribution of different geothermal layers to land subsidence in Tianjin

Wt Z JE % /m K& % LB /% 4R REUMPa")  TIHIF LS EY%  (HEATEEE 5 V%
EUE 500 21 59 0.016 23 70%

AL 800~1000 20 58 0.011 12.7 10%
e CREAEN 400~600 14 17 0.009 8.6 20%

Zikil4 800~1200 8 3.8 0.07x10* 10.4 ekl

R EZ . W2 X R X LR
6 R T i 23.88%, T E AL A VR 2 S
VeI i HAT 6.13%, ALt 22.02% T %
H92.0%. MG X = ARG 255 2R L AR IR SR TR
412000 ~ 4000 m, |78 b 230 5 A HTE R AL A
TEFAIRD A Z i R AR E AL U AL FLS 4Rk
PV A HZ o IS X W B DX AL LI 2504y
B, S D020 78 75 )2 - 08 o 5 i 27.8% , B 8 b )2
SRR T A 11.51% , iy 3 20 b )27 2 Y
11.07%, 1iiE AZ5 2k 11121 e Vit 2 I PS4 0e I 75
U/NEN 1.98% , i T R4 L B R i & s A
FhE R 3.49% 5 2Z AN, SFHIFLBREE AR EI IR
JELH133.9% RN 9.84%(#13)

e I e = A M 2 LB K, 25 5 7= A [
SEIRAR o BRTRER A 2 AU T ik 5 DU 20 b
JZ 1710, 2 LR EIVEIZ M 15, BRI Z547

RREE/%

. FLBREE/ %
RE/m 0 10 20 30 40 0 10 20

30 40

500

1000

%
4
1500H ngi .
i
=

20004 LT

vvvvvvv

1
=

2500y

30004

Je i 2R A TR UKL A0 P DO kiR £k
PR AT B K R AR DL R DB 2R L B
W PRI s B A 2 AN AV AR O 7 AR
WSR2 DRI , A IR A 2= 00 H e 1% 114 8 Joi
EEARAMEN RS TR RAT W ARG

I M Z kT (181 3) |, 22 55 DI ot 7 48
e A ML R R B DU R AR TUR Bl AR WAL
H AR LSO I R Je E HUZ o I EIT & A
SR 32 o XA WA AR A R = TR IX AL 45
B Z WL AR B2 P A=
3.3 KA

HAg TR IURR R LU R B 5 B
ARG H T KBRS H AT AR
SN RGN RH TR HER o H T K ITFRIE K
DRI IR <L, PEBE A 2 BK B ) B, s B e
WA Tl 2 BEZ SR, BT R AT 0

RRER/% FLBRE/ %

RE/m 0 20 40 60 0 20 40 60

500H

1000 fi

1500

20000

2500 5 3k
4

3000+

Xl
3500LL 12

P32 X R X (a) 55 [MIBE X (b ) B s PRI i 8 ]
Fig.3 Interpretation of typical geothermal well logging in the uplift (a) and depression (b) areas in Xiong'an New Areca
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Table 2 Groundwater level dynamics and average land
subsidence rate in typical subsidence areas of North China
Plain (after Guo Haipeng et al., 2017)

o KA EE R /m

R HE B IR Y
1975 18.6 194 50.1 328 89
1980 332 40.7 69.7 500 30.1
1985 52.7 634 748 559 449
1990 554 675 81.8 565 6l.1
1995 629 769 904 76.1 68.6
2000 83.7 87.6 951 100.8 78.2
2005 92.8 80.1 101.1 101.4 63.8
2010 640 86.0 989 923 76.6

KA TR p&E#/(m/a) 2,12 1.90 139 196  1.93
HE B E %/ (mm/a) 55 51 32 47 54

JEREZ T ACEAE R s, MR K 1k B 2 i b
T, B0 A 1t PAT A e XA A BB B S e ML
1 TR R R 2 5 TR R b A A i 2 3l () VR 25
SRR, M K R T R Bl 2 TR 1 1 T 32 e 5
P 2= TR 2 A Ay 2 AR DRI, T )2 22 [) 3
NG EEKRIBRR . KGR R U E IR B A
1 Bl A | A7 TR A K 1) VR BRI b 45 1 1
B P PGEZTE T FANMATTF A KB, #i X il
o BH A FE U P 2 g T /K fR R 3] 2.7 g/l
LB T X I AL B D 5 A DL T R 7K sS B AR
FHIRSS , BRI, TR R #R it b PO 5 | R i 3 5 7K
JEARFRANA (A PT REPEAR /N, HLAE IE S5 0F F i T b
PORTF 2R 5| i 0 0 Bt ARG 1),
K FR P I B AN 4 1 K Bh ) SR . AR AR

S i DXl I e ) 7 B 0 A S SR A 22 0 A (Ui
JKEEE,2010) R IALEIL L X 5 K2 HAg bk, 3
BT ANA EE LA 350 m IRV [ 465 A
FMEAR)Z,HE T ER)ZEZ REKREN G PR
K A I3 K2 R AR K 5t kIR G K, 8
1o 3 ] R AN 4, K TR R %5350 m LA T R
IVEIZE V 5K Rt K, B 5 A 5 K 2 K A
TANMA IS o
3.6 XiFMiESHthMIFE

T 223 DX 3 Pl PN 2 ) i T 284 3k 2
AR DA R ARK— R . AR 2L 5
RT3, W B4 S, RERIFER AT
MR R MW . TR/K—2F B T2 AT AR VY 5] e AT,
TET 85380, R IIE SR R, A= AR 47
T B AN S o A D B kA 9 LTV Y 1 )
KIS, Wi TF T 3R AIBR R W2, W2 )RR
K, I BRI, 3% 46 Py A A BT I 20 VDS BR 4R
AR AN B 1R TG 3, FLA- R 240 1 ol
I 055 (] 8 2 45 ,2018) o M DX dal b TT T 5 S5 44
WG E B R LA, 28 X i O X 2
SE T ELALER  MEM B — KOs —Jt b O — 4k,
AE VT 3 % 35 B 40~70 mm/a, i KU %y 75
mm/a, v T4 E RS PGS A BBV Rk
AAE BLIRVGIEEB , e KDTRE % 5K 28 mm/a, SADT
W R A /N, SR 15 mm/a 3 22397 B 46 I 43 IX I,
VA KA MR, RAER AR et 208 B T AR
R0 M TR TR , DURE 2R 20~30 mm/a (5K KL
4,2018) o MBI 7. [E 8t AT LA H , b2 58 IX 1]

RIELAFLIRERERBER

Table 3 The results of high pressure consolidation test of clay in North China

—
. B L _ L O ‘
F5 BURRREE /m s " JESE iy 5y R4 R R4k JeE L BN

o @ E. JMPa  a, JMPa' $8%(C/C. JEJIP./kPa
1 79.5~79.8 ot 0.647 0.645 0.202 0.175 989.64 B [ 25
2 98.0~98.3 it 0.500 6.710 0.224 0.221 1349.5 T 8 45
3 111.5~111.8 b 0.436 7.640 0.188 0.140 1565.4 B [ 2
4 152.0~152.3 i+ 0.539 8.822 0.174 0.210 2328.7 8 [F] 25
5 178.5~178.8 it 0.414 7.003 0.155 0.174 2190.5 R [ 25
6 207.4~207.7 i+ 0.488 9.569 0.155 0.177 2504 8 [F] 25
7 255.2~255.5 it 0.329 10.498 0.127 0.147 2866.4 B [ 25
8 278.7~279.0 #+ 0.449 6.989 0.107 0.131 1524.6 UNEE
9 319.2~319.5 it 0.406 13.889 0.101 0.258 1568.4 R [E 4
10 345.7~346.0 it 0.528 12.195 0.125 0.310 1795.5 UNEE
11 371.0~371.3 it 0.461 7.995 0.095 0.167 1093.2 R [E 4
12 408.2~408.5 it 0.483 12.976 0.078 0.140 1567.8 YNEE]
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R4 HERIFX M T KRB FHRFE
Table 4 Chemical characteristics of groundwater and
geothermal water in the Xiong'an New Area

5 ERUES P 25k 1 AR
/(mg/L) W EGEZ/ (mg/L) A 62/ (mg/L)
pH 7.82 8.46 7.51
Na* 43. 4 34.95 872.10
Ca* 56.5 33.54 59.21
cr 17.4 89.07 1079.00
HCOy 443 670.40 707.40
F 0.68 8.16 7.00
fRtEER 26.97 48.80 4831
W R EE 4173 335.8 3072.00
KB HCO:-Na HCO:-Na Cl-HCO;-Na

DURE DX 5405 W 20 A E e 2R o EBEITTRE
X5 HTF R A B s . H, e
B IX BT 1 FH A S P XA ELN 283 Bk, 247 5L
B A B HATE LA DT s, T A i X 3 b
ORI e B FP R R ER 25 P TT & 438, T T
ot et AR = 5 T e B a2 Tl FH K B A v
X, b T KT AN 5 R A iR R
LT DRI T 22 DX B 25 AV T 5 b TR TR 1)
T EIERR,
3.7 MIT/KFRE

5 R, BTG KA R, 23T X IR
ok AR T K B2k 34.88 % 10° m*, Hih 4l 25.74 %
10° m®, Tk 4.09x10° m* 384G 1.07x10° m® FlA:
AIREE 1.98%10° m®, K E R 19% , 2K & Bl kIR
Ao HUKHEFEEGAEE R T KRS 5%10°

m’, H R K RIS ™ 5, b o e R R
2 BHER 6,910 m*, [ 20 22 80 AR LIk Hh
T IKIKA 2T B 1k 0.55 m/a; PET b 44
IO A I X MR KGR X 5 R X R R
DX B 3 0 ), 2 B 2 EL RN 8 3 L 7R P
SHURIE— PR R DX T 4 45 Al b [X 12 A v J 22—
R X (H4245,2017) .

PEGe it e 20T X AR LR oy 3, A
HEZ 171 24 740 J7 m?, AR PRI FURR R 58 A B4
o BT UK IR R 2R 2500 77 m?, MoK [H]
27 2100 7 m’ s 28I ELCHR 4 b X DI F
SRR SE A A b oK Oy 32, 22 D) B e B AR/
AP G O BT K H TR 2 RTR 2 M
TKATE R, M2 X oK B TR R 2 SO A T
TR R 1 1/20 [RIA, A Sl I 22 T IX ) b 44
W T R SR TR I A AR K TR 2 b R AR Sy A
JiT, BGAARIBUK , A P9 T 3 374
3.8 iTit

(DFET FRRRIRER 5 LA A HGE TR 43
BT, 2 37 DX 1 M AR T S 1 DAl T b 2 30 T
T W AP IT & N, ELAE 2 T & 0
2 FECRVE R, B 1k PR B e T AR T % b T T
R RIS A4 i SR DX I KA, DAEEAS B A
FICHATER G RN, A PEAT R SR FE I, AE DR B DX sl b
PR FH AL L AERE0i oA

(2) Jan i Xl b i 370 e 19 4 J2 W0 3 3k 57 0
JEFLARR WA [] J2 A7 b T TR 1) & A R DL, B
T R e ) o T SRR 1) 7 3 15 it ) s B

MR R
10 BEWEIR Longwan Town
Rongcheng County Xiong County
LHAURES S R R Tk
Shenjiazhu Township Deep ground water in
Anxin County longwan Town,Xiong
5L County
&
~
:L:_]
BN
=20
-35 L l ' ' ‘
1991 1996 2001 2006 2011 2016

£ 4

Pl 6 BT X M T 7Kk 3 i 4k (48 KU 26, 2017)
Fig.6 Groundwater dynamic curve of the Xiong'an New Area(after Feng Wei et al., 2017)
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25 3 1l 20 Hh #
® Geothermal well of
Wumishan Formation

o A A
Geothermal well of
Guantao Formation

Pl 7 e IX P R R

Fig.7 Average land subsidence rate in the Xiong'an New area
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m ) iy 3k 12 B
- ® Geothermal well of
Wumishan Formation

.. T P 4 Hb #
: B Geothermal well of
Guantao Formation

P18 2 DX AR I - o34 14

Fig.8 Distribution map of geothermal wells in the Xiong'an New Area
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(1) by 95 L DX T F9C o ) s e PR 3R 32 205 1
SR VU AR FERE R i MR KRR AL AR S
P T 7K BB R LS KT R 2R U AR
JEPEROR, B 5 sy KL B, i A
F s T o B R

(2)He bt XM T DLRE 2 T2 R IZ T
K A B At S LB 2R i KK B8 0T 3 1 2= A 2800
JIHER, M JZ32 W R4 [ 25 S R o BRI £h
ERERIE TR SR A A R4 RO A
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IR BRIR R B A I B R A 2 DL
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(3) ] Ho o3 i 22355 DX PR % 55 LR o3 A1
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