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MR X T E IR E 3500m W% B oo &y SR GE
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AR 51 HFED FHE SRR 52
D) P EAEF R A NARETAF IR, 100083;2) [E S #h A8 U5 FF & F) R 5T K v 5 A
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A S L B | SOK IR FRR T AR F SR B R B L L SR B R 25 O 2 5l AT R G A A AT L A
T2 X MR A T SR G 5 T 2 A A 2 Xt A U T o 3 R A S MRS A BR L R 2 K L
FEpe g 110m® /h, [ i 165m® /h FEHE 500m A FL, 0] LA & 100 4F 19 38 B & %y A5 & B ROK T i
AR o P TT 1 0 PR B R [T A0 55 B0 2% A A A L B L L AR ORI R L L SR
5%, 5 Hlig T B JEE B G 56, SRR R K TR 24 O B F R RIS — 2, B 5 A R R A R R L B AR P R R
T2z B 1) R /KR B 25 0F R S B BT 36 . Hfi 1 0 T 3 o L I R L O SR B TR AR T AR 3 S A A B e
RN N NGRS e e el S Nl P b o8 A SR G LY Y R YR | g N e R @ R g R TR X
W BE M35 375 M 00 5 W 328 S B B A V2 P BE S I . <22 I DX AT SR b B K O R SR OBV SR TSR b B K o o R i
FEKE 50% 2 163. 79X 10° m® Al R #b K BT & it 37. 76 X 10° GI 3T & FRHE 2. 579X 10° t, LA 4G F 7 K g 4F
FEAE 0. 32 GJ AT, AR 1. 137 A2V Jr R EE S ML 0 5 O ST A B2 SR WA T 25 SR 19 30 96 5 S AR A B30 2 SR LA 5
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SRBRAR < A5 R DX TSR BE IR 5 A 5 T R 2 MO A s AR IR 5 AR SR B R

T G 2255 I AR B R TR RO B i
BT 1) JH PR BB X T ol 8 e 22 DX PR I3 5 % | ol 3%
REVRA5F 8 HT RE IR FH 753 XA 8 3R

B DX b S R o6 ST A e IR 3 B
Qo 3T 3 DX I A2 2P X 24 200km?® L X T AR 2
2000km?® 5 3 57 b A T ¥ ¥ T 46 3L vp 34 B o L IXCI
b b BB UE b BT 3 Ak 82 47 (Chang Jian et al. ,
2016) , T2 S i) AL 1 B0 A 25l R L 4R B
BRI RS e PR ™ R s BRI N TR L AR K]
B 22 30 A 4t L 08 BT IUT B L O o 9T o 55 (&1 1), 2 %
W R T AT 25 e AR K I 3 A AR A T
W7 2L A T DT 2R 22 e T L v - BT L R -
A1 R E ORAT IR FED KW ¢ AT 74 W ¢ AT fe W 3455
(Chen Moxiang et al., 1982, 1985, 1990, 1992,

1996 ;Dai Minggang et al. ,2019),

b P TC Y AT SR b AR B IR R T R S AT A
OXVEAL IS L A BE ) E B2 S B S BRE T R T R
TN G 7E M 22 55 DX B JR] 3 X T e — 26 AR
Chen Moxiang et al. (1988,1994) % Kk AL 1F (&
TR R 28 B0 X A A A b PR 1A P IR B AT T
f%.; Zhou Ruiliang et al. (1989) F| Jf B fiff {4 FH ik
X A G A b #5CFH 3000m LA PN TR M B IR AT T
1% ; Yan Dunshi et al. (2000) 3% F#uif 325 L3l H: 4
B i e R o VI o TR 12 0 5t T Bl DX 3t A B R AT
T 15 3Guo Shiyan et al. (2013) ) 1] #Aif 7K Lk
X 3 R R B URWE AR T AT Li Jun et al.
(2018) 2R F by AU A B it 05 g RS RA A B 1 5 4 e 3
r DX gl BB U5 Y T & R T /75 Su Yonggiang et

T AR 30 B 5 S & R 300 (265 2018 YFC0604300) Al e [ A b 4 128 Bl B BOC I H (455 JP17010) ¥ BY AL .
Wi H H1:2019-05-24; 2 1] H #7:2019-08-30; M 45 & 2% H #1:2019-09-28; 5E AT 4 2 - BRA A= 5 03 AT 4 48 - S0 fek
fEZ A BN, B, 1977 A4, T B g TRER , B0 3 28 N SR AL A B A RO T4E . Email:397211924@qq. com,

S| AR H IR, R VK W L SR OIS L Sk K . 2019, L X T IR VR AR 3500m DA AY HR oG T A A6 AT SR M B S U A
T & ZHOTAL . M 2F R, 93(11) :2874~2888, doi: 10.19762/j. enki. dizhixuebao. 2019200.
Dai Minggang, Lei Haifei, Hu Jiaguo, Guo Xinfeng, Ma Pengpeng, Zhang Jiayun. 2019. Evaluation of recoverable
geothermal resources and development parameters of Mesoproterozoic thermal reservoir with the top surface depth of 3500 m
and shallow in Xiong”an New Area. Acta Geologica Sinica, 93(11):2874~2888.
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Fig. 1 The distribution contours of the Mesoproterozoic top with the depth of 3500 m and shallow

in Xiong’an New Area and adjacent area
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F1—Rongcheng fault; F;—Xushui fault; F;—Niudong fault; F;— Anxin south fault; Fs—Niunan fault; Fs—Daxing fault;

F;—Baoding-Shijiazhuang fault; Fs—Gaoyang-Boye fault; Fo—Rengiu fault; F;p—Renxi fault

al. (2018) 3% HI 2 B3k Wb Bt <22 3 IX. 7T SR Hhy 4 3L 44
11 73 34 ; Zhang Zhongxiang et al. (2005) Ff
e R ARV I8 TR 1 A AR 3 0 B 92 X 2R 8 T B B A=
SR BROK AT SR BE IR R E AT T i B R & Zhang
Dezhong et al. (2018) FH #iff i M A7 45 58 3t 40 B
T2 B A ADUT 8 AT b S i b A I A AT SR o
17 T VE AR LG . A AR X 28 T AR KR 2 RS FF4S
WA AT SR, WA XSRS
AP L BR AT IRAR

A SCAR PR B 1 B TR X Ao 3 A
DX R0 A A DXL A B AR R DX R BRI
DX CEL 2) o 0t Afl 222 3 DX To 1T 3L PR 7E 3500m I LA %k
(9 H T A AR R L 255 2 R0 O s AT X W] e

FO A A TSR B TR K 2 B
R 7 T A S 5 X T R 4 VO £
T B0 h o B 5 B 22 7 X 0 LB (LR
FIBLRI 5%

1 A RRAE

T2 3T X BT AR BE I 2 Rl FAE A ool
TRty A T AR TR R A 6 2 R R A
S Y, RN b )2 W Dai Minggang et al. (2019)
SCik X B A AAR T B KN oT i A A
R EE N KR CEE R K E A AR IE WL R
L R EOoN 6 B Rk LAl MK R & T4l
KRR R LTI 5 M 78 AL RD 2 S AR X 4% i Ak .
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1.1 HEREXRLAHRM
Harhooh A 0, LA A RERKE
Hzaa B o A I 58 KB ale it (1 = & s H
TR 7E 3500m LA ¥ 43 A #¢ AiE WL &1 1, )& JE 760 ~
1400m. ## Dai Minggang et al. (2019 #F5% . iZ X &
JA D55 R I B AR LB FZ AT 662 N, T
07 He ik 85. 9 %0 LB A A 10 ~6 201
Fb 61.3%, B K LB BE 22.4%, F 3 FLBR B K
3.39% B EZE A M 0.01 X 10 * & 1000 X 10°
pm’ XUL B A, EE AT 0.01 X107 ~

100X 10 * pm® Z [H] . 7 4 L9 87. 896 5 12 2 3t U 16
B 0.2~1C/100m,

ZEIRN A R X R E 1 RN BT R, S5 2k 1 A
DB )2 1256m., fif BV )R T2 29 356m, - X4 2%
FLBER 7.3% P BB BERN 4.74X10 *pm’, K
JETE 1100~2100m Z [6] () I+ H /K i 2 1E 52~61C
POK KR ZTE 80~120 m’ /h i L &£ Z7E 1900 ~
3100 mg/L Z [a], /K {2 26 8 2 Cl « HCO,-Na #4,
DR 2 2000m Z 3500m %L KR 81~93°C .,
K AT A 140 m® /h 76 2500 mg/L 245 .

®1 ERHFRPLTEREZESMRE

Table 1 The main strata lithology of the Mesoproterozoic in Xiong’an New Area

2 L ,
AR o
B 7 Hil =2 (m) AR &1
HaA X £ #dg. fdR
. ZRINA | Jxw |760~1400| KO H=H HEFRA S EREL KB ORRA S S o X 1 AT R A 2 ks
i 5 R D
2H UK 4H
- A Ixy 38~86 | HAMKAGMRIT A KOERAs S KA 0REs A
) I B == e E A = 3 : 4]
- ST | Chg |860~1040 ﬁ(ﬁﬁt\:?ﬁr\E SURIEH 2z 5 Z IR EE 100m 2245 1) X
& RO Z A
m KLgal | Chd | 75~106 | A b5 I hE R = 5 7% T At
KA | HihT4l | Chr | 0~186 | KEAHFEASE RRESE. ROBTE
IS | Chel | 0~340 | RKGTUAE RE . RRRA S
N e 0 AR K [y i Ao g Pf;
B 4L | Ches | 0~200 ;;%IS/}(EI@,E%@F"FHKW?I@EETL\EW/F Rl ¥l £ A
g
Kl F Ar TRAD LA AE B R A RIS R A

AR R X DL B b B 550K 1 4 B
o H AR AT G S ALBR S 3. 700 IR AR
1000~2000m 2 [A] ) F 0 /KR £ 7E 60~92°C  #K
K Z7E 110~120 m’/h, 5 L JE £ 7E 2000 ~
3000 mg/L Z[a], KAk 2p 2 Ak Cl-Na #Y,

e BEARG o™ B DX A T X3 TP R L 55 2k 1
HTAEFE 3500m J AR i b FA T, (H 38 BE A4S X 9km
HLAE A %™ 8 b 09 s B4k 3 1 IR AE 3200 ~
3432 m B & #} (Liu Xianchuan et al. ,2018) E 7/~
TZIX 55 2k 1 2 TR € 3000 m 22 47 » Hi A K I B
4 20~60 m®/h, - HRE R 95~110C, 5 16 B Al
TH7E 2800~3000 mg/L. /K fb242 7 %y Cl-Na B,
1.2 KRS TEAHRME

A ooy R, FE AN RE KA
KBAASESRRA RS EZ, LT3 EE XK
RO X RE R B SRR A B AT Z
IR BEEE N 0. 6°C/100 m. FEBFSEIX & 8 . 4
- R AT R R BE O 0 A (2014) L 8 T
2H— T 1425 ~ 3600 m, JEREEFE 1000m A 47 s
FLBRBE N 2% ~62%, BB R M 0.1 X107 & 160 X
107° pm® , M 2R B — Ry 75~95C K 45~

80 m®/h, W {LE 3000 mg/L 4,

kR B X 98 Wang Guiling et al. (2018),
rp [ b SR A R TR A O R B D16 R R . =
T AH TR B 2078 m, A %7 46 5% )& & 925. 24 m,
FABREVE SR 218 m, R PA R FLBR R 1. 8206 ~
3.76% KR 71 CLFEHBER 143X 10 ° um” L 4l
KR Ry 22. 37 m I} /K 2 86. 2 m®/h, K4k
22 Cle HCO,-Na B, @ L N 2472 mg/L.

A BE AT R X i D b P 0 AR ) T
IS T FE 20— B THIR 1800~2600 m, J&E FE7E 1000m
A E Y SUBR B 2,56 %, 6iF )2 F X R A 7
85CLLE.

e PR R A X iR E A X R 2%
JE B B AR X TRl T AR X B v TR R AR
4100m LA |, o $OK 3 B #E 20 ~40 m®/h Z 8] I
FHREE 100°C RLE 846 BE Al T AR T 3000 mg/L,
KA # 2Ry Cl-Na 5,

2 AR ST I 5 I RS RO

AR SRR 1 3 % e 2 7 I T HE VR 2E 3500m
e LA B E L 4E 3500m 3K A VR FE B A 300
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~500m, g2 H Aij i 5 2 47 #2485 M iy L R R
FE. ¥ LE A R s R ILAi BRE KRR ST
JE 2 4 A 9 5 22— 305 %30 BN B A T T X T AR
WM, B2 XA T BOE BRI (B 2),
2.1 BESHAREEGE

R A 5 905 b 5 48 A RS ) (GB/T 11615—
2010) . AL AKX LSBT -

E = Adp,C,(1 —$)(t, — 1) +

(Apd + Ap.H)p.C.(t, —t,) = E, +E, (1)
K E NG E D spe AAATKRZBOOCE
B0 s H W fith )22 oA 8 B2 0 49) G 00 Hs 7K A7 1T € 2
22 (m); EEL 58 3 A BOKARE v (D) .

FAFAEEIT A IR 7E HATHOR 2T
S b R R Y AR BROK R B
b ARG AR A R

1 GupuCu © (&, —tg) « AT
AeldespC,(1—¢ +(db+pH oL (2, — 1)

(2

— A = A R R BCR JAE 107 ~10 L

LAAT LA 25 fiff S22 554 B 7 A 2t A DX 8 A7 i A
KA R AR T LR A

Q.=A+d-9 (3)
E.=Acde$:pCut—1) (D
R E B4 AT SR A 5 EA B [ S R A G AR
_ E?dv o
RE — E —

n - quhpuvcw ° (tr _ t}%) ° AT
Aede[pC, e (1—9) +p.Coep]e G, —1)

FHE fi R AR BT P A ] R

(5

}

i (
o' n
o\ Tt 2N,
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+%+” | Xiong’an New Area
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Normal fault
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Fig. 2 The calculating range of the Mesoproterozoic top with the depth of 3500 m and shallow in Xiong”’an New Area
() — M R X5 (b)) — 4= Be 8 M R X5 (o) — i IR M i A X
(a)—Roncheng uplift block; (b)—Niutuozhen uplift block; (¢)—Gaoyang low uplift block
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_E._ pCu b 22 TREAXBBRE
Ry = (6)

E  oC. +(0—9¢ F0p.C.-9
AU R O BIE f5c K 15 R g SEBR B ICR; Q.
AR SR AE K B (m® ) s AT S AR 77 B[R] 100 4F 4
4120 K qu BRI (m’ /h) sn R T HE

BARXS T3P Z HHOK RGE Re<<Rpm » 102
I A A7 M R OK AN T RE 4 B 0T 3R ok s X O
WK R GE . BE b ORI L Ry AT LLE T
BRI Rew (A2 45 1 A A L5 1952 61 BRI IE
Mo N R 10 A A 2 BS (5 5 R I
A1 FLBRRE 3 | L ARORI 3 BAOK Y 8 B L L A SR W 1k
A5 5 I TR R R TGO

T2 507 IX 42 IX 8 — M3 IX 03 )2 2 808 SR
Wk 2.4 3. T XA UL ER A . 4% J X %%
J2 R AT IR LS A7 RAOK e KT B
GERIFE 4.

X E 22T X AT SR il A BT R T R AT R M
PO LI & e . PR — IR I Al R
o FAOK A B PR R S PR I L T R 45X

S B A] R UK AR (m)

Qv =1+ qu » AT D)
S AT R Hb AR A
Eu = Qu » p.Co» (1, — 1) (8)
100 4F A Ml FA 7K AT R ) T 32
Mo = B _ mguwlT - U, lg) €
’ E, Ad$ « (1, —t,)

B IRA A UL B TR A R ) R K
A HERAR
1—¢ o -

(/r
$ pu Cn,>
3 B A YR L PG AT R M A BT R A R L
FAOK AT SR M) 23 R SOAS () i 2 R A A A7 K

Tt (10)

:RE-(1+

x2 BEFRE—SHBE
Table 2 The unified parameters selection table in Xiong’an New Area
S H:‘fiﬂ??i FEUEMREE | BOKIEREE | MhHoK | UKL | AREEE | AnAW | AxaHR | LR | FRREE
HfE] AT L lie W po Cu o C, CESS = D
SRR A P4 C C kg/m® | J/(kg+ C) kg/m? J/(kg+ C) | W/(m+ C) m m
HH 100(12000 K) 15 25 980 4180 2700 810 2.28 0. 1075 500
x3 BEHXHSRXSHNE
Table 3 The partition parameters selection table in Xiong’an New Area
T o ﬂifu?@!il Pt - 18 JE *M}%#LIJFYJ Al - 1 LB ﬂi#ﬂf% é@?éﬂ(
A(km?) d(m) W 6. CC)H o) Gwr (m®/h) Ky (m/d)
B K Jxw 933 1100 57 3. 39 110 0.4
Chg 1000 72 2.17 80 0.4
o B B R K Jxw 974 1100 70 3.7 110 0.4
Chg 1000 83 2.17 80 0.4
o BRI P X Jxw 39 1100 102 1. 24 55 0.4
Chg 1000 110 0.79 20 0. 15
R4 BRFRMARFEEHLELER
Table 4 The trial calculation results of geothermal resources in Xiong’an New Area
. — i e | UFABTIR | MRS TS it A7 b oK PR IE | BokETTe | BELsER R
R BB o an | R OcI0s o (X10% m?) (X105 GD) FREC<105 0 | gD
Jxw 242. 39 8. 28 86. 89 14. 95 0.511 6.2
AN A X Chg 295. 96 10. 11 50. 56 11. 81 0.403 4
BTt 538. 35 18. 39 137.45 26.76 0.914 5
Jxw 374. 25 12.79 111.5 25.13 0. 858 6.7
pA R A X Chg 415. 2 14. 19 59. 46 16. 56 0. 566 4
=X AR 789. 45 26.98 170. 96 41. 69 1. 424 5.3
Jxw 188. 29 6.43 12.14 4. 33 0.148 2.3
1 BRI S /A X Chg 186. 19 6. 36 7.03 2.74 0.093 1.5
JE AT 374. 48 12. 79 19.17 7.07 0.241 1.9
FR AR A Jxw 804. 93 27.5 210.53 44. 41 1.517 5.5
Chg 897. 35 30. 66 117.05 31. 11 1. 062 3.9
B T 1702. 28 58.16 327.58 75.52 2.579 4.4
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Jir 5 FARE 5 PR A S A AR P AR B A K P
TRE B ZMZIL, AR & 1 /MRZ ki
AT 1 e 2l R MR AR 358 23 7K 45 A1) A 2
BES R AT KR T & BB Z L (— NS LT 1 =
tos 2 A Z LU AR K 8 2 Lo+ He (8 Bl 2% DX A )
8 B TSR R I [ 3 B e K i AT
AW T 1. EAEAR KRR D KRR S,

RS ERFXARMATEREE YRS K

ARFARAELER

Table 5 The trial calculation results of recovery rate of recov-

erable geothermal resources and water in Xiong’an New Area

AfR A | 100 4F Hb Ak A 2 1 A 100 4FHL | 4R Hy il HOK
W | KARFIA | KARFIA | BOKERF] | A SRR
g H Nar s FHER e R
F Ry [($=3. 4% W) [($=3. 4% W) | (p=7% W) |(p=7% )
1% 16.2% 0.162% 8.1% 0.081%
1.5% 24. 3% 0.243% 12.1% 0.121%
2% 32.4% 0.324% 16.2% 0.162%
2.5% 40.5% 0. 405% 20. 25 % 0.203%
3.1% 50. 2% 0.502% 25.1% 0.251%
5% 80. 9% 0. 809% 40.45% 0.405%
6.2% 100. 2% 1.002% 50. 2% 0.502%
10% 161.7% 1.617% 80. 9% 0. 809 %
15% 242.5% 2.425% 121.4% 1.214%

LR Y LB R 3. 4 %0, Al R
b ARG R L Rk 100, 100 4 Hly #4 K 7] 2R 1)
BN 162005 AT R b BB R A RLISCR hy 3. 100 1
100 4F Hit #47K 0] SR A FH 2R 2954 50 %0 5 A R Hit 34 5% U5
YR Ol 1504 B, 100 48 1 #K K AT SR A A
K 242.5%,

MSEHIFLER B R 700 L Al SR b PR R A (D R
15200, 100 4F M FA K m] SR A HI 2 121, 406, 5
BIFLBREE S 3. 4 %0 AH L o A [F) Ml A4 % 5 S5 ] ol % %)
JE ) 100 4F b F K AT R I FH 28 A, 1 4R L 3=X A~ 100
AP FRK AT SR I FH 238 R AT AS A2 4 %8 R ) P ) K B
AT T R RV AR HOK G AR 2 T T R A5 R
LT .

I A F R OO O )
(DZ40—1985) HL 5 A il J& R B T B4 b e 1R 3k
2415 MR JF & 100 4F Ry {15 %, 3 A B2 i
B 0w 5 - X L 5 Zhao Jing et al. (2008) 19 45 i —
Bo X IR R A4, AR X K 2 A AR T
55 3 LT AL B8 S5 K TR S AE 6. 7 %6, X R 100 4R
H K B SR A R 100 %6 o A5 547 TR SCR 550
T 2 6 2 W FECR BORR X R AR ME IR B

2 5 TRk T 2 HH R AR — MR AE 2406, ik

AR AR 4 7Bk IR AR A T RCR IR T 3E 4000
(Zhang Dongyu,2006), Nathenson et al. (1975)7A
AR B A PE R — BT 2R AROK & T DLk B AT
POKER 500 A%

PG T AEPR ST AG T DR BE 2287 X 100 4F
b K AT R Ay 15 06, %6 R A SR Hiy B4 9% U o5t o]
W2y 1% s SRLAR 11 100 4F Hb #4 K 7T SR i) FH 254
500+ X L AJ SR AR U (] AR 2 3. 100 5 R (A
T 100 4F Hu B K TSR AN T A A 25 26 4 X i AT R Hh 34
B LY 1,604,
2.2.1 HHME

100 4 Py ] R iy FA A 4 (7)) 30 ] 3R i PR K #4
4% (8) 20 AR K S B m] SRR R 4% () S5, i
Rk B S84k Rkt LA AR REE D — )&
2 500m T, B AR OE D7 I 1T 0. 25 km® L AR
AN ZRAF T e KT REAT H B H i A X A 5
0. 25 M LLAH A A0 W 5 - 4R b b 3 2% Rt 5L
B AR KIS R R R AR AR A X R B
B R R DX R B TR X TR AR R T RE A
FEH I 825 1,997 1,258 M, 7E = RMWE”
TEIE T Ui B d5e K AT BB AR 7= A B H 7
oA 495 11,598 11,155 M, 4 X & 2RI R &
R 3T HR L 6,

K6 HERFREERATRAATRESHFBHE

100 R M AKX EER

Table 6 The trial calculation results of recoverable geother-

mal water for 100 years according to the maximum possible

number of wells allowed by area in Xiong’ an New Area

o o S A SR i b E'ﬁ%(% A
TR BRI oy ;*:M(% i‘.wk% IR 50%
(X10%m®) | (X10%m®) | (X10%m?®)
SRR K Jxw 86. 89 156. 82 43. 45
Chg 50. 56 114.05 25. 28
e Ixw 111.5 189. 45 55.75
Chg 59. 46 137.78 29.73
N | Txw 12. 14 24. 55 6.07
P PR 2 A O Chg 7.03 8.93 3.515

THAAE RS R X5 J2 TR PR OK R A R X 4%
JEGEAT I b BOK B 1. 3~2. 3 4% L X Ul B AE 24 Rip
T R 100 AR AR 120 K& R Xl ot 4 3t
BT A K 4T R A RTER T+ 3% XA~ F Kk nl fig
P ECA TF R 25 R XKIFRA T 100 48 e %2 2
REZM B JF R 29 55 4F (59 4F .49 4F . M AT AGE . B
A K TP RIEA ATRER

T A 100 AR I T R 77 i B AT AR
3 1 H AR WAL T B il A7 FROK BB 5000 76 4 HR RE B
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TFoR Ok B AR DX 2 5 P b 0OK R 48 B 5 A 7
TR IEAT A K LLAP B BOK SR B A fh 7t » 2L
I IR — KO B A R R A AR A
)L 2 Rk A KR Y 50% . TR E S AT
PASE 45 R Xk L2 H )2 B 22 0 ) g A 2
137 0,176 11,38 1, @& F 4 H M2 i £ 43 3
HEefi 73 110 1,129 11,61 1,

BT RRATHEH M AL — R XEW)E, — O
HT IR 2R W 2 P2 7 T & . BOR AL
T AR R XA B AR R XA A SR K 4
APEIECE noh 216 1,270 08 IR 277
AL 110 m’ /h @ BRAR M R A X 4L H mir iR
HHEIFEAZET R I i1 A 7 JF 38 |
i 55m® /h Fie A Al T & R X R 2 A
AP B 28 )k 108 19,135 11,19 1,

2.2.2 HHFEkE

[ K H ET0) 20 M8 28 X b FA T & 100 4F
P25 2K L2 K A ASBEAR T 150m , A% X i R b 25
Ve LI b FROK Bl ) Z5 A S 2 T I 2 5 P RO IR
JA 7K J& X (Zhou Ruiliang et al. , 1987, 1989; Yan
Dunshi et al. , 2000), It AT LR 5 Handush
(1960) $& H 119 Fe K AR VF R TR  J ARG M6 o 23 5
25 1 [P A5 TR 45 A ) R R T A AR Y T B (B A TE
B PO AR K2 AT B I oK 7E B E
A TA] N LR 1 3L Sk T SR i B K O B 2 e R A
VRREE , EE K2 o BRI Az 53K B E] B
B K I o BB 1 2658 20T % JE RS 8 IR Theis 24
A FRIE . R I 5, 3 L e Hb B X T iR S 28
B KB H IR 50, BI AR 592 X b $AOK B K AT SR
. o TR X BUOR A Zhang Dezhong et al.
(2018) % fi By i Rl A

o 27[ M Td e Az
Qun — 41n70. 173R (1D

r

w

2R e R Hs 5 K 2 AR 8 il K R 24 X O i
PR K SCHB IR A L AR T i WE BN . 1978)

T, + Az
0. 3661g§

w

A —ES0TE . XA g Ry 2R D
1 90% o XPr: qu HHIFRKE (m’/d); T, K7
KEB(m® /D4 T,=Kp « h it H . Ke HBBER
o (m/d) sh R IGig 24 B2 5 B (m) CEP A figs A 505
B, & R X2 2k 1 4B 360m, i F 41 B 220m;
Az N B KA B (m) s ) T8 — 13 4 X

Qun — (12)

JEA7 100 4 B B4R 43 5 4% 70m, 60m, 50m, 40m,
35m. 30m X 5. NI AL AKX 0.1075m;
ROy BIIF R w4, ZIFME D W 1/2,
5 250m.,

MBI IR FE LR (R DAEL . B E R 0.4
A G SR LR 2 )5 350m AR TR 30m, Il B e R
KA 157 m®/hy Q1SR BB )Z R 200m 7 AR [ TR
30m, W Je KK 52 90 m®/h, WAL B E R
0. 15 B BUJZJE 220m 17 4F B 30m U] # - i KoK
B 37 m*/he AR WURFE GG N . B B ROK B
ERLHATE XA 2 T IF R IR RN T 4R
BETR 30m iy K &,

R BERFRIAFREEERABRKLTHER

BHkE(m'/h)XEER

Table 7 The trial calculation results (m®/h) of single well

water flowrate with different maximum allowable drawdown

and fracture layer thickness in Xiong’an New Area

G | W | B | R | R | R

AR E 70m I} | 60m [ [ 50m B} [40m B | 35m B | 30m i}
Ky =0.4

PR 100m | 105 90 75 60 52 45
ZUBR)ZIE 200m | 209 179 150 120 105 90

ZUP R R 300m | 314 269 224 179 157 135
ZUPRJZ R 350m | 366 314 262 209 183 157
PR 360m | 377 323 269 215 188 161
ZUBRJZE 400m | 419 359 299 239 209 179
ZUBRRJE 500m | 524 449 374 299 262 224

PR JE 900m | 942 807 673 538 471 404
Kz =0.15

ZABEE 100m | 39 34 28 22 20 17
ZABRIE 200m | 79 67 56 45 39 34
PRI 220m | 86 74 62 49 43 37
ZUPRJZ)IE 300m | 118 101 84 67 59 50
PR 350m | 137 118 98 79 69 59
ZAPEJE 400m | 157 135 112 90 79 67
ZUPRJZE)E 500m | 196 168 140 112 98 84

ZUP)Z)E 900m | 353 303 252 202 177 151

PUA AFRE TR 30m Bt f KoK 157 m’/h 357
SRR AR o 8 d R R U R AR 7 S AT BE A R H
n U AR TR Y AT SR st AR OK 0 E S TSRS
PR LA T 7T SR M R L TR S A% A X A% )R B
7 BTN AR A T I R ROK B 3 110 m?/h,
Y b S A o AL g DX H TR S A R AR A
HRRZEGEHE P A I ROT R 100 48l LUA 0/ F 47
K ALAE T 150m 1 [ 00 28 BUE - 27 4% fe A
TR A R 2B A ™ A 550 A B B [ AL

R R IE LAR J5 L A5 1] [ 1 O B 8 A% PF 9 7Y
TRER . S50 b, AT Bk R R A AR A I8 B 4y
JoE A5 1) TR A 2 0+ AR 0 1 DL T = AR 3 L 4% 1) S
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R T REA R A 2°C L T LR 5 M #4171 A
FEAG S I P IR R A

100 4 N SR VFIF R 1Y # i

Ey = Aldp,C.(1 —¢) + (¢d + p.H)p C..] + At

~AdpC.(1—¢ +pC.b] At (13)
Horb Ac A AE RV VIR BE TR, O 2C 5 H%
HEPROP A7 i 3 G S P 40 2R T By P22 LAt
POK & Qu BT A I FARE E o IR L, P .

Exw =Ei = Qui » p.Co ¢ (1, — 1) (14)

— E7J<Fﬂ
pu'(:u' ° (tv - th_:/'.)

Qui

Aed-[pC.(0—¢)+o.Ch]+ At
puCow o (1, —tg)

KSR RNET A R S,

M 8 hE L 7E HAT & R X% B IA T3
FLBR BB S To e K L 25 CifJ 15°CL i 2°C Y
2 AR EL AR A 3 A A A BOK Y 50 %0 BT
P KL MR K R 25 CRf 2 b BV A7 7K it 438 ik
K TR B P IR B B 2 C B B A T AR IR, AR
DX A FA K 9% U AN % L L 8 PR 2R TR LR R XA
fits A7 POk B BE 100 0 F Rt R 5. Qi K iR
FEWCEEME R BE 15 CBF, K BEBR T PR i A X
Ah o BAEE KA 54% ~ 8TV F R, X 4 K it
(14 St A7 7K Bt BB 5 B SR ok B TR (E AR BE Y
JRE R £ B XA TR AE SR WAL 1T BRI I SRK i
AR I MAEAE KR 50 %6 AT AR JT R 100 4F #u ik
B R e KA 1. 7°C L, W45 4 1 5 M50 i
LR XM AATT & 100 4F PR B A P UL BE T RS Rl B
it 2 CHIEE .

(15)

RS BRFREAXATFEHEEATARMAKGEER

Table 8 The estimation of recoverable geothermal water allowed by thermal balance method in various zones in Xiong’ an New Area

3 =N 2 (=N N 1=K YA =N
T ,*M% fé%ﬁ—*ﬂmﬁ mﬁﬁmw@ RS I%*h‘;nai ﬁﬁf ;Z::FZT?YKE ﬁﬁf;::ﬁ?ﬁ*i
JZ (X10% m*) (X108 GD (X108 G (X105 m®) (X108 m®)

b X Ixw 86. 886 14. 949 11. 54 88. 05 67.09
Chg 55. 62 12.531 10. 38 56. 33 44. 47
B P X Ixw 101. 38 22. 841 13.61 73.83 60. 4
Chg 59. 46 16. 562 12.21 51.4 43. 84
. X Ixw 12.13 4.33 4.33 13.72 12. 15
AR R AT Chg 7.73 3.01 3.92 11. 26 10. 07

2.3 RAESH—HAESARBHEREHZEX

B & 7 1l

X [ RE M A R 8 (1 5 S T 1 o K R 2R
RIA—HE . FEA BT B AK & — & i
R+ JU IR AN B8 P 1) 3R 48 5 A [0 26 R L B
IR 5 AN B I — A L K 2 0 2 [
BEATARIE S R A [ 3 2 T ARG o S il P2 D S e
PG A [ A5 PF R 22 S EOAT BE 52 Wiy 3t B4 FH A 7 73
A A — R . B AR . [l v J2 DA R IR AH
(e Hsf [R] P O 5 DA 2 P & S B A M 4 T SR 7 i
B A R A T 917 A 0 B

TEWNEAAET O 7B k7= ARG 77 I
AL S 22 TE] PR R B B A Al G B A )
—ARZ R AEREZE YA H A NS AR IK S A
R B AT AN B 0 2R 7 O IR R 2R R A ]
R i A IR B BRSO T IR R R

PTG TSI IR L [0 R UK IR B A S Bk A 7 [l
SR CIRE IR TR 2 3 G R (A=

X BRI JE SR BN R KR B A KoK
ST T R B R A X O R g A AL, AT
Gringartent et al. (1975) $& H} i X H 2 ¢ il 5 - 18]
BRAFCC16) BEil b, 4 M AR S B I B i 1] 23 X (17D
FRAGE W M A ] 2 8 2 20 (18)
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_ UD* | D (U +0.72Y - AT)'” Sebr b wl DL A A R — AU =

Qwi — 2 . AT+ 2 . AT (18)

X . e v 1— L}h wiAk

D W R g2 b e 9T (e f e

500mm s g M [ H K B X T =R E” N
KA H =5 110m* /h, # JEAFHC 165 m? /h; AT
Shy A 7 ] T IR R 12000 K B RN, R
Sy At R A RO E CEY 2B 2 R B 5 At 2 $ R
I B B

T Y (%A 107, BIAE 5 i fa] 4 R AT 2R AR
NS RIS A

FIGE B I 5 1] i A A 2K

(G * AT\"?
Dy = (5, ) (19)
PGS L ) ] fE A =K
ATy = w (20)
o3
S Y R I RE o= TR /AN W
D* « (U )
Quifii = Tﬂ 2D

H.a€[2X107°,2X1071 ], 28 A sk g /)
{8 o 1 B /NI Al AR, — M E 8 X 10 BpmT,

Hoa:fLBE o € [0.5% ,15% ], U =
(0.534+0.466¢)+ h ~ 0. 55h ;

K LB E ¢ € [0.5% ,15%7, U =
(0.53240.468¢)+ h & 0. 55h ;

WE: LB E o € [2% .25%], U =
(0.506 +0.494¢)+ h = 0.58h ,

FETHRRTRE W] Ak U i — e, T ik U 1945

/NN Sl s {6 Y SR IN 1 NS A R S
TR [ o e s U] AT AL R A A )2
JRRE A AR A A CE AT R K E
JE KA B R 1A 2B R 5 [l KR
AR T 107 FH b DX ) 35 o 3

7R A T D R HE A R R
R 2 UL S BORAT SCH & A B8 KE D E LR
JE B 4%, 4% 15%, A GE 2 A R E B
350m.a B8 X107, e 4 B 9,

R WNARGHRRBERFAEE MO EFEEXAEHXAREHULSE

Table 9 The calculation results of original expressions deduction and simplified expressions for critical well spacing,

time and recharging flowrate for thermal breakthrough of pair-well system

Srik® | D(m) | Dy (m) % ATUE) | AT (5 MTAiTATJ‘ Gur (/1) | qui (m®/h) M
wh
HzxA 496 496 0~0.5% 101. 7 101. 7 0~0.5% 167. 8 167. 8 0~0.5%
& 497 497 0~0.5% 101. 4 101. 4 0~0.5% 167.3 167.3 0~0.5%
b 484 484 0~0.5% 106. 8 106. 8 0~0.5% 176. 2 176. 2 0~0.5%

WA REW], B g 165 m®/h i 8] 2
100 Az = A B FASEME B B FE 496 m A2 47 5 B i g
4 165 m®/h - [EFE 500m B, SR BE B 7E 102 4
e PEAE 2 A s HR AR 500m I 8] 2 100 AN P2 4R I
B PR R KR 168 m*/h,

7 Ak 228 A 5 D 2 B A e A L RS B AR e
FHEATTHL g PP Al I A 3 02 5 B2 5 B S AR
Ji {5

XS EEZ BT X =
BT 3%kYR.

Y5 —: BIEKE g = 165m’/h, 150m’ /h,
110m*/h. & 3¢ B )& 43 % & 100m. 200m. 300m,
400m.500m, JF 3% [8] v Bf (8] AT 43 5 4% 20 4. 30
AF .50 4F (80 4,100 4 T IR i im SR D,
S ILIE 3,

A LRI A SR FEAE 300m L F L [1]

I LB EE I 3. 3906 . B

FER 110m® /h JF 2R (8] 7 100 4F, $58  IiG 5 1R
437m; PE A ROE BEAE 400m DL A 3 B E 7
165m’ /h ¥R BITE 100 4F , 5 il i A BE 465m,
5 /NFFAT H H I 52 BRI ] #E 500m .,

T & R X AG % ok 4l 808 E AME T
360m, & T4 A U B AT 220m, 1 3 [7) if
T 79 J2 01 LB [l AN A 165m’ /h, A H i
(1 1) B S 00 & 3L 424 R B & 100 RN A&
PR RS E 0 L BB ) g TR A [ R
[zBu 110m3/h AR 90 4 i J5 w23 K AR FA ST

ae N T T R I BE AT PR B 3 X P SR

I ?’rHTIEﬂE’JE’ﬂﬂ 76 LB EE B 3.39% A SR
350m B, #HHE D 43 B B 300m, 400m. 500m.
600m M [l 7 & qu B 80m®/h, 90m®/h, 110m?®/h,
150m’ /h 165m* /h 715 7 G B[], 45 R O 4,
AL R R A RUEEE 350m i, HFE 300m
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Fig. 3 Critical well spacing for different effective
thickness, different recharging flowrate and
time of thermal reservoir
(a)— [l 4 165m® /h; (b) —[ElFE & 150m?/h; (o) —[El i 110m® /h
(a)—Recharging flowrate 165 m®/h; (b)—recharging flowrate 150
m?/h; (¢)—recharging flowrate 110 m®/h

[ & B 80m” /h, 1 HAEJFR 75 4F 5 i 400m
[ FE A 110m’ /b, HAEJFR 97 475 FFHE 500m . 600m
IS (] FE R AE 165m” /h AR Al KAIJFR 101 £ DL L.

g = FLBE R 3. 39% A 20 F B 350m,
Bi D 43 BB 300m, 500m, 600m J JF 5% [ i i} [
AT 435 20 4F .30 4F.50 4F .80 4,100 4E 0 .
BT AR S I FE R g A5 R WL 5 PR

BRLE R R A RURE 350m B, ZARIERE T
K 100 48 JFBETE 500m B LA b . [0 AN B

300
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A
=200
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IR C
2
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0
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ANFEIEBEN [l (m/h)
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Fig. 4 Critical time of thermal breakthrough for 350m
effective thickness of thermal reservoir with different

well spacing and different recharging flowrate
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Fig. 5 Critical recharging flowrate at 350m effective

thickness of thermal reservoir at different

well spacing and recharging time

167m’ /h; JFEEAE 400m B, ] 7 R REEE L 107m®/
h, HE Jxw AR 360m, [7 3 & Q=165m’ /h /)
TG A ARVFRIE R 167m® /h, R FE 100 4, A4
PRGBS b 152 AR R A AR VR . X
SeZE AT DAL T L H R FRAT H FT R AR S8 T
ALY P SR FOKTE 100 4R N R R &2 420 .

R SR AR B 5T X it JE WP I8 ) o A B
B T SR8 3 W R ECE VR R B I R A
AT 50 o BV At 2% 40 S 78 L A 80 FL IR B 3 R e AR 4l
o (16) 3 (19) A I HE B 2 A8 /N

T 2 U0 [ 43 IR K R g
k7 165m® /h.150m’ /h.110m® /h.80m’ /h. 45 &% J& i 43
S 200m., 350m, £L Bt BE 43 Ji B AT B A 52 B & S
fH0.5%.7%.12% .15% .25% . JF R [nl {: i 6] AT
e 100 48 IF5 T B FOFEE DL 25 R ILE 6,
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350m, BEA FLEBR BE 700 19 K B 2500, I 5 BE ol
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(] 3 A /N B I B BN . X T R AR [ A
RO R PR E R e B BN e 3
165m’ /h FLIEE g 25 Vol . A &4 it J2 5 BE 200m i
I S BE D 604m ., A 250 JZ R 350m JU e 5 -
D A56m., XUl WL AE [0 &[] A A AL B

JE A ROAME IR IE OB A e CE e
RO P E AT I B ) 2 B0 A R GE R
JEE A A DA AR L LU 18 A (] 3 ] 3
NSRS AT R/ S % ) R9E b e
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AT T 2 DX QRSP P A SFL R 3. 39 0 A8
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7007
500 650 e, 3
IV KE165 mh EI/I&;I?Sm/h
' 600
~ g 7
E 4501 : = 550 I3 4150 m'/h
i 334150 m*/h =
o =
e B 500 ——
EX 400 . , & [A[yF: 5110 m'/h
= 34110 m'/h = =
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& % V5480 m°
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Fig. 6 Critical well spacing for effective thickness of reservoir is 350 m (a) and 200 m (b),

different recharging flowrate and time of thermal reservoir

F 10 ELZFENHFRELRERMEEEEA E DT R MR IG5 36 R

Table 10 Critical well spacing for different effective thickness, different recharging flowrate and time of

pair-well system for thermal breakthrough in Xiong’an New Area

G I B (m)
AR A R TR BE (m) 8] 4t 165 m® /h [} [B] 4 150 m®/h i} [E] V4 110 m®/h i} 8] 4t 80 m® /h B
¢ =3.39% =7% $=3.39% p=7% $=3.39% $=7% ¢ =3.39% b=7%
Jxw 360m 490 483 467 460 400 394 341 336
Chg 220m 627 617 598 589 512 504 436 430
Jxw-+Chg 580m 386 380 368 363 315 311 269 265
25 5L R O T HE B X 2 A TR [ 3 Wi
S

T 100 4F A &L )2 J5 FE R[] 3 o A 02 6 30 58 1 I
S B B A R R 114 288 FLB R I R A B B A 2
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m®/h B I AR EE 490m Bk /N R 483m, 4% 2 H 22K
RLRL AL S LI RE B i S R BR/N

R AEA X, BRI Jxwo s AR HE )3
165 m®/h (% - [A] B 22K F 490m, H A 500m
FE B A B Bk R TE Chg s S5 Il i & 110
m’ /h B3 2K T 512m, 41 2R 2R +F 500m
F ] B DU B[] 7 o A i 100 m®/h B A7 R
PZ ARG, BIFE S 165 m® /h i, # S I A
#F 386m, HFTSEFR 500m [ I ] B 5 3 .

A SCVEAT P e 722 3 DX b A B B U o 2 B X XN
TFRTE 3500m DLk ooty 4. 58 B R 82
Xof i B ZR %5 ok 1L 2 TR A R 0 R T TS IR A
3500m AR 9 BA ¥ K. TH 53R 7E 4000m, 4500m
R IoT il A RS RN TR AT 2B

DX PN 1 e A A7 1 B K K S8 R BROK BT B B A T
BT HATfLBE SIS X AT T L R0
FE BN N 100 4 AR b FAOK 7K 5 K JROK B & 2
SABAEHOK Y 50 %0 in R AL AR RE B o LU REE
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Table 11 The optimistic trial calculation results of 100-year recoverable geothermal water volume and heat in Xiong’ an New Area

G %% BAEAE L HOK R | S A AR R ﬂ%mﬂm% TR B K PR ﬂ%mmﬂ%ﬁ% AR AL I TH] AR
J20E (X108 GI) (X108 G (X108 m*) (X10% GD FRAE (X108 1) (X 10* m?)
Jxw 86. 89 14. 95 43. 445 7. 475 0.511 2336
AR R X Chg 50. 56 11. 81 25. 28 5. 905 0. 403 1845
BEAiait 137. 45 26. 76 68. 725 13. 38 0.914 4181
Jxw 111.5 25.13 55.75 12.565 0. 858 3926
AT E X Chg 59. 46 16. 56 29.73 8. 28 0.566 2588
Bt 170. 96 41. 69 85. 48 20. 845 1.424 6514
Jxw 12.14 4.33 6.07 2.165 0.148 676
PR R A X Chg 7.03 2.74 3.515 1. 37 0.093 428
Biarit 19.17 7.07 9. 585 3.535 0. 241 1104
KA i Jxw 210. 53 44,41 105. 265 22. 205 1.517 6938
Chg 117.05 31.11 58.525 15. 555 1. 062 4861
X gt 327.58 75.52 163. 79 37.76 2.579 11799
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Abstract

In order to scientifically and rationally develop and utilize the Mesoproterozoic geothermal energy with the top
surface depth of 3500m and shallow in Xiong’an New Area, the parameters recoverable amount of geothermal
resources are evaluated using recovery rate of geothermal resources, well layout scale, single well production,
national permissible index of hydrothermal decline, recharging-discharging well spacing, recharge quantity and
production time. The results show that the recovery rate of geothermal resources and well distribution scale are
limited. At present, the Wumishan Formation has the main single well production of 110 m*/h, recharge
quantity of 165 m®/h and well spacing of 500 m, all of which can meet the 100-year development life of
geothermal field and meet the national permissible index of water and heat decline. The theoretical
maximum thermal energy recovery of geothermal unit is related to physical properties, such as porosity,
density, specific heat of the rock and density, specific heat of geothermal water in single-layer thermal
reservoir, but not to the area and thickness of thermal reservoirs. The actual maximum thermal energy
recovery rate is only about half of the theoretical maximum recovery, and it is directly related to the
development parameters such as production well layout scale, single well production, development time
and tail water temperature. The simplified formulas for evaluating the development parameters of
recharging-discharging well spacing, recharge quantity and production time are much practical and easily
used. In the evaluation of thermal breakthrough distance, time and recharge quantity, the effective
thickness of thermal reservoir, regardless of lithology, is a very important factor., followed by recharge
quantity and recharge time. Porosity and permeability impose much less influence than effective thickness.
The optimistic estimation of recoverable geothermal water resources in the Xiong’an New Area accounts
for 50% of the total storage hot water, i. e. 163.79X10° m®, 37. 76 X10* GJ and 2. 579X 10° t of standard
coal, which can meet the annual heating requirement of 113.7 million square meters of buildings with
energy consumption is 0. 32 GJ per square meter and per year. The conservative estimation takes 30% of
the optimistic result; the best estimation is 50% of the optimistic estimation result and the current annual
geothermal water resources can meet the demand of 56. 85 million square meters for building heating.

Therefore, the Xiong’an New Area will be a typical demonstration area for geothermal energy application.

Key words: geothermal reservoir; recoverable resource quantity; development parameter evaluation;

Xiong’an New Area; Rongcheng uplift; Niutuozhen uplift



