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Abstract: In order to find out the characteristics and reserves of geothermal water resources in Chenzhou
City, two typical geothermal fields in the Xujiadong area were selected, and their geological conditions, char-
acteristics of geothermal fluid field, and hydro-chemical types of geothermal water were also investigated by
means of geothermal geological survey and water quality test. Based on the above research, an analysis and
evaluation of geothermal resource reserves in this study area was conducted. The results show that: (1) The
geothermal water is controlled by fault structure and is formed by the infiltrated groundwater absorbing heat
energy from buried rock mass during deep circulation along fault structure. (2) The main hydro-chemical types
are HCOs-Ca type, HCO;-Ca - Na type or HCO; - SO,-Ca- Mg type, and the geothermal water is low-tempera-
ture, colorless and transparent weakly alkaline water. (3) The main supply source of geothermal water is atmo-

spheric precipitation. After water infiltration, it migrated to a certain depth along the developed NE fault struc-
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ture (Fa, F7, Fas, Fs), and during this process, it absorbed heat energy and gradually warms to form hot water.

Afterwards it migrated upwards along the unevenly developed karst fissure system at faults intersection, and

finally emerged on the surface as hot springs. (4) The geothermal water can provide about 3.23x10° MJ of

thermal energy annually in this research area, which can save about 1.18x10" t of standard coal resources per

year. The research results are important for guiding the rational development and utilization of geothermal re-

sources in Chenzhou City.

Key words: geothermal water; flow field characteristics; water chemical characteristics; calculation of geo-

thermal resources; evaluation of geothermal resources
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Fig. 1 Schematic diagram of geothermal water runoff in Xujiadong area, Chenzhou city
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Table 1 Types and water yield property characteristics of groundwater in the study area
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Fig. 2 The long-term observation on dynamic change of geothermal borehole water level in the Xujiadong area
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Fig. 3 The long-term observation on dynamic change of geothermal borehole water temperature in the Xujiadong area
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Table 2 Analysis results of geothermal water quality in the study area

WA E| CK1 CK3 CK7 CK8 A3 M H CK1 CK3 CK7 CK8

K 1.46 2.77 1.22 1.67 cr 1.73 2.58 2.39 135

Na™ 2.65 3.69 10.64 1.31 SO 15.01 37.23 24.80 13.67

W Ca* 56.16 81.68 67.90 66.22 g HCO,  82.63 59.89  76.44 80.52
) Mg 20.79 18.21 15.48 17.31 B NO, 0.01 0.03 0.02 0.01
¥ Fe™ 0.03 0.01 0.01 0.01 ¥ NO;~ 0.01 0.03 0.01 0.05
Fe* <0.01 0.02 0.07 0.02 F- 0.21 0.30 0.33 0.39

NH* 0.04 0.04 0.26 0.33 PO/~ 0.84 / 7.29 3.35

SR 22721 28033  202.50 237.91 Se 0.03 <0.01  <0.01 <0.01

SRS 197.6 / 184.07 193.16 Li <0.01 0.01 <0.01 0.01

% i 382.83 45431  425.56 395.74 Sr 0.47 1.32 0.68 0.72
‘Jf% liit 24 CO, 4.63 1.24 8.69 5.79 % Zn 0.01 0.02 <0.01 <0.01
FEAUE 1.09 0.96 2.12 135 I H.SiO, 2958 40.89 2689  26.94

pH 7.91 7.71 7.76 7.58 B Ha 0.11 0.19 0.084 0.24

E 8D 4130 2521 -47.20 -44.90 JEN;; 0.12 0.13 0.083 0.14
%f 8"0 -4.40 0.60 771 -8.70 2Ra 0.01 0.02 0.01 0.01

{E:6D .8"0 B %0, Jh o B B Ra Sy Ba/L, FIA AT F B30 mg- L5 PO AL IR KRR S5 2844 <0.01 mg- L I HT

it H ARSI,
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F 5% X T #OK o B B R ARG Ca?
Mg Na FI K", HA% #4351 4 56.16~81.68 mg/L .
15.48~20.79 mg/L. 1.31~10.64 mg/L Fl 1.22~2.77
mg/L; T % [ B 1 HCO: - 4 59.89~82.63 mg/L .
SO~ 4 15.01~37.23 mg/L.Cl~ 4 1.35~2.58 mg/L;
pH > 7.58~7.91, L 550t o AR 4 S0 B Ay fL 4
bR (£ R4l%5, 19865 FHEZE,2012) , 4582 20 A1,
GB1 F1 GB2 Hb T #IK 19 1k B 43 51 -y 382.83~
45431 mg/L 1 395.74~425.55 mg/L, ¥ kK 5 i
15 )3 43 1) 2 227.21~280.33 mg/L F1 202.50~237.91
mg/L, Y5 R S 7K o A [ A R 9 7K B AT A [R] 1 &
AR AL (X HLAE,2017) , 18 8 RS FEIKAYSD
F16"0 1Y 722 Ak 35 [l 43 5 A -160.00%0 ~-30.00%0
F1-17.00%0~+5.00%0 , H.6D F18"0 2 ]38 H & 2k Pk
Ak (55t 35452024 ) GBI A1 GB2 Hi R #UK 6D
{8391 K -41.30%0~-25.21%0F1-47.20%0~-44.90% , &
SO B 43 511K -4.40%0~+0.60%0F1-8.70%0~-7.71%0 , TE
WFE X LR HOK AL S 8D F18™0 & R & (14 4) |k
AU VRS M Xt $AOK A 5 s Y75 76 4
BRI R LML , R X T $oK EZE R
KRR , HRAE T KR EEA RSBl AT,
9 X b T #ROK K AL 2E 28 R 32 2 HCOs-Ca AU |
HCO;-Ca-Na %l5{, HCO, - SO.-Ca-Mg &l |
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Fig. 4 Relationship between 8O and 8D of geothermal water in

the study area
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AR FEF AR Y] (R AT CK3 MR LA K3
HORE H00 20204 11 7, SR KIHURE H o0 2814 4
H s B0 CK7 B LA K S BORE H 491 2020 4 2
HEKIHBORE H U [RIAE 7 A D23 3R 7F5ER CK3
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R3 OFFIBME E K KB THRKK RS ITER

Table 3 Analysis Results of geothermal water quality in wet season and dry season in the Xujiadong area

SiE CK3 CK7 - CK3 CK7
FKH 7K FoKi A7 FoKi 7K 4 FIRW MK
K 2.86 2.77 2.30 1.33 Cl- 1.15 5.20 0.89 2.39
Na' 3.77 3.69 2.80 10.64 SO~ 68.64 51.57 46.51 59.80
Ca* 90.60 81.68 61.53 67.90 HCO," 81.29 97.59 93.33 84.44
Mg* 11.69 18.21 16.02 15.48 F 0.43 0.296 0.28 0.33
Fe™ 0.03 0.01 0.01 0.07 NO," / / 0.01 0.01
Fe* 0.03 0.02 0.01 0.01 NO;~ 1.62 0.03 / /
NH. / / 0.27 0.26 PO~ / / 0.45 7.29
Li <0.01 0.01 0.01 0.01 RS RIA 44730 497.11 40570 434.20
Sr 1.75 1.32 0.67 0.68 psXidss 274.41 280.30 220.86  202.52
Zn 1.04 0.02 0.01 <0.01 RARE / / 183.16  184.07
H.SiO; 44.50 40.88 27.55 26.89 T CO, 9.17 1.24 6.01 8.69
8D -47.20 -25.20 -43.00 -37.00 R 0.56 0.96 1.78 2.12
5"0 -7.70 -0.61 -6.90 -4.53 pH 7.49 7.71 8.05 7.76

TE:8D 8"0 FARL K %0, pH ICHHAY , HAR P  H AL mg - L s DU HEASL T KRR S5 R 45<0.01 mg - L 430750 FRAEFR H51L



405 H 1

] BHAE MR T 2R s DX FA TR AR AE K 8 IS PP AR

139

FH ¢ 3 A« DX P b BROK H A8 A o bl Y
AN, K R S A A AT o T B4 A 2,
CK3 H A FL b, SE /KRR K T AS ) 1L 8 7
AEBE R, Zn TR /BT 4 RAHZE 2 70 7%, i 2
H T =K A EBORE s PR 98 B il K A s
3.3 MR R E TN
3.3.1 R BUK & EM

GB1 1 GB2 H i & 53 71 0.47~1.32 mg/L 1
0.68~0.72 mg/L, iR & it 7351124 29.58~40.89 mg/L
H126.89~26.94 mg/L( 4 2) , M4 (£ b 26 4 [ b
HE KRR SR K (rp A N RN [ 5 [ e
Ze S HIE Z i B TR R ,2018) , X P HE T34
IKEIREWR AR oK A PR (58 > 0.20 mg L™,
fREERR > 25.0mg- L") ; 225 (A 1R K DA FRAE)
([ 2 T 4 W B A B R v ) R A AL B 2
b125.2022) , W15 HIRT DX P T HOK AT S AR T IR
FHAK AR 32 A A B BRI 2 75 REAE S R R AR
SRR BTG R K I e ) L 0 LK oA 4
AT ARSI o DX P 3t T PROK i R R 15 1T 25 mg/
L, A (R AR AT SR K 0 V5 b S B e B ) (rp A2
IR S 0 o] [ % e A G 6 A SRy A v [ [ R
PRUEALAS B ZE 01 25 2016 ) A TR , 9028 KT X

H N HOK TR YT SR KT &I o R XN
UK R IRK SR RIK AR (A FH K BT )
(ARSI TRAN [ 2 3 B A LS Ry, 2021) 0
Qb 7K SRR ) (5l SR BE 14 g, 1989) , HOANE
BT A HE R K 2775
3.3.2 i HUK B A

WHE, MG A CL SO JiF S CO, k%
253 FLAT — 5 TR T ol o M 0 o A 0 050 b J 88 7
FRIE D (A R ] 6] 5 0o WA 0 A 92
Jey AR [ S AR IR PR 5125 ,2010) , B Tk
JE b R SO A S PRI AA (KO A JE b o X PR L
UK (1) pH {E N 7.49~8.05 , 5L 55 B o B A o
EY ARz /N

K, =1.008[r(Mg’ ")~ r(HCO’")] (1)

K N E T A R (mmol/L) . #7 8 ik 25 %k
K, >0 FoAEmikK; K, <0, H K, +0.0503Ca* >
0, FRAEE MK ; K, <0, H K, +0.0503Ca> <0,
PRI K

H DX PN b SR TR TSR A5 R (L 4)
AI 1 : GBI I GB2 b #IK 4331 Ja& ~F: Ji il Pk 7K
AR IR

R4 XA THKEMHRBITE

Table 4 Calculation of corrosion coefficient of geothermal water in the study area

S r (Mg*) r (HCO:") Ca” HeJ& JE
(mmol/L) (mmol/L) (mmol/L) K, K+0.0503Ca* Ji itk
GBI 1.499~1.710 3.402~3.948 56.14~81.68 -1.888 ~ -2.266 0.935 ~ 1.848 2L b
GB2 1.274~1.425 3.678~3.860 3.304~3.388 2454 ~-2.423 2252 ~-2.287 A Tl
Qw = QprCw(tr - tO) <4>
4 W PR A IR 1P 0, =Ayd+ASH (5)

4. 1 Hn#fEBEITE
At H AT PR I O i HL
FHI 2 8958k (IR T HE,2020) , 48 33k FH A
A T IX N AR A AR, T
0=0,+0,
Q,=A4dp,C.(1-y)(t, —1,)

(2)
(3)

K Q WA O, A PRI
s O, KR RAF IS ; O, AV A A7 10
KA A NFIAEIEA d I BGEIRIE 5 p, AR
AR C NP AT FEINES sy i s A FLER
ARERBUR s ¢, IR 5 1) 0 AP 5
p, WU HOKERE; C, K LTS S 3K
R R H O RELG R UL R 2 O
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PR b T A VS ) (A AR [ 52 A
WS IO A R, o [ AR AL B B 4y
2010) Bt 55t C P I 2 A Rz DX P b B 0% Ui A 9%

BT E SR, SRS RS R W L 5.H
72 5] A1 : GB1 Al GB2 #Ui% )2 H g A7 (1 #4351 4
8.10x10"JF11.06x10"J,

x5 RARFEEEHHELERE

Table 5 Calculation results of resources reserves in the study area

HABEE 4 (k') D (m) p, (kgm') C,[Mkg-C)] y (%) p, (kgm) C, [MkgC)] 1,(C) 1,(C) S fhE(x10° 1)
GB1 3.15 195.02 2700 920 2.45 1000 4180 70 17.8 1x10* 8.10
GB2 1.67 113.88 2700 920 2.45 1000 4180 40 17.8 1x10* 1.06
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Table 6 Calculation Results of mining output of

Boreholes in the study area

W s g 0 oalf
P B D
WA s @ em) e @
CK1 0.64 784.05 501.79
GB1 766.11
CK3 094 281.19 264.32
CK7 9.96 264.39 2633.32
GB2 4079.28
CK8 18.66 77.49 1445.96
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Table 7 The calculation results of recoverable heat reserves in geothermal fields

P B i fLS (°0) 0 (Lss) W, (kW) Bt W, (kw) W, (M) B W, (M)
CK1 30.5 5.81 267 9612000
GBI 6301 22683600?
CK3 47.0 4936 6034 217224000 (=2.27x10%
CK7 35.6 23.94 1784 64228680
GB2 2684 966286807
CK8 34.6 12.80 900 32400000 (=9.66x10)
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