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Analysis on origin and recharge mechanism of geothermal water
—A case study of Beiwenquan hot spring in Chongqing, China
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Abstract: Source research of the hot spring is very important to do the geothermal resources evaluating,
and has a guidance for sustainable exploitation and utilization with geothermal resources. Beiwenquan hot
springs in Chongqing is selected to be study area, and hydrochemical method, D, O isotope and on-line
monitoring system are used to do this study. It is found that, Beiwenquan hot spring in Chongqing is the
medium-low temperature, shallow, neutral geothermal water, and the hydrochemical style is SO,-Ca. The

value of the 5O of Beiwenquan is —8.48%~—7.09%y, and 8D is —55.46%,~—53.26%.. The recharge of
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this geothermal water is rain water and the recharge area is the karst outcropping area of 641 ~1 206 m
altitude. Marshall and CDTP300 slot-line monitoring system are used to do high resolution real-time online
monitoring for the North hot springs and found some results. 1) The hydrogeochemical features have little
change over the long term, which means the hydrochemical features and the water-rock interaction in
thermal aquifer is stable. 2) However, the discharge and rainfall in the study area is a lag relationship, the
discharge of hot spring is almost 6 month delete response on rainfall, the discharge of the hot spring is
lower in rainy season, while higher during the dry season. Hydrological features of the hot spring have a
certain changes after a rain. About 20 days after rainfall, temperature and electric conductivity will be some
decline and the discharge will increase. The origin of these geothermal water is precipitation and its
recharge is not only the long-term and long-time geothermal aquifer but also the water supply from the
shallow underground water and rain water in the process of thermal water rising.
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Fig.1 The schematic diagram of sampling location(modified from reference[20])
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Table 1 The hydrochemical features of The North hot spring in Chongqing(2009)

wEE Bt/ (mg + L)
(ps+cm ™) HCO; NOj; Cl™ SO% K Na Ca Mg Sr Ba

W4 WA pH

2009-01 7.02 2 390.00 35.90 158.60 0.04 15.83 1247.97 9.34 16.73 547.72 110.86 12.23  0.02
2009-02  6.97 2 300.00 34.90 152.50 0.00 13.08 1 314.17 9.79  16.01 ©558.74 114.07 11.23  0.02
2009-03 7.02 2 440.00 32.10 170.80 0.00 18.24 1469.70 9.95 18.33 551.96 111.28 11.84 0.02
2009-04 7.03 2 790.00 34.20 158.60 0.22 15.76 1 377.51 10.26 18.49 554.49 117.05 12.95 0.02
2009-05 7.04 2 760.00 35.10 157.50 1.48 13.69 1 441.40 11.02 14.53 562.32 112.32 11.25 0.02
Jr 2009-06 6.89 2 280.00 34.70 164.70 0.42 10.62 1 264.03 6.98 11.82 530.92 111.71 12.20 0.02

SR 2009-07 6.98 2 340.00 36.10 168.21 0.24  13.02 1431.69 7.56 11.92

ol
Q9
w
(2]
wl

112.78 12.21  0.02

2009-08 6.98 2 320.00 36.50 165.00 0.21  13.54 1 424.50 11.23 11.25 542.32 114.23 11.56  0.02

2009-09 7.00 2 710.00 35.30 158.60 0.26 15.08 1 331.46 19.31 11.92

ol
Q9
w
wl
[S2]

112.78 12.32  0.02

2009-10  6.89 2 340.00 36.10 152.50 0.04  13.69 1 368.65 10.39 18.36 536.19 108.54 11.80  0.02

2009-11 6.95 2 450.00 34.70 164.70 0.12  14.14 1 420.51 12.08 19.36 ©536.73 118.58 12.04 0.02

2009-12 6.95 2 451.00 35.10 168.40 0.00 15.08 1 394.96 10.61 17.39 521.18 104.65 11.54  0.02
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PO TT AR A R AR KL . RAEATE UG - BT 32 3R RS 45 B DA S s A% 6 ° A 46 1) 52 o, G
AR RN 2 A BUCRRAE AR R A B o B 7 A B B RN, 5 BRIV BE AR £ B O e R R R R K AR S B
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dD =17.9 8O +8.2,r* =0.997, (D
259 B A0 ok H T AU AT XK AR K BF ST L H K 1 AR R R 5 R (CLMWL) oy
SD=8.738""0+ 15.73,7* =0.97, (2)

AU U5 R R PR R K RL R S BRI OK Y SD(%0) Fll 8" O (U (kM5 Rl 8D=(7.82+0.283),8" O+
7.52,r7=0.975 . BF 5% IX UK L 5 B2 VT K BL R R K 9 8D o) F 8% O (o) 1B 45 5 8 74 78 4 [ R K 8 B 7 I
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Fig.2 8D-§" 0 plot of groundwater samples from Beiwenquan
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Table 2 Value of 8D and 8" O of the North hot spring,

rain water and Jialingjiang River

BORE P} (8] 3D/ % 30/ %,
A6 R 20104E 6 H 22 H —8.48 —55.08
A6 % 20104 7 H 18 H —38.35 —55.09
k(A= 2010 4£ 8 H 21 H —7.09 —53.26
b R 2010 49 f§ 20 H —8.01 —54.26
k(A= 2010 4E 10 § 21 H —7.58 —54.12
A6 R 2010 4 11 H 20 H —8.48 —55.23
db i R 2010 4£ 12 A 19 H —7.56 —54.78
A6 R 20114 2 H 19 H —38.01 —54.44
Ju i = 2011 4E 1 13 H —8.17 —53.23
b R 2011 4E 3 H 29 H —8.11 —55.46
dui = 2011 4E 4 J 20 H —8.08 —55.46

7K 201047 H 9 H —10.68 —76.55

7k 201048 A 1 H —14.93 —108.75

7K 2010 11 H 14 H —3.69 —19.30
FEBEILK 201047 H 18 H —7.41 —51.85
BRIk 201048 H 21 H —9.01 —63.19
FBILK 201049 H 15 H —9.99 —73.84
F BEILK 2010 4E 12 J1 17 H —9.44 —64.90
FBILK 2011 4£ 3 H 29 H —38.41 —60.80

IR K A SRR 28 2 R AT e R AN o AR TR R B BR A 2 07 1k L SRR R T B b v A U
XH
R —(RD

H=———X100+n", (€D)
©

Ko H BEIFR AT UK AN SRR s R IR R K 0O fH: R, AHE KA 6O {5, bR KA 60 A
TR BE W 1 Y 8% OC—6.63%0) » A8 38 19 i 2 o H b 45 X (AU M i) 40 v WD) . = B2 465 m, B 2 ohy
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465 m" 5 p SN KA R K SRR 200 B AR » ol 1 AT X G g b DX A AR R AR TR A 2R e AR O A T F O AR X
RS e ik AT HE B, o BT e A A0 X IV AR b X 8" Oy AR sk B E AT W ST M A R B (R
—0.26%,/100 m, BRI AR AE S 0 100 m, KAREKI 8 O fEHIH A 0.26 %0,

HUE F EREE Al 465 m L p R —0.26 A A ()15 3

R —(—6.63)
H =" 5 X100+ 465. (4)

JEE SR T IR 0" O {2 —8.48%0~—7.09% Z [8] . 4% 8" O fHAC A 3 (O TF A5 H A6 T R T 44
KEI NG e H B35 B4R 641~1 253 m (I HLIX,

Y B UE AR [ 2RI e R ASONE ) O P AR A A AR AR TR L R Y e RO AH [ Y D 8D R o Bif R
TR kR 25 v A A 8 i T R AN — RO U YR B T R 100 mu RAREZK I 0D (E F R 100~4%0 . [R1 3. IAR$E oD
EIFFEA A SRR AKX

=" P00, (5)
ol

Kb H O Z B X T HOKAMA X SR s D 58 X b T #A0K 9 8D fE: Dy S Hi K/ oD {H, & K¢
) 17K 0D (B —49.86 %0~ —46.08%,  BUF-HME N —48.05%0Ch Dy o h iy M 2K KRR S 4N 45 5
P AR IH ARSI MA S 465 m™* 5 p1 SRy KA 7K T RIS 28 466 88 1 . AR 9l 408 TUEE 45 o i B R AR 7k 1
AR B A R P92 BB T NS M % 8D R A4 SF X5 (8 RN 3 2R 45 AT 25 5 459 31K S K
AP ERE B — 1120, X EERAAX GO R AFKG),

H =200 100 + 465, (6)

JUE R B R T UK A 8D K/ R —55.46 %0~ —53.26 %0 AR A I (6) i 75 H A 45 v A R
K 930~1 206 m Ay HE DX, 3 5 13 40 48 [A) 6 2% 04 v R 800 TH 58 LR R B AR 25 R R 641 ~1 253 m A HL X AHIE . IR
T e RS 25 L WA 800 220K i i M e R TN ZR A7 0 48 R A At s Ry A8 %2 111 M4k GA 3] 2 000
ZA R HZ B 28 3] =S 20 i LI )z R . AR U )1 b AR R 3 b A i AN A A b TR
IR ML IR RN G R R L 2 A IV B R TN T R PN HE R K BR 0 ] A 5O A L TR SR T BROK g 32 b
SRR RN AR AT I A 45 15 U 3 PN A 8 VA A 7 1 8 DX b o A2 42 L DX Y 25 T R R X, R R AL Y
R
4.2 FELRMETFRE SMR KRG

2008 4E 5 H 12 HL BB ALIE R W E 2 T RSN KA 8.0 MR, Z 5. Ll R /AK R KT 15 L/s,
FEUHE T PR E K )Z 8CE R A7 I R R WS A T AE AR G K i3S R B[R & SR UK IR R R 1 C
Ul B AR K AU 5K 2 AR K R A K TR R e R R A6 TR SR S OK Fed Min ik B2 B9 AR A8 4k - 7R
Hii Fe.Mn A9 Ji & 1€ 25 43 5 & 0.05~0.15 mg/L 1 0.02~0.03 mg/L, 5 H 12 0 F4FHE )G . Fe.Mn A9 i &
WeBE ARy 2.00~2.21 mg/L F1 0.11~0.19 mg/L.Z 5 Fe . Mn (BT W £ E D RE. 3 7 H 4 H L AR
PR MR A K . L B 4 0 SR R B T B AR KR S B ) Fe Mn B 1, 5 46 IR 5% 97 78 X 5 i
TIOKE K )ZE B )ZE o A A K S A SRR R A CETL R ) A W) & e 3R B 52 DI 5T
FIPREE R 2R (5200, 1 HOKAE B 7K 2 el 3 76 B R b A AN K IR A, BLAE 2 HUER 9 1 AR T 3%
B R B S T S A A 5k A 1), A bR SR AR T AR R W T KR K S5 (F 8 i CDTP300 #E 17
W
4.2.1 &N BB A

TEAE FAECHE T, 1 e BEXTAE LR 22 e (1) CDTP ) BT (4 7K A7 F1 52 B K AL E AT RS GE S U5 IE A 9 3 F 5
K E I CDTP B K £ 5 46 S SE bR K AL, | T 4R 3k B 4 07 B 5 5 #ROR 8 K o 1 F 3 A A 22
0.15 m(HNZR 3D, Jr A A B 2L BR A & i 22, MBI 5
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Table 3 Water Level data of Beiwenquan

i ] 1388 4 /m ;”g Lﬂﬁ /i SEW{f/m
2008-10-27 0.740 0 0.590 0 0.365 0
2008-11-08 0.747 0 0.597 0 0.367 0
2008-11-09 0.749 0 0.599 0 0.330 0
2008-12-10 0.746 0 0.596 0 0.335 9
2008-12-21 0.745 0 0.595 0 0.353 0
2009-01-19 0.740 0 0.590 0 0.365 3
2009-02-09 0.740 0 0.590 0 0.367 5
2009-03-08 0.759 5 0.609 5 0.367 0
2009-03-09 0.750 7 0.600 7 0.366 5
2009-04-06 0.733 5 0.583 5 0.370 1
2009-04-30 0.598 9 0.448 9 0.367 9
2009-05-28 0.668 3 0.518 3 0.366 8
2009-06-02 0.665 3 0.515 3 0.363 7
2009-06-08 0.684 0 0.534 0 0.347 8
2009-10-01 0.626 7 0.476 7 0.347 1
2010-01-19 0.700 0 0.550 0 0.337 6
2010-01-28 0.690 0 0.540 0 0.330 8
2010-03-13 0.620 0 0.470 0 0.330 8
2010-03-24 0.598 9 0.448 9 0.360 0

P 1R AR Sk 00 B A9 A 2% 5 55300 K o7 K 4 (B kAT o3 _

B, BEBLH ARG ER E 3 iR, MR r=  037f

0.91 A5 B 5 S I B0 A (22 11 1 56 R0 - SE PR = 0.221 + o6l

0.244 6 X 1Bk = 2200 B 5 WA AR . IR0k 76 s T 1Y) 25040 -

THF A COTP Bl A ik AL 8 i e A 5 52 BR K Zosst

fir RS2 BR A € 0.3~0.57 m 2 AR T HUR M & 022150204 6

FARL R Q=177.10,"7 (h, Jk D P hiems ¥ =091

PSR/ T 2 341.8~3 054.25 m® Z ], 033} .

4.2.2 2009 4.,2010 b B A L3 S5 &4 0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58 0.60 0.62
AR A AL AR5 S 9 A s s CDTP frid BB PG 225 (XA /m

ST AR SR H T FAOK 1 7K SCsh A5 8 DL B AF 5T XI5 R H3 MBRESIAEEEXXRE

%{Eﬂﬁfﬁj , H_%: H 2009 4F 2010 4EH E B A2 E@%jﬁﬁ Fig.3 Correlation diagram of Instrument

(Max) \J5/ME (Min) FF- B (Ave) (% 4), LIl R i IX data and measured data

I R RS2 S 2 W A RN TR R i 38.12 C L, g KR i 105.60 mm, & 7
AR 10.82 °C Mt fe s Oy 5.82 mm, T ik SR K /K IR B S 3 pHOR AR BB E L KR R 35,29 ~
36.69 C.EIMEZ Ny 36 C LRy RIS /K L B 5% 2 058.50~2 279.95 ps/cm, BIME K 2 250 ps/cm, J&
E ALK pH O 7.03~7.29, kK . TR B DR b XM #ROK g C A 2R AR IS I A O HEBR SE
W) L b T KT AR A B B BRI A7 T 11 000~ 13 000 a 22 [a]55, Bt . Hi T $AK A 358 A 7K SO AF 40 3 4
pH. HL S LR E.
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H K 88 1 4t FAOK TE T 08 5 B A A S A B K2 B K R R 5 B0E TR T AR B I R
F AR o AR AR IR ATR A L AR AT I8 25 M X 52 350 40 T S8 4 1 D o B, A IR M BR AR 2 5 M
THOKTER W2 TR 2 R b ST SRR T B A K TG e 2 D BT IR TR 2 R e
S HMIE K VR A I B & 4 S AU IR SR FRoK 2009 AE T 2010 4E AR I K SCEh A KL IR R 2009 4E 1
MIEET 2010 489 37 12, 2009 4E i % KE M 3 145.29 m®, B /NME N 2 058.5 m?, 2010 ZE & K1E N
3054.25 m® F/MER 2 060.82 m®, X F2 A B MR R L GRS R & T 2008 4F 5 ] 28 HE ¥ K, #]
TR 12 His 3 e KA 182 08/ o AU AL T TR IE W R 55 B VL TR U)W 4 1 0 200 52 ) 2H 10 b X T
S5 R Ml DX Ml T A 3 O — AU M AR 107 AR 70T B LT L R LA 2 T B A R R BOIRAR L BRAR KUK L B
FEAER G RV &G SR R A B H A . MR T IR R —i A A B A 1Y Z R
KHFHR B 262 m AR 3 AS7K A /INF IR SR 7K SR S T R B [ B 5 R A L Bl 2 B e Y K e B
(] e B B 1) 32 A% L S U AL b I R 2 K SR BN R B Y K AR A 3 B R R SR K 1K B 5 R 2
R KA —E WK IBER . W U SRR A B B KT 2 000 m®/d, 5 B T o 1416 450 W4 A S s bR SR I
R AR KT RN B . R U SR BOK B R 25 R T R ER A PRI AN BT Ok B T A
IKIZAEIR K Z D IR AG /DT 3 S K U5 T 5 Vi R A% DX )23 b 7K R T 7K R 45 o 1717 3K 3508 40 b 45 7K 3 B T b 34
KB A 1 R 2 R T A R PRI AR — o I S DG R HOMH IS 2 LR AR S T .

F4 LB 2009 F.2000 FRFHALER

Table 4 Seasonal hydrological information of Beiwenquan in 2009 and 2010

2009 4F 2010 4F
Kt/ KW/ SR/ B/ IR/ . K/ KR/ mARR/ BEWE/ KE/ q
> )
(m*«d™") C (psecm D) (@mm-d" C ' (m® » d) C (psecm D) (@mm-d") C .

Max 3 295.98 36.27 2 250.71 32.60 24.90 7.13 2 955.65 36.17 2 276.76 18.00 25.94 7.11
2 Min 2 936.05 36.02 2 208.34  0.00 6.78 7.03 2687.35 35.89 2206.49  0.00 5.55  7.06
Ave 3110.85 36.22 2 240.59  2.42 15.28 7.08 2809.69 36.05 2 232.56 1.99  15.18 7.08
Max 3 129.16 36.34 2 252.71 105.60 38.12 7.70 2798.66 36.30 2279.95 67.40 37.34 7.14
HZ& Min 2754.54 35.29 2058.50 0.00 17.49 7.03 2341.80 35.06 2060.82 0.00 19.46 7.04
Ave 2 858.17 36.18 2227.95 5.65 22.62 7.06 2527.10 36.11 2249.89 4.52  26.27 7.10
Max 3 169.32 36.69 2 241.04 39.60 31.20 7.13 2777.66 36.25 2282.36 37.20 30.87 7.27
k% Min 2 684.89 36.15 2207.52  0.00 2.86 7.04 2500.87 35.92 2 256.15 0.00 10.20 7.13
Ave 2905.39 36.27 2 218.39 1.33  16.36 7.08 2 646.37 36.05 2 269.07 2.57 20.59 7.19
Max 3 145.29 36.69 2 232.40 5.80 13.06 7.13 3054.25 36.08 2 267.49 15.20 10.82 7.29

I

7= Min 2901.51 36.10 2218.04  0.00 2.90 7.06 2776.67 35.88 2 257.41  0.00 0.25 7.24
Ave 3051.72 36.19 2 228.07  0.43 7.38 7.10 2939.96 35.96 2 262.64 — 7.27

4.2.3 2009 % 6 B .2010 47 A A % Wl 33 o

ST W M AR OK 5 IR R K Z TR B AR BLOC AR K B 4 RO EER AR ORI Bl 5. & 5 Ol 2009 4 6 ) 8
HEI7 7 10 H AR A AR SR K 0 3 i IR pH 8 DL K H 52 32 R b I SR b DX 6 TR 2 79 5% I &1 19 200 i 35
T AR R K SCE SRR . B 5 o 2009 4 6 A W] — 3R IE AU IR SR R PAOK Y L
KR pH R AR A S B S A AT R SR AN A IR R B AR B B R iR 2. (HAEE 5(b) AN A, 2010
AET A RER IR HIA 7 A A HS H10 H AR B i/ Rk pH ZA R, 537 4 5 H
F 12 B — R BUKIR R H 36.25 CTHREH] 36.05 CL 4885 XT3 1 36.25 C; %45 7 7 16 H 3 21
H &5 0 BUK IR A B 36.25 CREAIREN 36.05 C 5 [Rl B, H S S8 A 1 1 Bsf (8] Be Bl 32 oAt B[] B2 [ AR
T 10~20 ps/cm, 20 HIH JER 2 270 ps/cm FER] T 2 255 ps/cm, 33X NV 1% 2 4 RN 5 | S 10 4 B 25007 1 (AR 3
B 7 AW RE R 5 1R IR SR KK IR A 82 7E 7 A 16 H3| 21 HL @R 7B H AL .
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Fig.4 Real-time hydrochemical measurements of Beiwenquan in 2009-2010

=~ 0 =

& 20 = 0

<40 20

E 60 78 E 10

ﬁ 80 —76 ﬁ ;-%g
100 174 T 80 ‘o I

el 7. = 7.12

£120 J7, = = T T R 708

l 36.3 7

] i 04
7.0
36.4 £ 36.2 T
£ 36.0 gj 36.1 2280 ©
36.0

£
Eis6 —2250 ° 2270 =
%o 2 ST
: — 2 g 2250
£ 3100 2100 = £ 2600 -4
£ 3000 —2050 15 2500 i
2 2900 s iZ 2400
2 2800, & 2300/ ) | I b‘l L
joob——L— L+ 1 1 - ,\,\6 4V /q,/\
,b’% 6/\$ 6;1}. /,\,’L '\/\Q SRR\ G\ g ,LQ\Q
009 ()/ 00()/ @9 009/
WA T T Bl
i)
(a)20094E6 H K (B &5 B A2k (b)20104:7 H K 3Ch {5 B A4

B 5 2009 F 6 AF12010 £ 7 ALBRM THRKMAIHERFEEL
Fig.5 Real-time hydrochemical measurements of BWQ on June 2009 and July 2010
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Fig.6 The real-time hydrochemical measurements in summer of BWQ in 1980°s
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Fig.7 Schematic diagram of the origin and recharge mechanism of geothermal water
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