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Fig. 1 Geographic location (a) and key monitoring wells of main geothermal reservoirs and bedrock depth (b) in Tianjin area
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Fig. 2 Number of key monitoring wells in different geothermal reservoirs in Tianjin from 1992 to 2021
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Fig. 3 Changes in the number of wells pumping from different geothermal reservoirs in Tianjin from 1992 to 2021
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B WA AT = A K T B R MU T 22 BAA 20 25 R A F 5 307

%1
I (C)
20 30 40 50 60 70 80
0
250 2014-10
2015-11
2016-11
500 2017-10
2018-10
750 2019-10
2020-10
E 2021-08
1000
B
1250
1500
SH1LEL
1750 (EF32))
2000
K10 2014~2021 4F R ETT R G X WQ-23B
by A [l I 2 I i 4R
Fig. 10 Logging curve of reinjection well WQ-23B
from 2014 to 2021
iR (C) FHREZE (C/d)
020 40 60 80 0.00 0.05 0.10 0.15 0.20
i
2021-04-14
250 1
——2021-08-02]
500
750
E
E 1000 \ K
1500 \ }
g ER A E (E A
1750
@ S=| O}

Bl 11 2021 4F 4~8 A KEITRIE X WQ-23B [l
IR 8 25 ih £ B [l 3 %
Fig. 11 Dynamic logging curves and temperature recovery

rates of WQ-23B reinjection well from April to August 2021

HD-02 Ji o7 T30 7 X, 6 o i) B R 55 36 1l
A, A 1 HE S [ 9 2 7 2686 ~3155 m, T JL4E
SR W 3 45 R JR B TE45 SR B TT e T 22 AR AS TR )
TAE ARG 2011~2019 4F A9 FH ik W0 38 50 41 22 i ) 7k

iR DL 12, AR i 7 iR 4% 0T A1, 2600 m DLk O
B, I 187 U5 32 T T8 R 398 o 4 o A 0 Ay 4% S P 1 TR
FRE 52686 ~3155 m A I H AR 247, B T8t
1% 25 (] 98 2 K IR BB AR (35 ~47°C)  fE I AL TE 1l —
A DAL 22 AT AR AL 4 [0 9 3 1 IR TR A 5 22 4 U EE A
T 60~80°C Z[a], Ik T 1F 1% &l T i BV 24 i B2
(2 85°C), WL B 5 1R B Wik = IE % . 41l 2020
4 A ZE 10 A HD-02 R4 M gh 2500 il £&
ULIEL 13, R 7 P8 32 55 DU & % 7K )2 52 e i B AR A AN
KA N 220 m DL Hi I T i R 5 % K
s, Horp R & K2 BE(220~2686 m) I i3 i £8 Fb
WG N AL S AU TR R AL R R M IR IR
HRH 0.012 °C/d MK 0.105 °C/d, 14145 5
F0.062 °C/d; F/K)ZBE(2686~3155 m) Il {1 FI%
T A B IR 2 B0 Sy — 2 ) 6 3 A R AL (R T LR
tE Y S 0 A P[] 2B DR R AR L 7 24 3 R B A B
0.116 C/d.m FAE&HKIZEL.
3.4 MELFHENL

KT 2021 4F BEA [ $Afiff )23 R K K Ak 2 R AE
UL 14, AR 4% 32 B A Hb BRI A K A 25 R AT
TP AR T 10 AL ) R KAk S S R R A
HT b B A A 1 R A K b 27 25 A By HCO,-Na %Y
B A8 4 SO, » Cl-Na B 5 17 P 41 5 4if Hb P

i ()
0 20 40 60 80 100
0
500
1000
—— 2011-10
—— 2012-10
E 1500 — 2013-11
® —— 2014-10
R —— 2015-11
5000 —— 2016-10
— 2017-10
—— 2018-10
2500 —— 2019-10
3000 =

Bl 12 2011~2019 4F R HH 7R X HD-02
i A TR S T 3 S I o 2
Fig. 12 Logging curve of reinjection well

HD-02 from 2011 to 2019



o R

308 http://www. geojournals. cn/dzxb/ch/index. aspx

it
2024 4F

FHi (C) FHEHER (C/d)
20 40 60 80 100 0.00 005 0.10 0.5 020
0
2020-04-17
——2020-05-20
. ——2020-06-20
——2020-07-28
——2020-08-11
1000 \ ——2020-09-14
\TzoZO-IO—Ié \
E 1500 \
% \
e
2000
2500
=3 SN L
; _\‘—\—;..
= ——y S|
3000 : -
(a) [ 2 (b) [m] 3 2

132020 4F 4~10 H REHA AR X HD-02
[ VEE - - Uk 2l 2 ity e K% [ T 3k R
Fig. 13 Dynamic logging curves and temperature recovery

rates of HD-02 reinjection well from April to October 2020

T K AL 22 25 i HCO,-Na BB A8 &2 2 1
Cl+ SO,-Na B ; B B 72 4 fiff b B0 30 4 7K Ak 27 2 7
 HCO,-Na #3Z ¥ o P 8 &2 4219 Cl » SO,-Na -
Ca AU ; F€ 0 2 MVt b 2400 R K fb 2 25 0y HCO, »
SO,-Na I3 JE#) SO, » Cl-Na » Ca %I ; %5 2K 111 2 #4
it G AL 252K/ i HCO, + SO, « Cl-Na #4
P F Cl» SO, » HCO,-Na &,

T AT R KT K 7 4 sl b AR K [ T A L
b P AR DR AZ 0 B L O KRB TE R A R ) AE I B

LB Nm
TEMH Ng
FREYH Ed
LA EN0)
ERFR €
FRRWAE Txw

@ ©¢ 0 e O o

Bl 14 2021 4F B REEA [ 64 )2 Piper B
Fig. 14 Piper diagram of different geothermal

reservoirs in Tianjin in 2021

1 AR R A A2 BN 7 A T A2 DT T S 5 ) [ A
RWEENRZ — RFHEE,2009) , W45 LU X
T 43 i PRI 1 0 AR IR B B %8 5 AT U UE 1 32 A
PALFE CaCO, . Si0, Fe,O, Ztb AW, T EILEA
O.Si.Fe Al Cl &, FF R [l #E 3 72 v, b 30O 14 fk
AR BB RN — =W CO, TRk
([ i = A CaCO, 8 MgCO, ULHE .

3 3% R AL 2 I SR A R AR K R HEA T 4
TEAHT 25 P At 2 1 T IR 1 2 B Ak 2 A o B AR
FE . ZAERTCIH AL (1518 16) , Rt Al A6 A
b AR AR 1 A 2 P T LB T A A AR TR I S AR
rh I P Y BN S AR AR R R IS 1 L AR T R
JRE 7K [ XoF b AR G AR 1) 7K 52 i AR /N L R 23 AR AR
I B b AR AR 1 SRR AR SRR

3 A, 3 R R 20 AT T BB T 0 A B
& (Lin Wenjing et al. ,2022b) , 7438 I FA§2 . %A
Ivi) it J22 14 7K 0 368 ol — 2 P B ), AR5 XA 7 R T 24
KB W2 B A By 0 3R i A BEKE T A
J2 TP e A R LA RO B 2 A% 3 B R G IR
25,2007 B8 M .2021) . XFHCAOHTIE RIS K
T T 2t X ) b AL AR K T R R B (BT 17D L W AR
W 224 BfF 3T B8 P R 5 55 ok 1 2 AR A AR K k2 2
RUAHR] 1 B AR ST . FL 58 P 2R b AR O A 1) /K 2
BT/ R N A g 2 R NI 1 I
I DL-16 4L N 1753. 3 mg/L, KA 2K H R
Cl « HCO,-Na Y, 5 2 2K 111 41 $Afif 1 30 14 3 A A

60
14 L 4
:
50 4 ®
$ _ o
T @
40 3
)
en
£ 30 Q%
¥
NN
®)
20 o 1
¢ o
s
10
* o °
14
$ 3
o o TSP ILP2ID
FIF FTEFTPS PSP
o2
Bl 15 3 30 AR KT 5k (L A 3K Ca® ' B S0 AR AE

Fig. 15 Statistical characteristics of Ca®” ions in

Wumishan geothermal reservoir in the last 30 years
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Abstract

Tianjin is one of the early areas of large-scale development of deep geothermal reservoirs in China.
After more than 30 years of continuous exploitation and recharge, whether there is any impact on deep
geothermal reservoirs and whether it has caused environmental problems such as resource depletion, water
quality deterioration and temperature decrease of geothermal reservoirs has been the focus of social
concern. In this paper, the dynamic characteristics of different geothermal reservoirs in different areas of
Tianjin were analyzed through vertical and horizontal comparisons based on the systematic collection of
time series monitoring data of hot water utilization, reinjection volume, water level, water quality and
water temperature for nearly 30 years since 1992 in different geothermal reservoirs in Tianjin. The results
show that the main chemical components of geothermal fluids in geothermal reservoirs throughout Tianjin
are basically stable and have not changed significantly over the years, and reinjection in the geothermal
pumping and reinjection system will not fundamentally change the original chemical characteristics of the
geothermal fluids, but the leakage recharge caused by deep large fractures as heat flow channels will have
some impact on the water quality of the upper geothermal reservoirs. With the increasing recharge efforts
in Tianjin in recent years, the continuous decreasing trend of water level in most geothermal reservoirs has
been slowed down or rebounded, and the temperature of geothermal storage has no obvious trend of
increasing or decreasing, but the target layer of reinjection wells cannot reach the initial temperature after
the recovery of non-heating period, and it is decreasing year by year. Under the future continuous pumping
and reinjection conditions, the “cold accumulation” of reinjection wells and the optimal deployment of

pumping and reinjection wells should be a key concern.

Key words: geothermal resources development; hydrodynamic field; chemical field; temperature
field; Tianjin



