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Abstract:Fractured geothermal reservoir reinjection has garnered significant attention for its remarkable effectiveness in enhancing
geothermal water supply capacity, raising water levels, and mitigating resource and environmental issues associated with geothermal
exploitation. This study focuses on the Yichun Wentang geothermal field, employing time series analysis and hydrogeochemical
methods to analyze long-term monitoring data of reinjection volume, extraction volume, water temperature, water level, and water
quality during surface water reinjection and extraction processes. The study summarizes the dynamic variations in the geothermal
field’s temperature field, fluid field, and chemical field, and investigates the sustainability and safety of long-term reinjection in
fractured reservoirs. The results indicate that reinjection volume is the primary factor influencing the dynamic changes in the
temperature, fluid, and chemical fields. Long-term reinjection raises the geothermal field’s water level by 3.952—4.986 m, increases
the dynamic amplitude of water level fluctuations by 13.4 times, and reverses the planar distribution direction of water levels. When
the reinjection volume remains below the threshold, the production well’s water temperature exhibits an inverse correlation with

reinjection volume, delayed by 3—9 months; exceeding the threshold leads to a "clift-like" decline in temperature. Long-term



reinjection causes an overall decrease in well temperatures, with a maximum reduction of 6.8—10.0°C, though stabilization occurs
after controlling reinjection volume. Reinjection water directly "dilutes" geothermal water, shifting hydrochemical types in the Piper
diagram toward surface water characteristics, transitioning from HCO3-Na type to HCO3-SOs-Na-Ca type. Long-term monitoring
confirms that the geothermal field remains safe and controllable when reinjection volume is maintained below 9,734 m3/d, increasing
resource availability by 414%. Surface water reinjection in fractured reservoirs demonstrates good feasibility and safety, provided the
reinjection volume does not exceed the threshold.
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Fig.2 Locations of sampling points in Wentang (a) and simplified map of geothermal geology and distribution of production and

recharge wells (b)
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4-Late Silurian Chaoping Unit granite; 5-Original exploration boreholes; 6-Ancient hot spring wells; 7-Existing production wells;
8-Original recharge wells; 9-Existing gravity recharge wells; 10-Silicified fracture zones; 11-Reverse - strike - slip faults;
12-Tensional faults; 13-Speculation of fracture.
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Table 1 Overview of hydrochemical data for major water samples
K" | Na* | Ca?* | Mg** Cl | S04 | HCOy | COz* | NOs | TDS | F | H,SiO3 | Se
Fs o) IkERS (] | pH
mg/L

1 ZK3 1970.9 7.30 49.34 9.68 1.42 10.00 14.26 128.39 0.35 165.42 3.50 - -
2 ZK7 1970.9 7.40 47.61 8.50 0.89 6.00 19.02 123.23 0.35 169.10 1.90 - -
3 ZK27 1971.2 7.60 36.94 8.04 0.81 6.06 2.24 113.62 0 211.03 2.00 - -
4 ZK27 1973.5 6.90 47.35 6.39 0.28 6.00 11.00 105.28 0 213.75 2.00 - -
5 ZK29 1971.4 7.60 40.50 7.44 0.56 6.00 8.00 112.53 0 229.02 2.00 - -
6 ZK30-1 1971.2 7.60 39.05 848 | 027 | 505 | 671 | 11176 0 21546 | 2.00 - -
7 ZK30-2 1973.5 6.70 47.05 6.85 0.56 6.00 15.00 114.47 0 232.39 2.00 - -
8 ZK31 1971.1 7.40 40.89 10.18 2.15 4.00 14.00 126.60 0 144.82 1.90 - -
9 ZK32 1971.5 7.40 39.54 10.76 0.88 6.00 12.00 117.30 0 258.27 2.50 - -
10 RQ1 1970.9 7.40 39.65 8.82 0.51 7.00 0 122.61 0.04 197.38 2.90 - -
11 Ql 1970.9 6.60 8.21 8.80 1.42 8.00 0 42.13 0 62.55 0.40 - -
12 Q2 1970.9 6.30 5.36 5.57 1.07 4.00 0 29.81 0 40.95 0.60 - -
13 Q3 1970.9 6.70 10.42 6.45 2.14 4.00 2.38 48.29 0 54.58 0.65 - -
14 Q4 1970.9 6.50 8.99 3.52 1.07 6.00 0 29.81 0 49.53 0.50 - -
15 Q5 1970.9 6.40 13.73 2.64 0.53 6.00 0 36.97 0 45.44 0.55 - -
16 Q6 1970.9 6.30 7.50 2.93 0.89 5.00 0 24.65 0 33.64 0.30 - -
17 Q8 1970.1 6.50 9.61 3.49 1.57 4.00 0 36.97 0 37.16 - - -
18 Q9 1971.4 6.40 9.89 14.88 1.69 6.00 0 71.01 0 88.45 0.20 - -
19 Q10 1971.4 7.10 8.40 20.46 2.88 10.00 1.00 88.84 0 104.85 0.20 - -
20 ST1 1970.11 6.70 5.34 69.74 4.02 4.00 0 240.30 0 238.45 0.20 - -
21 ST2 1970.10 7.30 18.68 11.76 3.06 5.00 0 91.99 0.13 94.62 0.30 - -
22 ST3 1970.10 7.30 11.59 11.14 2.14 5.00 0 66.78 0 76.50 0.35 - -
23 ST4 1970.10 7.50 12.58 7.98 3.31 6.00 6.92 55.21 0.13 79.58 1.00 - -
24 ZK39-1 2017.8 8.09 1.80 13.75 9.22 0.56 0.84 10.05 54.32 1.23 110.35 0.60 58.64 0.0042
25 ZK39-2 2017.11 742 | 833 14.76 11.99 0.65 0.68 10.40 76.61 0.66 129.48 0.43 56.23 0.004
26 ZK39-3 2018.3 7.70 1.80 14.22 11.48 0.66 1.06 10.34 68.21 0.88 120.35 0.51 58.86 0.004
27 ZK39-4 2019.3 7.53 | 2.05 15.08 4.36 0.41 5.63 2.38 41.93 0.46 98.87 0.08 61.67 0.0058
28 ZK39-5 2019.4 7.37 1.82 13.70 4.29 0.47 1.02 12.72 37.26 233 100.89 0.60 58.88 0.006
29 ZK29 2019.3 7.64 | 2.39 19.54 4.10 0.27 4.69 14.70 41.93 0.46 125.93 0.45 75.87 0.0079
30 ZK39-6 2020.9 7.07 | 2.07 16.05 5.76 0.49 0.88 18.67 41.19 2.41 135.00 0.64 60.45 0.0081
31 ZK39-7 2020.9 7.04 | 2.20 16.68 6.48 0.61 0.76 13.30 53.39 1.46 145.00 0.54 63.93 0.0076
32 ZK39-8 2020.10 7.06 | 2.16 14.99 6.17 0.61 0.80 13.09 50.34 1.38 139.00 0.53 63.29 0.008
33 ZK39-9 2021.3 745 | 2.01 15.47 6.59 0.58 0.86 15.06 47.94 1.36 144.00 0.54 69.30 0.008
34 ZK39-10 2021.6 727 | 2.20 17.13 6.55 0.56 0.76 17.06 40.68 1.72 138.00 0.59 68.04 0.008
35 ZK39-11 2021.7 7.55 1.87 14.96 6.45 0.51 0.88 16.51 43.59 1.54 136.00 0.64 67.65 0.008
36 ZK39-12 2021.9 7.52 | 2.23 17.47 6.17 0.61 1.10 19.50 40.68 1.60 142.00 0.68 69.59 0.008
37 ZK39-13 2021.9 720 | 2.14 17.32 6.63 0.60 1.02 17.80 37.78 1.66 131.00 0.58 70.30 0.009
38 ZK39-14 2021.9 7.20 | 2.07 17.67 6.47 0.58 1.07 17.17 43.59 1.67 140.00 0.63 76.22 0.009




K* | Na* Ca* | Mg** | CIr | SO | HCO5 | COsz*> | NO;5 | TDS | | H,Si0; | Se

5 T eI E) | pH
mg/L

39 ZK39-15 2021.10 7.27 2.35 18.04 6.96 0.72 0.93 16.64 44.37 0 1.72 144.00 0.62 73.59 0.009
40 ZK39-16 2021.11 7.13 2.04 17.69 6.55 0.58 0.97 15.50 42.99 0 1.65 142.00 0.56 72.73 0.010
41 7ZK39-17 2021.12 7.23 2.21 17.29 6.13 0.60 1.06 18.01 46.57 0 1.78 96.00 0.54 67.97 0.0095
42 7ZK39-18 2022.4 7.40 2.20 18.01 6.24 0.63 0.77 19.43 50.28 0 1.95 151.00 0.56 64.24 0.010
43 ZK39-19 2022.4 7.25 2.40 20.30 6.28 0.61 0.98 19.18 53.42 0 1.73 160.00 0.60 72.23 0.010
44 ZK39-20 2022.10 6.98 2.13 17.21 5.66 0.54 1.05 19.40 40.36 0 1.75 142.00 0.60 69.78 0.011
45 ZK39-21 2023.1 7.26 2.19 17.54 6.07 0.58 1.22 19.94 46.57 0 1.88 154.00 0.65 69.86 0.011
46 HGST1 2024.5 7.24 1.23 5.62 5.98 1.34 0.616 2.25 40.27 0 0.45 74.40 0.084 16.60
T ARG IR E KR, G R EIEK SEAMB 0.011mg/L, T4 0.01mg/L, 25 2% 11.78%, )
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Fig. 15 Changes in major component concentrations of
recharge water and geothermal water before and after recharge
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Fig. 20 Schematic diagram of geothermal water circulation
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6], HOROK 7B & B AT A AOK 5 R K
2 18], YRR R R A R OK 5 R EE KR A 45
R

(4 BHthAEMERERE, EdEL,
BA G, @R s [BIEE BRI A HY
B WASHAL = SR [FIEE R EA
A B, A KA TR, KA =0
R o HFPUKIR R BRRENER S, KA.
KR KA R A Ak . {H R O RS
KB KIEEH SRR “WrE” PR W%
PEBoR, IEEAREE 1014~9734m3/d [X [R]INF, Hbdh
KA KIS KRB SR R shA8 M, B %
o] B AR T R . IR 7 B[R] R T
9734m’/d LA N 2 A A%, BHIR BRI 414%
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