%414 5 12 8 B2 TR T/ Vol.41, No.12
20224 12 A GEOLOGICAL BULLETIN OF CHINA Dec., 2022

do1:10.12097/j.1ssn.1671—2552.2022.12.014

o= L& P E B A S i A R IR AT

DA R E T AR R E S E R E Y T A,
8 kBB

MA Yongfa"*’, ZHOU Xuejun"’", ZHAN Tao"’, LIU Ling"’, WANG Xu"*, DONG Junling"”,
LIU Yu"’, HE Lan', LIU Yan"?, LI Chang"®, SHI Zhenzhen"’

1.2 R ESHTAEARR, BRI & RE 150030

2P BT K (SR, #db FIX 430074,

3P ARG FAFRICER A AR RN BRI % RIE 150030

1.Institute of Ecological Geology Survey and Research of Heilongjiang Province, Harbin 150030, Heilongjiang, China;

2.China University of Geosciences( Wuhan) , Wuhan 430074, Hubei, China;

3. Innovation Base of Cold Region Geothermal Energy Application Technology of Northeast China, Geological Society of China, Harbin 150030,
Heilongjiang, China

FE ARNS I G A BT RAEX, ERIFNRAARTRE, R AT AE R EHE AR b
F KA W 3 R B A Ty ok, AP E e s B AL S R AT T AT, SREA ARG M W e OB 2 B 0 R
EEIR B EATRE T RICRR G LR AR, ABRBARZ LS EAE PARG AR LA ZwE Flhoa
Fobb FLUAA FA E B L F EAS, T BB IRE A 940~2062 m, # A% B Rt BE A 150~240 m, &) B3 k&) R,
L % oW TG R R 3 AR KB A AR R T LN E P SO RIFEE, R, O AN EZ LIRRT MUTH,
Wy SE AKMERRMEEE, ARIFHBAEZE, 2 F AR ABEGAREEN 6.95x10" ], B A KEHEH
9.78x10" m® B IFAK T TR B4 9.84X107 m’/a, FAE A 694.13 MW B K A bk m . 2Kz WM | 2017 4k &) 413 34 KR
TR FRB R KA, RALE) AR E B E T RRAHTRE, LA, B ket m ey B o4 HRFNAS SR
WAL G B E FFEA AR KT AL R FRAE TR AR £,

KB MO RAER RN R e i tom B AT

FE S P314;P62 XEAARER A MEHRS1671-2552(2022) 12-2244—12

Ma Y F, Zhou X J, Zhan T, Liu L, Wang X, Dong J L, Liu Y, He L, Liu Y, Li C, Shi Z Z. Genesis and resource assessment of
Lindian geothermal field, Heilongjiang Province. Geological Bulletin of China,2022,41(12) : 2244-2255

Abstract: In order to establish the genesis model of Lindian geothermal field and accurately evaluate the potential of the geothermal
resources, geological exploration including geological survey, geophysical exploration, geothermal drilling, geophysical logging and water
level monitoring were employed. The results show that the main heat sources in Lindian geothermal field are mantle —derived heat,
radioactive decay heat produced by basement granite and friction heat generated by deep faults. The geothermal reservoir is mainly
composed of sandstones.The third and fourth members of the Quantou Formation, the Qingshankou Formation and Yaojia Formation
of the Cretaceous are the main reservoirs. The burial depth of the main geothermal reservoir are ca.940 ~ 2062 m, and the accumulated
thickness of the reservoir is ca.150 ~ 240 m.Three deep faults, namely Lindian fault, Lindian East fault and Western Boundary Fault of

Heiyubao Sag are good channels for conduction of the deep heat to the upper strata. Furthermore, the Nenjiang Formation, the Sifangtai
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Formation and the Mingshui Formation overlaying the reservoir form a good thermal insulation caprock.According to calculation, the base

"m’, and the

resources of the Lindian geothermal field reaches 6.95%10" J, whereas the volume of the geothermal fluid is 9.78 X10
recoverable geothermal fluid is 9.84 X107 m’/a, equaling to a capacity of 694.13 MW, which is equivalent to a large scale geothermal field.
According to water level monitoring, withdrawal of the thermal water in Lindian town reached the maximum in 2017, and the water level

dropped to the lowest point, which exceeded the maximum allowable withdrawal, thus reinjection is necessary. This research provides technical

support for the exploration, exploitation and utilization planning and mining right setting of the Lindian geothermal field in the future.
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Fig. 1 Regional geological map of Lindian geothermal field
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Fig. 2 Distribution of the main faults in Lindian geothermal field
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Table 2 Thickness, temperature, porosity and permeability of main reservoirs in Lindian geothermal field
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Mk o10 H 192.9 21.3 63.2
T —HRIETF R M 1 FF 206.1 23.1 64.3
! Mk 39 FH 254 18.3 58.5
FHIE 226.8 20.9 62 1.308%107* 1082.56
M1 It 2135 17.25
Pk 14 It 192.9 16.00
M 15 I 194.3 22.03
M 16 H 256.3 16.52
M 17 H 248.8 15.46
Mt 18 250.4 19.03
PR3 [T Mk 24 I 222.9 16.4
! Mt 25 - 307.4 18.05
M 26 I 251.2 17.61
Mt 27 H 214.7 14.81
Pk 28 It 2253 15.05
KH I HME 238.18 17.11 61.95
AEFE AR 9 I 122 23.49 63.51
T 180.1 20.3 62.73 6.25%X107° 1059.71
\Y FR -t R IM G Mk 41 It 261.8 17.5 63.4 5.20%107° 1252.2
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(HB PG YR M o B A V) ( GB/T11615—2010) &)
KPR B Rl B AR AL e 3R A K B R S
MR X (T IX) R 989.4 kg/m’, 78 78 114K
TS RRTE X (X)) N 982.5 kg/m”®, 1 2 £ 31 V]
Mt X (M IX) 2 981.7 kg/m®, 7655 % i Je M1
HREX(IVIX) H981.3 kg/m’,
3.1.3 ikakft =

WSERATHEBALAK (1), TH 5 AR H 34
g 2 FP B A7 B BBE N 6. 95X107 J (K 4)

x4 MEMAHEMAREEITESR
Table 4 The calculation results of thermal energy

reserves in Lindian geothermal field

A= X WAt ABE B/
I e Ay NI 2.89x10"
I el - Rt 2.16x10"
6.95%x10"
m TRAG IR 4.05%10"®
v FER = R M 1.49%10"
3.1.4 B ANREAE

SR I K SC b 5T 27 T 8 V5 X6 Hi BRI AR A A
(Q) HHTH &, HAE 7 9.78 10" m® , AU FH K T 4%
Q)N 9.19x10" m®, Btk fE 77 (Q,) N 5.90
x10" m®  THALE IR R 5, U A (Q,) At ik
A (Q,) , ARSI ILFE 5,

3.2 HIRRERIFRE
321 HHEAX
AR TRt i 1153, SR A AT B A 1 5]

A AT RN
oWl

_ . Q;, riz
5= 2 WW(MJ (2)

AP s =8I0 1 SRR myr— i 5

HEZLHAIEE  myr — /K AELERSR]  d; T — 5K
ZE,m*/dya —FERE,m*/d; Q— i FIMIT

2
K&, m’/d; W(;‘ ] — IR,

at
322 HHALHHE

(1) TR Bisf 17 B e A IR il e ¢

HRE AT ZE RT3, FFREHE] R 100 2, H AT
TS KFE e KA 7K 8 B 350 m, $i A BIR i Fe T Sy A5
IR B KA /K 5 BE (350 m) W5 IR KA HEIR . %%
THE X R K BRI R AE 53900 340 m 230 m 315 m
1370 m(F£6),

(2) Btk

HRAE KT B A = bR K, I 2% R
FAKAL T 5 DEK el S R R e . Hor, S
IRMIBE TR X (TIX) B 7K 528 900 m*/d, w1l —
WA RHAIX (X)) B 7K &R 600 m®/d, BB Al
HMBE A (X)) B KA 500 m’/d, 555~
IR (VX)) B H 7K 828 800 m’/d.,

(3) % St

R DAAE A B0 B i | - [RTEE 2000 m
FIFEFE 3000 m, KK IAE TR m, H-[HFE
2000 m BYIEPR2 AR B B 2 KT I R 3000
m W, L6758, & HE X IR B E 3000 m,
TAEX A TR IR N . n=A/(2R)?, KITHIX
AL A TR H B 43 51k 135 4 66 4~ 156 4~ Fil 38
MFET) o0

(4) FKRB SRR

HR A R e 1l g Bk, R 28 3 A X e A5 A A
A, B ST X K R B0 h 24 m®/d
47 m*/d 17.6 m*/d 5 16.26 m*/d, S & R E5 5K
7.96X10° m*/d.3.59%10° m°/d.2.82%10° m’/d 5
3.13X10° m* (£ 8)

x5 MEMAEHBAREETFETESR

Table 5 The calculation results of thermal fluid storage in Lindian geothermal field

e . RBUE A= PP A 2 JeNipeay
T ZEs /m’ /m’ /m?>
I L3 /R M5 4.27x10"° 3.56x10°
I b LR R} 2.83%10" 8.45%107
9.19%x10" 5.90%10° 9.78%10"
m TR A TR 5.13%10° 9.30%10°
v FFR = R 1.58%10" 2.25%10°
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*o6 MEAMMAEBESITERE KRR
Table 6 The maximum limit drop of reserves in each

calculation area of Lindian geothermal field

LR AR s IR R

purd
[t

THAIX

/m /m
I 54 7K M1 10 340
II eIl KAt 120 230
| A 35 315
v FR - M -20 370

Y K B B, U R

323 TFERE

LR HE A S EUE W AR A (2),
Zerd B A 1 FRLOT R 100 a B HR
A 23 59 24 303.20 m,211.08 m,283.43 m Al
187.03 m, ¥R BT fe RFEGR (£ 9) , BBz AT I 7
LA, HAUK ] TR At T T 5

P X K AR, T3 A b
P M FRFAR ] TR BN 9. 84X107 m’/a(FR 10)
3.2.4  dhikowmHAEL RN

MR CH B PR O BT A L YE ) (GB/T
11615—2010) =1 JHEH I H = BE AR .

Wt=4.1868Q( t,) (3)

o, e — IR kW Q —HE P A T TR
L syt — M PGRARIR B °C; 1, — M AR R
I, °C;4.1868 —FANHRA REL, HHRASBILE 11,

¥R 11 S ERARLRKX (), 75 Ak i
HH=HE K 694. 13 MW (3 12) . AR (P %
TE M T A B YE ) (GB/T 11615—2010) ) 1] #|
W, oA e A T i A 2R A

*8 MAMABBESHTERSKREMNSERY
Table 8 The water conductivity coefficient and pressure
conductivity coefficient of each calculation area

of Lindian geothermal field reserves

x7 HEMABBESTERTHARFHE
Table 7 The number of exploitation wells that could be
arranged in each calculation area of Lindian

geothermal field reserves

e e Y kan? Eﬁ;ﬁﬁ
I LA IR MR 1215 135
I TE-HRIETF R 597 66
I B ARG 1404 156
v FR -l M 345 38

4 PRI B AL RHE

HRAE 22 101 I 25 W I 52k R, RIS TR
o) s PR P b PR A KL (B ) ) FE AR S B
AR ARALZ N T IR, L5531, Mo o 3k
FE b AT (AR 3 AT SR A AN 8, (S A ) Lk 31 R
BEALTF R, Hofth i X B2 oK, DM B4 H R
XM, % X AR E 2000 4EFFER IR, 2012 4F
PIRGTFR B/, KL T B B4 5%, 2012 4F DL G
FER RIS KA T BRI, 2] 2017 R
IRB R RAR, KA R 3B e I 8, B8 T R R R It
Feim, 2017 AE B BUMRICT — 2845 it , 3> T %
i, TR KK T T (E8)

5 4% i

(1) At 3t 344 T Jos AR 2t TR (4% S TR0 ) 44
P, AR R B2 O W AR IR AE B o U P e R
TR PR RO BT R EE B A AR i A A DL A%
R AR E, PANA R RS H =B F A
RIS WSE A R o = = A (N TR N

R9 KMUBERETHESER

Table 9 Calculation result of water level drop

R T Tt S
/(m?+d™") /(m?-d7)

I BRI B 24 3.016X107  7.96X10°
|| S -RIETER 47 1.308%10™*  3.59%10°
| A G 17.6 6.25%107° 2.82%10°
v FR-HEME 1626 5.20%107° 3.13%x10°

L . ) T R R R 100 4P KRR
A= HRIX 2 o
?*ﬁ/m Tl‘ﬁﬁ/m
I ey Ay ] 340 303.20
Jii v Ll e T A&} 230 211.08
| ARG 315 283.43
v FR - RN E 370 187.03
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Table 10 Calculation results of recoverable amount of thermal fluid in Lindian geothermal field

¥ 5 X iﬁﬁfﬁ%ﬁ jﬁﬁ%ﬁ R
/(m?®+d™") /A /(m® - d) /(m®-ah)
I LR M1 900 135 121500 4.43%107
I e L~ e R 600 66 39600 1.45x10°
I A VTR 500 156 78000 2.85%107
VSRS ME 800 38 30400 1.11x107
Gt 395 269500 9.84%107
11 HEMBASERTESE
Table 11 Energy calculation parameter table of Lindian geothermal field
, Hb A A T TR IR A Y AT 1y
s i E X ) )
/(m®+d™") /(L-s™) g/ C i/ C
I 54 7K Mg 121500 1406.26 60 2.5
Il SeIl - e A 39600 458.34 50 2.5
I AR I M1 78000 902.78 52 2.5
I\ FFR =t e MK 30400 351.85 55 2.5
F 12 HAEMHRE~E T ER R R IETEMN TR A YT P SR LR 3 SR R N
Table 12 Evaluation table of Lindian geothermal B LR e S RIS, [ A , H
field capacity calculation results and scale WRBGEE 2 YU T MOT A DU S 4L Wk 4R
S e i FIRIHERE, DRI,
Ty = (2) B 44 0 0 AV A 5 2B
- 01151 45 oy HPBEREHE A 6.95%10" ], MR IARE ARl 9.78 %
m B340 U1 187098.09 K 10" m’ M HGRAR AT R 9.84 X107 m'/a, ;=g
VSR RMEE 77339.09 KA H 694.13 MW, J& KB A H
o ©94133.07 X (3) bl S 0T F) 82  BL AR 5 0 B 01 i
K TTERGWIIE, A R TR X — 20 T Jre B o 5 )
-50 — AT R B KRG SR [ 7R X TR
0 e AT, AT A [, 7 L 0 S L
S0f—— e Rl 4 B T FE SR P AF AR
10— =< BT B E R K S B AR, B R
150 ™ ASMAABARERATAYEREEF A
o ] o R EAS EAFIEFERCRE LR T LT
Y Y Y, %, % % RN L L ST & R R Ry
¥ ¥ Y Y ¥ ¥ Z,
H Jﬂg JT? X 4 B 7K Air
Iig%mw@ SE
8 AR bR MR R AAOK 7 B A AR RRE (1] T SR, XU, W, 45, o ) st R U8 R 0 0 A )]
KB IEBCABIE LT, S8 s L L) HiLTE,2013,40(1): 312—320.
Fig. 8 Dynamic variation characteristics of thermal [2] B, 2R, A B, S5 7 T N DA D S ) A T A ) S

fluid water level in Lindian geothermal field PILBRIE ). 15 8L, 2013,23(3): 130135
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