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Application of various temperature measurement methods in Well - GR1
in Qinghai Gonghe hot dry rock

MA Zhemin', TAN Xianfeng"?, HAO Junjie’, LIU Xiao'*

(1.Shandong Lunan Geological Engineering Survey Institute {The Second Geological Brigade
of Shandong Geological Survey Bureau), Jining Shandong 272100, China;
2.Shandong Geothermal Clean Energy Exploration and Development Engineering Research Center
Jining Shandong 272100, China
3.Second Hydrogeological Engineering Geological Brigade of Shandong Geological and Mineral Exploration
and Development Burean, Dezhou Shandong 253072, China)
Abstract: Temperature is an important indicator for evaluation of hot dry rock geothermal resources. At present, most
temperature measuring instruments for geological survey work only can work below 180°C. However, with the increase of
the depth and temperature in hot dry rock drilling, downhole temperature may exceed the tool measurement range, or error
may occur in temperature measurement due to high temperature and high pressure. During drilling of hot dry rock
Well - GR1 in Qinghai Gonghe hot dry rock, single-point temperature measurement was performed with BZM electronic
multi-point thermometer, MTCHT ~ H thermometer and multiple groups of thermometers in conjunction with multi-point
continuous temperature measurement with the SKD — 3000B logging truck and GRY — 1 borehole inclinometer. Comparison
of the measurement results show that single-point temperature measurement is closer to the real temperature, but it has low
efficiency and poor accuracy; the GRY —1 tool gives lower temperature due to slow temperature transmission caused by heat
insulation. It is necessary to develop accurate, effective and economical high-temperature measuring instruments or methods.
Key words: hot dry rock; drilling temperature measurement; high temperature measurement; single-point temperature

measurement; multi-point continuous temperature measurement
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Table 1 Drilling structure
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Table 2 Temperature measurement methods
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Fig.1 Structure of Qinghai Gonghe hot dry rock Well - GR1
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Table 3 Logging data with multiple grouped thermometers at the well bottom
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Table 5 Single-point temperature measurement data
of Well - GR1 at different times

n RO R I R C
AR RN P

1 2017—03—29 141 220 204 213
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Fig.11 Comparison of temperature measurement curves

between different temperature measurement methods in Well - GR1
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Table 6 Well - GR1 temperature gradient calculation results

- i MR BREE /C°C « (100 m) 1]
® E/m L . oy ¥
s N B ALEm I A S
0~697 Q 2.47 5.24 5.53 4.41
697~1341 N 4.80 4. 34 4.48 4.54
1341~3705.42 ¥  5.91 4.95 5.65 5.50
4L bR A B/ 5.22 4. 89 5. 42 5.18

C'C+ (100 m) 1]

AR UCHO IR HE PRI 200 m TP
[ Fsk DA S 00 3 45 2R R A o B 0 R 4

IR A RO B R K T GRY — 1 0300 9L 43 A ) 98 %k
{EL . B D R0 S 0 3 A R A 45 B A R <<2 h
PR AT ) G 3R R T S U IR B B M2 A RS
TR I 2 Rk B 0L /N T i 2 ) LSS IR B

K GRY — 1 BUI R A5 9 1 JiC R B2 2 207
CLEHWE 2017 47 A 14 H AT EED
£ 248 d. i 5 A 24 HAI8 A 24 B 2 w458 FLIE
IRk 223 “CHI 226 °C L, HET GRY — 1 HU3 i
ASCIN A5 e kB i AR o A D00 D DR T 003 A B 5T
A0 H 4 T O IO B A ke B A TR AL S R AR
15, I LT E RS 457 B4 B 1) 1 b 45F BA R DA
T B AR R /)

5 HEMEAR

B TR SC T AR IR A5 O XL B o A OB AR IR
JEE W N R 5 3 e o T e RO IR . IR G
FEEF I Tl $r S B AR 5 G i IR S B R R
) P 2 T Y 52307 4G i 307 Y 0T P 5 3R R 1 R K
IO, S5 B 4 W 2 1 1 I A O T o R
TG . —20~350 °C . SEHL T BN L A IR R Y 43
A A Sk, AR SR R A R P R R E RGN
JE 22 2% UL R A 4 B 7 AT A R

6 it

(DGR HAE 3000 m 2247 i B 38 3] T 35 1
PEM IR E 180 °C L HEJE 3705. 42 m Ab iR EE =200 °C,
e B IR A 4. 95~5.91 °C/100 m, & T & ik
MRS,

(2)GR1 JF5e4h)5 289 d MASAY IR fck 242
CLag/) 218 °C L 226 °C AR X BRI L BE
B ITHERS K b TR , O TR AR =230 C.,

(3) R FHZ R IRAL T GR1 - #E47 036, IF R
FH G B AT PP A e K BR 32 b i 48 1  Fe J)
TRLASCR P R B2, 50 L S0 2 W 1 L 22 R 1 S
B, AE 2100 m RAVR IR <130 °C, i n] >R 8 b
T ASCHEAT I L, 2100 me AR IR T ey e B B
T b5 AR A ) AR R BE R R AE 180 ‘CLATR
PR I it /> el ) 00 38 4, BB SR B R U
JEE T £, U RE T ORI R 2 R — b
FE R HE A R4 B I B O

(DGRY ~ 1 BIMFEALA T 2 g0 & B AR
W B A A a5 2, A DAL S Ol 1 B T B L



48

P LA CE 8 L)

2020 4 12 H

JinFLJFE 5 B 1 1]

(O AL IR T B2 1 oA 3k B RS 2 0 L el i Ak 2

X GRS FEAT I 8 57 A7 I ) 2 80 B2 I 6 %
B E AR AR

S % 3Lk (References) :

(1]

(2]

(3]

[4]

(5]

[6]

(7]

(8]

[9]

FRFHF BSOS G I LR T #CE GRY T4
FARLI) H B 5845 .2018.54(5) : 1038 —1045.

ZHENG Yuxuan, SHAN Wenjun. ZHAO Changliang. et al.
The drilling technology for the GR1 well in hot-dry rock of
Gonghe, Qinghai Province [ ] ]. Geology and Exploration,
2018,54(5) :1038—1045.

JE LB 20 R, 4 GRY — 1 B IR T A )2 AL
W AHSCOE il B B LT )48 9 TR Ca R4 TR, 2017, 44
(4) :44—48.

ZHOU Ce, LUO Guanggiang, LI Yuanling, et al. Development
and application of GRY — 1 borehole inclinometer for ultra-high
temperature hot dry rock drillring[ J] . Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2017,44(4) :44—48.
KA R A 2 A DN IO SO I B M R 4R B A 0 I O
S L] AT B 5 AR . 2019,5(6) : 84 —87.

ZHANG Zhi, TANG Lianji, YANG Aihua. Evaluation and
the scheme of screening temperature performance index of well
logging instruments[ ] ]. Petroleum Tubular Goods &. Instru-
ments, 2019,5(6) :84—87.

JE SR R I T ARG G 2R I R B AL R GBS LC/ /[
BBy TRE I Z 545 T IUR 2 EEY TRCE L4
i T = AR WA SIS0, 2017314 —317.

ZHOU Ce. Research on temperature sensing system of optical
fiber logging of ultra high temperature hot dry rock[ CJ// Min-
eral Engineering Committee, Geological Society of China. Spe-
cial for the Nineteenth National Exploration Engineering
(Drilling and Tunneling) Academic Conferences, 2017.:314—317.
T 1 VY B T v A e R e DN R () ). 9 A 9, 2017, 37
(1):68.

Overcoming the problems of ultra-high temperature and high
pressure logging in the western South China Seal J]. Offshore
Oil, 2017,37(1) :68.

A Bk e R R T DU R B R LT R
2008,32(6) :556—561.

WANG Jieyi, GAO Qiutao. Logging techniques and their ap-
plication in ultra high temperature and pressure wells[]J]. Well
Logging Technology, 2008,32(6):556—561.

SR ARAL PC AR A D I T it B M T KA T 1) B vk
AR AL A B b X T 0 1 S (] i 5 A 2
2010,45(3) :853—862.

GONG Hao, ZHU Chuangin, XU Ming, et al. The reservoir
conditions in southeast Sichuan Basin: A study on temperature
logging curve of Dingshan 1[J]. Chinese Journal of Geology,
2010,45(3) :853—862.

W e b R P By Wk A T A B A P P D] K B
MR, 2016.

CHEN Xiong. Research on the application of geophysical
methods in hot dry rock prospecting[ D]. Changchun: JiLin U-
niversity, 2016,

S A AT R e g v I R AR B S L. R e
JF.2018.30(4) :70—73.

WU Cenhong. A study on ultrahigh temperature well logging

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

technology in geothermal well prospecting[ J]. Coal Geology of
China, 2018,30(4):70—73.
A5 3w 249 H H0 X I b BA i 2 0 3 U S AR (. T AR M
R B . 2018,15(3) :308—312.
HOU Kejun. Identification and evaluation of high tempera-
ture geothermal reservoir in Ganzi regaion[J]. Chinese Jour-
nal of Engineering Geophysics, 2018,15(3):308—312.
SRR TR, TR S8 20 HE . v R I RS W L. A i A
2010,24(2):1—2,5,101.
ZANG Defu, WANG Shusong, GUO Honggi. Development
of high temperature logging tools [ J ]. Petroleum Instru-
ments, 2010,24(2):1—2,5,101.
AL, A SRS, A5 Tl b L b AR FE R I M T ) A 2 b
TR RHAELT ] H BTRE 2014, 49(3) : 850 —863.
LI Weiwei, RAO Song, TANG Xiaoyin, et al. Borehole tem-
perature logging and temperature field in the Xiongxian geo-
thermal field, Hebei Province[ J]. Chinese Journal of Geolo-
gy» 2014.49(3) :850—863.
FB TN T Ty R0k v R R gt S LB DL A R
I IR IR TR K 2%, 2015,
ZHENG Naichuan. Design of high temperature petroleum
logging system based on PLC[D]. Harbin: Harbin Engineer-
ing University, 2015,
Manuel (Manny) E.Gonzalez, [ 14, 0] 5 1 = 38 00 3 £ AR
(I S A B . 1996, 8(6) 785 —786.
Manuel (Manny) E. Gonzalez, BAI Meiling. Reliable high
temperature logging technology[J]. Equipment for Geophysi-
cal Prospecting, 1996,8(6) :785—786.
I B B SO L A KO I 2R D I S I R it £ 1 B
AR HAHER Y BE,2012,10(1) . 22— 24,
ZHU Yinghui, LTIAO Yi, LUO Wenbo, et al. The technology of
temperature test and application of temperature profiles in hori-
zontal wells[]J]. Petroleum Geophysics, 2012,10(1):22—24.
X B F W AR T e R R TR s L) ) AR,
2016,23(12) :247.
LIU Zong. Study on the method of improving high tempera-
ture resistance of logging tools[ J]. Petrochemical Industry
Technology, 2016,23(12):247.
ABE TR I 52 A iR T B B A R T E i T L) L Ak A o
%.2019(9) .21,
North China Engineering Logging completes works of high-
temperature hot dry rock exploration well project[ J]. Heating
&. Refrigeration, 2019(9):21.
A 55 B A 26 L 4% 55 B, 4R iRt J X v AL B RE D O v 2
e ] H4E AR, 2018,42(5) :525—529.
FU Yonglu, LI Pengju, LI Yongyong, et al. Influence of
high-temperature formation on neutron porosity logging[]].
Well Logging Technology, 2018,42(5) :525—529.
FRORZS AT I HR I v (3 8 e R O R B R A AT LI R A 4
J& .2018(22) :219—220.
HAO Junjie. Analysis of ultra-high temperature logging tech-
nology in mine detection[]J]. World Nonferrous Metals, 2018
(22):219—220.
BRGSO T e UL M BE AR AL O R IR T [T ] ARV R %
AR CHRRD .2018.15(11) . 28— 32,5,
LI Han. Experimental study on optimization method of high tem-
perature resistance of logging tools[]J]. Journal of Yangtze Uni-
versity (Natural Science Edition) . 2018,15(11) :28—32,5.

(%% $hmm)



