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Abstract: The Upper Miocene Huangliu Formation in Yinggehai Basin is a high temperature and high
pressure system. The geothermal gradient of the formation is more than 4°C /100 m,and the pressure
coefficient is greater than 1. 6. There is a high potential of geothermal resources in the basin, but a
geothermal resource evaluation of the area has not yet been carried out. Through nine drilling wells,
logging,recording, production data and formation temperature measurement data of the latest seven
wells and rock thermophysical parameter tests,a comprehensive evaluation of the reservoir is carried
out based on the reservoir storage performance, combined with thermophysical parameters. Taking
Huangliu Formation as an example, based on the evaluation of the six-parameter relationship of the
reservoir, this paper optimized seven thermal reservoir evaluation indexes porosity, permeability,shale
content,formation coefficient, formation temperature, heat generation rate, and thermal conductivity,
and adopts entropy weight “TOPSIS-gray correlation method to carry out a comprehensive evaluation
of this type of thermal storage. The results show that among the seven evaluation indexes, porosity,
permeability and stratigraphic coefficient accounted for a relatively large weighting of 21. 31%,
21. 07% and 20. 42% ,respectively,and were the main influencing factors. Considering the Euclidean
distance of the positive and negative ideal solutions of the evaluation parameters and the gray
correlation degree between each index and the positive and negative ideal solutions, the relative
closeness degree under different decision preferences was used to perform a quantitatively evaluate, the
results show that the relative closeness of reservoirs H1-2, H1-1,and H2-2 is relatively high,which is
0.624,0.606,and 0. 529, respectively,and the reservoirs have better properties, which can be used as
the key research object for the Huangliu Formation thermal reservoirs in the Yinggehai Basin.

Key words: Yinggehai Basin; Huangliu Formation heat reservoir; entropy weight-TOPSIS-grey

correlation method; thermal reservoir evaluation
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( ,2020) , (Bucker et al. ,1996) .
, , A=0.0158[ GR(APD —0. 8] (2)
s s (CCSD) ( ,2008),

, GR—A (He et al. ,2001) .
, . A=0.0115[GR(APD +9.1] (3)
° :A ,‘LLVV/I“H3 ;GR ’

API,
GR o GR—A o ,
. ) 6

. Rybach 1986 GR— , 5m , 3

A (Rybach et al. ,1986) : o
A=0.0145[GR(APD) —5] (O , 5076

0. 98, ,
IOyo - 7 ( 1)7
s 0~350 API o
o , 13—2
1996  ,Bucker , ,
R 1.19£0.098 pW/m’,
1 GR—A

Table 1 Comparison of the heat generation rate calculated using different GR—A empirical relationships with the

measured heat generation rates

/ Rybach(1986) Bucker et al. (1996) (2008) (2000)
/(uWem ) 1.49 1. 69 1.35 1.38
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Fig. 2 Physical parameter rendezvous plot and thermal physical parameter variation with depth
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H1-4 0.3990 0.3399 0. 3314 0.1775 0.2105 0. 3657 0.3691
H2-1 0. 3659 0. 3558 0.2813 0. 0950 0.0768 0. 3697 0. 3813
H2-2 0.3798 0.0670 0. 3139 0.2671 0.5295 0. 3670 0. 3651
H2-3 0.3741 0. 0000 0.2909 0.0974 0.0878 0. 3684 0. 3570
H2-4 0. 3857 0.1616 0. 2645 0. 0457 0.0494 0.3710 0.3610
H2-5 0. 3807 0.3231 0. 2682 0.0401 0. 0450 0. 3710 0. 3529
H1-1 0. 2551 0. 2578 0.4750 0.7001 0. 6557 0.3039 0. 3164
H1-2 0.2531 0. 7459 0.5102 0. 6204 0.4767 0.3026 0. 3205
3
Table 3 Huangliu Formation reservoir evaluation index weights
e d /%
0.867 0.133 9.216
0.691 0. 309 21. 305
0.695 0. 305 21.074
0.704 0.296 20.423
0. 869 0.131 9.012
0.877 0.123 8. 483
0.848 0.152 10. 487
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9.216% . 21.305% . C D,
21 074 %, (10~1D)
20. 423% . 9.012% . y_fr‘yf, (12~13),
8.483% . 10. 487%.,
(21.305%) D! .D; , 5 .
4
Table 4 Huangliu Formation reservoir evaluation index weighted data table
H1-4 0.0368 0.0356 0.0706 0.0374 0. 0430 0.0330 0.0313
H2-1 0.0337 0.0373 0.0599 0. 0200 0.0157 0.0333 0.0323
H2-2 0.0350 0. 0070 0. 0669 0.0563 0.1081 0.0331 0.0310
H2-3 0.0345 0. 0000 0.0620 0.0205 0.0179 0.0332 0.0303
H2-4 0. 0355 0.0169 0. 0564 0. 0096 0.0101 0.0334 0. 0306
H2-5 0.0351 0.0339 0.0571 0.0084 0.0092 0.0334 0.0299
H1-1 0.0235 0.0270 0.1012 0.1475 0.1339 0.0274 0.0268
H1-2 0.0233 0.0782 0.1087 0.1307 0.0974 0.0273 0.0272
5 (14~17),
Table 5 Euclidean distance between the positive and , 6
negativeAideal solutions of the‘ reservoirA evaluation (18~21).
index for the Huangliu Formation
; di’.d; .
D/ D; o -
Ji )i o ( °
H1-4 0.6230 0.5352
a 7‘8 ’ 3
H2-1 0.7609 0.5032
s (22 i 24) ’
H2-2 0.5740 6000
Hi1-4, H2-1, H2-2, H2-3, H2-4, H2-5, HI-1,
H2-3 0. 8011 0.4298
H1-2 s 8,
H2-4 0. 8336 0.4594 5
H2-5 0. 8205 0. 4550 ) 7 5
s O °
HI1-1 0. 5570 0.7641
H1-2 0.6230 0.5352
C D,
6
Table 6 Grey correlation degree between each index and the positive and negative ideal solutions
H1-4 H2-1 H2-2 H2-3 H2-4 H2-5 Hi1-1 H1-2
0. 658 0.568 0. 687 0.476 0.492 0.527 0. 827 0. 887
0.629 0. 747 0. 586 0. 836 0. 822 0.767 0.492 0.479
7
Table 7 Standardized processing
Hil-4 H2-1 H2-2 H2-3 H2-4 H2-5 HI1-1 H1-2
d 0.065 0. 080 0. 060 0.084 0. 087 0. 086 0.058 0.055
d; 0.033 0.031 0.037 0.026 0.028 0.028 0. 047 0. 047
i 0.003 0.003 0.003 0.002 0.002 0.002 0. 004 0. 004
Ji 0.126 0. 149 0.117 0.167 0.164 0.153 0.098 0.096
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Table 8 Relative closeness under the different preference combinations
(at+p=1) HIN H2 [ H2 1] H21l H2V H2V H1 T HI1I1I
a=0.5,8=0.5 0. 490 0.418 0.529 0. 359 0. 368 0. 385 0. 606 0.624
a=0.2,8=0.8 0.494 0.418 0.526 0.353 0. 364 0. 390 0.610 0.631
«=0.8.=0.2 0.486  0.419  0.531  0.365  0.373  0.380  0.602 0.617
HllV o b A
1 b
HLL Hz1 21.31%.,21.07%  20.42%.
b. —TOPSIS—
HI T H21 ’
a=0.5,4=0.5 : H1-2 ,
AN ol as02p-0s  HI1 H22 o :
77777 0=08.4=02 H1-2.HI1-1 H2-2
H2IV D
3 c
Fig.3 Relative closeness under the different
decision preferences ’
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Table 9 Comprehensive quantitative evaluation table
for the Huangliu Formation reservoir
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