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Experimental study of rock physics under ultrahigh temperature and high
pressure conditions

MA Xiaoyi, LI Chengcheng, BAI Jun, WANG Huan

(SINOPEC Geophysical Research Institute Co., Ltd., Nanjing 211103, China)

Abstract: With the advancement of petroleum exploration and development technologies, especially with respect to materials and control, the
experimental study of rock physics is moving towards in-situ deep surface layers under ultrahigh temperature and high pressure. This paper presents
a seismic elastic parameter measurement system for ultrahigh-temperature and high-pressure rocks. This system utilizes traditional presses and
graphite tubes to achieve temperature and pressure control, and has the ability to quickly load ultrahigh temperature and high pressure, so it can be
used for experimental study of rock physics under ultrahigh temperature and high pressure conditions. With this system, 10 rock samples were
tested to obtain the elastic parameters such as acoustic velocity under ultradeep reservoir conditions (temperature ~250 °C, pressure ~300 MPa).
Moreover, the experimental data were fitted over a wide range of pressure and temperature domains, the temperature-pressure dependence of elastic
wave velocity was analyzed, and the covariant relationship between velocity and temperature-pressure was characterized. The results indicate that
the velocity decreases and increases logarithmically with the increase of temperature and pressure respectively, and the longitudinal wave fitting
coefficient has a clear directional effect on the pore type.
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Fig. 1  Temperature-pressure-depth crossplot from standard earth model(a) and the statistical temperature-pressure range(b) of in-situ deep
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Fig.2  Schematic and physical seismic elastic parameter measurement system for ultrahigh-temperature and high-pressure rocks
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Table 1  Size and physical properties of carbonate rock samples
K5 (e R HA2/mm K /mm B /(g-cm ™) LB, % BB /mD R /m

D4-62-12-1 S, 19.8 232 2.76 2.65 1.14 0
D4-64-1-2 S, 19.8 27.3 2.78 0.69 0.02 0
D4-95-2-1 S; 19.8 20.1 2.68 16.42 11.73 0
D4-104-3 Sy 19.8 27.9 2.58 2.96 1.34 0
D4-135-2 Ss 19.8 253 2.79 293 2.71 0

D4-154-2 Se 19.8 24.7 2.75 2.02 1.13 0

MI-6-1-1 S, 19.8 26.9 2.72 13.61 8.29 7134

MI-11-2 Sg 19.8 24.6 2.82 0.27 0.02 7545
MI-14-2-1 Sy 19.8 232 2.78 2.71 0.91 7715

MI-52-2 Sio 19.8 24.6 2.82 0.29 0.04 8055
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Fig. 5 v,and v,variations of rock samples under HTHP
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Table 2  Coefficient of velocity-pressure covariant relationship

ve(p)=a,In(p)tc,

vs(p)=d,In(p)*,

Rt LBRE, %
a,/(km-s-MPa™) c/(km-s™) R d/(km-s'-MPa™) f/(km-s™) R’
S, 2.65 0.103 5.146 0.981 0.115 2.921 0.969
S, 0.69 0.128 5.607 0.924 0.091 3.433 0.903
S; 16.42 0.141 5.577 0.996 0.073 2973 0.909
S, 2.96 0.176 3.636 0.962 0.083 2.563 0.924
Ss 2.93 0.273 3.862 0.952 0.113 2.411 0.906
Se 2.02 0.261 4.124 0.936 0.092 3.009 0.973
S, 13.61 0.238 4.711 0.905 0.112 2.648 0.981
Sg 2.71 0.292 3.976 0.925 0.127 2.831 0.912
S, 0.27 0.184 3.746 0.924 0.073 2.403 0.924
Sio 0.29 0.121 5.426 0.916 0.091 2.941 0.919
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Table 3

THIPME R R, I3 3 Ps .

£3 HEE-BEWMERANRH

Coefficient of velocity- temperature covariant relationship

ve(T)=a,In(Ty+c,

vs(T)=d,In(T)+f,

[F e R LB, %
a,/(km-s"'-MPa™) c/(km-s™) R? d/(km-s-MPa™) f/(km-s™) R?
S, 2.65 —0.142 6.226 0.943 —-0.097 3.863 0.947
S, 0.69 —0.181 6.919 0.939 —0.194 4.663 0.987
S; 16.42 —-0.297 7.269 0.956 —0.118 3.860 0.928
S, 2.96 -0.271 5.465 0.923 -0.179 3.711 0.982
Ss 2.93 -0.402 6.899 0.961 —0.133 3.526 0.963
Se 2.02 —0.505 7.344 0.933 -0.359 4.760 0.961
S, 13.61 -0.412 7.520 0.975 —0.166 3.826 0.973
Sg 2.71 —0.408 7.219 0.924 -0.217 4414 0.937
Se 0.27 -0.234 5.565 0.924 —0.087 3.166 0.935
Sio 0.29 —0.246 7.037 0.962 —-0.025 3.637 0.972

42 FE-BEMEXEMNEZEAR

AR A A D SR IR IR TR
S P AIF 2 0T ATT 3 T B I R R A T R
I 3 AR SR 28 2 (1) he k1 O 5 08 s 1Y
KR AR RGBT AT A, R SRR Z AR R A
WP AE R FR . 17, PG RECRLAH 0.1 ~
0.3, BEIEBIA RO LN 0.07 ~ 0.13; 15 7 1, I
PhA B BAE KR LN 0.15 ~—0.50, 15 404 2 504 % (H
K25 0.02~0.36, FUA BRECUL I #E K J7 300 MPa, i
JE 250 °C Z50F R ASAEAE I 8 09 I SRR A, B ov(p)/op
AN B (B AR W 0 /1), I 7 A il A8 JE OF 3R 4
H A 10 it A e A et T 4 T 3, L BRI T 40 SRS 1 A
TR IR AR E . AR () BSR4
H LA AR Y SE 58 B (RP A 0.905 ~ 0.996 2 []),
PG AR, SRS, MY LI B R U 4
B (E 6) W XN ) AT iR, Hrh 2R AR
T A, AR R AKX () #ATIE
Pk 0 X N TR B SRR B, o SR AR R AL
g M AE, AR R A () #4706 0 3
2o X FH a4 S ke b, FLIR o Uk A B

OB N 7 2 4%, B & TR ) T fEax 2 L Bt B AT g ¢
Mo PROTE — 58 Fe 0 4500 T Re 8 WL 48 31 3 B Y 2 1
FEOE, B & 6a AT LA BI, 1 KT 120 MPa &, 9\ i 3
FE5 DA W 2k OC &R o H DR E AR Ak i L ok
B, URJZ AR r U X T S e R (5 ) ) 48 ot
JE 1 B
43 EATEHEE-FLEEBHPHEXR

RITJRN, BE4h . RS2 W A o A A s
R ) 25 B B R A B A 4 A L LR EE AL R T R
A, T AX BE BB A A R . ki
S 3K B S R0 5 g M U =2 ) AT B AE G P AE 2 TR M,
AL T A L2 S e Gl 5% 80 P A DX AR A B
T, T SCE LA R A5 A AR RLBR A5,
3BT AN [l FL B 2 A A SR TR G AR (R D7) S X b 2
A PR BT R SR . R ERSE — FR BRI ER SRR S, ~
Se, 3 AN ] FL B IS 7Y % 0 A 3 ok 40L& R B LB
ZE AT, R I B 7R BB A L B IS A A I Y
K, MEEIE KRR 5% Mg+ D RFLEE . K
BALE T, XFEH G REBT LR A T
(R4 1) P, AR B B R D AR Ak, I R R A7 AL R 2



822 oo woR Bot
5.8
O
""(}"- N
57+ T
_ 270
~ O S (E) 0
“ / O SR GRIE)
ESSC S e WA (57
=22 LA L () oL
o~ o
54 %
=
53
5.2 h
1 1 1 1 1 1 1 1 1 1 1

5.1
0(25)  50(25) 100(25) 150(25) 200(25) 250(25) 300(25) 300(50) 300(100) 300(150) 300(200) 300(250)
JEH(JEJE) / MPa(°C)

a
3.6 T T T T T T T T T T T
m] e
35F i
: [J,,.—'E]"" (m] o .
m}
3.4 - O e i
O SR () e
O S (RE) D
MBS e ALk (E) .
rrrrrrrrrr UL (R

3.0 -

i

29t
0(25)  50(25) 100(25) 150(25) 200(25) 250(25) 300(25) 300(50) 300(100) 300(150) 300(200) 300(250)
FE I (RJE) / MPa(°C)

b

K6 HERHER A HORIC R
a PP BE s b BENHE

Fig. 6 Dependence of velocity on temperature and pressure

TS B ) B o AU R BOE AR S P 0.1 [
T, JO¥E o B LIS R, Ul I I s g 78 e R 9 ek R o
FLBR 28 B SBURR (18] 7). RT3l R 5 L B 32
AR A, WAL T LA B RHER R A Y AL A
4% LR, (B A7 A — > FLBREE, SR M0 I Be AT 52 i
TRA P AZ 5 AR, 33X BN 7 U 8O0 T LB
f i ) BT B D BE— P RIESSIE, BT A
FED S~ S0, BT 4 RTEER A O, EAT PR DU
R 22, GRECRE il (R RE AT 6 5 Sk A il 119 328 5 —FL B

KRR F o PG REON 0.10 28 3 3] 0.30, 24
Y& YT R 0.10 ~ 0.13, 488+ DR R FLAYTE I 4 0.14 ~
0.18, Kt FL AU 5 Bl ol 0.23 ~ 0.30; 1 I #8145 R B
0.07 &3 JEH] 0.13, AL E/N TR PG R i, B AR
FAUFL BRI R U U RBEERUE E A (B 8).
44 BETEE-FLMEXBEMHETXER

HRT, 26 T8 B 41 1 A i 3 1o S 5603538
(4 H g /b, — e NI R T X T L LAY I P41 5 52 i)
TEIIE /N R, AR DT 1 S 56 3% AT 0T LA BN



%5 T3 — 45 v T e R A A W S e Y 823
0.30 T T T T T T T T 0.30 T T T T T T T T
° [ e | B
® OB+ DRIILET OB+ PIINILE R
025 ¢ [ pieiicsiv as) 0.25 ¢ o RiEHILEE
ﬁ 020 ﬁ 020
<z - <
;_3\3 L J 3-35.
;_5\(
Z o1 R § 015
[ J
®
0.10 ® 010rg o
005 b—v oosLb—r
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
FLBREE , % FLBREZ |, %
a b
7 ESFIF T ARRZEBIFLB A R A
a YA REG b HHIE REL
Fig. 7  Fitting coefficients for different types of pores under pressure conditions
013 TR F1 o ARHS B B 437 75 2, X0 R IR 9LR 2 4
| S RECERAZE @ R A SR A R RO S . B
0.13 | AT 7 (#F&k
| KW * e HE — B335 11 % 3k BE b S, ~ Sq, 3 A AN ] LB 25
= |® %%ﬁ%+&‘%m%7iﬁ(m&%l$§€ * i s b A 22 K e A o Ak
N OI1E Sk KEWEALEH (R) ME RS RS ALBRE R 2, KRG R AL
o \ NS P . NN
- 010 . i X B BE A LB S B AR A R A 5 T ) T o — AL B 2R Y
= 0.09 N Sk 4 % NS
| . BV R 58 4 — B, AL F A R LB R )
007} L * AR 1] 5 AR AU S AR O LR 28 BUR U, (5
0.06 AR R i TR D R R E R (K 9). [ AE,

005 b—
0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
NI EEES
K8 EHAM TR S E R LRI S S RBOCR
Fig. 8 Relationship between pore types and fitting coefficients for

deep and exposed rock samples under pressure conditions

U R A R L0 T B 5 © SN BE 2, U HE
X e T Ty BRI T X T 9L R 0% R S o L A R g
-0.05
-0.10 |
—0.15 b ®
-0.20 |
—0.25 |
—0.30 | )
-0.35 |
—0.40 | ®
—0.45 |
050+ @
—0.55
0

054t
o Bt D RIFILA T

o K ILAH

]

P R AL

8 10 12 14 16 18
LB, %

a

&l 9

BT A RS S, ~ Sy, BLHE 4 BT AY 75 L, FEATIN .
B & REE 2, K BUIREBER i R EE ST & 58 Sk FE
B LB R R AR &R . PP A R -0.55
i3 Y% #-0.10, 44 A9 35 F M —0.25 ~ —0.10, 5+ 5
LB TG B —0.30 ~ —0.20, I LY 7 B —0.55 ~
—0.40; HE I LA F BN —0.40 33 3 2 0, 254630 Bl 5 9\
WA ZBORER, X5 43 s 1A B

—0.05

=0.10 |

—0.15 }

-0.20 | ®
2 —0.25 |
& 030}
035+ o
-0.40 |
—-0.45

—0.50 +
—-0.55
0

® %5k
o M+ IR @
o REHILEHE

o0 ®

@

S

ER 4

T

8 10 12 14 16 18
LB, %
b

2 4 6

IR A AF R A RIS B FL B AP AR

a PAPHNS RHG b BEDHIE R AL

Fig. 9

Fitting coefficients for different types of pores under temperature conditions
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