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The Application of Seismic while Drilling in High Temperature, High
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Abstract: There are high temperature, high pressure (HTHP) formations in the Yinggehai Basin in the South
China Sea, and they are considered high-risk for safety when penetrating the HTHP formations. In order to reduce the
drilling risk, it is necessary to accurately predict the pressures and at each formation depth. For this reason, the seismic
while drilling technology was applied in the pre-exploration Well DF-X1. The technology uses seismic data while
drilling to obtain the time-depth relationship and the formation velocity, and it updates the bit position on the seismic
profile in real time, and thus it determines the high pressure reservoir depth and formation pressure coefficient in front
of the bit. During the actual drilling of Well DF-X1, the seismic while drilling technology was used to accurately
predict the pore pressure coefficient, fracture pressure coefficient and depth of the high pressure reservoir Al sand
body. The predicted depth error of Al sand body was only 6.00 m with the actually drilled depth, which ensured that the
$244.5 mm casing was run into the mudstone above the high pressure reservoir. By using seismic while drilling, the
prediction accuracy of Al sand body pore pressure coefficient achieved 3.0%, and the accuracy of formation fracture
pressure coefficient up to 1.0%. Based on this, the drilling fluid density of the completion section was optimized to
avoid the gas cut and lost circulation, kept the successful drilling of the well. The research results showed that the
seismic while drilling technology could accurately predict the formation pressure along with the depth of the targeted
high pressure reservoir, thus effectively reduce drilling risk and improving operation efficiency.

Key words: seismic while drilling; high temperature; high pressure; pressure monitoring while drilling; pressure
prediction; Yinggehai Basin; Well DF-X1
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Fig.1 Schematic of seismic data acquisition while drilling
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Fig. 2 Process flow of seismic data while drilling

AR & Ak RS, 38 Gk X LY E R 2 I R T
Mo, X B R R AT AR, LR E B R
7B OV 0 3 THT M 72 22 18] f0 I () EE AL B AR, R
Fl i 1 4 7 2 BRI IR O R, BT R Sk AT R Y
TR , B e TR R LR
22 HEMREHRBUSEEEE

B il 1t 5 SCHR 0 R R A B, R R AT DL B
W BRI AR F A Sk A7 2 R Y ST
TR BUBEAL, #5210 ST LUE 1R 2 52 IR 1 A )2
B B 2R R R

SEHO=W(@®*R(t) (D

e ¢ IS, 55 8(n) A HBFRIC 5%, A SR HY BB L
= RGBS A3 B 89 B AT B3 08 i & N A
W(t) g M 51, AT LA il 7o 500 Ak B R
Fre s PRI R(p) S 4l )2 5T S 5 R A

i BEOK P 2R b AR, b 22 ST Y S S R B
I BHAT Y 5 2 AT AR AR A«

1+R;
Zi =2z 2
o= (125 @

A iS5 AR R Zo N i R R
P, kg/(sm®); Z, A5 i 20 P BB, ke/(s'm®) s
R R i A FLIE 0 5 2B
AR (D 53 5 R BUF I, FARER(2)15
B BELT 200 T 3 BELE Ay e 0 7 e 2 v 4 A2 40
JEE 1 22 5 A R AR, L ik
Zi = pivi (3
A p, JHUR B, ke/m's v, Sy HUE 92 B, mfs.

ST A B BT TS, PR A 2 Y % R
AT DA B 1 S22 100 J2 R ) T, A A i S BT 7 R il
R 2R BE o AR Hb 2 Y %% BE SR TSR A [ 1 )2 1Y
SN 2 AR A 5 DR 28 0 e A
B o ARATEN KT 77 b )2 A )2 B S , wmT DU R
TR Sk w5 2 A T o
2.3 FESAMRMEE ST

Hby 22 g M 0 3 S M 2 1) L R T AR
ZUE Ty o bR LB 8 2 e 2R AL B AR Y
FE 7, 5 12 v i G A g DR Al b J5E 5% 14 1 4
i TR H #K 7, MR Z Sk 1 J2 68 B 2 5
o R o MR IR T R B e AR rp (R S
AT S 4% T A RO TR T o

A G2 LB ) A 2R T i, HETE
ARZ 2K K X X P H R R
HR T U M Z, TR Baton ¥ 4%
DX e b 2 LB T, TFREA KR

At \!

&)
K p, WHRALBIE TS, Pas o, 9 BECH)ZRIE T, Pa;
o HIEHHIOK ST, Pas Ar Sy S0 2 75 I 22, ps/m;
Aty g HZIE S OL T BRI 22, ps/m

A R R b AR 2 % R AR
532,

pP:‘Tv_(O'V_pn)( (4)

n
av=pwgh+g§:mALh (5)

i=1
A p, WK, W4 (1.03~1.06)x10° kg/m’;
g NS IERE, m*/s; h FHEKZ IR, m; p, 4
i EHHE BB kg/m’; AD, J IR SR EERIFG, m.
M2 0% 24 0E F1 5% ] Baton 26 &P i, Hi
BAKXN:

u
szpp"'m(o'v—Pp) (6)

b pe MHLZBE T T, Pa; u RIARALE S
T /0 SRR B 1 BT, R LA YA A LE R
R KRR AT RIA H
p=A1D%y L+ ArDy o + A3 (D

A2 Dypm W PAVEZE A R IR, m; 4,, 4, Fl
Ay FEETISHY

Bty e 7 W) T A e R G 3 T (LI 3)
1) 5 TR 7 0000 2 TS S 0 DU ais Bl T |
JoT Rkl R R, ST AN HT R ) AR AL, 2) e R
S W o ) Bl b R AR B RG  E RE  BOE
FSRE A5 BERE, S W0 Y 17 2 R0 G Sk T 2



.« 66 % B 45

s

% H £ 2020 % 7 A

LB IR 7 S8R T, S5 T B SRR R
(ECD) R0, TR B KB o 3) B Jm PFPAG o AR 35
SN Fs 3 B o = T T BN A5 R, ot | ek
b JZ e g P AR T

D BEHIEAEM > > BEHEAEN BRI >
SRR | [t | RSO
HORIEAT | [ IECD Y - L ) B
32 S L1 G I ARG

AR Bk R || R KA
VRO | [SEM

E3 EEHDENIIERE
Fig.3 Workflow of formation pressure monitoring
BliE B b, AR B0 B B 5= A Ak 0 S I IR G
FARE TR AL, )P Bt Bl 2 et A 0 5 A L BE
R H: 1 £ B R 2, S I M = A AL B
ILN 53455 400 6 0;%0

CDP[[31137 | )

2427 -

5500

—

5 |600 5 ?OO 5 §|300

5900

oy .
R e
25001 iy T

JIRNBE R ST o R T4l Sk Fir 5 R B MR M Bl R
Mo 72 AR A M IR Y 2 R 5L ) AR T T
SR L 7 4 )2 R ) 7 A, A B IR
W, BRI 4

3 BEBHLER BORHAY

DF-X1 PR A7 T T TAF 435 1 %5 R TV B 114 7R
J5 X M, BhER SR IE S0 8 A BRI B R
PER AR I, EZH W2 M E R B AL/
. 18 4 Fish DE-X1 e JF i b 72 ) v, 322
PR SLEA T30, T31 F1 T40, Al b4 K 556 F 7K
W, WK AR AL T R DU . RT
X X H 4 H 92 155 K 185~ 190 °C, il b 2 £L i
JE T3 ZRHAE 2.1 DL, S MO ) vl v e XU X

6600 6700 6817 N

| | , 131{57 CDP

i e S ReE D 427

6100 6200

6300 6400 6 5|OO

| +2500

IR XA HEN ThI>- ARD A T51 TR ¢ 2 ) i P

4  DF-X1 F 3T F #b m i 5= 5 |

Fig.4 Surface seismic profile of Well DF-X1
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Fig.7 Real-time processing results of the seismic data while drilling in the third run
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Table 2 Real-time formation depth prediction results of seismic

while drilling
WRIRAL BERHURHIIRE /M SERE/Mm R%E/m
T30 3158.00 3 145.00 +13.00
T30 C 3461.00 3 466.00 -5.00
T30_E 3584.00 3 580.00 +4.00
T30_H 3641.00 3 642.00 -1.00
T31 3787.00 3784.00 +3.00
AP T 3825.00 3 819.00 +6.00
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Fig.8 Results of seismic wave impedance inversion while drilling
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Fig.9 Formation pressure monitoring results of seismic while drilling
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Fig.10 Comparison of the formation pressure monitoring results of seismic while drilling and that of the actually

measured in the reservoir section
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