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Application of the high-density, environment-friendly, anti-collapse

drilling fluid system in SY-1 thermal well in Yingshan, Sichuan
WANG Yongquan, LI Shichang, ZHANG Kai
(Hydrogeology Bureau of China National Administration of Coal Geology, Handan Hebei 056004, China)

Abstract: SY-1 geo-thermal mineral water well in Yingshan, Sichuan Province is a key exploration well for geothermal
resources with actual drilling depth of 2758m. It was found that the lithology of the thermal reservoir of Xujiahe
Formation in Upper Triassic is mainly feldspar sandstone and siltstone, with buried depth of 2220 to 2758m and
thickness of 538m. The Xiashaximiao formation consists of gray-green shale and dark purplish red silty mudstone mixed
with yellowish brown medium-thick layered siltstone and massive fine-grained feldspar sandstone, which contains a
mixture of high-pressure gas and brine, where complex drilling problems such as well collapse, well kick, overflow,
lost circulation and wellbore contraction were encountered. Lab research was carried out on control of rheology,
anti~sloughing and stability of high-density anti-sloughing drilling fluids, and with premium sodium bentonite as drilling
fluid base, the coating agent, the fluid loss reducer (salt-resistant) , the anti-sloughing agent, and other materials were
selected to obtain the final formula of high-density anti-sloughing drilling fluid: water+4% bentonite+-0.1% soda-
0.1% sodium hydroxide+1% to 2% tackifier HN-1+0.2% to 0.5% environment-friendly macromolecular coating
agent+1% to 3% environment-friendly filtrate reducer HJ-1+1%~3% salt-resistant filtrate reducer HLY+1% to
2% environment-friendly anti-collapse agent HFJ+barite. The formula has adjustable density of 1.50 to 1.80g/cm?’,
infiltration loss of 4.0ml, good rheological property, and remarkable anti-collapse effect; and has been successfully
applied in the field and ensured the smooth implementation of the project.
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Table 1 Lithology encountered during drilling
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Table 2 Designed well structure data sheet

IR %/ 24 S
SR 4445 60 339.70 S 60.0
—JF 311.2 600 24457  EIFEE 6000
—JF 2159 600~2300 177.80 HiARER  2155.6
= 152.4 2300~2750 127.00 AEEE 2750.0

R3 HNSETERERER

Table 3 Drilling rig and main equipment

2 B UiRSS FRAE R AR o
il RT40 1
EiR Y JJ225/43-A TAEE 42 m 1
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Table 4 Properties of drilling fluids with different bentonite Table 5 Properties with different dosage of sodium
GEL APIE bentonite —SD

AV/  PV/ YP/ ,
% (10"/10))/ %At/ o

(mPass) (mPass) Pa

/  AV/ PV/ YP/ GEL(10"/ APIyE%

e

Pa mL % (mPass) (mPass) Pa 10")/Pa /mL
Mgt -CF 16 9 7 8/20 18 2 2 0.5 1.5 1.5/2 52
g +-SD 18 10 8 6/15 12 3 3.5 2 1.5 2/2 30
FHRE A £ -XT 15 7 9 10/30 15 4 5.5 3 2.5 4/5 23
i +-HB 11 8 3 2/6 18 5 9 3 6 10/13 19
6 13 5 8 16/28 17

BETHS o M i AR, D T AR DR 2R Ak

AR R R A L A s , AED) ORI T R T UK 50— T i, B B 1
AFF o ge i A et . i IR A BRI, Bl 1k T o3 BT B o TRORS JBE A PR
T 0 - B e A%, BRSOy ek - BRI KEUVE ML TR R SRR R A < K 2R TN e I

4% & lEE +-SD., (PHP) . BN % 2 81 (KPAM) K BF 3 K 4 F 40wt
3.1.2 HHHIERF 5, JUAP A 3570 %) %o e 3k 6 45 SR L3 6.,

AL B — 51 RE A% 22 BE v R I R A 95 B 4 (B

F6 BEA LKL

Table 6 Coating agent comparison test

I H AV/(mPass)  PV/(mPass) YP/Pa GEL(10"/10")/Pa  APIjEk & /mL
eI 5.5 3 2.5 4/5 23
A 40.1% PHP 14 8 6 8/21 16.6
FEIA+0.1% R ORIR 73 F 957 BB 12.5 9 3.5 2.5/5 12
I +0.1%KPAM 9 8 1 0.5/2.5 13

WA R R R AR 2 TR A B BRZE T AR T A B B R R I 5 2 i v i
RERETE o CAPTIR R B, BT ATE % BBIME MR R PR RAIURIERY )™ dh , RIIORS B2 P 5L 47 4 X ph 4R

ZREERH (LV-CMC) 4 8 JE K P00 AU [ 38 2 5% HI-1, 3%
3.1.3  FRUE LR 5 0 470 b B Uk 2 3 HLY Bt Ak 1 18 4 1S 4505 T i,

YERE JEME BB E MR LEM 8RR R,
®7 BRIBEFI LG

Table 7 Comparison test of infiltration reducers

i H AV/(mPass) PV/(mPass) YP/Pa GEL(10"/10") /Pa APTUER & /mL
Ens 4 5.5 3 2.5 4/5 23
I +0.5%LV-CMC 21.5 15 6.5 8/38 11
BRI A 100 ERGE R 17.5 5 12.5 17/18.5 13
FEIA1% HI-1 5 4.5 0.5 0.3/0.5 10
FEIA1%HLY 8 6 2 2/6 8
JEA 1006 Tl Ak B TE R 7.5 4 3.5 3/7 14

WIS R 0] LUA W B OR B DRG0 HI-1, 36 PR BT R B 08 2G50 HIL'Y 3 7 b R S 1A R A [
DRI TR B U8 G0 HLY BB R ROR B, AR JEH) .
HEVORS BE | 254 25 A0 e B OR 2 e B 2K R HI-1, 26
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VW 1K T b O AR R e LR xR A

RO 8 K9, B 4R ER T, A B R B 35 51
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Table 8 Comparison test of anti-collapse agents

T H AV/(mPass) PV/(mPass) YP/Pa GEL(10"/10")/Pa  APIJEZH/mL
KA 5.5 3 2.5 4/5 23
FEI 4196 IR B 15 5 HE D 6 4.5 1 0.5/1.0 10
B 100 s R 3 3 0 0.1/0.3 14
FA 1% et 5 4.5 0.5 0.3/0.5 13
x99  HH AR IS
Table 9 Expansion inhibition test
5 A IR /mm B W A5/
1h 2h 3h 4h 5h

ZRARK 1.10 1.49 1.86 2.19 2.48 2.75

2% R385 HEJ 0.53 0.81 1.02 1.18 1.37 1.55 43.6
206 JE T TR PRV WK 0.69 1.05 1.32 1.57 1.75 1.91 30.5
2% Ui E 0.74 1.05 1.26 1.46 1.63 1.78 35.3

3.2 e % R ER ORI By S o ok W Ty P Ak B g SD+1%~2% 3 K55 HN-140.2%~0.5% ¥ {4 5

3.2.1 e L ER AR A A By 58 b vk W E 7

i 1o 2 PN IE S IR 9 B 2 o ek 2 e A T A
56 7 B T S IOE B 7K S B R R R /N A S 7K P B
B, 258 HIEA IR IR0 N R 1 EOOF4 a1k R

H B P GE 1 22 B 38 v P8 W A O AR E oA - 4 94 4l 4= -
z10

KAy T A9 +1%~3% 5 48 F& 8 85 HI-1-+
1% ~3% Bk vk 2k ) HLY + 1% ~2% ¥4 B 55 71
HEJ+ 8 S 4
3.2.2 PRI B B vl R W g
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Table 10 Properties of conventional high density fresh water drilling fluids

R/ AV/ PV/ YP/

GEL(10"/10")/ APIyE&+H/

FESE b oRs S/

(geem™)  (mPass)  (mPass) Pa yp/py Pa mL ES 0 s pHIE WE5HRR
1.05 16 10.5 5.5 0.52 2/4 6 0.09 40 9 MR B
1.2 19 13 6 0.46 4/9 5 0.09 44 9 R
1.4 22 15 7 0.47 3/11 5 0.1 52 9 W R
1.6 26.5 18 8.5 0.47 5/13 6 0.12 58 9 ATIES &3
1.8 32 23 9 0.39 5/18 5 0.15 61 9 W EUR
2.0 41 30 11 0.37 7/25 4 0.16 68 9 R

EBEZEERRIEBFBRERERESY-1FHKA

4.1

—JFH B (0~600 m)

(1) —TFR RS Y L b PR &, FERA

J7 K 4% B+ +0.1% 4lii% +0.1% s i +
19%6~3% 8 +0.1%~0.3% Bk 42 . 1FFF4b
5 W BE T 5 K +0.2%~0.5% B K 4y F 4
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(2) 2 4 kb 3822 55 - v Pk V1 BB 2 4R A R 3R
R o Fe T C R R, BN B 50 mom A
1I~2 48 MR K TR B bR A E L dE R IR K
GEL(10"/10")=2~5/8~15, % 3} K FELE 35 s LA |,
[F] Fof L B O DK 43— 5 49 70 T ) J L, 07 3 S 45 5
A FELEY R R T MR A AR o AR T 4 RE LA
T T 458 2%, 3 24 b i A e s ) b R VR 1 2R K A
T 2ot P I 4 15 % WA AT Ok YR TR 45 T AR DA PR IE
P RE 19 o A B 2 98 L PR U8 S Y 485 D e
VLR A BEfE ) .
4.2 “IFHBL(600~2160 m)

(D) I RHRE Y IR 15 th Rk &, £
Bl J7 s — JF 3K +0.2%~0.5% H A K 5 F 18 8
R +1%~1.5% AR UERFI HI-1+0.5%~1% 3
BRI FD-1+1%~2% BB B HF-1+1%~2%
BRI HN-1+ 5 A o 96 20 #b o0 B W B O+ 7
K A40.2%~0.5% H AR K> F AR +10%6~2% 3%
K HN-1,

(2) 4 fr b FRBE 5 . HE % 1075 m 7 #E AT 0%
Jii AL, THHR DL b R AR LRI S . H IR Oy 7 T
T 900~1000 m B}, 4 5 wh 6 & 1 g 2 H bR 1, I
T 600~1000 m I i 58 W %5 B2 4E 4778 1.15~1.25 g/

em® 2Z 8], I < A5 R 30~50 s; %€ 1000 m Z )5,
FEFEZ JZ0EREA 45 5 e UHE 5 2 AR M )2 1
T 32 T TN K i R BEE AR b )2 R v, B DL
7 1000~1500 m B & W %5 5 48 #5 7 1.25~1.40
g/cm”, Y 2}k A 40~60 s,

B AR FE AR PR R AL B 5 4 B 50 m
W 1~2 4%, il B4R ¥ 2 2 e 7 B S BRI L
FhE

I P T 4 3 4 B 3 ok v e R 19 95 Jo T A
P 2l 0 BRAD 2% L BR U8 4% 1 T 2 10096, 250 AL 1] by
i, ] b Ve A R A 0.5% . AR AN UE 50 m v
B U E— K
4.3 =JFHBL(2160~2785m)

(1) = R T e 2 B B R A0 1 57 353 oh Vs VR AR 3%
FEE D PR 1% ~2% Ok R HN-1+
0.2%~0.5% AR K7 F PR +120~3% AR
UE R HI-1+1%~3% $U 4k 38 28 # HLY + 1%~
2% R B 3R HF T+ 5 & A1, 18 PR b 78 IR I o

(2) 2 4 kb 38 22 55 FF 3 B0 HLYE B e 3 b g
FH [ AR 5 ¢ BE 77 7 0038 Rk 380 HN-1 L 3 £ e 3 2K 71
Pt £h U8 2 0 B AIG 2 AK 1 B BR AR B 10 5 4 O BE AR
FE 5 AN FE 0.5 %0~ 1% Befsi i pH {EF2 € 7F 10 2247 &

TR MR P RE WL 11,

F11 BIFR LR EREIEIR

Table 11 Performance index of drilling fluids for various well sections

Sk ?Eff{/ U 2 KGR/ YP/Pa PV/  GEL(10"/10)/ APLJER =/ i)ij:ﬁii b/ oI (i
(geem™) s (mPa-s) Pa m (gL %
wit 1.02~1.20 30~60 5~15 10~20 2~5/5~15 <10 20~60 <1 8~10
o SR 1.03~1.10 35~50 5~10 8~12 2~4/8~13 8~10 30~40 0.5 9
Wil 1.08~1.50 30~70 4~12 10~30 2~5/10~20 <5 30~60 <1 8~10
o SR 1.20~1.40 30~50 5~8 12~18 2~4/10~18 4~5 30~40 0.2 10.0
. it 1.40~2.00 40~90 5~12 10~40  5~10/10~30 <5 40~60 <0.5 9~11
I PR 1.50~1.80 50~70 5~10 15~25 5~8/12~20 4 50~70 0.1 10

4.4 FRERIEBOALFE
441 Sz LEIAE G
4411 JFEHEHIT AR I B

Bl 3] 1437 m Ak B 8 (55— %), J5 R 3K R
I, Ak S 4L BER) 1452.16 m, F A 0244.5 mm £l &
BIEE I, K UEIR 2

Bk 2 2304 m, P B E 1.22 g/em’, HLZE
RO ) 1 DA AT 8RR MR 100%, 6 CO F

HLS, Je 3¢ % V8 & 2 1.35 g/em®, I 0 B o, 4k
SLEN I

Bk 2 2736.96 m, #2014 = B,
1 5 K K )2 OF & AR, JE H R R BHE (5 =
W) % YRR R 113 g/em’ B ER K .
4412 HERIFEIEM

APt T AR RS F 2 T VIR 1437 mAbf
SRR, G VA s VRV B 1.45 g/em’E , 58
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B 4

FEIFUR 2043 m( BBk 4, K K 2B 8 10
) B R A U L Y B R R 1.45 g/em® (G
F A3 O nh e O ), APT B2 B 10 mL, & b &
0.1% ,pHAH K 10, BifiJ5 AT T 48 20 I-AEA .
4.41.3 JEFHAEHR

IR 2043 m Ak, FEFHEAE B -

S — R IR s b VRV I E & 171 g/
em?®, — N wpR I, — AR 7E — sk 2 AR A

JEL N 58 B HAE ML o RAE PR RGR 3 R B T4
PERT BRI S NG, TR E R, TR AR, T
5 R IR R R TR I R A A %
9 1.86 g/emHE 3K 96 m?, SE B il 2 i 1Y R I, AR
Ji K TE T 0 e VR AT HE — 1 B P
ST ET VA
4.4.2 W PTG O
Bl 3 A o ) 2 K SCEEAT 1O, HE U 2R
JE L R 3 A O WL 12,

F12 HHdEMERRERERERL
Table 12 Drilling fluid leakage and plugging during drilling

, - T 4t/ . \ e
U /m JR R o K 7 3 !
(m’h™) R
1585~1592 H W H4l, ek @y AN 48 s HE 1.43 g/ 1 Jom i s 1 U 75 ]
(S em? APIJEZ £ 7 mL
1604 9 0.3 thE AR, ImA 0.5t I Il
WAL, KW O K52 s B 1.44g/cm?,
Q;’I‘ff K EH *”i:’w;;fg Igcm SR04 6 3 A EL 08 B i
3 M = oml
16221626 - 1.5 GBS 1 B R R
1721.85 Jm2.5 (kAT LA 14T AR T
FUR AL, e QT RIESS s B 132 g/ o
REHE S APIUEZ & 5 mL o
1735 L em APTIERAES m 1 AT Rt T e
2160 Bk, KA K REE 90 s BIEGEIT)1.86  JFH AR 3.5 (kST 0.5 tERRES 1t %]
AP TR A g/cm?® JER A4 mL Wi Aty 2 U 751
2205 GG N B K255 s B E1.84 g/ 1 I 0.5 tEANES 0.5 URiAR0.02~ B3I

em® JEK 5 mL

0.05 cm AY#ZHESE 0.5 T4 A

5 BEEINMRIMEIPI B SERERE AR

8 1o P e AU ) 7 8 e R, O BE B 4
D I 52 WY 0 0k 53, ORAIE T AR A S P e e 0
B IR B ARG R AL 806, A AR v TR WY
[ B 2% R MR R T A SR A S R R A
B 1k Bk R S WO R VR O R R A R
EREE BHL, IR AT T, 1 X LA Bl i 45 =22 i 42 w5 k0.5
P B o A b, S st e 5 RS A I T S, Al
A5 Ak B2 0 I TR 5K, R 0 Bl T B B AR
FBE A RR T W 2SOk A, ROR 4 e Ak B S Y
[ oo % L Bl T WA 2R P AT 8O 4 M )2 T T,
i L I A B0 R A 8 IS R, T B R AR
FA 45 AR N ] 2 LB I ARG 3% DA L o

6 it

(1) R PR OR vh DA 2R, HAT B A6 O 2 P

TR e M, A I MRG T U 2 v 5 e v 4 4 1)
HS, AT N E 2 B R

(2) % 7Y 20 03 h 8 AR R LA i ) 0 o) 4
BEEE, DA BE RCRAF i T AR v R RE AR E R
TE T 46 A e T

(3) 7 AU B0 O Pk VAR R A 00 T W RO A
SY-1H T A& i1itE T.90 K (& F &4 I I H- 45
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