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Research on plant gum film-forming drilling fluid system for deep
overburden layers based on response surface experiment

WANG Sheng, PAN Anbang, XIANG Jie, XIE Chengchao, LI Zhijun

(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu Sichuan 610059, China)

Abstract: With the accelerating consumption of mineral resources and the introduction of the national new round of

mineral prospecting breakthrouch strategy, new requirements have been put forward for exploration and prospecting in

complex deep overburden layer, where the geological drilling environment is complex. Wire-line core drilling

technology is widely used for drilling in the complex strata. To enhance the drilling efficiency and core recovery of

wire-line coring drilling in deep overburden layers, and to maintain borehole wall stability, an environmentally friendly

plant-gum film-forming drilling fluid system was developed. Through optimization tests, konjac gum was selected as

the film-forming matrix. On this basis, the film-forming aid PVA, the rheology modifier HJ, and polyamine

anti-sloughing inhibitor AB-1 were further identified. Based on the response surface test, the optimized formulation
K-PA of the plant-based film-forming drilling fluid was obtained, that is 0.3% konjac gum + 0.9% PVA + 0.6% HJ
+ 1% AB-1 + 0.2% soda ash, moreover, its film-forming and anti-sloughing mechanism was analyzed. This drilling

fluid system exhibits outstanding film-forming filtration reduction and hydration inhibition capabilities to achieve

anti-sloughing and wall protection, showing good adaptability to deep overburden layers. The performance test results

are highly consistent with the model predictions, demonstrating the high reliability of the response surface test design.

The research results provide a new approach for solving complex formation problems, and also offer certain reference

significance for the development of new environmentally friendly solid-free drilling fluids.
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Fig.1 Changes in film-forming performance of

plant gum under different dosage conditions
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Fig.2 Film-forming performance test of

different film-forming aids
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Table 1 Filtration loss and linear expansion rate

for each factor

RE IR EEE/ mL RIS

JEE i 14.00 17.70
PVA 8.50 10.90
HJ 3.80 0.92
AB-1 0.20 1.12
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Table 2 Three-factor, three-level coding table

K- — ks
JEFRE(A)  PVA(B) HI(C)
-1 0.3 0.8 0.3
0 0.5 1.2 0.5
1 0.7 1.6 0.7

3.1 g 1 AT S 6 g o R R R A S 5 40 Ay
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Table 3 Optimization design scheme for filtration loss

based on response surface methodology

REES A B C APIJER 7 /mL
1 -1 -1 0 15.8
2 1 -1 0 12.4
3 -1 1 0 10.4
4 1 1 0 9.2
5 -1 0 -1 12.4
6 1 0 -1 9.6
7 -1 0 1 9.4
8 1 0 1 7.2
9 0 -1 -1 13.6
10 0 1 -1 8.1
11 0 -1 1 8.2
12 0 1 1 7.2
13 0 0 0 8.2
14 0 0 0 8.4
15 0 0 0 8.5
16 0 0 0 8.3
17 0 0 0 8.8

K R 22 300 AR X 2 3 1) 3 56 B 9 R AT
A, A Rk Zm (X 3FR) iR AT
FES SN, E 4 PR,

x4 APIRKRERBEFELHN
Table 4 ANOVA of API filtration loss model

;ﬁ Forf E; Wy FlE Pl Eﬁf
BiF 92.38 9 10.26  81.23  <<0.0001

11.52 1 1152  91.17  <<0.0001 —
B 28.5 1 2850 22556  <C0.0001 —
C 17.11 1 17.11 13542  <C0.0001 —
AB 1.21 1 121 9.58 0.0175  —
AC 0.09 1 0.09 0.7123  0.4266  —
BC 5.06 1 506  40.07 0.0004  —
Az 15.89 1 15.89 12574  <<0.0001 —
B 10.35 1 1035  81.88  <<0.0001 —
C? 2.26 1 226 17.88 0.0039  —
B2 0.8845 7 0.1264 @ — — —
I 0.6725 3 0.2242  4.23 0.0714 R ¥E
W% 02120 4 0.0530 @ — — —
Mmg 93.26 16 — — — —

R’=0.9905, Adj.R*=0.9783, Pre.R*=0.8811
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Fig.9 Interactive effects of various influencing factors on API filtration loss
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Fig.8 Reliability evaluation of the
API filtration loss model

V&SR, 92 BRI B3 2 0 A T HL 2 RO, B
RN AR RISV S R ) AN I 5 T CvA
= 2 i o ) S 1 A 9 R o

APILJE R B#/mL
APIJE K f/mL

(c)PVA S HIfIIEE

A

R R 2 3 A X 2% 5 rp i 50 B HE iR AT
LA IR Rk 2 W (s 4 R ) iz T
5 25 M 5P, 3R 6 s .

R,=10.2451 — 0.0019A — 0.0148B —

0.0091C 4 0.0042AB + 0.0089AC —
0.0008BC — 0.0120A% — 0.0071B* —
0.0062C? (4)

Gy BT 6 B R , ZR M  iK R 3 PR A
R F{E R 98.83(P<C0.01) , 3E B — 7k £ Tl X,
557 AT W e o 3 5 BB AU R UL P {EL R 0.2367 (>
0.05) , % B 50 15 22 B/ s KOIE P8 R B Ad]. R 3K
99.22 % , Ut W — IR 31 J7 FE REAT RUCHE UL A L PR 2 Ik 3
5 = & A B B 96 & 5 Pre. RS Adj. R 2ZE/N T
0.2, 3R W B RN A 3R e M I ik o8 A 84 1 2R3 Tl
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Table 5 Optimization design scheme for filtration loss

based on response surface methodology

REms A B C 24 hER PRI Ik %/ %0
1 -1 -1 0 24.78
2 1 -1 0 23.28
3 -1 1 0 21.08
4 1 1 0 21.25
5 -1 0 -1 24.55
6 1 0 -1 22.68
7 -1 0 1 20.92
8 1 0 1 22.62
9 0 -1 -1 25.52

10 0 1 -1 22.62
11 0 -1 1 23.91
12 0 1 1 20.67
13 0 24.55
14 0 24.69
15 0 0 0 24.43
16 0 0 24.60
17 0 0 24.25

MVER . W4 R 2 H I FR M PAEK/NAT A

PR 28 52 ) 20 98 LE i) S 35 M KONVHETF S : B>C> A,
S R R3S HAE AR W B E HHET  : AC>AB>
BC, DI 72 21 B Bk 2 52 Br D o Ay X%k, 703000 4
S Yl 2z an 10 PR R A

251
24
231

TiE

221
211 >

20 21 22 23 24 25 26
SERBRE
B 10 2215 AK AR A S 4
Fig.10 Reliability evaluation of the

linear swelling rate model

HY &1 10 AT, A 3R 2 M I ik S T 5 S B (i
AH OGP e v, S B I e (i 2 50 o A T 2k R
A, 5 PR A /N b AR R 005 0 B v L AT R A
g N7 = 2 iy e 7 P A T 11 R

P11 Ca) WY, 1 08 = 0 A, 2 M 2 ik % Bl
PV A Jiin i 35 g R ; [ PVA B, 27 I ik 25 Bl
JAE 2 e T e S 19 05 U, PV A IR K S s B
AR PV A B KO I LR I I R A% . 1] 11
(b) S 7R JBE 2 RS AR AR ST 1sf, 2 i i 236 Bt HLD o 4 4%
T T R 5 JBE = I w8 A ST B HLY oo 5 W 34 5 0 5
[ 8 HI B, 22 Pk 2 i 25 156 B = Jise o 4t 5/ 3149 5 sk, HJ
AR KT B JE A Y Jb 5 5 R JBE % i A1 L 28 v e 2k
PERZ K Ak, B 11 (o) W, [ a2 HI B 28 1 I ik R

x6 ZMUBKEREFTEDN
Table 6 ANOVA of linear swelling rate model

T5 25 KR 7 A ¥ior Ffd PfE B
T Y 0.0039 9 0.0004 98.83 <20.0001 B
A 0.0000 1 0.0000 6.41 0.0391 —

B 0.0018 1 0.0018 399.91 <20.0001 —

C 0.0007 1 0.0007 149.54 <20.0001 —

AB 0.0001 1 0.0001 15.73 0.0054 —

AC 0.0003 1 0.0003 72.52 <20.0001 —

BC 2.609%10° 1 2.609%x10° 0.5928 0.4665 —

A? 0.0006 1 0.0006 137.32 <£0.0001 —

B 0.0002 1 0.0002 48.04 0.0002 —

c? 0.0002 1 0.0002 36.46 0.0005 —

Bk 2% 0.0000 7 4.401X10° — — —
e 0.0000 3 6.338X10° 2.15 0.2367 FNTE
R 0.0000 4 2.949%10° — — —
[l 5 0.0039 16 — — — —

R*=0.9922, Adj.R*=0.9822,Pre.R*=0.9182
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Fii PV A BG I FEAR 5 B 5 PV A I FE HI B & 2% F
[ . #R PVA 5 HI 4 B8 = 7K F B 2k M 1 Ak R

(@)FE 1 SPVA I &

3.3 I AN BT 4 b e A G I T

PRI SCE) IS A 1T 20 A L R 9 1 RE I PV A (H
T A R APT B 2R i B 2 1R I MK 4 00 22 HAE
PETE RS A IPORE NI RE RV Rl RN IR 74
PRBE A He, B8 T a5 Brs iAo

max R, min A
&.{ min B (5)
min R, min C

W =R E AT B A E R R L
TR TE HE B i L PVA CHT 4351 89 0.3% .0.887% .
0.621% ,BATHE APTUE R &y 12.678 mL , &k VL%
M3 23.30% o 5 IR 5L BRARAE RO A M 3 — 2B 1k
B (14 2 B0, 15 2R P I 22 00 5 A iU B 3 o
Ve W AR R AL B J7 K-PA: 0.3% JiE % I8 +0.9%
PVA+0.6% HI+1% AB-1+0.2% 4

i H A2 PRI L T K-PA AR B 25

PEfE, Hoh iA R APTJE 2 5 12.40 mL, 24 h £ 1%

i ik %8 A 23.15 %0, 00 {85 3 4 5 B ) 4 (L ) 5 8
e, 2% B 1 T 08 3 TR 2 R, M e k4
RWET,

®7 MAERTERENK

Table 7 Performance test of the optimized formulation

(b)JiE i S HI I &
11 ERMEENEERKENTERZN

Fig.11 Interaction of the influence factors on the linear swelling rate

itk AV/ PV/ YP/ APIJE 24 h&HE

fiiJ5 mPass mPas Pa o/t K/mL KR/ %

K-PA 30.75 2240 853 0.38 12.40 23.15

4 Hig
(1) 156 2] BT S 1 e F B A A AP ) o
5 S W B AL I 5 AR 1 A W R R Y

A,

24K /%

HJzzgg.g// 0.7 1.6 Qq?»\\

(c)PVA 5 HIINE:

TR R S I R 7, 46 SR 3 W RE A e B AL Y
T AR R R R 1 B L PV Ay e YR i
T 7E LA A2k PVA & A5 3 A1k 2 e fiE
LA MR ) HL AR IE A 22 BT UIAG B4 RE , Bl 35 410 1 741
AB-1 35 Ml K fbBE J7 .

(2) T ma 5 1 X, 5 4518 PVA it 5 HI
Tk 17 AR g KO B R o M I K R I
Bl AR A TR A5 R W e R B B i v TR
fid 77 K-PA: 0.3% Ji ¢ K +0.9% PVA+0.6%
HI+1% AB-1+0.2% 4iHi .

(3)%F K-PA ik i AR 2 2E 47 M RE It , 45 2 W)
A TR S0 v BE WA, I A R T R 06 R R
B % VR TR R LA IE v AR R I Al
HEFE A G R BT DD AE B MR AR L B AT 298 H I R
2 5 J A K Ak R S B I P RE AT N R 56
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