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Abstract

In the process of going through multi-layers in drilling of Bohail Oilfield Group, it was difficult to
solve the problems of wellbore collapse and falling off and wellbore instability in Dongying and
Shahejie Formations. By continuously using active and soft mud shale borehole stability mechan-
ism, an easy control treatment agent was chosen to improve the inhibitory, adhere to the concept
of soft restrain in the upper strata and strong inhibition in the lower formation, a kind of polya-
mine inhibitor PF-HAS was used instead of PF-JMH-Y], PF-HAS was moderately used for inhibition
to the soft mudstone, and compatible with KCl, by which the problems of hard control of rheology
in traditional PEC system and drilling pipe stuck in tripping were solved and complications in
drilling were reduced. Because of its good compatibility with the PEM system, the PEC system can
be compatible with PEM system, at the same time, a layer of intermediate casing for drilling in
Ninghuazhen Formation, Guantao Formation, Dongying and Shahejie Formations is saved, it greatly
improves the operation efficiency, and it provides an important guidance for the drilling opera-
tions in the other oil fields in Bohai Area.
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1. 518

Yt BRI 10-1 vl FHAF(KLL0-1 X HR) BRAL B4 | TR P 4 iE PE AR TUE B L ) & AR, 183 T 20%-~
50%/4 Ay, HAFta e Eh EEUMS - ZHRENE, FESECN 60%~80%74k 4, HF - FiREH L
A RE, HRZEE 45%~70%; HICAFFRIA, 5 10%~35%74 4, il ASaea & s, 7
SR T 6% 5% A, BIAGEAL K BOE IR TUE IR A Z K 8L FRE TR A &R w1 [2] [3].

TSRV IR KL10-1 DX B 52 Ze A e Ge vt R A2 X S5 mi i 80 b ) 8 DR 3R 2 40U T
B . TEPR AR TR R RARE SIS, FEOFEME R, FRIREME, SR, Hes
B 4510, 8BWERAEIR, BB RET B AEMIERERISE . RS PEC & R A T a4 1%
72, G ORRE K BRI R IR AR M paE ], T E T IR R A e 55, A 5 g BCT B
REJE, G RGE MRS -R AR A L ER R AR R, FEE BRI PEM MR R, Tl sRam
FibE, BB S e N AR, MR ME R . DUE SRS R AR E AR N 2 EE, b
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Table 1. The statistics of complications in exploration wells

=1 BRHERBRARITR

H4 =R Xof R R &R pl (gem™) us  VamL  w(ClI)(mgL ™)

KL10-1-1 %2R  IRIIREES, HH 1230~1180m, BB PEM 1.3 58 4 26000
1170~1050m B EIRI e, A% I8
HM%

KL10-1-2  eHG@ERH, SIRIRE 4 2466~2464m, B PEM 1.4 56 3.4 46000
2458~2456m, 2305~2303m 131K PR s

KL10-1-3  F45iEFH, RIRZEIRE, RIIREE, R W= PEM 1.33 59 36 55000
PR HhENE

KL10-1-4  fRIHRAEE, HH 1388~1200m BRI BT B KClI &Y 1.27 58 33 23000
I 2

KL10-1-5 I RIAR 4, HH 1637~1609m SE K = GE) PEM 1.30 74 34 39000
M. MR, HRENE
BIRIIRE 1214m, MIRAREEAE. KE, BT B PEM 132 76 34 37000
5] HRE PR i
RIARZE 2141m, HARSEMEHAE. K&, w—B PEM 1.32 74 3.6 35999
FRERE, RIAR R

KL10-1-6  f8I IR &5, 300 ) SR e o, 1835, IRzh w—B PEM 1.28 54 36 26000

AR B2 R JE A D B S, T
BEIERE, IR EIR

BIRIIRESRT, HF 1500~1400m HE Ik TEFA PEM 133 55 34 46000
. B, HRER

KL10-1-7 {3 RIAR#ES, HA 1467~1439m. 1354~ BT B PEM 13 51 42 36000
1305m 51K HR A 3t
RENER, BIRIREH . QIR EE. w—B PEM 1.31 52 32 46000
B
HEENETR, FIRIIRARES, b 1287, 1275, BB PEM 133 54 2.8 45000
1231.45,1209~1133m L AbiAEEE . IR TEFRZA
B
EEER, FIRIRRE, KR, B0 W=B PEM 1.33 53 2.8 45000
il

KL10-1-8 s, BIRIMRATE, W R W=B PEM 1.31 55 2.8 42000
Wl {5 RIAR xR

KL10-1-10 FHuBFERIRZHE, RIRKME, SHEK WB PEM 1.33 55 3.8 45000
. M

T p WEBE: we AR Vap b APLIER B w(Cl)h CIREIRE.

I GETHRFAE AL IR 5 (P 2 I RIIR T E R 97.6 m/h, 3 B8] AR B ff 1 ) 3= 22 = A7 9 9]
AR AN T g 2L (B R MR PR e, 8 20 AR AR b T A 2 B e T A B B A S 2E R P Pl 4L I 1 e s B4
RIMRAAEI S . B 1B &I E R IR S R 4Tt

22. RESHEBRER
LA T ITRE MR A A PERHIE . B IRERE UG THERERIPHERT, KL10-1 KEREAHME LR



My &

160
140~
120

100
8
6
4
20-

13 23 3 43t 5 6t Eid 10
KL10-1 X HeH 44

[e]

o

BRI Z/ (meht)

o

o

Figure 1. The statistics of backreaming velocity in KL10-1 Block
B 1. KL10-1 XIRIRH-FIRIREE it

MBI B E AL S MBEES A AR RS, PRI RIS JE A2 A - SRIEJR8E, #K
TR, CEIEE VR RN AN RE A P Ao P 3R [4] [5] [6] [7], R RIS LM 0 B BRIUR GRS R RS RCR
M ASE LRI AT A A TR VR B 22 e T, B s tn, AT RIS A A R, AT PRI BERSE »

fp o BB LRSI TR A R E R KA LR IR e, e R R SRR, AR
T, SEFE AN RCR, KRBGE BRI R E T, RIS EERRE, MR T S SRz,
*hFEEIE T K KCL Fefb i PEM K 2, 2 I ORIEFBE (RS RE , 8 R BGE 18 H W T Z AL R f i,
RN BEAR T A, L7 —REE, A8 HBUS R L i8]

3. BRREADHITH pE EFEEE(PF-HAS)

BExr i B 10-1 3l AL R AR b 2 2 R AL, ARAMEMR U AE A YO A A T BE S L B,
FEEERFSE R . XTILH PEC A PEM B MR RBAT R T, LGRS TUE I RER E WL, ik
P55 P A E R S v, R R E NS R R E R S, I 5N SR R ) R e
¥ PF-HAS, KK 1 PEC MR R IHMHI1E, (EAEE MR A I S 3], [, PF-HAS 5 KCI 3
BAELF, {15 PEC A RAEWIRIFHL S PEM (A R A, MIMMROL T B8 A [F] 207 R R 5 A B e s
PERR, KKFN T ISR T 2.

PF-HAS I 5] NEAS8G H- AR I DL RO A

1) BANHIAR R Lk PEC %8, L PEM 55, F57 1% PF-HAS #H24F 3% KCI il tE, {75 1
B BOE T A ) AR B 7RO, BRIV LB

2) [BEAHA RS . 165 PEC R R EFNEHLIE R, HAE MBT (B & RRUKH , R H R AR BT
Je BRG HE ER A B ORI E n, E RA E A, F PR-HAS BARIE s, (7R R EA m i E A A R,
RGN Z (A, AT S s

3) A=Yl Faliff) PF-HAS AOURANHINE, & & INEEREFIARFE, @ELER PF-VIF
V1, SEMCARE S YD, AR TR, R IR AR E .

4) 5 PEM FH&EMESR. PEC AR PG IIAN PF-HAS N PEM 5, 14 & Fi 3 EKB =), dmil
HIPERIAR s, R TR R E LA R A 2 (1 B 4 2 - BE AR E )

3.1. BREFEEE(PF-HAS)HIHBIH IR
W FERERE(PF-HAS) /& S iEFR It . FEaENLE (& 2), 470 Si—OH 5%+ F %) Si—OH %
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AR Si—O—Si i, [ kI 1 v W B AE R L ORER T, (RN TR ) 2 [ A 2R Bf s [RII, PR-HAS 7E
JEHE AL B SIN 7Rk, IR R R KR, BHAE TR B ORI, R HAS 1
I R R A PERNE R BRI /N . BT PR-HAS 1] DATERS L3R 1 T i — 2 Bi /K A5 4 B A Bk
FEPERIPR R, B ANREE 136 R MK ALAE T, AT n ik 2 B il g
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RNH Si OH
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Figure 2. The molecular structure of PF-HAS
2. PF-HAS 5 T45#4
3.2. BRELFERZ(PF-HAS) M BETF N

3.2.1. Hik4EE

[ SRk (PF-HAS) AT 503 25 40 R T 1o K e, AT S B KA BE I, A R T ORI RERR e . 8]
3 RTKIHAERE 5T 273 BN 1% PF-HAS 7KiE IR I J5 5 A S AT 55 b B, TEABH & H, PF-HAS
FAT WS MK, BT bR 2 RN, RIEHEE R RasE .

(a) BT (b) Ri5

Figure 3. The effect of amino alcohol on surface hydrophilicity of rocks

3. BREMENEATEEKMERNT
3.2.2. FREIMERE

H PF-HAS &R G, 155 PEC IR RGeS S 4l & 4 )5 PEC FIH PF-HAS B IEHLKE
JE AR AR L . FTRAE H, PR-HAS B AR IE AR G TR Nog AH (7S 3 EEE 26 B2 1T 3r/min i 8252
B, TFE)EATAA, W PF-HAS W& R AR T gefZma /N, 101 HUR A I N X 4 28 0038 11 BE 52 4
Ko

WA TEBERIG T )7 - 3%iE /K + 0.3% NaOH + 0.15% Na,COj; + 0.2% PF-PLH + 1.5%NPAN + 2% 7
+ I +0.1%XC + CaCO5 (500 H), #5Ehn#HE = 1.2 glem®,

PUak g 75 YR IO mE 77 s 1% 077+ 100%6%4 1 «

] 5 4 PF-HAS J5i & 73 BOM MGG G 516 R A s . v AR |, KA PF-HAS 1544 R3]
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Figure 4. The effect of different inhibitors on rheological pro-

perties of the system
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Figure 5. Effect of PF-HAS mass fraction on the rheological properties of the system after drilling cuttings
A=

[ 5. PF-HAS JRE S HFT I B R AR R R
F1 5 Ny THH R AR, BB X AR MRS BN, B A ghae J1o8, BB 815 YeRE 1158 .

3.2.3. BREREERHDEIME RS
I BN KL10-1 7 FH(1475~1675 m H-B) IR TUEFE, AL F % 2~5 mm F1id 100 H 2 ks,

R A SO IR K AR I LI B M AE 110°C x 16 h 25 4th F 2405 Bk P . IR LS 5 L%
2 FIE 6, 47T KL10-1 i FH (1475~1675 m H-E)Je TUA ¥, PEC 1A R A PEC & RIRSN 7 Bk HIicR. <
85%, ‘7 )E KRB RAE 85% /A7, TN PEAT, &8 F4dma], & PF-HAS ZEF0H| M b r] #ACIEH

Jiig8

Table 2. The results of rolling dispersion test

=2 RIS EER

1 F FRE RIS %
HK 2.13
FH B ¥ 77.65
PEC 79.92
BHEPEC 81.34
PRD 80.90

VE: i PEC |5 N PF-HAS B 4QJR PEC 1R & i

ERAZ. T,
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Figure 6. The results of shale expansion test
E 6. TUEEAIRIEEER
3.24. 5 KCI &84
% 3 NfEYE PEC 1A & 5 it PEC R RN KCI R PEREXT L. FTRLE Y, %48 PEC A KCI Ja %
IR R B KT itk PEC /K&, [AlIt PF-HAS &5 KCI 3147 .

Table 3. The performance comparison between traditional PEC and improved PEC after using of KCI

52 3. 5% PEC 5# PEC N\ KCI fE 1 BEXTEE

[ At RWFE/(mPa-s) BEMEFE/(mPa-s) 3NV171/Pa #IVIJ1/Pa 41 71/Pa JERE/mML pH{E il s R R 2/mL

ZALHT 48 33 15 4 9 5.4 11 —
1645 PEC

2 )G 50 34 16 4 8 5.2 10 14

ZALHT 38 26 12 3 5 4.0 12 —
Mtk PEC

ZG 40 30 11 25 45 42 10 9.0

1£4; PEC it J7: 3%ifF/K% + 0.3%NaOH + 0.15% Na,CO; + 0.3%H & 1-4f- 4 & PF-PAC-LV + 0.5%#%%
SEF PF-PLH + 294 3£ 2577 DYFT-I1 + 1%1E fifiZ +0.1% XC + 3% KCI (& f 41 = £ 1.3 glem®).

Mtk PEC BC 7 : 3% /K3 + 0.3%NaOH + 0.15%Na,CO5 + 0.5%7%2 5 71 PF-PLH + 1.4%% 7] 438 25 571
PF-VIF + 2% 357 DYFT-11 + 2.0%%3ERERE + 3%KCI (& A IE 2 1.3 glem?).

4. AN AR

PF-HAS (15| N3 PEC 1A RA32 R KHIEGE , M T 5 PEM 1A R AGHCA R RE, Dyighig il H B0 TT A
Spt T AR ARRE . TR PR-HAS 18 KL10-1 XHUEAT RIHT, BUAS 1B R P RCR . AR R B0 (51
HRAGR, [FIRTE TIE, NHRTHE T RERER, KRR TR, N BEAR R SR e
MIOREE . o RO B RA X B, @b IX P, Ze i) 32-6 X B Wigf X Bas, MAACREE. Tl
PLKL10-1 XERDGf], MALHBPERE . HARMZ. EIRIIRACR . ARAL 2B PR-HAS [15] A 337 B H
BORIEGE -

BEXT KL10-1 XBUR4E si, BUZ BRI Be AR /A2 B #ES 1000 m (BIMLARAL)H BRI
HEKTT BB E, Bl 45 1000 m Ja e o iig K B2 0 PR B 0t 5 T Mg 20 TO0, T M 2 2 3l N PR-HAS
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BEVE 15 .

PF-HAS HI5I NEIZ#80E e BIRZ B TAE, AR, WATERESEH], SRR RS
AEl K (LA KL10-1B54 H- 461, W% 4).

Table 4. The drilling fluid performance in Well KL10-1B54
& 4. KL10-1B54 FHEEFH R EER

it EAm  RSFEEls BE(gem™)  BYERE/(mPas)  EIPIF/Pa Ng Ny WU //Pa &4 A/Pa JESE/mL

1655 48 1.15 20 10.5 4 3 3 5 4.6
1949 54 1.18 24 12 10 8 7 9 4.4
2175 57 1.19 26 13 11 9 8 10 4.4
2286 52 1.20 24 11 6 8 6 8 4.0

4.1. Frizehzk

H1 P 7 T A H R AE 1450 m 2 BT IRY R BOR, AL e 8 UE , IHPR AL R IR KRG,
BEANZE ZH(2300 m) e HEHRECHN, TEAi I A

16

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
FHE/m
Figure 7. The borehole diameter curve in Well KL10-1B54
[ 7. KL10-1B54 HF 124k

4.2. EIRIRSGV

KL10-1 X FT R IR 5N PF-HAS, JE 4T K HIZ# 5| N PF-HAS, Xf L KH S5HRHKTF
PIEIRIEREE ] DLENE B, S PEC R AR, BEIRE THIES ML N8R, H
PP R AR T R B B TR B, AR N 97.6 mihs AEFE N 128.2 mih, 3R HE I R G R
1 31.4%.

4.3. $hAHRIGT

PF-HAS (175 AMli15 KL10-1 X HFF A B 3015 200 Ag iy, &1 &1 6 B A B /N T3 3, %
AN KL10-1 XH(ILFE 8. & 9) L5 2985 - T 19 80 d, B AL IEA ¥ it-$2E M 14.6%. LA KL10-1B V& EFF
R 1L P, R 9 FoR, WA IR T 167 d, SERRES S THIN 135.62 d, L4

T.H931.38d, IFRELEEA SR 18.8%.
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Figure 8. The comparison chart of drilling interval in Platform KL10-1A
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Figure 9. The comparison chart of drilling interval in Platform KL10-1B
9. KL10-1B & THAXTEEE

5. &ip

1) ZRMANH B (PF-HAS)#fI 4 Lk PEC 58, Lk PEM §5, F77 1% PF-HAS 247 3% KCI
FOFniIPE, 1S B Bt Al N AR R T R, B e L A

2) WEHEEREAR S T A R MR EIR, AR A E ZE M, HARTE 5

3) H4liff) PF-HAS AU HEHIHITE, &R AN EEGE A REE, @B RR PF-VIF $#20), el
TARE S D), AR THERD, R AR E

4) fEIAN PF-HAS 1] PEC £ RN PEM 55, & RERFEARE =) smdll e s, M
YT AR AN [F) A 25 1 2 48 S B A 1) A

5) PF-HAS LIz M AR RAF, Jedktkaeiase, (i B Rp BS2 8 Bitm, SHRFE
SRS AN T B0, A2 TA T RE, E T TR R, RINRRAC TR AR, X KL10-1
XHILATL 5 T 80 2K, WAL AR T = 14.6%.
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