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Abstract

The Baikouquan Formation in the Mahu Oilfield is an ultra-low-porosity, ultra-low-permeability
tight glutenite reservoir, characterized by pronounced heterogeneity in reservoir distribution and
high in-situ stress. Owing to the lack of effective energy supplementation in unconventional reser-
voirs, continuous formation pressure depletion and long-term production, together with the pro-
longed absence of horizontal section cleaning after conversion to rod pumping, have led to frequent
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wellbore blockages caused by near-wellbore contamination, wax deposition, scaling, and sand set-
tling, which severely constrain well productivity. In addition, the treatment of low-pressure lost-
circulation conditions is a prerequisite for addressing sand production, blockage removal, and wax
cleaning in horizontal wells in the Mahu Oilfield. In response to these challenges, this study carries
out research on comprehensive wellbore treatment technologies for horizontal wells. Based on
wellbore blockage characteristics in different blocks and at different production stages, the mech-
anisms of sand production, scaling, and near-wellbore contamination are systematically analyzed,
and standardized process parameter specifications for various wellbore treatment measures are
established. Field application results demonstrate that the proposed comprehensive treatment
technology delivers favorable remediation performance, effectively mitigates wellbore blockage is-
sues, ensures efficient and stable production of horizontal wells in the Mahu Oilfield, and provides
transferable technologies and practical experience for wellbore treatment in similar oilfields.
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M E E 2015 FERA “ARER + KPR S, Bl oE /K 500 &R A[1] 2]
Z Ak RPN ZE ST R B 7 2, B A7 e B IR FRFE AR . — VRIS A LA B AR = R8O L
Bl S5 1 A, KV I SE L 2535 L DU B 205 S5 R i IR R, 2 I B ik 39.4% [3]1-[6].
EHT, [ Y AMER X [ RS0 T 0 1 1 25 v 0 2 AR T 5 I S A b . WU 1) B b - T i
BB HARR R . SR, I i M AT 35 91 350 0 W ek P TR P S P& R MRS . — B S
TEAEEH 5 51 RBMR AR 2 RIR, SEAE RIS R W R s = S0t 2 IR AR
GETRMERUI T, S5 RKEDEES:; —fMNARIEZ T HAR—MEET, &2 m KK
TR T ORI . TR ST, kT F R ) B0 R T ORI - IR — b 2R
EHRBEEA T, DipESiiaE, MERg. A EEE T2 R,

AL A I R SEER, fEAkRAE GBS A IS B B S A BT RR T, SR
ghuE . SEYE. DR BOR AT TS Y SRS M R B N, RGN T AN RIS A I 2 1 S b S R
Tty B T2 DU AR R 2R AR M S8R AR, Y 538 7@ TR R X R B AR
AR O E R I RGBT 2R Seibr e . BN A4 RR, METHIGEFR, AU
HHARR R PR T D AP, B T — IR, FFRIERER T IR B SAR,
NG BERIZEACT I A va B AR 7 ] i 5 (10 4 AR 4 A S R AR
2. IR

P B W e R AR S R PR 3, FLERPE 8.77%~10.38%. 1BiE % 0.74~6.59 mD. [k /1 £ %1 0.98~1.66,
R 3060~3900 m. JRUH 7 60~75 MPa. HEIHLZIRE 70°C~95°C . IKIEILIE K1 REUL BB A
SEFEbR, BRI 1L 1L 1L 28, Rk A “ARER + KPR #77[7] 8] L KB ZEEZL
ANHEEE BT, ARPHRBOF IR 2 RN @7 0% . Fet Il 2 A sl ml, 2023 i
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PR 22.6% T2 39.4%, B & THIEATI9] [10].

AP 2 R i Ak, A WO, FedhH b 90%, K IRFFY 50.67%~71.19% (Un4]
| FioR)e T3 BFRXER 75 DEHF MG, FRIUTRE N 910 m, EIRIERE 48.2%~66.6% (W14 2 Fr
), HAEA RIFIE 15 FIGH T 22%). 7ERETE S N, KSR s - A I s e gt — 2D IsOR 11 R
L RESH R A RSB SRR IR, 45/ E SRR, RS 2, R R
TR - R - ORISR 12],
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Figure 1. Statistics of pressure maintenance levels in major reservoirs of
the Mahu area
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Figure 2. Production and decline curves of multi-cluster wells with
large-section completions in the Mahu oilfield (2020)
B 2. ILAiMA 2020 FXRER SRR HE = RIS mIZ

1) AKPIHDURD R A

TR X K HF 2R L) 5500 m, G5 R ATHEIRZ) 3000 m, FEECSR AL AFERIESTBERTZ
e, PRI IR BT 1000 m. B E R R, BWBRA R ER, RERT MG,
TEm R Z SRR T, R SR RHER IR, HWPREE AR, DI 18 X v, KRG
FFH:E 715 30~35 MPa, #3131 FEIXZ)% 20 MPa.

Guition, 2021~2023 EHA], BT 45 FUKSPHMIAEEGE, 877 55 UOEE B ZEE L B R
WEHMEN 6.64 m*; JGEAF IR, FERFSLHIRER 38 DIFESbL) 1 IR, BUGRIPEIE
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43207 m?, IR USRS N . bR BT At 2 0 R, RS AE RD RE ) BRI, AKP
BUAR RGP RITAR, RPN, HE450, EIRHEZ N, 127K FHKIERR>.

2) AP HERAE R ]

FEISIFHE X 2RI 70 15.9~33.71 MPao MA4E7= K Ji T 20 MPa B, EfETREDL. E R, TR
PTG, HR P SEAR G, H OISR HBER N 20C~30°C . BEFE A 77K I 4 20 MPa LR, HfE
TE SRR, S AT UK, W5 5 S 7R R N DUAR, 40 ) R R I

SEIE RPN IR AE B> A AN, R OE 1500 m 5 B A A ARIFEE LS. Hrb, O 200
m LMEIE 93, 200~800 m JyEHEAEMEEL, W BIAABUEIMANIR, 800~1500 m PL R mi &M . Gt
7N, 2021~2023 ], BB S EASF S EE R IR S E L 4.5 m?, BAh BOP AT RN 3~5 md,
29 5 gE i B R AN 31.25%. KR R AE =200 T, USRI BAN, S5U0RD . S5 )82,
27K H A= o

3) KR 5 A

L IX AT R 1 4 AN IHEEAAAE LG in) L, o DA 131 X o™ . X ST Ol
1) 22 IR e kgt Bon, SIRIFH P& HME N 3.0 61X 22 NIF Rl &k 267
t, Pr& BI-FIIRIEN 12.1 to G555 K B SR ERE , HELE A RN & AP BR A 5 s v,
IR %, Arsd i HIUE SRR E R FREEAN BB RHKTERE, 2
WAL B E s, A 15,197~96,648 mg/L.

S5 B AV SR SR AR L FE ] A TR RS A A IR SR ALY TR, W R R L
JEIK, TEH SRR AL AR AR R, 5 TR U 52595 .« 2021~2023 E3HIR], 450 /KF I 2R
BGHE A EALFE VA B, P34 A B YGRS B2 1.5 m.

3. HAEIREREAR

W C—IF 3R, AR JFRIESE, E TR TRE . BT ER T2, XEUR R, Rt
PR RGN, IRANIERREFE . BRI 2x FEIXALAH 3h 39 Ixx X 45YR. AWORIIRUE . &5+
Wishe. REZHI NS RERA, SRILEEHENT ELE 1), TR, S5, @6, I
¥ TAE[13] [14].

Table 1. Different wellbore blockage types and their respective treatment strategies

1. FRIHFEHEELBLAENER

K G S TABLX R
Hyox b EEATT I 2x FEIXCALER, MmN BB S AR E, W s S e B, PRl BERIR R ARG
M KON NaHCOs B, BEEA I T, TR, 7 Rk AN B A BB

FESAT I Ixx Wik K xx Widk, W& EREE KT 2.52 g/lem?®, HFHEX
T 90 O'm, SPHEI = RN ZHATIRAEE, & &, T LEEA A2 —EiE
G, BAARTRHGES, MmErFsi T

BRI |
| Hl

I 1xx HF
X 2535

AR L KT AR +
O R e s

BHFIR o T B e
i ZAFFT IR Ve, PR RE 50%LL B AL

j‘;ﬁ% KBS, 5. AN TR KOF B
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3.1. imkiATE

FWIEUR R RN, FD Ix. B xx. S0 x SX PR IE J7 R 5 0.39~0.8, AT
A=, KPR MR ARZBE IR, BHEE ) KA, 7KF B T2 B ™ (a3 BoR). KB
VB B HE 17 VRO 2R B KB IR, TR R evkish R D 2K, VRNV FEIE R XS & i e 112
FER BT BAE M s B, K BAE MR IR R i 07 R BA b5 B 35%, IR RE ™ B & sk 66.2%,
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Figure 3. Lost circulation volumes during wellbore treatment of typical wells in different blocks
of Mahu

3. B A EX AR HEEERAE
6 F A 7K P AR R I 2 1 FVBOR HEZE - VB — BRI AR EE )8, 2023 4 i i 1A A6 5
RN A, DA IR 2 A% O JF R LERAF 78, @it sEU bR IR R, IR B . ki P (R A bl
2, TR FIR 2R AR FRUE15] (W38 2)o MR IhZRIRTEE 97%, BHBCT-H 83 % i 20
FiekEZ 7.2 Jigt, FEIEIS 65%LL I
TR EbRE: ST 2IER S, RAAIE AR, JEPHER 350 L/min #4700

Table 2. Workover circulation fluid operational technical standards for different lost circulation volumes (2023 edition)

3 2. NEIRKEEHERRIEWSIAIRAE023 FhR)

IR E 3 F AR RZSZN R4 #nES
0~50 L/min WK, KRELKIERD T 1 FH . ME 100%
50~60 L/min IR S s T8 2.5 i3 U= 100%

60~200 L/min WADKIER + CERIEIAR B 35 7.2 i3t HE. ME 98%
200~300 L/min BAMIARIR 20 Ji/3t B 98%
USRS ATEANE + 1B FEIR 2 S - ME 95%

3.1.1. REKIER

BT TKIEEREY) 1T BT 4E B R IR 77 S 2 38 R oK B B, 7RI
TE N PEARSHERY 51 AN B IR B 3% TARMRIR 2% [BDRJEadi o J8 0 P e J2 I A 2 G e 0 4
T B I0EIE , Sb I [R) 2E K 5 B R T K B 2 58 TR R B BT R 16]. 45 AR R B SR B K,
TERRAFIKFB A . IARSE R X ARSI 3). FT 0 s R B SR Ry BUIR
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Table 3. Key parameters and recommended dosage standards for bound water

3. REKTESRIETNAEHEEFIRE

WK E <1000 m,

REKE > 1000 m,

BRERR kR <15 bt SR > 15 77N I
I 10~15 15~30 TEYIEE. JRkEE
BB (P 20~30 30~50 B
B CE ) 40~60 60~80 Bt
gl 5-10 15-30 HRAR S b st it
THE U R BEUA B IR AR (— IR ) W G T A P IR A
ik pH 7~8 %% 1.00~1.05 K% >40 #E >90

3.1.2. KEK AN

BT R TARB BRI ARRIRRE ST, SRR E B U, AR R R e mr BT D) 2% A
fLath,

RPERAE AN, BRSBTS 0, AR B AR IR T SR 2K i DR HESR A

A R

RIS RE R AR, NS SARHHERD R 25% L E(ILE 4),
1) Mg TEB—— &t | BHRER, b B LR oI R 2 3~6 77 /7N HES ;
2) B T B—— & 15 BFEER, i B L 5 R R R AR 2~3 7 /N HESE

Table 4. Key parameters and recommended dosage standards for low-pressure foam fluids

4. REDKBREZSHIERLREHEERE

ek T2 TRV B B WARHE, TR T
e TR B B 40~50 B 1R
TR B 80~120 DL S5 IR R R 3~6 7 // NI HE S
o THUE B B 60~80 B 1.5 R A
TR B 50~80 DA 1 J R e TR 2~3 T (/N HE S
TERETEAR pH 7~8 % 0.8~1.0 g/em’ K5 E >2 F M >60s

3.1.3. @SEAAEY

BT RAARIRE TR E . SRS IERE . KR FEE . BEBEFER PRI (L 5), Bl R
FF S5 IR YR Al % TR e i 8 R IR D R Ak (1710 N7 AR FAHER: 280~350 L/min, 4% &
3~5MPa. # LIR30 min/UO)IESEMT M MV YE, SEOLGURIEARD, AR, IR mIEIAERD 24

R, TR 98%.

Table 5. Nitrogen foam sand flushing operational parameter specifications

5. ARIEKARELSHATE

el RS
KB % BT 29 1800 B + HAMRFT A + BB T H A
KR SH TEMIR R 32~35 MPa, JH45/E 3~5 MPa, %4 &%
;E% KRR B 0.6~0.85 W, 10 min MK, ¥ <50 L/min
TAEHEE G 1800 Jr /N, JEFF R 280~350 L/min
NS S35 20 /N, FERRFCHR 120 7, EH AR
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Bk
IR ACERE IR A T, bk AR OB HRRE R, 0 60 R EP B I
P RSB LR, WRSRITAAHOKI 10100 ), JEHER T E BRI A 3

WH ki per: THGEMIE, KR, HEKEREE
BB BRI, WS R, (KI5 BRI

3.1.4. {EBIHNE

ETFIRAE >300L/min, [FXREZBFRIE. 52 =860, ERBITMNE AR R
TR RIHAEH I, R TE AN S EORTE, KT B bt (8] B 10 KRR 4 %, HETRIAH 30 K,
TR FH ALK 6.53 577, FEMLAIhEH 10%4 8 90%, VEECR. 4R KIEi .

1. MBS B

1) T2 %E: 10 MPa L L

2) 153K 1% 0 BFA]: 15 min DA k5

3) R AREFEAEAIE T

2. AMNBHAIEH ——MaHW13xx

BT RZABH R TIMIRMPRS . IR ERRS: PR E IR, 8T AL KHNE 950 77, *MBUtE T2
15MPa. 14 15 7380 L )76 %, R 8588 IR & 10 L/min, 32 7EVZK . KL 2N TH IR,
RN E 2 77, HPREH 7.5 t 3% 17.5t, H3G 3 t (& 4 o), AR SIHEIEL A 20 J57T.
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i 1& o
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Figure 4. Production curves before and after fluid supplementation and sand flushing for well
MaHW 13xx

4. MaHW 13xx fEBIHMBROR RS HIG 4 = #hLk

H 2023 452,  FEHKPHAR iR O ) U AR I, Teyk AT s I s e, R R ya B R AT T R
H ISR S T A0t “RUAIER  REKEER + (R EIERBRTRD IRB KR + Kb
SIS ARIEAR, IERIEVEA— TR RTNZE H 81%IR 0 97%LA |0 2025 41 S i FH ¥ 2 FH SO A P
B 2 F BRI 20 T3 TCAEIRE 5.8 50, FETE IR Ak ST IR e
3.2. bR

PAX B HIR R A/ SR . XS R RO e A 2, WA A FE . JESR I AP e
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WHAEE SR, i U EE TR R B, SR Rl ME &0, S8 a1
—fR R, TR E L A B S SO RS (LA 6). B RO TaG s IR HER . AR
ERESHCER, EMEEEHE 5.5 RIFEE 3.3 RAWE 5FR), & EHELE S 8.7 K
FEAR 7.3 RANE 5(0)FR), Ze TR S 32.3%.

Table 6. Operational parameter standards and process application thresholds for conventional workover strings and coiled

tubing
Fo. BNER, EEHERISEMESTIZERFR

TE WL e W -

g &R T it TS 4brifE PLBR T L ZiE
TR RH £51E: 10~20 KN EML IR (R AT IR E 50~200 L/min

a4l TERTANE HEE: 450~550 L/min R 22w AR + IR AL

. 75 KRB+ FLTREGEE: 1 4R/90s KERATEBERE S &

a 3R IR B NI BT B KA 700 7T S > 300 L/min ¥ME
TePE & 7 R 5~10 MR 1.5 PG FBHE > 50 m RIE. SREEK
CMERIIE e s okN, @I 1020 kN TR MRILRAE ) s 50200 Limin
H KT oy . TR EFEAERA . e

s o HiE: 350~450 L/min e AR + I I

Bt | o MBEEIE e e s o0 i TR T A N

b K ~20 m/min, Tl N =

TS INBEEE IR e . MRS TN N )

g 7K Bt 5~8 m/min PN _ IR & 200~300 L/min
ABAEIT 4200 m 142 50 m 63Kk 10min  Achida 117576 RS
F R v BB /NTF 50 m ’ =

1) HRE R AR

AR + REk, HEE 450~500 L/min, £5JE 10~20 KN, 1.5 F RS SHORTE: HHBHIAE 1800
N-'m, %5# 60 #/min; 7K°FE 2000~2500 N-m, £53# 35~45 #/min, FMET 4] 2600 N-m.

2) ELLME R ARE

PP R EE 4 KT HA A, HEE 350~450 L/min., 45K 5~10 KN I I 5E o 28 P & S B0 E -
IEH 4R 5~10KN, 8FH 10~20KN, 2 /Mot REs & TH: KB 200 m 3R 50 m JESEAEIR 1
EI AR

——— ] = FL
-5H-10H -SH-IOH
10 B K

I -4 |
5.6 : 81 o
5 -

TRk (R)

e =Ll ‘{EPE’(“{)’EJE AR HINEAE Bl U
a (®)

Figure 5. Operational duration per well for different wellbore treatment types: (a) coiled tubing and (b) conventional workover
strings
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3.3. &iRA

I R TE R AN AT, VIR RRIR S SR, A IR . R E R . RS R G
RIS, R, B0 XM TRl R ics 2w X, 2 KFEEhE™E, Fik—SuiEdrs
NEAR
3.3.1. HEMRE

BTG D RRA 2 XA ZREE, TR — M a @ . P E Y A E R + RIS YE
LA TR BER (LR 7). TR H EMIEETE 3 14, WEH/ W 41.9 W, E HM 10.8 W,
RIIH 14327 W, 7 H KA B 2R IR AR (FETR 75% A ).

Table 7. Treatment well list for blockage removal of sealing layer and productivity enhancement technology in 2024

3 7. 2024 FHEMRERRANGEHF

e MaHW201x MaHW207x x H
384 9t /¢ 24 5.4 3.0
Bt/ 65.4 932.1 4352
S HT 72410.24 55305.5 112386.11
WA R e G 18423.49 10932.83 11871.52
Foe i 74.6% 80.2% 83.3%

PL MaHW207x 461, i%3F 2020 4 6 F %77, 2022 4 6 AR IR 65, 2= HK AN RN Y,
WAL EIA 57,505 mg/L, &2 IREG. BRAKIHNIKE IES £, (A ROHE L 8). 2024 44 H2R
FEIEAEYG + VSRS, B E KB R E AL, LB FETE 80.2%, ~FAadr= 172
K, MEHFW 16.5t, HF7H 6.8 to

Table 8. Comprehensive water quality analysis of produced water from well MaHW207x

& 8. MaHW207x H = Hk K REDHIER R

BFEE pH{E  WHEIREGE BRERSE SRESE HRIRSE NASE  E KA

2022/07/01 8.56 327.6 6183.46 29199 22.95 2174037 57505.02  ERRFREN
2023/08/07  8.33 - 23687.23  13709.81  58.11 1785035 55305.50  FEARERIA
2024/06/20  7.44 - 918.78 5957.97 9.84 347625  10932.83  GALES

FERE BRI, Fhh R X P B LR 1 = BEAS R R Ak, T W R IR JE R A
i 25 K HR VR 0 B 578 T =1 (30~50 17 mg/L), JF-im i ELEE IR . RNy, FDitis s & 2 4,
AN RO Ay J P el 1 22 e W R, R ERURES A EEK R B B, T AR 4 BRI A BE K A5 DL
TRBEECIR, IR L oy . 2 omAR e R o fk TP 2R, DiE BB R SRS 2
RIRFER R, AFEBGIE AR R RAE AR, A EKIEF - MRE L — 2 a8 5 £,
UEAh, BT R K R AN PR B K R R i 5 M 2 IR A LU e IR A, iR S il
g - KRB A R Rk . SRE KRG, ZURANG . 4y BeB i KRR i ik 2 45 i 3L E) 5
BT B R OK ) R E A 1 S 2 KA.

3.3.2. ER{LARtE
T I BRI RSB, SE AR TS U R EE AL RR TR U7 M B, Btk Eis . i
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— AR
| tERSR. AHMEEE | (1 2% kB 30 L)
IHE AR AR 2R WRIBIEHE EHERBR 1 2%-30%
SRR EREEIE | ERERIRFR (10%-15%HCI)

Figure 6. Tailored acid systems for the Mahu oilfield
6. IWHERERIE R

1) f#EE d——H T

BT8R BRI 215 B8R b, RALERVRRC 77 B &, TR TR B e m AR B B R AL
M IRAIRIGE AR . AHHW20xx WY R TR LA R R, HEREEH R2%EAS
15%- BIFEET I 4 /N EE S 24 /B, VR 41.7 ¢ 52715 101.8 ¢, JHEH 14.3 t 38712 38 t.

2) AT i 2

RT3 x X Pt EWE R FERAREE, 12%HCL+ 3%HF 1)+ BR ik 2 af s i b i i% 28, i
JHBIEIE . MaHW62xx SR EEE KHEERIL, Hr-Em 17 ¢38nE 27, HrsmsEd 8t iEmz
13t, BHrBos 1107 t.
4. FBRIBHR

AN B LA R E AR ST . 2024 FFLE P2 B A BARHER @i DL “ RE VU - 456
B RO IIBOR IR, B GE ZEE SR . SR RIS AL B, B TRET S
L bRHESE IR, B 0GE T - )RRt

WRIEACEIAD . Y5 Bt J205 IR SR VR BREORAR R, 2024 FFILLjfpt b I 33 Sk, Btk 71 JF
U AR — IR B 81% 42 22 97% (WA 7 o) ¥a B H s 1218 i, H ™7 449.8 Wi, |15
M 199.6 Wi, HIES 16.2 JiSrJikK. AEF=shiS Sia MBI R 18] L0 RN SCRRY, S E iR H
BREM TARMSA AR T IR SRt i5 e iml @, 2B 1 KPP R R SR I R S5 R 1817

B2 H-47 —ikhE
B 5 5-107 —IRELh =
100 95 9

8 97

83

@
=]
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— YR ThE T 5y (%)

=
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1
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N i it

Figure 7. First-attempt success rate of lost circulation control
during wellbore treatment before and after implementation
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Table 9. Comparative analysis of remediation performance for acidizing and blockage removal
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Figure 8. Trends of daily fluid production, daily oil production,
and water cut within 60 days before and after acidizing for
blockage removal
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