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Abstract; It’s difficult to block a mass of nanoscale pores in the low-porosity and low-permeability coalbed methane (CBM) res-
ervoirs using traditional temporary plugging additives. The performances of reducing formation damage to low-porosity and
low-permeability CBM reservoirs using calcium carbonate nanoparticles (nCaCQ;) are evaluated in this study through micro-
scope investigation of coal rocks, the basic performance tests of drilling fluid, mud cake removal tests, pore size distribution
tests and gas permeability tests of coal rocks. It is found that only when nCaCO; are dispersed to nano-scaled state in water
solution could it temporally plug the low permeability coal rocks. However, nCaCO; based degradable drilling fluid not only blocks
the microscale pores in low-porosity and low-permeability coal rock, but also blocks the nanoscale pores. With the double unplugging
technology of biological enzyme plus low concentration hydrochloric acid on the nCaCOs based drilling fluid, the permeability recovery
rate of coal rocks ranges from 77. 17% to 97. 98%. The reservoir protective effect on reservoir proves good. It is shown that the pore
size distribution test could be used in the investigation on temporally plugging performance of nanoparticles to low-porosity and low-
permeability reservoirs on nanoscale. This study may offer a technical support to facilitate future applications of nCaCQO in drilling and
completion process of low porosity and low permeability coal seams and shale formation.

Key words: calcium carbonate nanoparticles (nCaCQO; ) ; low-porosity and low-permeability CBM reservoirs; temporally plug-

ging; reservoir protection; gas permeability; pore size distribution.
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Fig. 1 SEM micrograph of nCaCO; powders
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Fig. 2 Coal rock drilled from Jincheng 3# coal sample
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Fig. 3 SEM pictures at different sites of coal sample from 3# coal seam of Jincheng
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Fig. 4 Initial pore size distribution of coal rock sample

5 XC+DFD+HCOOK -+ 44 K3k BR 45 -+ & 45 73 1k
2G5 BON AR 2. 2 75 PR . pH LAY 3
T ORUE ZESIFIR I IEA RS AN R 1 PR,

B ARZEFROR A 0. 1%]BR AWy .
TRCH L B2 G [a] A A8 A1 O S R

SRR 2 FR.
2.4 ROHERRSE
AR 2. 3 1 HP R IR C T AR 2 A Ve Bk .

WD T AL IR AT L 100 A 0 BV VIR T
JESEIRIEAE 120 A IR 10 Rz h 3 A
W] 2556 T By e o 2w A2 4k, & Bir Be iy e DF S WL
A 6a~6¢c fis.

FeA o3 IR DR ZE R A T 2F 400 Tl o e e
(LA fRT PRI A7)  E8 IR B R i (LA AT PR IR AR L 6
Tit it J R A S5 AN () T 25 03 ) A RS i PR DFTE 90 s
HKTCRIE R & 5 KES [ UE4R i 45 3 ot
FTXF L s LA A A A IRl i 3 1 20 A S A0 6 R
Kl 7 frR.

2.5 HEflEsmIR

TER]— B AR ) 10~20 B, 7y
B3 oyl gn S 1 £ .24 1 35, Horp 12 AMUE
LB 2 2 70 3 # 23 YK BRIREY /3 RO I 2 h,

24 HIEHT 38 H 1020 EhERfRIE 2 h ML R
F ASAP2020 Fb 2 11 A3 B FL B 3 BT A3 43 591 0 e
FLALBR AT AR 25 R & 4 FEl 8 BR.

2.6 BEESEEEZERNR

2.6.1 FRBBIBABENEESEZNZN
AL A DK Tl R G 3 IR P T 7 R TC ) T 2 )
2.2 LB AL RS« (D BEH 1 £ (L=27. 66 mm)
124 (L=22. 80 mm) #7250, ZEFH R 0. 8 MPa, 4
JE 0. 4~0. 6 MPa ([l H W K F 4l [RD 0 5544
T FAUAREE MO A i B B % il
Ko (O e 2 MPa fili £ 1 MPa 1454 (562
4, 2013¢) s TEA O it SIS P AN KAl R 45 43 H
WS ] 0P HEE A T Y 2 o IS Y s i <R
BELOH K B IERFLE =K, X100%/K,; (3)
BEHTE YL IR I AE 1020 A ER IR 3 2 h,
HAMWBER AN K  BBERME M =K. /K, X
10020, 5 R4 3 iR,

2.6.2 ETHRBRERSWA MBI H BN EES
BRI SRR M H T2 R
2.3 7. LI AR « (D BEH 32 (L=23. 08 mm)
144 (L=15. 59 mm) #2500, ZEFHE 0. 8 MPa, 4
JE 0. 4~0. 6 MPa 555 T FAUARE i3 2200 A0
RHEIEEMRB B R ACHN Ko s (O TERIE 2 MPa,
B 1 MPa 2504 F , A0 0 W 2k 3 A - R T 40
DR TR B 114 T B8R A A6 VB ) R R4 775 4% 2 h,
LR 5 G5 I RMRB IE R 0k Koo B iE R
F=K,1 X100% /Ko 5 (3) B4 75 Y B0 332 W 1E
WRIER 10019 TBR A= W B P AfSE 2 b IHAA
BIER LN Koo (DX S0 A YR 3E 1 002
HWAEVREE 1020 R IR TP 4k 22 b 2 h, HS KB
RN Ko, BERWKE =K X100% /Ko »
SEIREE R 4 Fis.

-------------------------------
""""""""""""""""""""

---------------------------------

1 10 100 1000 10000
EL 2 (nm)

K5 DRERIRES K I P 89 TEM 1% () R4 R i A2 43 A (b)
Fig. 5 TEM micrograph of nCaCOj; in water (a) and particle size distribution of nCaCQO; dispersion (b)
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Table 1 Basic properties of nCaCOs-based degradable drill-

ing fluid
R LG SN Yk o
(g+cm™) (mPa + s) (mL) (mm) P
1.02 23.00 13. 40 0. 20 7.00

R 2 ETHRBRERSS MR PERRSH H R MBI R
Table 2 Gel breaking efficiency of nCaCO;-based degrad-
able drilling fluid

i) (h) FMFHL (mPa + ) W (0
0 23.00 —
1 4.70 79.57
2 3.70 83.91
3 3.50 84.78
12 3.30 85. 65
(b) | (©)

B 6 AEALFE B r e iUk
Fig. 6 The appearance of mud cakes of different treating

stages
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Fig. 7 The pressure-free fluid loss with different degrada-

tion techniques in 90 seconds
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Fig. 8 Pore size distribution of coal rock sample polluted by nCaCQO; dispersion (a) and the sample after the acidolysis by

HCI (b)
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Table 3 Coal rock permeability fluctuation in temporary

plugging process of nCaCO; dispersion
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Table 4 The coal rock permeability change in the process of
temporary plugging in contact with nCaCOj drilling
fluid
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0. 45 0.99 0.53 0.79 0. 97 97.98
4 0. 50 1.02 0. 64 0. 88 0. 98 96. 08
0. 60 1. 21 0. 66 0. 89 1. 10 90. 91
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