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Research and development of cement-based temporary plugging

permeable material
SHEN Lan, TAN Huijing, SONG Borui, FENG Tao
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Chengdu Sichuan 610059, China)

Abstract: In the process of geothermal exploitation, considering water recharge, geothermal wells are generally arranged
in broken zones or structural zones, and cement is used for plugging during the drilling process; in the end, plugging must
be removed after drilling is completed so as to increase productivity. With conventional cement, plugging can only be removed
by acidification in case that the permeability of the reservoir needs to be restored, and the ability to remove the plugging is
poor. If temperature change in the geothermal development process can be used to prepare a degradable temporary plugging
cement system, the exploration and development process of geothermal resources will be simplified, which will help reduce
drilling costs and risks. In this paper, G-grade oil well cement, sand and gravel, reinforcing agents and water-soluble fibers
are used to prepare temperature-sensitive, temporary plugging, and highly permeable cement-based materials. The material’s
compressive strength, porosity, density, and setting time were tested to evaluate its degradation effect and basic performance.
The results showed that the addition of water-soluble fiber significantly reduced the compressive strength of cement, while
the reinforcing agent can slightly improve this defect. The porosity after curing in a water bath at 90°C was significantly higher
than the control group, and the porosity continued to increase over time, which lays the foundation for the successful
development of cement-based temporary plugging and permeable materials. Reinforcing agents and fibers will reduce the
setting time of cement, while the effect of fibers in reducing the setting time is more obvious. The development of this material
will simplify the exploration and development process of geothermal resources and help reduce drilling costs and risks.

Key words: geothermal energy; cementing; temporary plugging cement; low temperature; water-soluble fiber

Wi B
EE€WAH:
EER:

51 A&

2021-05-31 DOI:10.12143/j.2tge.2021.S1.040

[ 28 SR A I B 0T H 3 T OR 45 0 04 b 3R T 5 R i B K T 45 BRI T (45 1 41902322)

MR, 93, DU, 1998 4F A= B L AT T 28, AR el , 32 BEME 5 07 160 S AR AR B0, DU 1A S T A X AR R = 1,
shenlan1807@163.com.

H L, IR R A8 R B I K e i KRR IR B BE T [T]. B4R TR, 2021,48(S1) :243-248.

SHEN Lan, TAN Huijing, SONG Borui, et al. Research and development of cement-based temporary plugging permeable material
[T]. Drilling Engineering, 2021,48(S1):243-248.



244 AR TR

202149 H

0 3%

B sl A B R % e T R e fE — T B
T 8y A5 B g (R K DR AN 45, i BT — e Ay B A A i
Y o M R R L AR R i T B )= T
K PHEAIFEERFE G R RO Bt R R
DAy U 2 2 T B RHIE RESE I, B IR B R
T 2 W) 2 s B A 7 [T, 5 38 R B 551 T 3
R B S ECRA BRI HUE T R IE S
T AR A Tl e DRI a2 201 2R BB s 475 it

SR FH At 98l i) G P 4 T 3 U 00 2R A 3 U ) D7
3, FEAE T XA B 2 B BN R IR BLBETE LT
(135 3% PR 26 AR Bl 2T B X s BOR B R
7 ) 2 M A 2 S By i R BB A 0 R R A M
JZ BT S AR RR K PSR 3 T T
F oK U8 I B B0 T8 S R T Rk, B 3 A A )=
R X B I 00 T AR 22 55 RO SEAR , LR W, 7
il PR BE R B O TR PR AT 2 A R 2 T
PR

16 5l £L N TE A KR, 15 K Y B [ e Bl B Al 2
TEAL N B TR 9K U8 B DU 4 R I FLBE Y 7
T T T X R R M2 A RCE S . TR
SEERIG , BN B R T EAR S AR R B B R K
FRHEIE o PR, R d R B9 K U8 R] i EL A
il 5, B T DLAE B T Ao R v R B AR R B R
A ) B BE B UG A T, 5 Bl ST ik DA i R
PR AR TE . H ALK U AR R B S T KA
filf 215 38 PN, HUREIE i R BURR L M S I I
1, A SR T M RO e o A8 v ) A 1 i 45 ] e
fift BT S K MR ZR A R DRAIE B BE ), TR R Ak
fife M BRAE K U AR Bl T 45 S M 2 i T R
NS I/ A N S ES B0 N =R S DR T8
J AU /A R K YR A e T B o ) e DA B R
WA e il N BRI X AT B R OK R EAT T — &
FIZEIBTFE o 2% RERE a1 PR 8 IR A B 4R T %
TR AT AR AR AU, DA T S e ] it A
BEUR A S b B — % O HE S A

(a) I fa7 L JEE T i
1 S$hFEREKRERBETRE

(b)) AR V&I fgg 07 H 1o T

A 3C B R A B A T P R R R B
RIS B DR IR XS 2 AT RCER S T A T 4l
Ja IR BE T i L 2R G W AT AR A, TE AR ERIE A
A EL 3% 58 A AL At BAGAL fA (CRL6 OK s ) B
AR AL I o BEORE X RE UEAT BE R K R AR L A
Bl 2 sl M G 9l Ik 98 b 3 5 50
IR 2T A T 25 3R SR BT R AKOR PR AR
A IR A 0T 5 B FL R E R RE (BRG]
DAY FE R ik SR B A T T 1R E

AR

REMA%

3
il

2 RN REFTHERERILRE

1 MelEAE
1.1 Kb ik &

A% 523 7K U8 e M RE SR G Gl K A
B ) K A A A OB R AT L L

(1) 7K T8 K FH 0 )1 553 4 K 8 ) 32 438 4 780 L o R
G Yam It AKVE , H EZ W 4 R CaO . Si0, ALO, .,
Fe,0,, 3% 4 F 8 AL & 1 — M AE 9520 KA I, 5 A&
A/ SO, MgO Na,0 ,K,0 %, % i 4y Bk &
HAE 1R,

F1 GHREHIHKENEENNEE

JE Rk ALO, CaO Si0, SO, Fe,O;

Na,0  K,O TiO, MnO MgO  ZnO FoAth

GZmItKYe/ % 3.158  64.775

19.525 3.21  5.11

0.375 0.696 0.331 0.043 2.239 0.195 0.343




55 48 B T

HERAE AT I R R IR 3B KRR Y 1 8 BT 5 245

(2) 0T D A o 2 sk, HL 45 T bE B an % 2 T/ o
(3) 358 57 T 99 B K 6 B9 A L, BE I R R Y

SR R K YR Y 5 JRE R PR P o T R o R T
P PR AT B 4006 LB, O EL AT 8E IR BE - R 2
Wl B A AL 98 TR BE b R K o B ZE A, DTN 5 7K

F2 WAMR PRI SR . T 7K s PELF 4 n] DL 5] o A e TR 5+ 4%

FWEE/  HW O WS SRR/ EEMERER/ A7 1], 2 = K e 0 30 Ak g pE DT e 2D Y8

(kgem ™) /% /% % % SLEE

1660 ! 0 2 ! (4) fir 2B A A8 & 3 o

x3 LHNE
1% 2 S [ 3

MR MP1100B ¥ g SR 2 AL PR A
4 H SR R BT L5 ML YAW-300D TF R T R R A AT B
K 3R K T HH-6 [ 1t ) R IR VAL AR B H AT BR A H
B ST S 46 DHG-9040 B e AN A 1 A PR A
& [ AT 2 S OK R I B AL FY-681 Jemth B A T RHE A BR A 7
H AR T I g XGRL-4 15 | kA LB ) i A B A 7
RIS OHR-B200 R RIS T A % A A R
B R BT YMS 0.01-7.0 H Ly [ A A s A B A A
1.2 XKk 122 fLEE

T 50 2 B A ) £F 2k 3 0 s M BB /K U S A R
(TR LB 25 45 3001k I, 45 300 1 1 B 38y ik
¥ 2 2 (Ct SURD I IR AR P R 0 O B AR ) (JGI/ T
70-2009)""" K (K U e 7P 5k BE K 56 O 9k 1SO k)
(GB/T 17671-199)" B ZLR #4714 R F 2k 50
mm X 50 mm Y 1E 1A 31 B 24 h S PRAE, TR
IR 48 ho HARECR L AN 4 iR o

F4 BLRLES
FCRHE JKie/g Wb /g MEBRIN /g IKIEPELSTYE/g K /mL
1 300 100 40.0 20 160
2 400 267 53.4 100
3 400 267 20 160

121 BUE#RE

Pt e 5 J3E R FAE /K R B g 2 M B S N G Ak
T8 B3 , AR U B0 AR T 0 A1 1 5 50 B F 4 1Y) 7 it
XoF 7K U R B0 58 R 1 5 I 3 3 VR R TR 56 AL
A5 AN [] A} b 7K Ui BRe 1) 7 P i B 000 5 L i A
FOR R K e e damr 19 28 Ak . Dbt 3845 T = B0 7
A, 43 A7 52 M B e 5 JBE 008 I DL, 5 ol 4 46 il 42 /&
WA LR . T R I 2 % HLYE GB/T 19139
—2012¢Th K PR 7 ) .

FL B BE S 6 R R T LR 2 AR L F 0%
R LR, ROz s A LIRS LE A8
Fon o AWFEMIKAE KA 90 CHRY 1 d M 2d)m
A e L B

IR — BT R PR B A BT o,

L e @ N T Al R i T L N
B m,,

R = R AR T K B A KV i SR 4 2o ik
S50 N oY N AN (S o Qs = SR = S = SR 1 €
Him,

FLBRRE < AR i 00 5 T A 1) Bl L FLBREE o (%0 3%
T

(m, — (1)
X m W T8, g;m— AP E, g;m,
——RVRE, g o—— LB R AL
1.2.3 % M sk 25 i [

JH e 3 785 A4S0 £ W98 P - 1) 7K U8 2% B8 e it
B o P PR R R 2 ) S SO e B A5 I I A
3P Ty B IR o

R 4 5 [ Brookhaven [ 5 55 5 & b #4 /K e (1)
W 75 45 9%, B AL s (6] 278 90 min DL b, B[] O i
TEIAHI 1 [] RKAS BE A8 D i B, 6 I R f

ml) /my=p




246 AR TR

FE IS BHE SRR i ELAE 5 T i AR

FE R AR o A R 2 bk o8
S BESE o 3B EAE I, AR AR 30 min gt HCH T
W, BRI BEIR A . SR R B TR B AT
BRI R, BB 1~2s)5, %R
AR AT T B A AR . R R IR T
U B AT 30 s B8 T A 2480, 4 30 ) E 1 [ s
BB 5 min (S I R W0 — Uk, Y DD 2 IR
M 441 mm B}, kK e 35 B0 BER A, 90 S e o

A7 58 B TR 5 5, S B A 3 ] 3R A4 L 8
175 X BE B AR BT, BHAE 180°, AR K1) b, /)
FL ) PR B3 A L, B CATR T 4k S
A1 3T 25 5 I 8] INF A B 15 min 0 — W, 24K 5 A
P AR 0.5 mm B, Ry 7K e ik B KBRS .
124 HHlid 7 B

FH B T 8 00 (SEM) J2 WL 25 44 R} 800 IE 531
T B, R R R AR 2 19 = e T Ok A
BEAh B RS YRR A AR ORI L SR
PRAF B A X 2 £ BOCE R (T BUAR LA Gk E X )
FT O IE S R AR ) B B A IR S g A 32 H
I HEAE S 7K 5 2T i () A S0 A o

2 HR5IWR
2.1 KU IR R IS AN 0GR R T K e B s g R
Al

A [ 25 A5 I BT iR R A 5 5 BT

=5 MEREHE MPa
AT 3 dE IR IR 1.d 90°CoK i 5 I 47
1 5.57 4.26
2 31.10 34.12
3 3.76 3.47
Ik U 20.29 22.06

it ) — i 23 it 2 P (RT3 (18T 4) TR, IR R
DL T I T £ 4 4 1S HAR B T 0 1 3 560 ) S 2 A
PN R e OB TS T R R A A
B B0 56 32 0 2 B O LR R o AR L U, R B
W SR G 1 o T SR AT AE AT S I T AR 5
Ja Ot Hid BB m P . 5 bR K U8 i B T
5, 3 5 TR AT DL THBT s 56k 3 1N £F 2 A B

AN AT AL 5 2 AL 0 A 55 7R 9 R O R TS

202149 A
80 -
70|
60
= 50
<
R 20
)
30|
20 ka1
10| iRLe3
o Rer2

T T T T T T T
0 20 40 60 80 100 120 140 160

18] /s
B3 3dEBEFFISRETE -5 %

80+
704

60 4

Z 50+

oy

R 401

H kg1
30 sl
20
10 i3

k52

0

T T T T T T T 1
0 20 40 60 80 100 120 140 160

i 8l/s
B4 EiRFIPE1d90C KinFFIP XA 18] -2 157 gh 4%

TR 8 AR 2 TS 0 7K Vs P 27 4 1 RN 3 41 5 B AH
2R AR W K 5 B A A O IR SRR 4 . i AE
90°C 1d KW FRYIEBLT U I T £F 2 1) 3k B o &
HA W S AT LI R ARV AT A A R R TR R
FLIE . TES 2 20 R A 25 4k 78 K 1 b dk 2 kR K Ak
SN 58 B R HG K, 35 B 34 MPa.

S5 2 LA D0 e iR ) iR R O v U K S M £F
Y20, TGS A VA PE 2T 4 1N 3 2H 5 8 R 22 R 2 AR 1]
R BB O I A RS SR R4 . T AE 90 (C1 d K
WIRAPIE BRI T 28 4 3Rk B B ERE W R
B, T LSS IR K I M 27 2 A 50 i R LB o TSR
T RN A LT A A K T AR S R A KA RN 9 R E
MR, 35 %) 34 MPa. & IR FR4 16 50 T 0T £F 48 1)
WP AP, R R R B IR . i R
A 3 s R 3 B R R K, L R AR L R
T, 2R B DR 2
2.2 KSR XL B 5

KT 1 d S 56 B W 3K 6 TR o

KW FE 2 AL B s 3R 7 R .

P R P2, L o s 790 %) 3 e AL B S AL O



HERAE AT I R R IR 3B KRR Y 1 8 BT 5 247

55 48 B T
x6 MEBHIEE
S 2 m/g m,/g ms/g o/ %
1 157.17 184.34 129.43 20.9
2 269.04 284.15 206.54 7.3
3 205.49 240.74 166.03 21.2
x7 NEHEE
S 2 m/g m,/g m./g o/%
1 157.17 198.04 117.23 34.8
2 269.04 277.84 191.85 6.5
3 205.49 252.34 156.95 29.8

FLAE 7K i R 3R 4 X AL B 5 it RS . T
A EF Ak, AL R AR A, O FLAE B iRk th 3R
X AL 5T ) 50 e A s, R A B ) R, AL BB
o UEHITE O0°CHK IR S5 1R /K I PR 2T 44 A8 i
U Rl FL Bt am 18 B = 2 i v . DRk, AT DLSE BAR 4 O
A AR R O N IR AR AR R R R A AR LY
T 8 6 G G I K U B L E T R RR
i B %) 97 3 R 1 378 UK 22 AL [ 45 M ORE , 7E B E A
RO, B 45 T I T I AR A Sk A I A T
7 T G IE Ak S R AT ALRE (7 1k IR

S48 58 590 21 % 3 e AL B B ARG, OF L AE K R
o i 37 46 AL BB S i I AN T A £F 4 1Y)
P, FL B AR A 1, I LA i TR o 3R 4 % LR
JEE 5 M i, SR AP TR A AL B e . A
15 90 “CoK M 5T, K WS P 41 4 A R e L B AL
B B . X — B4 Ul B RS I
T A 0 %7 3% R 35 K 22 LT 45 6 kL B S AT AT
P TR7 Ak b R 5 U 0 B T & B R T R AR A T A
A FRUBS:
2.3 NI X ¥k 4 s [ 5

DU AS B B4 an 2= 8 TR .

R Al 000 A5 1 %% B S0 AT LAAS Y n A 398 58 590 D
ST L AR 2 B v K ) % o BRI AT 4 ol B A R 1Y)

T PP R Y R L R RS B i B K
*8 ELERE
KT/ (geem *) WIBERS [E] /min ZEEEMF[E] /min
1 1.92 55 110
2 2.03 70 120
3 2.05 50 90
KRR 1.84 90 150

H1 358 445 15 () DR J&T 5 T R s Bk ) 400 958 S 28 B Ik ]
5 bR G 9K Je B i i 6] AR LA AT BT 4 . Lo
Pe LU 3 008 g WA o g3 A 49 o ) R £ 2 2 s 2 oK
T 0 BE S5 IS 5], TT 0 85 K L, 21 24 3 A1 5 &4 I 1) £ 58
RN o A el K e 3K 55 A 3 2 E T 4 Bk
LRI 1) AR AT T W o B )RR T L E Y R
KIS 8], F5 5 bR . WIBE A BERT IR AE T h LI,
PRFFAE B I 1], B R 3 T /K YR BE 4SS I 8], 9 2
PIFR M I K2R

200

150

100 i
. Il |
| |

Ik ) LRk )

o

mGHUKIE mECR k2 = okl

Bs5 BErEERE

IS 5 0 LT AR 25 38 S S M ) B B .
TE A5 4 1 5 Sl WDk, T Ak R 1 ) R B 2% 3 ]
5 hRUE G 9K e He i) s 18] AR A0 AT T 46 . B o
TR RN £F 2 #1840 /0 K U8 A 358 245 B[], i R A LG 48
2 AR AV 68 285 180 1) R T R B . A B K U8
T3 A0 3 AL C 7 0 LR I ) AR A B R R P
FRF [0 #0406 T R0 A i 4 R 8], 45 B A e . ) 5 X
B[] (B BR 7E 1 h DA, DR 450 76 35 B I, A8 R el 3 T
K YR 5 IS ] it i B SR Ik K PR R
2.4 THOWIE 5

948 B 0 45 R R (& 6 T ) < IR IR A
(149 7K 8 2T 4 58 8 b A7 AE T oK e, £F 4k BEBL 5 A5
FER Yo, 27 2 55 K e 12 fih , FLE ) 8 1) 2T 24 2 1 B
B TRV, KU FLARAT PR HF 3 BUR |, Ul W £F 4T K
PeKALT= W) g ma B/ o R, 78 90 “CHKIZ LA
DA 1 4 o i 6 07 AR Sk s T Y K R H Y SR A
FLBR, B IR A B 25 S Bk Ak P Tl B LB . B
A LB B A 22 4 7, R [R)AG B B B R R B
ZeALBR S (L AL PR RS

w

&t
AR SCIE 1 A G G oK 98 40 Bk 3 5650 A
ey i 7K TR 2T 2 T A Ui A R M R 0B K OK e kB



248 AR TR

202149 H

(b)H fit )i
Elo BREWMTUHFBATGEKEEMBHMURER

o R R P R SR LB R RS
I a], DLAPE A B A R R S A T b RE . AR
FEEEWT

VS TN K5 M 27 2 4 8 5T IR T T 8 8 R0 A B
SR . FE 90 CAKVEFRY LA LT B T4
2 (i e ik B 1 — 25 R B T HNBOWIE S5 T LY E
VR 2 28 1 A S i, T I T Y L I K I T AT
HEAT RO R Y RALIE . R IETE TN T4 4
it B B B M T 0 AR R S R R T
T 8 580 R0 4, K 1 i R K, R A R e AR L A R
B, 22 I T 24 G

SLUS 38 5 570 4 A4 3 B AL B B B AR, O HLAE K
SN N B AP Y i S A R O N N (1) | N4 o 2
(s, FL Bt R AR L O FLAE e R K R 3R o AL
Wil J3E 1) B2 Wi 50 v, % 9 B TR K, HCFL BB i . it
BAE 90 ‘CAKIBR ST, KU TR 41 4 A B it L JF ik
FLBREE R s aE v . X — PG Ul A RS T o
K T8 1 A 1 7 1 R 15 K 2 L1 45 4 kL B 52 AT A
M 87 fh b AR 5% R 1 S AR O & 3k AR R T R AR I A
AR FIRU:

IS 558 590 M 27 A0 22 32 R RO B . P
TR A 46 A fe o LI, 9 A X DR ) 49 25 % ¢ 5 I 1)
55 bR G Gk Je B i) i 15] AR LU AR AT BT 4 . O
IR FIET 24 3 2 /0 7K Y B T8 205 6k [R] T P A L, 2
2 [ AR JRE 445 I 0] A RGCR SO W I o A LG T K e
73 51 3 LBL T3 40 B AN AR I [A) #RAT ] T I )
IR 1] AR T ML A A doe A IR 8], 45 5 A i o ) BEC BE
P ] [ £ 1 b LA P B 35 £ 550 I ) Rl T
K YR BESE 18] 9 2 3 AT 2R il oK P8 ZE5K

B % 3k

(1] BT% i3 EGS MY i il b PG HOR (R AR - o [ 4 )5 2 25
Mol 2 5 4%, 2018.

[2] RERER, ERG A 43 X 2 AR I8 e R BT 5T [T,
Bl PG A5, 2019, 38(1) : 26-29.

[3] ERUETR ., EMH,Ph B AR, S KA X BRI o b 2 9 % 43 B
R ¥y ik e [T ] M A 5 5T, 2016, 39(3) : 226-230.

[4] B3 R BORDITOR R T] AR, 2018, 25(10) : 34.

[5] Tuttle J, Listi R. A new geothermal drilling fluid: providing
temperature stability, inhibition, and cost-effectiveness for
worldwide applications [J]. GRC Transactions, 2003, 27:
47-51.

[6] B4, A g 4% 0l T rpo) 520 M )2 U O ROR I H R (7] Bk
Va5, 2018,37(1) :137-138,79.

[7] Gao X, XuQ L, Brouwers H J H. Characterization of alkali acti-
vated slag—fly ash blends containing nano-silical J]. Construction
and Building Materials, 2015,98: 397-406.

[8] ZF KER .EGS s # I o i/ B AT 1 B fife K U6 i1 552 55 0F 52
(D db5t: A 3 Bk 2 (k5 , 2015.

[9] JGI/T 70—2009, 5 b3 HANERE BT Ir ik AR kLS ]

[10]  GB/T 17671—1999, K Jé B i BE K 452 75 ¥ (SO ) [S ]

[11] GB/T 19139—2012, i H K ik % L[S .

[12] Sugama T, Pyatina T. Effect of sodium carboxymethyl cellu-
loses on water—catalyzed self-degradation of 200 degrees C-
heated alkali-activated cement[J]. Cement and Concrete com-
posites, 2015, 55: 281-289.

[13] Sugama T, Pyatina T. Utilization of PVA flakes in promoting
self-degradation of temporary cementitious fracture sealing ma-
terial[J]. GRC Transactions, 2014,38:331-338.

[14]  BWF,Bhigemg , BRI, 25 4740 L 7 8 G089 AR T8 2 v Y
(TN ARAE T, 2018,47(9) : 78-79+83

[15] ZERLHL, Rk, BRALAC, 55 . R IT R AR 2 [ oK e 3l 48 B 52
[CI//h R BT 2 h E BT SR TRL % A2,
2019.



