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Site tracing experiment on the diffusion range of regional grouting renovation
under the coal seam floor aquifer

GUO Yan"*, GUI Herongl, HONG Huangz, CHEN Yongqingz, SUN Xiaoyu3, HU Rongjiez, GUO Xiangdong',
ZHAO Qun’, DAI Yanan®, YU Hao', LI Jun"*, SUN Liang®, GAO Chuan®
(1. National Engineering Research Center of Coal Mine Water Hazard Controlling, Suzhou University, Suzhou 234000, China; 2. Wanbei Coal Power

Group Co., Ltd., of Anhui Province, Suzhou 234000, China; 3. Tiandi Technology Co., Ltd., Beijing 100000, China; 4.School of Earth and Space Sciences,
University of Science and Technology of China, Hefei 230000, China)

Abstract: In recent years, to liberate coal resources from high pressure limestone water on the coal seam floor, North
China Coalfields have generally adopted surface directional drilling technology to carry out regional grouting reinforce-
ment and transformation (commonly known as “floor regional treatment”) on the thin-layer limestone of the Taiyuan
Formation in order to comprehensively seal karst cracks in limestone and block vertical guide water channels. In this tech-
nology, the design of the spacing between “horizontal branching holes™ closely related to the diffusion range (radius) of
the slurry has been widely studied by academia and industry. There is a large amount of grouting work in the bottom plate
area of the Anhui North mining area, especially in the mining of deep resources, which will cost billions of yuan. It is ne-
cessary to verify the true data of the diffusion range of the grout. Therefore, based on the Hengyuan Coal Mine in the
northern Anhui mining area as the research base, relying on the 1163 mining area floor area treatment project, the slurry
diffusion range tracing test was designed and implemented. The fluorescent agent (tracer) was added to the horizontal
branch hole (Z8-7) in the middle, and the rock debris samples were taken from the horizontal branch holes (Z8-6, Z8-8)
and cross branch detection holes (Z8JC) on both sides to identify fluorescent cement and obtain the diffusion range of the
slurry. Furthermore, based on the analysis of the influencing factors of slurry diffusion, a formula for calculating the diffu-
sion range of slurry in the grouting treatment of the bottom plate area of the Hengyuan Coal Mine was constructed. The
results show that: (D Based on the analysis of on-site and indoor identification results of rock debris, the diffusion range of
grouting slurry under the coal seam floor area of the Hengyuan Coal Mine 1163 mining area was 38.3—44.0 m, and the ce-
ment distribution was dense within the diffusion range of horizontal branch hole slurry within 30 meters. The grouting ef-
fect was the best in this area. (2) Through a rapid identification of on-site rock cuttings and precise identification of indoor
rock cuttings, the diffusion range of the slurry obtained was basically consistent, proving the effectiveness of fluorescence
tracing of the diffusion range of the slurry. (3 Through comparative analysis, it was believed that under actual grouting
conditions such as calculation parameters and boundary constraints, the theoretical calculation and numerical simulation
results of the slurry diffusion range were close to the measured results of on-site tracing experiments. ) Using the data
from water pressure tests, grouting parameters, drilling structures, and hydrogeological responses during the tracer test
process, taking into account the factors such as gravity, structure, and groundwater runoff, and using SPSS nonlinear fit-
ting software, a formula for calculating the diffusion range of grouting slurry in the bottom plate area of the Hengyuan
Coal Mine 1163 mining area was obtained. (5) Based on the actual geological and hydrogeological conditions of the injec-
tion layer in the Hengyuan Coal Mine, using the fitted slurry diffusion range calculation formula, the slurry diffusion range
of Z8 site in the 1163 mining area was obtained to be 37.8—42.9 m, which was similar to the measured results of the slurry
diffusion range tracer test. The calculation formula could be promoted and applied under similar conditions. The on-site
tracing engineering test of the diffusion range of grouting slurry in the coal mine floor area not only obtained real data on
the diffusion range of slurry, but also clarified the inherent relationship between slurry diffusion and various geological
and hydrogeological factors. The diffusion mechanism of grouting slurry for ultra deep and ultra long directional drilling
was revealed, and a formula for calculating the diffusion range of slurry was constructed, providing a reference basis for

the reasonable design of horizontal branch hole spacing in bottom plate area treatment projects under similar conditions.
Key words: regional grouting under coal seam floor; slurry diffusion range; tracer test; calculation formula for slurry
diffusion; Hengyuan Coal Mine of Northern Anhui Mining Area
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Fig.1 Outline of Hengyuan Coal Mine structure and horizontal

branch hole layout plan of Z8 site
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)

(a) 4l & 9K

(b) FOCKIE MY HIRE

(d) 7K S mIb s
REHEE24 h

(c) T SN
A

K3 BOtkies Nl
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Table 1 Statistical table for adding fluorescent agent solution to cement slurry
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1.7 0.62 2100 1300 325 34.13 1365.2
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Fig.4 Fluorescence of grouting slurry stones of hole Z8-7
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1 084 m of hole Z8-6
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3.2.1  Z8IC fLA TE KX

Z8JC FLYE H /K PRI FE i 216 4, & N4 54,
RBR (8 9), 75 1045.0~1228.5 m EJF (15 78-7 1L
0~44 m), /K IBUR N ZECK I TERE IR %,
HAMA] | %A 78 1228.5~1457.0 m % (HH 28-7
fL 44.0 ~ 55.2 m), fLBCK L 230 m (IUFE N, FK T
BRI S D, (A 44, oo, HAarAisri. AN
Al 253, 75 1050~1250 m FLEE, 55 50 m FLEC &
KR S BER A 56, 44, 20, 34, HBoE 5 o oh
25.9%. 20.4%. 9.3%. 1.4%(1 045~1050 m fLB% 4 1
IRV, RGEAHHEMN); 76 1250~1 450 m FLEE, 5 50 m
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Fig.9 Indoor identification of rock debris from three holes and
their distance to hole Z8-7
RIKESEE N 1, 1,00 14, HB0E 5 ik
0.5%. 0.5%. 0%. 0.5%. 5 fH|7K e 555341 FEIE Bk
TSP Re A 122, B g 5 b 1.5% 1R KA T
Ay FLaE, ) Z8IC L 1228.5 m A AT /K, % ALK U8 s

i 78-7 fL 44 m,

1E Z8JC fL 1458.0~1785.5 m(Z8IC fL 5 Z8-7
FLAHZE, #H 78-7 FL 34.4~0~38.3 m) FLEL, & /K8
BRI 2, DKV FE TN 2, 53 A BB 5 Z8IC
L 1785.5m FZA&FL 1810.8 m(EI#EHIE 78-7 FL. 38.3 m
JaE) FLBILFEA K. 45801, 76 1450 ~ 1810 m
fLEZ, B 50 m RIUKYE SR 3. 13,22, 11,15, 5,
16, 1({¥ 1800~ 1810 m L BL) 4™, Hdd o5 He 4351 0
1.4%. 6.0%. 10.2%. 5.1%. 6.9%. 2.3%. 7.4%. 0.5%.
TR B BCR 5 H 1.5% 1 KR A o3 a5,
16 Z8JC 5 78-7 HHAZHiT 1499 m &b A /K I, BH 78-7
fL 389 m; £ 5 Z8-7 ML 5 1785.5 m Ab IR A /K e,
#A 78-7 fL 38.3 m. R#E Z8JC fL 1499.0~1785.5 m
(PE 78-7 fL 38.9~0~38.3 m) fLEtZ 3 78-7 P
628

Zi b, Z8IC L B =N o, #4550 m K
BE BB R e 1.5% VR RK Ve A Joor At s, Z8-7 1L
W B N 38.3~44.0 m, #BIHZ X [E AT A
KPR R, (R ER 5 LA T 1.5%, HEE B T4 i
S (3.3.1 /M), AN EA IEH S B R HG Y
INEETRE S, AN R ER Z28-7 FLWI NS e b B R RS A
AN[F), FEPIALAS SUZ AT, SR S S KR 38.9 m,
FEPALZE LA, S BE R 38.3 m.

322 78-6 fLA TE KL )

Z8-6 FLAEH E/KUERRES: 91 A, ENEERI (K1 10)
BN, TETR 1106~1501 m(EIFE Z8-7 L 0~40.3 m)
FLB, K IEIBURL o A1 B 4R 5 7 1502~1 769 m(R i Z8-
7 £l 43.0~63.6 m), KJe PR, TR . HPDE
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Fig.10 Indoor identification of rock debris from hole Z8-6 and
its distance from holes Z8-7 and Z8-5

3.2.3  78-8 LA EAEMEL )

78-8 FLAGIE A 78-7 K Z8IC FLEE 4k 1 3¢ it
T, Horp Z8JC fLIEH AW AR Bz e/ . Z28-8
FLA T R S 51 K PR ASURIAE i 190 A, A&l 11
FiR . TEVR 1196~1441 m FLE (FE Z8-7 L. 38.7 ~
72.0 m, 5 Z8JC L. 0~ 32.5 m) Fl 1442~ 1506 m
(# 78-7 FL 72.0~69.9 m) FLEt, & /K Ve Fki 7 J8 F i
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Identification of rock debris from hole Z8-8 and its
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WY HOEE CERR) N 38.3~44.0 m, 45 FAHIT . HIE
W1 SR I B I A Rk 5 S B T i AR T S
1 PR 3 A7 56 ) e, IBORE A 0 LS8 591 67 B, 25 T R R A4
PUANGE I 5, SR B R ZZ AR R M ZE %
A, FER R AR AR | KRB AT SR 2E A
XA/, BT DA P00 A 2 P 0 285 SR U
38.3~44.0 m, [AE} &R, B Z8-7 £ 30 m LA /K e
SyATEEER, 30 m LASIIK U 53 A i /L, 156 K SF- 53
SCRFLE IR SR R AR SR BB 30 m.
3.2.4 BTN GG R R

R ATV RS HOE FER ERROR, RIE #4717
FE RS A DX 8 S S O RO G RS A =
A B E BRI

TERIER 1T 63 SR IX AR X A H# TAE o, 23 A
FHXT B 1.2, 1.3, 1.4 WZK IR, X9 FE R 1.5,
1.6 A3 Al A /0, BV AR 2 g 2R B R I A
HRYETR = o S P41l AR i (DZ/T 0285—2015) Hhi

L e 2 v R 24 SO LT3 3 LR T
E'é"fé[lg]o

(1) F AW ATH AR ekt AR

. 2-2;/9.3 X 1075(P = Po)br3!
n

+1ry (1)

X, R ATERY B, m; PNSFLIETER K 7, Pa;
Py HRBRNEKE ST, Pay ¢ MTEIKIHA]L, s; b AR TE
JE, m; ro HTERSLAEAR, my n HIRIAIRFEEE, Pa - s,

FEF VT 63 2R X 32 B b 57 /K SCHb 5 2% 1
KRR T, Y AR RO 2 R S8
ST 20 A AS R AR X 2 I AL DR S35
SEXE 11 MPa, = KK R 13 8 F2{H 4 MPa, F
A L[] S A [R]AF R 2% 5 50 I IR e ] SR, Sy
67.6 h, IEUith 3 do WP HEHN 5 mm, THEAHF] Z28-7
LR B A 43.5 m,

R2 RRYBFETERAXSE

Table 2 Parameters related to the calculation of slurry diffusion radius

B (mPa - 5)  FEKEHE/ WL - min)  FHFLOUES/MPa PRIFLRIE I/MPa HUKIEJIMPa AL K4S /mm

AT i
12 1.4 11.2 500
13 77 4138 500
1.4 11.0 7.0 500
13(45 AT 1.4 7.6 400 ~ 100

9.1 18.7 3.13 ~ 4.49 76.2
11.1 21.5 3.13 ~ 4.49 76.2
12.0 23.2 3.13 ~ 4.49 76.2
12.1 22.5 3.13 ~ 4.49 76.2

Q) BUEA IR w2 . TR K=
AHIEFR IS, 87 FH Comsol AR 37 IR B HUEU(E A5 Y
(FF DL SCHR[207), BESB R L T se il i 2 (& 12),
MIESHAR 163 K IXZHIZ (Ly) MU S A K bR
KT IR A (8 3), BRI, JIEMR (L; T,
JES) A JG AL e TG i A, # K T3 S
o4 3.5 MPa. Hi R /KZ % R 1000 kg/m’, 501 1 &
7 0.001 Pa - s, K ANHL T K A X235 RS 502
TRUFILEE (9 RN, Ry LS (°F )

K12 Z8 S KA Y

Fig.12 Conceptual model of slurry flooding of Z8 site
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Table 3 Numerical model related parameter settings

AR AR/ EARLFER R/ kg - s FEALAAFREE/ (kg m-s))  HEikg-m?)  HOFEPa-s)
12 112 10.00 0.016 16 1200 0.0014
13 41.8 10.83 0.01750 1300 0.0077
1.4 7.0 11.67 0.018 85 1400 0.0110
L3(H5 BT 7.6 10.00 0.016 16 1300 0.001 4

BERIIFLBE RN 0.05, 515 2 50H 0.001 5 m/s B,
FEHLZTT 70 h(SEPRERTE]) JEHR HEERR 41.1 m
(& 13) HFLBE R 0.05. 1% R %L 9.6x10°~ 9.6

107 m/s B, 2E WD BEIE BN 13~60 m; FLER 3 0.1,
BB R 9.6x10°~9.6x1072 m/s B}, 3§ 8030
F 7.4~43.7 m; FLBRFE 0.15 B}, 5% 250 9.6x10 "~
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I T .. oo = FIRS A AR, 725 Z8-7 LA ST FL B T 28-7 L
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Fig.13 Results of Z8-7 slurry diffusion model running for 70 h
9.6x10* nv/s Hit, HI BE A 6.0~31.9 m.,
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JEHE PR TOLRAE T, SR BEE B IE A =X
P BB 5 45 R 5 7R Bl g S 25 2R — 3
PERGT
3.3 REYECEEHEARXUE

FETE IR IR Bl g0 o 2 v, Z8-6., Z8-7,
Z8JC J Z8-8 fLEAIRIS Mo VI S 40 Sl 18 e B
KK SCHl T 137 55, 5 PRAT S8R, Ay ) WSRO AR
)W) DAL 2R, 8 73 T 1o Aty DX 2 0 IO L3
SR TR, WY BOEE CER) TR AR
AL TRl RE.
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Fig.14 Local Fault structures and limestone flow field within the

control scope of Z8 drilling field area
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minZ [f(t:, X)—ci] 2)
i=1

WE n HEHEEAE (1, c), i=1,2, -, n, FHRIE
M2k Az, X), LA sk 2N Hod el £ ALk
PE, X =(x), x5 x3, -+, x,), Aie ZAGTHISE Bt
2R %A B /N TR B AR % 22 (o) B F 7 A

min > KB,
R B T T SBT3 T S8,
T SPSS B PR/ — ek AL A, Ak Tk
AL I, FJCASH I LT Y P 2 5t
CELEPERLETE25 4 0)
‘“01/ (P— Py +pg)th*ri% (37.486 + cos )
n

R= +ry 3)
2, p I, kg/m®s g KT SN, 9.8 m/s*;
O IR BT 10 ST RIS, (°) .

10 (3) AT, 25 IR IS, ST AT PRl 1
s MW E | S 107 1] S AR IR IT [0 e 1 iR
I, SR HIGE BN, B T HE g | SRR BRI T
IR L B0

1 T IR 5 B S KA TR, Ak LRI TR ) P
R AN

P=P,+rh/100 (€)]

Aorf, Py LSRR ST, Pay rg NI IR B M 25 5
H 1.2~ 1.6; h = JOFEHRTE, kb >k 800 m.

WY B R0 17—2 (A0 = 0), — KPR 9E
T 5 mm, ARAESCPREIRE O, (H B (3) 115 5] Z8-7
W BHEE K 37.8~42.9 m, 5P WG s i
IREG S 45 5 (38.3~44.0 m) AT, W AT & 7 3 i
FO BRI BRI AR T 5E . B, 52X (3) T ke Ja
W RHRIS . AH I SR DX PR DX S I K -3 S FLFL AT E 15
THE 0 mT 2RI A P T L DR Al X 3837
Ko S ALAL IR B i 2%

4 & &

(1) 38 57 B TR0 e A P 2 B B 2= P S 51,
AT 78 37 Ml JFE AR 36 B IX I8 %) S B Ll
38.3~44.0 m. [AET R, K50 ALY 12
30 m AP, VSN BRSO R A

(2) iR BRI A B P S5, 15 2RO
BOE N 36~42 m, 1% A B L 453 38.3~
44.0 m, 2 PR, WEB T 2O BRI B
ORER T

(3) F T /R BRI B A 45 it AL A R B 12
R BIBAR T K K2R S 5 e 10 S5 S 1 B
TR RSN R 3R, 4878 T M I 1) B DXk,
KW BB

() TR SHORI R A RAT S LRI TR
PERIHTHE N, M B0 B e A B E RT3
SO, S TN R . RIS RS PREEIE T
FETT SR, MY R [ e T MU E R4S
HAZH RN E.

(5) HWH L 2 B EE ) | A3 R KA
PR, TEDC A b5 1) SPSS ARZRIERLG 4T, 15
FUTE PR IR ARSI (B4R T A5, Tt
FAUAAE T RHABE XS H]
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