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Fig. 1 Experimental configuration of in situ direct push drilling-jetting-injection integrated equipment
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Table 2 Main injection parameters of in situ direct push
drilling-jetting-injection integrated equipment
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Table 3 Experimental plan of pilot study 1
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Fig. 3 Layout plan of injection points at pilot study 1
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Table 4 Experimental plan of pilot study 2
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Fig. 4 Layout plan of injection points at pilot study 2
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Table 5 Injection results of pilot study 1

G L Wefae VAR TESHREE ‘H:Ea“ﬂjl‘rﬂ*/ ?fﬂﬁﬁf@/ e {ﬁ%‘ﬁﬁa ‘Zﬁa‘%ﬂﬁﬂéﬁé
m MPa min (L'min™") WEm  (F5EME) /m
0.5 11 436 BESULH 1.13 2.90
1.0 40 564 B2 1.13 2.98
Tl-, #1 45 25gL Bl AZEKER 2
1.0 48 6.65 BESSEHM 035 1.76
1.0 60 6.76 BBEA4NE 021 1.69
0.5 50 5.76 — — —
0.75 90 7.20 — — —
Tl, # 49 25gL 'REOEKIER 2
1.0 100 962 BEMIEH 053 1.71
1.0 110 1120 BFEL2EH 0.68 2.87
0.5 70 421  BELSIHI 023 1.45
0.5 78 620 BEm2MM 0.08 1.19
Tl-, # 50 10% (w) FLfAARIAH Ve 2 0.75 86 8.64 BiBA3HI 0.23 2.01
1.0-1.2 96 1720 BES4HIH 031 229
1.0 99 1550 BESSHI 077 248
0.5 53 3.63 — — —
0.75 62 742  BESUH 039 1.54
0.75 92 7.65 — — —
Ti-, #4 40 10% (w) HfEGEERTES 2 1.0 103 828  BiEm2M 0.71 2.03
1.0 111 752  BESSMEHM 257 3.67
1.0 141 7.75 — — —
4.0 144 1724 BES4EH 225 3.44

TE A ] ARSI A6 5 SR a) e
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Fig. 5 Three-dimensional distribution maps of injection and penetration points in pilot study 1
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PRI B e B 8 NS 7 T B

2) PRBIEMEHZ TS AR T Hik 2 7EHD T KIRRESR . 538 RIS, Xt
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Fig. 6 pH variation versus injection progress in shallow and middle layers of groudwater monitoring well of T2,
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12.5 m WEEHEGIEES (& 7) Aise i SR/ NIOEEEE IR T8 0, MISEEE MW I~MW3 Wil Ay
4.5, 8. 12.5 m ZREKEEH IR B i se s R WOBREE, REARARER S . 2R
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Fig. 7 UV absorbance variation before and after injection of peptone and bright blue pigment solution
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Table 6 Injection results of pneumatic fracturing+atomization at pilot study 1

AR/ B+

Er=eYivs /o e B A AR YEHHE J3/MP N ok
a s B HEHA TESHRRE /m 3 53 J1/MPa (Lmin') EABEAIFE (YN) THUE O
Tl-, #1 45 25gL Bl EAIKAR 2 1 6.93 Y b 7 K 3 T IS
Tl-, # 49  2.5gL 5wl EaFRKIFR 2 1 11.20 Y AT BT
Tl #3 50 10% (w) HUffsis e 2 1 15.5 Y i T PR 2L
Tl-, #4 40 10% (w) Ff@4R RGeS 2 4 17.24 Y BN BT U
=7 iR 2 FHER
Table 7 Injection results of pilot study 2
o E:) can o S KRR
TS KIEZRE KRIEZRE 255t gt
W L. TSR R/ FARWES S EE
H z SRR 5 < /mi
J=X A o K JSiMPa B /s i fi/MPa £/min FERIYN) oS
5.5% (wiw) 10~15 90 — — N — MW3MIFH- K
T2- e 45
! NaOHA _ 1 68 N _ MW3RMH-pHZ# T 5
— 1 10 N — A7 T P R A T AR Ak
— 1 — Y 10 24551 T ) 8 P YR TR R B
5.5% (wiw)
T # ommm © VR R BT R TR T A
— 1 172 — — (KI8) , MW3, 4MIH-pHREE
St EEzETE (Ke)
— 1 16 N — 257 B ) S P R TE AR Ak
4 g LB — 2 10 N — X511 e ) 8 PN YR TEAE AL
T2-, #2 .. e 8 .
el BRI 10~15 30 — — N — | AR ke
— 2 62 N — IS #21.2~23.1 L'min”'
10~15 _ _ _ — K F R BRI A
T2-, #2 4oL Il 12.5 T4 B P R %
4 (O VAT - o o ) 65 N - I RE DA, T B, ARG

i %16.6 L-min"*

NaOH. ISR, ¥k MARMKKESES (1 MPa) TARBHEEEZE, HeaEfEhE
2 MPa WICERBGEVE ] . TERLARIE T, WGl R 4+ AL mi S D RE sk ) DN B e R R A T
5%

T2, S50 (B 7) W, 7F 1 MPa VEST A BESHEREZBAE F, JFH 10 s 54emis), AMEIbEE:
SRR BETE ST S RTINS, BRUESHE Sk 3.5 MPa, TESFHEEL 9 L'min', 45418 6, FIHIZESER
B B A 50% B, 1R KU E AR 2] pH THE, NaOH I AEIZ 7 IR 52 i 42 B ik
236 m. HIMRM, [EEZH SR DREA B FEGE NS BHUZ S BN, sRfbid g e P L.

T2, S8, 47E 2 MPa FESHE ) FABUESEAJREE AT, A T 30 s KIEZR, KIEZR
TAEREEHIFE 10~15 MPa, RZUSHEFFAFESE S 2 MPa, KBUESHERHETFE 21.2~23.1 L'min”', &
T T2, LREABEH G ERAK TAER ST (3.5 MPa) BYFESHER (9 L'min") , 455K 7, nlAI7EILE&M:
T, S T R AR T T A B SN ERE B TR, RIS A 4.37 mo X FIRE
BPEML)Z , RBUEARREE IR B AR | AT S AR LR & e E AR i s 42 (435100h
0.6, 0.5 F10.9 m) P #RGEESRTE, RN T o250 SRR I RS TR RO AMB R AR S
& (2m) VUM LHOTSKY®™ 48R B SRR ikt (BoRHET) 7.5 MPa ) 45 G H0RIFA 5] i
RIVERHEZMAR (2~4 m) , MR IRAGIRA/K R ORI . 7R R R S0 A7k ) 245 S 2
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FEIEEAR, PHE TR /N, s R L) Lol | s L
KTHER D, KSR Sk, P ol & 1o
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3 &9 B8 T2, SUTESHE R LSRRI L
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Pilot studies on injection technology of in situ direct push drilling-jetting-
injection integrated equipment at contaminated sites
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Abstract  Application difficulties and poor diffusion effect of reagents is a common challenge faced by
traditional in situ injection technologies at low permeability sites. Integrating hydraulic fracturing, pneumatic
fracturing-atomized jetting and direct push drilling, furthermore realizing switch among various injection modes,
may significantly improve the applicability of in situ injection equipment to complex formations. Two pilot
studies were conducted on sites with high and low permeability, respectively, using a self-developed double-
channel based in situ direct push drilling-jetting-injection integrated equipment. Effects of hydraulic fracturing,
pneumatic fracturing-atomized jetting on low-permeability strata, injection radius of influence (ROI) of the
integrated equipment, applicable injection modes and process parameters under various permeability conditions
were investigated. Results demonstrated that pneumatic-atomized jetting and hydraulic fracturing could
significantly improve the permeability of low-permeability formations. Low-pressure injection mode (<2.0 MPa)
was suitable for high-permeability strata; low-pressure injection plus pneumatic fracturing-atomization mode (=
0.8 MPa) was suitable for medium to low permeability strata; and hydraulic fracturing (10~15 MPa) followed by
low-pressure injection mode was suitable for low permeability strata, with injection ROI up to 3.67, 2.36 and
4.37 m achieved respectively under the above conditions. The pilot studies were the debut of such injection
technology and equipment in China, providing the basis for future application of in situ direct push drilling-
jetting-injection integrated equipment in in situ remediation projects in China.

Keywords in situ; direct push drilling; hydraulic fracturing; pneumatic fracturing; atomized jetting; radius of
influence
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