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Radial migration of water-soluble agents in high-pressure rotary jetting remediation
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Abstract: The high-pressure rotary jetting (HPRJ) is a new technology for the in-situ remediation of contaminated soils.
However, the radial migration of water-soluble remediation agents in HPRJ is still not clear, resulting in a lack of reliable
theoretical guidance in engineering practice. The laboratory and in-situ HPRJ tests as the well as numerical simulations are
performed using the sodium chloride and fluorescein sodium as the tracers to investigate the radial migration and distribution of
agents under the effects of jet and advection-diffusion. The results of the in-situ tests after 5 d show that the agent concentration
decreases along the radial direction and is significantly affected by the rotary jetting parameters. The optimum combination of
the rotary jetting parameters is an injection pressure of 25 MPa, a lifting speed of 25 cm/min, a rotation speed of 22 r/min, a
nozzle diameter of 1.6 mm and jetting of twice. The laboratory tests and the numerical simulations show that concentration of
the agent in the mixing zone decreases linearly, with a relative concentration of 0.54 to 0.91 near the nozzle. The radius of the
mixing zone increases with the increase in the nozzle diameter, injection pressure and the number of jetting times, and
decreases with the increasing rotation speed. The agent concentration and radial uniformity are correlated positively with the
rotation speed, nozzle diameter and the number of jetting times. The migration of the agent due to advection and diffusion
reduces the agent in the mixing zone and increases the agent in the diffusion zone, and homogenizes the radial agent
distribution. The advection only lasts for a few minutes, however, it dominates the agent migration in the first 30 d, and
thereafter the diffusion becomes more important.
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Fig. 1 Grain-size distribution curve of tested soil
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Table 1 Schemes of in-situ tests
4 TENIE IRTREET MelbumRr  WEMEE et
5 JiIMPa  (cm'min')  (r'min) F/mm  IRHL
F, 25 25 2.0 1
F, 25 40 1.6 1
F; 25 25 22 1.6 2
F4 25 25 1.6 1
Fs 30 25 1.6 1
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Table 2 Schemes of laboratory tests
d VENE IRTHERE  RibkRE O WmIMEE e
5 JI/MPa  (cm'min')  (r-min') F/mm  IRH
L; 5 30 1.6 1
L, 5 30 1.6 2
L; 10 30 1.6 1
Ly 10 30 1.6 2
Ls 15 30 1.6 1
Ls 15 30 15 1.6 1
Ly 15 10 1.6 1
Ls 15 30 1.8 1
Lo 15 30 2.0 1
Lio 15 30 2.0 2
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Fig. 2 Sketch diagram of laboratory test apparatus
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Fig. 5 Radial distribution of fluorescein sodium at 5 d
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Table 3 Parameters for radial distribution of CI'

% Xm/ Ciso/ C ﬁ/
% cm (mg‘Lil) 1x=0 AfC ~
(mg'L 1 -cm l)
L 15 2249 0.63 39.80
L, 20 2510 0.71 17.14
Ls 20 2324 0.65 37.31
Ls 25 2849 0.80 21.71
Ls 25 2346 0.66 38.17
Ls 25 2075 0.58 42.85
Ly 30 1918 0.54 45.88
Ls 25 2550 0.72 30.22
Lo 30 2822 0.79 24.49
Lio 35 3230 0.91 17.40
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Fig. 7 Dissipation of pore pressure during various tests
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