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A study of the capillary rise characteristics of LNAPL based on the
vertical pipes method
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(1. College of Geosciences and Engineering, North China University of Water Resources and Electric Power,

Zhengzhou, Henan 450045, China; 2. Henan Quality Institute, Pingdingshan, Henan 467000, China)

Abstract: The pollution caused by light non-aqueous phase liquid (LNAPL) and its derivatives, known as
"industrial blood", in the process of mining, production and transportation, has become a common pollutant. At
present, many researchers have carried out extensive researches on LNAPL pollution, but the researches on the
migration and hairiness of LNAPL in soil is still insufficient. The purpose of this test is to study and analyze the
capillary rise law of LNAPL in different media under different standpipe diameters through indoor simulation
tests, so as to provide a certain theoretical basis for studying the groundwater pollution caused by LNAPL. The
results show that the factors influencing the height of capillary rise are, in order, the solution > medium> vertical
tube diameter. The diameter of the vertical tube is not completely proportional to the maximum capillary rise

height, and the influence on the capillary rise height is relatively small. The capillary rise height and capillary rise
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rate of water and diesel in different media are basically the same, but there are differences in specific values. The

maximum capillary rise height of diesel is 40%—50% lower than that of water, and the maximum capillary rise rate

of diesel is 30%—50% lower than that of water. The average particle size of sand is inversely proportional to the

capillary rise height and rate. These characteristics can better reflect the capillary rise law of LNAPL in different

media, which are of important significance to understand the pollution of LNAPL to groundwater and the

remediation of contaminated lands.

Keywords: LNAPL; vertical pipe diameter; capillary rise height; capillary rise rate
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Table 1 Particle gradation of the experimental sand samples
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Fig.3 Variations of capillary rise height with different diameters of the vertical tube
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Table 4 Fitting parameters of the relationship between capillary
rise height and time

E%’ 7J( gt@l*l
HfE/em W @ e B g
a 28.855 23.649 19.239 13.085 13.067 10.571
1.6 b 6.672 5919 2.863 4.570 3.726 1.939
R? 0.996 0.990 0.985 0.996 0.995 0.977
a 31.446 26.440 20.339 15.143 11.408 10.181
3.0 b 7.155 5.938 2.888 4374 3.480 2.438
R 0.994 0.991 0918 0.990 0.994 0.997
a 29.673 25220 21.058 13.315 12.536 10.295
5.0 b 6.466 6.300 3.045 3.454 3.692 2.287
R? 0.990 0.992 0.969 0.996 0.989 0.998

T RE%] 3.336, 2.960, 1.432 co/h; 75 1 5
W KRB LT R B R /ME R R #i )

BT, R 564
> (457 cm/h)>

MRS (372.6 co/h) >HL P (193.9 ecovh), 7 2 h 2 N 43 51
T 5E T R 2] 2.285, 1.863, 0.970 cm/hs
3.0, 5.0 cm 5, ¥ W 4331 S K Rl g

R K MISIRAKIK - 3

NE40 TSRS TS S em/h AR .
i 4(d) R L, R HEHN 1.6 cm B, 4

HURERVV N

ETRIET 32.3%; % T40Ab,
TAKME FET 37.1%; % TR, 4

MIEHAEN
s, R B4 LT
P SARSHIRD, I HAE2h 2

Ji A [+

S B e K b T AR AR T K A ok B
TR, X TR,

SE 0 Y de R T3 A X T K

SR B4 Fre b TR AR o
Seh iy e R TR

ZAIX TR S R T 31.5%; 2424 54K 3.0 cm
Y

I, or S FE R D |

i E VN iR
R T A FK
15.6%. 4% 4 A2 R 5.0 cm B, 73 SIFE R A |

P 3 R ARG P, 4
DT T 38.9%. 41.4%.

HE N



2023 4F 22, A T R R I R AR IO IRA T A B TR BT - 111 -

700'4 - B> (k)
—l- gk (k)
600 - R (k)
- —D s (Sl
§5°°' ® gy (sh)
5 HLED (5E0)
— 400
& 300
‘_]
=200
e
100
of T *
0 0.5 1.0 1.5 2.0
s 1] /h

(a) BEHKENL6cm

700t - B (k)
~W- R ()
600+ i (k)
sl > B (i)
P © g ()
40! W (S
\;_’: 300
‘_]
=200¢
i
100
: *
6 015 1:0 1:5 2.0
s ] /h

(¢) BEHAN5.0cm

700t 4 -4- B> (k)

—l- @8k (k)

R (k)
D s (L)
O 4 (sEm)
FLED (i)

P w [N}
(=3 (=3 (=3
(=] (=] (=)
T T T

BN ETHER/ (em-h™)
S
o

200
100
0 ’
0 0.5 1.0 1.5 2.0
i)/

(b) BAEHAN3.0cm

700 b B MR (OK)
B 40th (k)
B2 M (k)

S ks (S ) BER MRS (2&)
EEEE Zn i (i)

~ 600 [

b

£ 500

IS

[=3

S
T

KRB TSR/ (
=
(=]

200
100
0
1.6 3 5
A AR /em

(d) BEERSRABM LT HARRR

B4 BEHEAERMEAEFAERTHNE

Fig. 4 Variations of capillary rise rate with different diameters of the vertical tube
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