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Numerical simulation of petroleum pollutant transport in soil

WAN G Hongtao® L UO Jian', L | Yusong', NIU Dongjie", L | Liging" ,L | Guangfu® (1. Department of Err
vironmenta Science and Engineering, Tshinghua Universty , Bejing 100084 ;2. Environmental Monitory Center of Daging)
Abdract :On the badgsof case sudieson theail fiedd construction, the mechanism of the petroleum pollutant trangort in il was ana
lyzed. A coupled numericd modd of pollutant trangport and groundwater flow in the unsaturated subsoil is established. This modd is
goplied to smulate the transport of petroleum pollutantsin Songfangtun oil fiedd, Daging Petroleum Administration, which isone of
the biggest ail fieddsin China. In combination with thefied survey ,the extent of the petroleum pollution to the il in reation to oil
fidd congtruction is smulated and the mechanism of pollution and itsinfluence factors are and yzed.

Keywor ds :petroleum pollutant ; il ; groundwater ; trangport ; numericad smulation
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2.1
ah _ 4| ah 4| ah 9Ky
T 8x[ Kxxaj * az[ KzzazJ 3z (1)
h|t=0 = ho(x,2) (2)
Dirichlet hir, = hi(x,z,t), (x,2) M, (3)
Neumann - Kﬁr = q(x,z,t), (x,z20 T, (4)
2
» Kax, Kz ; C: ; he ; ho: ; hy
Qg in: ;I 1.,I" 2:Dirichlet  Nuamann
2.2
dc 94 dc| | 4 acl  9(vye)  9(v,0) ®
Rdat‘ax[DxxajJ'az[D“azJ' ax ~ az *lat MPRgcEM (5
clt=o0 = co(x,2) (6)
Dirichlet clr, = ci(x,z,t), (x,2 M, (7
Neumann - Dﬁr = fi(x,z,t), (x,z20 T, (8)
2
Cauchy [vc- D‘:}ﬂ = fa(x,z,t), (x,20 T3 (9)
3
 Ra: ; C! y Dxx, Dz yVx, Vz !
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[ TI{h ={y} (11)
AT ATI=[MIAt+[S];{h}: Ay
{y}=[MI{hvAt+{ G} +{Q} +{B}.
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3.3
. 1998
739 80 % , 73.9 —295. 6 t/ a. F58
l 1
H H ,60 —70 m y
. F58 1.0t/a , 20 %,
1 F58 ( :mg/ kg)
Tablel Measured contentsof petroleum pollutant of F58 oil well section
cm
,m
0 5 10 20 40 60 100
5 9327.2 5110.3 3711.0 141. 7 58.7 46. 3 39.7
20 7962. 6 123.7 58.8 50. 1 36.8
40 589.7 - 68. 2 51.6 40.3 37.6
60 98. 3 43.3 42.2 38.5 40.0
100 71.3 41.5 42.3 40.1 38.5
3.4
' 42 mg/ kg.
Cauchy , , 0.2t/a
60 m ,
Neumann , , 0,
5 (
Table 2 Measured contents of il moisture and matrix potentia ) J
cm 10 20 60 100 200 !
, % 18.2 20.6 24.1 26. 4 37.7
,cm 315.2 264.5 201.5 158.6 64. 4
2 7
3.5
(10.1cm/ d) .
1/ 50 —00. )
, F58
, (3 ,0 ,20 ,30 )
( ) (
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Table 3 Parametersof numericd Smulation
,*
3 .cm®/ mg K 1.0 1.5 1.21
.cm/d KxKz 0.5 0.01 0.1
3.6
,cm o, 1 0.1 0.2
,cm ar 0. 0.02
J FS8 /d A 1.0 10.0x10°* 4.0x10°*
n 0.23 0.42 0.3
2.
E %
- d L4000 5000 S &
N 7, I N R\ ‘,\9 7 S (1)
—20 \%\\"'W_-‘”"WJ/_ P 5
10— 10— e X o0 500 ————500 / )
— 40 X\~A4—1m___/®“ 7 ,
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— 60
_ 0 10 45K FHIRAS
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Z,m
40 m ,
2 ( :mg/ kg)
Fg.2 The contour of petroleum pollutant concentration in il in different periods of time ( )
2
) , 20—30cm , 0—-5
cm , ,
40—-50cm, 30—40cm, 90 % 20cm
, 3 4. 6m,
(3) .
, 15—=20
7000 —12000 mg/ kg, 5.
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Fg.3 Thechangeof petroleum pollutant concentra Fg.4 The change of contaminated depth as a
tion with depth function of time
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