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Comparison of Disk Tension Infiltrometer and van Genuchten-Mualem
Model on Estimation of Unsaturated Hydraulic Conductivity

Seung-Oh Hur', Kang-Ho Jung, Chan-Won Park, Sang-Keun Ha and Geong-Gyu Kim'

Soil Management Division, National Institute of Agricultural Science & Technology, RDA, Suwon 441-707, Korea
'Division of Environmental Science and Ecological Engineering, Korea University, Seoul 136-701, Korea

Hydraulic conductivity is the rate of water flux on hydraulic gradient. The van Genuchten Mualem (VGM)
model is frequently used for describing unsaturated state of soils, that is composed with the function of soil
water potential and soil water content and requests various parameters. This study is to get the value of VGM
parameters used Rosetta computer program based on neural network analysis method and to calculate VGM
parameters. VGM parameters included Ko(effective saturated hydraulic conductivity), fr(residual soil water
content), fs(saturated soil water content), L, n and m. The unsaturated hydraulic conductivity at 10 kPa
was calculated by using Rosetta program. Unsaturated hydraulic conductivities of 17 soil series at 1, 3, 5, 7
kPa were also obtained by applying saturated hydraulic conductivity by disk tension infiltrometer based on
Gardner and Wooding's equation. Water flow at the water potential of 3 kPa was very low except Namgye,
Hagog, Baegsan, Sangju, Seogcheon, Yesan soil series. Unsaturated hydraulic conductivity at 1 kPa showed
the highest value for Samgag soil series and was in order of Yesan, Hwabong, Hagog and Baegsan soil
series. Those of Gacheon, Seocheon and Ugog soil series were very low. When the value by VGM was
compared with the value by disc tension infiltrometer, there was a tendency with exponential function to
soils without gravel but there was no tendency to soils including gravel. Conclusively, it would be limited
that VGM model for unsaturated hydraulic conductivity analysis applies to Korean agricultural land
including gravel and having steep slope, shallow soil depth.
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Table 1. Soil characteristics for application to Rosetta program.

Soil Series OM Sand Silt Clay Soil Texture
%
Gacheon 1.7 53.1 34.2 12.7 L
Gocheon 1.7 51.0 350 14.0 L
Namgye 2.6 69.9 21.7 8.4 SL
Chilgog 1.6 585 292 123 SL
Haggog 1.0 70.1 239 6.0 SL
Hoigog 23 39.7 34.1 26.2 L
Baegsan 20 53.6 32.1 14.3 SL
Sangju 08 778 130 92 SL
Seogcheon 2.5 174 64.9 17.7 SiL
Suam 1.6 74.8 19.7 55 SL
Anryong 1.5 70.0 24.5 5.5 SL
Yesan 0.5 49.6 35.1 15.3 L
Ugog 18 414 423 163 L
Jigog 14 770 160 70 SL
Pungcheon 2.6 46.4 40.7 12.9 L
Hwabong 0.8 83.6 10.0 6.4 LS
Samgag 30 71.2 18.0 10.8 SL
VGM 28 ui/fus =L 93 AR 498 A ZAxn o 1nE
52 ZL3H9 Y (Table 1)
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Table 2. Unsaturated hydraulic conductivity estimated by disc tension infiltrometer.
Soil Series Land Use Ks a 1 kPa 3kPa 5 kPa 7 kPa
cm - sec’ cm’ cm - sec’
Gacheon Paddy Land 28x 10" 0.37 0.7x10° <1.0x107 <1.0x107 <1.0x10*
Gocheon ’ 63x10" 0.34 20x10° <1.0x 107 <1.0x 107 <1.0x10*
Namgye ’ 1.8x10* 0.13 47x%10° 32x10° 22x107 15%x10°
Chilgog ’ 27x10* 0.27 1.8x10° 0.1x10° <1.0x 107 <1.0x10*
Haggog ’ 51x10* 0.13 139x%10° 105%10° 7.9%107 59x%10°
Hoigog ’ 8.8x10" 0.26 6.8x10° 04x10° <1.0x 107 <1.0x10*
Baegsan Upland 53%x 10" 0.15 11.9x10° 60x10° 3.0x 107 1.5x10"
Sangju ’ 5.8x10" 0.17 10.7x 10° 37x10° 13x107 <1.0x10*
Seogcheon ’ 03x10* 0.13 1.0x10° 0.7x10° <1.0x107 <1.0x10*
Suam ’ 68.1x10™ 0.64 1.1x10° <1.0x10” <1.0x 107 <1.0x10*
Anryong ’ 157x10* 0.37 39x%10° <1.0x10” <1.0x 107 <1.0x10*
Yesan ’ 14.0x10* 0.22 15.7x10° 20x%10° <1.0x 107 <1.0x10*
Ugog ’ 27x10* 0.35 0.8x10° <1.0x10” <1.0x 107 <1.0x10*
Jigog ’ 52x10" 0.34 13x10° <1.0x10” <1.0x 107 <1.0x10*
Pungcheon , 123x10* 0.30 58x10° 0.1x10° <1.0x107 <1.0x10*
Hwabong ” 653%10™ 0.38 145%10° 0.1x10° <1.0x 107 <1.0x10*
Samgag Forest 1322x10* 0.35 40.8x10° 04x10° <1.0x107 <1.0x10*
kel E9 Ege] E=ATS & F 22911:} Tk 1 2A B AEEE FH4E F oy A8 i
kPaol Al E2] o]E& AZEA 408X10° cm - sec’ o wiZfEs7r 2os EYTE o S 2= ALto]
'2 ool® &£t /b o I HE o4 s g AfT AAIELNE 76t 2 3 Rosetta X271
I, AR Fo] wE £X2 olFItdTh sHdE ey PBe Id wiNESFE FHNFE Ao A=
MAE 2 £JEL2 1 kPadlA]e ol &L} ol E"kf&&‘ Y= AE5E NZE YEAEE &85}
=Y E¢fe g AgEHH LB, A HE S Rosetta®] YEHARER
*}% sl wiZiHTE FA S A3 1500kPacl A o] E &
VGM 8o o3t 23 se|dz: FH VGM FE FFS el 2 8455 o] BEUE
RYE BEYo B¥IFIAEEE FAsI= 1HEH FHEE g5 34%oAREYH 3 72% 7}A
WO 2, 2 (6)F Zo] EYFEY A4 X3t o] FEXE HAFY o, X3 ESFE FFU bs
Table 3. VGM(van Genuchten Mualem) parameters by Rosetta.
Soil Series 6_r s a n Ko L m=1-1/n
-1 -1
(em’ - cm’ ) (em’ - cm’) em’ cm - sec”
Gacheon 0.0472 0.3898 0.0171 1.4328 0.9%10* 0.6324 0.3020891
Gocheon 0.0500 0.3914 0.0155 1.4418 0.8x10* 0.5696 0.3064145
Namgye 0.0395 0.3863 0.0359 1.4342 26x10* -1.1018 0.3027316
Chilgog 0.0459 0.3875 0.0230 1.4041 13%10* -0.9120 0.2878032
Haggog 0.0352 0.3895 0.0379 1.4451 30x10* -1.0589 0.3080097
Hoigog 0.0723 0.4163 0.0130 1.4279 0.5%10* 0.6051 0.2996744
Baegsan 0.0503 0.3901 0.0182 14213 0.9%10* 0.7366 0.2964418
Sangju 0.0454 0.3813 0.0367 1.5631 27x10* -1.0084 0.3602652
Seogcheon 0.0673 0.4370 0.0047 1.6626 02x10* 0.3642 0.3985493
Suam 0.0362 0.3886 0.0416 1.5230 36x10* -1.0061 0.3434013
Anryong 0.0340 0.3906 0.0385 1.4474 31x10* -1.0486 0.3091242
Yesan 0.0528 0.3929 0.0146 1.4461 0.7x10* 0.5466 0.3084876
Ugog 0.0558 0.3999 0.0089 1.5198 04x10* 0.1032 0.3420392
Jigog 0.0405 0.3850 0.0398 1.5635 33x10* -0.9903 0.3604125
Pungcheon 0.0484 0.3940 0.0109 14925 05%10* 0.2082 0.3299611
Hwabong 0.0457 0.3811 0.0371 1.8634 32x10* -0.8685 0.463339
Samgag 0.0445 0.3833 0.0350 1.4338 23x10* -1.1481 0.302571
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Table 4. Unsaturated hydraulic conductivity estimated with
810kea by VG & PTF applied to VGM.

Soil Series PTE' vgt
———————————— LR R —

Gacheon 0.86 % 10° 0.13%x10°
Gocheon 0.89x10° 0.14%10°
Namgye 1.93%10° 0.10x10°
Chilgog 0.66 % 10° 0.10x10°
Haggog 0.66 % 10° 0.10x10°
Hoigog 0.58x10° 0.12x10°
Baegsan 1.03x10° 0.12x10°
Sangju 0.37x10° 0.12x10°
Seogcheon - 0.35x10°
Suam 141x10° 0.10x10°
Anryong 1.55%10° 0.10x10°
Yesan 023%10° 0.14%10°
Ugog 1.31x10° 021%10°
Jigog . 0.10x10°
Pungcheon - 0.19x10°
Hwabong 0.99%10° 0.13%x10°
Samgag - 0.10x 107
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Table 5. Comparison of unsaturated hydraulic conductivity by Gardner & VGM model.

. . Gravel 1 kPa . 3 kPa . 10 kParl
Soil Series Land Use %) (cm - sec™) (cm - sec™) (cm - sec’)
Gardner VGM Gardner VGM Gardner VGM

Gacheon Paddy Land 0.5 0.7x10° 27x10° <1.0x107 1.0x10° <1.0x107 1.3x10°
Gocheon ” 0.7 20x10° 25%10° <1.0x107 09x10° <1.0x107 14x10°
Namgye ’ 0 47%10° 43x10° 32x10° 1.0x10° <1.0x107 0.9x10°
Chilgog ’ 0 1.8x10° 29%10° 0.1x10° 0.8x10° <1.0x107 1.0x10°
Haggog " 0 13.9%10° 50x10° 10.5%10° 1.1x10° <1.0x107 1.0x10°
Hoigog ’ 39 6.8x10° 1.6x10° 04x10° 0.7x10° <1.0x107 12x10°
Baegsan Upland 6.4 11.9%10° 25%10° 60x10° 09x10° <1.0x107 12x10°
Sangju " 50 10.7x10° 64x10° 37x10° 14x10° <1.0x107 12x10°
Seogcheon ’ 0 1.0x10° 14x10° 0.7x10° 09x10° <1.0x107 3.5%x10°
Suam ’ 225 1.1x10° 6.8x10° <1.0x107 14x10° <1.0x107 1.0x10°
Anryong " 82 3.9%10° 51x10° <1.0x107 1.1x10° <1.0x107 1.0x10°
Yesan " 15 157%10° 23%10° 20x10° 09x10° <1.0x107 14x10°
Ugog ’ 0 0.8x10° 1.9%10° <1.0x107 1.0x10° <1.0x107 21x10°
Jigog ’ 0 1.3x10° 22x10° <1.0x107 1.5x10° <1.0x107 0.9x10°
Pungcheon ” 225 58%10° 23%10° 0.1x10° 1.1x10° <1.0x107 1.9%10°
Hwabong " 22.8 14.5x%10° 2.1x10° 0.1x10° 26%10° <1.0x107 1.3x10°
Samgag Forest 114 40.8 x10° 40x10° 04x10° 1.0x10° <1.0x107 0.9x10°
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Fig. 4. Comparison of unsaturated hydraulic conductivity by Gardner & VGM at 1 kPa.
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