183-7: Saturation-Dependent Hydraulic Conductivity Anisotropy in Unsaturated Soils

oL LT ey - 1 antina “Julian” Zhu?2 *
T iy Dongmin Sun', and Jianting “Julian” Zhu — 7‘

'University of Houston-Clear Lake, Environmental Science Program, Houston, Texas 77058 (sundon@uhcl.edu) Jesert esearch Institte
2Desert Research Institute, Division of Hydrologic Sciences, Las Vegas, Nevada 89119 (Jianting.Zhu@dri.edu)

Introduction van Genuchten Parameters vs. Texture and Bulk Density Parameter Distributions
»Large scale soils usually demonstrate different moisture
spreading and solute transport behavior at different water »* Based on results of van Genuchten hydraulic parameters in relation to texture (using mean grain »Joint probability density function for two uniformly distributed variables d_ and p, if they are independent, is
saturation (or tension), due to anisotropy. diameter as a surrogate) and bulk density as established by earlier neural network approach, we (
»While effects of saturation on soil anisotropy Iin unsaturated g:ﬁ;?elraailgiﬁzsll)ﬁ; (Zléilsailte I;Ydrauhc properties to two main indicators d,, the mean grain f ( J ): < ( 7 g )( B ) dmin S, Sd, 0 Prin S P S Pran
soils have been recognized for long time, they have not been s L dim 3 m mmax ~ Lnin A\Pimax ~ Prin ,
fully described conceptually. < for each van Genuchten parameter, p, we will establish a functional relationship p = f (d,, p), L 0 otherwise
_ L _ where d_ 1s the mean grain diameter and p the soil bulk density. _ o , , o _ . _ .

» Early models include quantifying saturation-dependent »Joint probability density function for two log-normally distributed variables dm and p, if they are independent, is
anisotropy of soil formations that consist of many thin layers <+ Relationship between van Genuchten hydraulic parameters and dm, p. Analysis indicates — -
each with its own hydraulic properties characterized by a uniform @ o) 1 1| (ind, ~(Ind,))" (Inp—(inp)) |
density distribution of saturated hydraulic conductivity or soil bulk log(n) is poorly correlated to either d, or p, f\d,.p . peXB ) 2 + 2

. Indm lnp m Indm Inp
density. Os decreases slightly with dm and p, and largely linearly correlated, - -
»Some other approaches have also been developed to study Or poorly correlated to either d,, or p.
soll anisotropy behavior in dealing with flow and transport . . .

. : . [ [ lated to p, and kly [ [ lated to d

problems in saturated and unsaturated soils, such a tensorial 08(a) 1s mostly correlated fo p, andis weakiy inearty correlated 10 Results

connectivity-tortuosity concept which assumed that only soil pore log(Ks) is poorly correlated to p, and is more correlated to d,
connectivity and/or tortuosity and saturated hydraulic (1) Ks ~dm, a ~ dm

conductivity are anisotropic. »These linear regression relationships are used to develop anisotropy models 1.E4 5 T E+06 T E-05 Case (1) Both K and a are related to the mean grain

diameter d_ through regression relationships.
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»We are interested in the anisotropy that mainly arises from a
combination of both wide range of soil texture variations and
within narrow range of texture units due to particle segregation
and compaction that typically affect porosity or bulk density.

mmax

“*From the above analysis, we will consider four scenarios: (1) K, ~d_,a~d_; (2) K, ~d, a~ p;
B)K,=<K>,a~d_,and (4) K, =<K>, a ~ p.
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=0.001(mm), d =5 (mm), and n = 1.59.
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»We developed a new approach to combine the neural network ]
analysis results with thin layer approach to explore saturation- Anisotr opy Model Development
dependent anisotropy behavior for a wide range of texture and
bulk density conditions.

Pressure Head {(cm)

Case (2) K, is related to the mean grain diameter dm,
and a 1s related to the bulk density, p, through

> We consider a soil consisting of a large number of thin, but distinguishable layers of 1.E+02 - _ | regression relationships.

different texture (as indicated by mean grain diameter) and the bulk density. 1.E+00 - - (a) d__. =0.0747 (mm),d__ =0.92487 (mm), p,_. =
| 1.28 (g/em?), p,. = 1.59 (g/cm3), and n = 1.59.

| I (b)d. .., =0.0747 (mm), d__... =0.92487 (mm), p, ... =
1.E-10 | 1.0 (g/cm?), p,... = 2.0 (g/cm?), and n = 1.59.
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Ob jecti ve »Each layer is characterized by its own van Genuchten type hydraulic conductivity function
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“*To develop hydraulic conductivity models that quantify 1 E-10 | | 0.0 1 ooE01 | OOEL03 1 0OE+07
anisotropy of saturated and unsaturated soils composed of many K, (W) — ”K (Wa d,,p )f (d ms P )dd ndp (@) vEror B0 | 1E05  E07 (b) rossure Homd (om)
thin layers distinguished by both texture and bulk density of soil. e

o Case (3) K, is assumed to be constant equal to the

f d s p — , o ~ - N mean value, and a 1s related to the mean grain
K,(v)= ” Kw.d o) dd ndp diameter d_. d__. =0.0747 (mm),d__ = 0.92487
m? i 1.E+03 ' ' ' (mm), and n = 1.59.
| | | | | | 1.E+01
Hydraulic Conductivity Functions K () S 1o T eo . S— \\f
. . . h \W E— 1. E-03 - + 6.0 ..E.. 1.E-02 -+ —— Khlognormal
» Effective degree of saturation (S,) and the unsaturated hydraulic A(W) = ( = 1.E05 I N |
conductivity (K) are related to capillary pressure head (%) through the van K y \W) S 1Eo7 N\ g e / \ | Case (4) K, is assumed to be constant equal to the
Genuchten function 1.E-00 \\\ T 2.0 1.E-06 6.0 mean value, and a is related to p. p,,;, = 1.28 (g/cm?),
1.E-11 . . 0.0 ] . and p_.. = 1.59 (g/cm?), and n = 1.59.
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[1 T (a"G d ) ] K () 1s the hydraulic conductivity perpendicular to the layers
2 . . y g
mn n [ A the anisotropy factor Main Conclusions
Ksﬁ_ (avGW) [1+ (avGW) ] } (\V) B bY

I+ (@ow ) |"

where §, 1s the effective degree of saturation, K 1s the saturated hydraulic
conductivity, a and [ are related to pore-size distributions, m and n are “*When only one hydraulic parameter is related to the grain diameter or when both are not related to the grain diameter, the
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S, (w)=

K, (y) 1s the hydraulic conductivity parallel to layering

»two types of probability density functions of dm and p, uniform and log-normal distributions, are
considered to examine the effect of their distributions.

“*When both Ks and a are correlated to the grain diameter, the anisotropy factor exhibits a minimum in the middle range of
pressure head. In the middle range of saturation, the formation behaves similarly to isotropic case.

“*The anisotropy is stronger when hydraulic parameters are log-normally distributed than when they are uniformly distributed.




