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l. Abstract IV. Developing a method to calculate the rate of temporal change in water content V. Application to electrical conductivity field data

We propose to resolve lithologic variation in the vadose zone by examining A. Forward modeling of water content A. Field site and data
temporal changes in electrical conductivity *  We use HYDRUS-2D to solve Richards equation for time-varying water content distribution for various vadose . Electrical conductivity probe data p
Under certain assumptions, changes in electrical conductivity can directly indicate zone models . Collected at aquifer recharge and recovery project near Denver, CO Silt, clag};,aia;?d, few £
temporal chang.es In water content | o _ Modeling Parameters constant flux  Datarecorded at 24-minute intervals Clay layer

Use of the continuous wavelet transform (CWT) differentiation method on synthetic 200

e 40 different electrode configurations in Wenner and Dipole-Dipole

data shows that different lithologies have different rates of change in water content

Depth below ground (meters)

time: clays do not ch ignificantly, silts ch derately, and sand aeometry 5 > arrangements
over time: clays do not change significantly, silts change moderately, and sands o , S _ : : : oarse sand, some
° oy . &€ >16 Y, STES =hans 4 e We examine five 2D models generated by SGeMs (example right) =5 o > * Geoprobe cuttings provided (right) e
change significantly, particularly near the onset of infiltration ) . . 2w c
o . ey . . e Each model is composed of a homogeneous background with elliptical x
Application of the CWT differentiation method to electrical conductivity probe data _ , , 50 I 1 I
. . . anomalies randomly covering 30% of the domain ; 5 £ ; :
from a region of known lithology supports these observations . . . . : T _ oz ; ; B 08 i~ 1.4 W Water table
« Aimis to eliminate possible bias introduced by certain anomaly distributions 0 100 150 200 E ; ; z :
f a(cm_) E M 200  Level of pond water (far left) reveals when to expect

. .. : ree drainage 5" T g onsets of infiltration and drainage (vertical black

Background and motivation Soil type £ o - o° . ge |
. . ; o ; Soil Type Sand | Silt | Clay : - % o0s 5 §e2 dashed lines)
Obtaining estimates of hydraulic properties in the vadose zone is a challenge ; o 10032 0068 * Each lithology type has its own set of VGM parameters | B s i . Electrical conductivity of pond water does not change
> Laboratory experiments using core samples from the field are not typically r -] ’ ‘ ' (table left) D el Tt T T " o cantly over ime (near left)
representative of true field conditions 0 -] 0.430 | 0.460 | 0.380 * Four combinations of soil types used:

» Direct hydrologic field measurements are typically limited in spatial extent K [em/day| | 712.8 | 6.00 4.80 » Clay anomalies in a sand background B. Results
We use electrical conductivity data to examine these hydraulic properties (and a [1/cm] 0.145 | 0.016 | 0.008 > S?nd anom.alle.s In a clay backgrouna e We calculate the rate of change in electrical conductivity (and hence water content) over time at
hence lithologies) because they are: n |- 2.68 1.37 1.09 > Silt anomalies in a sand background depths corresponding to expected silt, clay, and sand using CWT differentiation
> Highly-correlated with soil water content (Carsel and Parrish, 1938) » Sand anomalies in a silt background
> Directly sensitive to field conditions * Aim is to eliminate possible bias introduced by certain Time derivative of

: : : : Electrical ductivit : s
> Measured over a large spatial extent and over a long period of time background lithology types ectrical conauctivity electrical conductivity . Time derivatves of electrical
i i i i Vi i Infiltration scenario | = o S o
In. p.artlc,:ular, we examine the .rate of. change in electrical conductivity over time to =0 5 : : | conductivity resemble those of water
distinguish between different lithologies nitial condit B 0.025| 5 ; ; content calculated in our synthetic
nitial conditions: z =z ! : *
. T cory 10% ? . —  e— A 8 . S : | onset of infiltration
(SEt to o water Infiltration 3 -0.005 . .
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A. Connecting lithology to temporal changes in water content saturation in sand) 5 0005 s I | The time derivat ¢ alectrical
* Richards equation (Richards, 1931) is the governing hydrological process model that ° S T © me .erlva ves o e.ec rica
: : ) time [days] time [days] conductivity in both clay and silt show
relates lithology to temporal changes in water content for unsaturated, non-steady . . . ] . . , , o
ctate fluid flow: B. Calculating the time derivative of a noisy signal relatively little variation
« Due to noise inherent in most geophysical data, we use the _ oo E oo * Silt shows S|l8ht|Y more variation than
00(h) _ 00 0h _ 0 K(h) oh L1+ 0 K(h)% continuous wavelet transform (CWT) to estimate time derivatives Example 5,002 5 T clay, most noticeably around the
ot Oh Ot 0z 0z ox ox (eg. Nie et al., 2002; Shao and Ma, 2003) 30 | - S oo £ s 5 5 onset of infiltration
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* Hydraulic properties K(h) and 6(h) are non-linear functions of matric head h, but » »(t) : mother wavelet a : dilation parameter - 0 5 time [days] time [days] conductivity displays the strongest
they can be parameterized by the van Genuchten-Mualem (VGM) model (Mualem, x : complex conjugate b : translation parameter . = oo peak at the onset of infiltration
1976; van Genuchten, 1980): E | oos D .015!
K(h) = K.S,.(h)/? [1 _ (1 _ Se(h)l/m)m} VGM parameters e If we take the wavelet to be the derivative of a smoothing function Numerical 2 ool z O | B.Ot_h %"t and clay are | ea5|l.y
0, [—] : saturated water content 6(t), we can show that: differentiation '8 ;ﬁoms Eﬁ | distinguishable from sand using this
where the effective saturation S, is given by: 0, |—| : residual water content ) d ) A S ool g 0005 method
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B. Connecting temporal changes in water content to temporal * The CWT differentiation method returns the derivative of a signal : VI. Conclusions
changes in electrical conductivit that has been smoothed by the smoothing function O(t 54521012345 o , , _ o
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e Water content is often related to electrical conductivity through Archie’s law : . . )
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