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1. INTRODUCTION
The solution of Richard's equation requires a prior knowledge of
soil moisture characteristics in the form of moisture-suction (6 -V )
and conductivity-suction ( k - ¢y ) relationships, and various models
are used to represent these relations. As the soil properties as well
as th 8-~k inter-relations vary considerably from soil to soil it is
necessary to identify proper models and estimate their parameters.
2. o - ¢ RELATIONSHIP
Moisture-suction data obtained from 24 Kanto~Loam soil samples
taken at depths ranging from 60-600 cms. were tested against four
models for their applicability. The parameters in each model were
computed by an optimisation technique based on sensitivity analysis.
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The model 1) was found to yield the best agreement with the
observed data as shown in the fig. 1.
3. k - y RELATION

Unlike theg -y data, k—y data cannot be easily obtained from the
laboratory sample tests. The experimental data appears to be
sensitive to the method employed and sampling. Therefore k-¥ relation
is decided beforehand and the saturated conductivity is identified by
optimising the parameter in a fully implicit one-dimensional numerical
model of Richard's equation by comparing with double-ring field
infiltration test data.
k- ¢ relationship is represented by the model k = kj sel

Uy
where Se = (9—%)/(66q9 tn = .015 w+3.0 and w =°j Y ¥ de 3 o = 15 atm.

For the estimation of ko ,let a be the infiltration computed by
the numerical model for one-dimensional Richard's equation at time t
for an arbitrary initial estimate of g} and Q be the observed
infiltration rate.

Infiltration rate @ = {k(dy/9z - 1 )}t = ¢(ko)
If kO+AkO is the true parameter value for é -=-20Q
- 3%
then Q = ¢(ko+Ako) = o(ko) + ako.Ako
Q - Q = se® {(3y/ 3z) - 1} .ok, ... (D)

This eqation can be written for many data points so that a matrix
equation results, which can be solved by regression techniques for Al%.
Taking the new parameter asks+ Ak the iteration procedure is continuéd
until Ak becomes negligibly small.

The dlgorithm was validated by a numerical example shownin fig. 2.
By taking simulated results for H)= .001 as observed data k was
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computed with initial estimates of k _= .0l and k = .000l. The computed
k value converged to the true value within four iteration in each
case.

Field infiltration data were obtained using double ring
infiltrometer with inner cylinder diameter 10 cms. and outer cylinder
diameter 50 cms. Saturated hydraulic conductivity was computed using
the above method and an example of the results is shown in fig 3 .

4. RESULTS AND DISCUSSION

Model 1) was identified to as the best fit model for the moisture-
suction relationship for the Kanto~Loam soil. The parameters involved
could be easily computed by the optimization technique using about 10
data points. The saturated hydraulic conductivity can be estimated by
analysing the double-ring infiltration test data using a numerical
model. The method described is stable and converges rapidly to the
optvimum parameter value. Field variability of k can be identified by
performing several tests scattered over the area.’

The parameter n in the k - 3 relation too can be identified by the
same manner, or else the method can be extended to identify parameters
if adifferent model is selected for the representation of k - ¢ curve.
In that case equation (1) becomes

Q - Q = %%,Ap_ i=1,m; Pi=ith parameter;
i m =number of parameters
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BQ/BPi terms can be computed by differentiating Q =°f 22 4z - Kk

at zn
to give
3Q zn 13 ak 3y 36
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The sensitivity coefficients & can be computed by differentiating
the governing equation with respect to each parameter and solving
together with the governing equation.

Sensitivity equations take the form c(w)ié = i—{-iE(-iﬂ - 1) + k 35}
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Fig. 2. Validation of Fig.3 Computation of k from
Optimisation Algorithm. Field data.
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