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UNCERTAIN FACTORS IN NUMERICAL MODELS OF
FREE GROUNDWATER FLOW AND THEIR
PROPAGATION IN TIME-SPACE

By Shuichi IxeBucHI and Takekazu MORIOKA

~ Synopsis

There are many studies to estimate parameters in numerical models of groundwater flow.
However, before paramefer estimation, numerical analysis of uncertainty propagation of
parameters is required in order to know which parameter to estimate, and how to estimate
it,

In this paper, an approximate solution to the distribution of dependent random variables
is applied to numerical models of groundwater. First-order second-moment method of
multidimensional Tayor-series expansion, that is, is presented in matrix form for such analysis
so as to calculate the mean and the covariance of predicted groundwater heads due to many
uncertainty parameters.

This algorithm is applied to an assumed groundwater basin and its results are presented
in graphic formula, and are compared with those calculated by Monte Carlo simulation.
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Fig.1 Sketch of study field and its land use.

Fig.2

Division of sphere.

Table 1 Mean data of area
Land use Hill Town Rice field
Effective porosity 0.1 0.1 0.1
Hydraulic
conductivity 5.0 3.0 3.0
(x10~%cm/sec)
1. 0 X [maxX
Recharge 101 2x 0.3 {(Recharge by rainfall),
g(mm /(‘iva ) (Recharge by rainfall) |(Recharge by rainfall) (Recharge by rice field)}
Y — (Recharge by pumping)]

Table 2 Data of recharge to groundwater by rice field and pumping

Recharge to groundwater,
by rice field (mm/day)

Recharge to groundwater
by pumping (mm/day)

Non irrigation

season, Time step 1-14

Irrigation season, Time step 15-60

0.7

2.5

0.0
0.04
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Fig.5 Data of flux at Neumann boundary (e) Recharge at rice field
and river level. Fig.4 Data of recharge to groundwater.
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Table 3 Random variations of each case

Case Random variation Case Random variation

Q COV of Q at all time at all nodes 79 Standard deviation of Z at node 10
1 are 0.3 is 1(m)

. . Standard deviation of R at all Diri-
Q2 COV of Q at node 10 at time 1is 0.3 R1 chret boundary are 0. 01 (m)

. All variables have COV or standard

Q3 OCOV of Q at node 10 at all time are Al deviation which are equal to those
. of each case 1

4 COV of Q at node 10 at all time are A2 COV of Q at all time at node 10 are

Q 0.1 : , 0.3 and COV of N at node 10 is 0, 2

F1 COV of F at all Neumann boundary A3 COVF of K at node 10 is 0.6 and
at all time are 0.6 COV of N at node 10 is 0.2

Almost same as case Al but standard
po | COV of F at Neumann boundary 8 A4 | deviation at node 10 at all time are
at time 1 is 0.6 0.5(cm)

F3 COV of F at Neumann boundary 8 A5 COV of Q at all time at node 10 are
" at all time are 0.6 0.3 and COV of K atnode 10is 0.6

F4 COV of F at Neumann boundary 8 H1 Standard deviation of HO at all nodes
at all time are 0.3 are 0.1(m)

K1 COV of K at all nodes are 0.6 H2 %a?sd%rdl (gsviation of HO at node

K2 COV of K at node 10 are 0.6 MQ Same as case Q2 but calculated by

Monte Carlo simulation

K3 COV of K at all nodes are 0.6 and MF Same as Case F2 but [calculated by
have covariance Monte Carlo simulation

Same as case K2 but calculated by
N1 COV of N at all nodes are 0.2 MK Monte Carlo simulation

Same as case N2 but calculated by
N2 COV of N at node 10 are 0.2 MN Monte Carlo simulation

71 Standard deviation of Z at all nodes MZ Same as case Z2 but calculated by
are 1(m) Monte Carlo simulation

Q: Groundwater recharge F: Flux at Neumann boundary K :Hydraulic conductivity
N : Effective porosity Z: Base height R :River level HO0: Initial head
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Fig.'ﬁ Spatial distribution and time variation of mean head and base height.
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Fig.7 Spatial distfibution.and time variation of standard deviation of head at case Q3.
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Fig.8 Spatial distribution and time variation of standard deviation of head case F1.
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Fig.9 Spatial distribution and time variation of standard deviation of head at case K1.
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Fig.10 Spatial distribution and time variation of standard deviation of head at case K2.
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Fig.11 Spatial distribution and time variation of standard deviation of head at case N2,
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Fig.12 Spatial distribution and time variation of standrard deviation of head at case Z2.
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Fig.14 Spatial distribution and time variation of standard deviation of head at case HI.
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