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Modeling groundwater contaminant transport in the presence of
large heterogeneity: A case study comparing MT3D and RWhet

Zhilin Guol”, Graham E. Fogg?l, Mark L. Brusseau?, Eric M. LaBollel, Jose Lopez!
ILand, Air, and Water Resources, University of California, Davis, 1 Shields Ave, Davis, CA, 95616

2Soil, Water and Environmental Science Department, University of Arizona, 429 Shantz Bldg.,
Tucson, AZ 85721

Abstract

A case study is presented that implements two numerical models for simulating a 30-year PAT
operation conducted at a large contaminated site for which high-resolution data sets are available.
A Markov chain based stochastic method is used to conditionally generate the realizations with
random distribution of heterogeneity for the Tucson International Airport Area (TIAA) federal
Superfund site. The fields were conditioned to data collected for 245 boreholes drilled at the site.
Both MT3DMS and the advanced random walk particle method (RWhet) were used to simulate
the PAT-based mass removal process. The results show that both MT3DMS and RWhet represent
the measured data reasonably, with Root Mean Square Error (RMSE) less than 0.03. The use of
fine grids and the total-variation-diminishing method (TVD) limited the effects of numerical
dispersion for MT3DMS. However, the effects of numerical dispersion were observed when
compared to the simulations produced with RwWhet using a larger number of particles, which
provided more accurate results with RMSE diminishing from 0.027 to 0.024 to 0.020 for
simulations with 1, 20, and 50 particles. The computational time increased with more particles
used in the model, but was still much less than the time required for MT3DMS, which is an
advantage of RWhet. By showing the results using both methods, this study provides guidance for
simulating long-term PAT systems. This work will lead to improve understanding of contaminant
transport and plume persistence, and in turn will enhance site characterization and site
management for contaminated sites with large plumes.

Keywords
Pump and treat; Mass transfer; Heterogeneity; Geostatistics

Introduction

Groundwater resources contaminated by a variety of organic and inorganic contaminants
used in industrial, commercial, agriculture, and other applications continue to pose
significant threats to human health and the environment. Examples of compounds of concern
include chlorinated solvents (e.g., trichloroethene, tetrachloroethene, carbon tetrachloride),

"Corresponding author: Department of Land, Air, and Water Resources, University of California, Davis, CA 95616, United States.
zlguo@ucdavis.edu (Zhilin Guo).



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guo et al.

Page 2

1,4-dioxane, methyl tertiary-butyl ether (MTBE), and perchlorate. The transport processes of
these contaminants are highly impacted by the heterogeneity and anisotropy of alluvial
subsurface environments (e.g., Fogg 1998; Liu and Ball 2002; Chapman and Parker 2005;
Brusseau et al. 2007, 2011; Parker et al. 2008; Bianchi et al. 2011; Seyedabbasi et al. 2012;
Dearden et al. 2013; Brusseau and Guo 2014; Matthieu et al. 2014; Guo and Brusseau

2017). Extensive dissolved-phase plumes typically form at sites contaminated by these
contaminants, which has been reported in many previous studies (e.g., Tompson et al. 1998;
Lien and Wilkin 2005; Parker et al. 2008; Brusseau et al. 2011; Bichet et al. 2016; Robertson
et al. 2016). These large plumes are very expensive to contain or completely cleanup, and
pose difficulties for site management and closure.

The heterogeneity of the subsurface is a primary factor responsible for hampering
groundwater remediation. The interconnected high-permeability network can impact
groundwater flow patterns and provide preferential pathways for a relatively rapid migration
of contaminants (Silliman and Wright 1988; Desbarats 1990; Desbarats and Srivastava 1991;
Moreno and Tsang 1994; Lee et al. 2000; LaBolle and Fogg 2001). The low-permeability
zones tend to retard contaminant transport and temporarily store the mass due to minimum
flow through these zones. Contaminant diffusion to or from fine-grained materials provides
a sink or source, which poses challenges to contaminant remediation (Askari et al. 1996;
Grathwohl 1998; Fogg et al. 2000; LaBolle and Fogg 2001; Brusseau et al. 2007 and 2011;
Seyedabbasi et al. 2012; Brusseau and Guo 2014; Matthieu et al. 2014). Therefore, a
groundwater model that represents highly heterogeneous geologic and hydrogeologic
systems is needed for reliable characterization and prediction of the groundwater flow and
quality response to the remediation. However, detailed information to describe heterogeneity
and anisotropy for a regional scale field is difficult and costly to obtain due to spatial
variability of the subsurface and the relative scarcity of data on media properties.

Geostatistical and stochastic methods have been developed using geostatistical parameters
deduced from available data, which are collected from borehole logs, pumping tests, and
other means, to delineate the spatial distribution of hydraulic conductivity that can be
incorporated into flow and transport. Gaussian random field models that are based on the
mean, variance, and correlation scale of the hydraulic conductivity have been commonly
used and yield reasonable representations (e.g., Dagan 1989; Gelhar 1993; Zhang 2002).
However, as geological and geophysical data of continuous nature may not conform to
Gaussian models (Journel 1983), more geologically-based models (e.g., indicator methods)
have been developed. These geostochastic approaches closely tie to geologic processes and
the sedimentary architecture (e.g. Journel and Gomez-Hernandez 1993; Webb and Anderson
1996; Fogg et al. 1998; Fogg et al. 2000). Carle and Fogg and colleagues (Carle, 1996; Carle
and Fogg, 1996, 1997; Carle et al., 1998) developed the transition probability Markov chain
approach, which incorporates the indicator geostatistical method with the available site
information relating to textural and depositional facies, to characterize and simulate the
heterogeneity. In addition to accurate characterization of the aquifer heterogeneity, it is also
critical to accurately simulate contaminant migration including the mass transfer into and
out the fine materials that are dominated by diffusion. Labolle and Fogg (2001)
demonstrated the important role of diffusion on low permeability zones and the impact on
pump and treat (PAT) at alluvial sites.

Hyadrogeol J. Author manuscript; available in PMC 2020 June 01.
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Significant complexity is involved in simulating spatial hydraulic conductivity variability at
large scales, especially when coupled with diffusive mass transfer processes in
heterogeneous media. This, along with the cost of requisite field sampling, limits our ability
to conduct high-resolution simulations for large-scale, long-term pump and treat (PAT)
systems. However, such simulations can be implemented when appropriate resources are
available (e.g., Zhang and Brusseau, 1999; LaBolle and Fogg 2001; Guo and Brusseau
2017).

MT3DMS (Zheng and Wang 1999) has been commonly used to solve solute transport for
field-scale problems. In addition, the total-variation-diminishing method (TVD) has been
used as the solver to minimize numerical dispersion and eliminate spurious oscillations
while preserving sharp concentration fronts (Zheng and Bennet 2002). However, TVD
schemes are not as effective compared with the random walk method (Labolle 2006), which
can eliminate numerical dispersion. However, because of the numbers of particles needed to
represent contaminants and the time step to solve the problem, the random walk method
generally has larger memory requirements.

The objective of this work is to employ a geostochastic approach coupled with diffusive
mass-transfer representation to simulate PAT operations for a heterogeneous field site for
which high-resolution data sets are available. Both the MT3DMS and random walk methods
are used to simulate transport. The differences between the results obtained from the two
methods are compared and discussed.

Methods

2.1 Site description

The selected site is part of the Tucson International Airport Area (TIAA) federal Superfund
site in southern Arizona. The site corresponds to a facility that was used in the past to clean
and service aircraft. Vapor degreasers, decarbonizers, and parts-cleaning tanks were located
in several small buildings at the site. During the 1940’s to mid-1970’s, unlined pits and other
features were used for the disposal of organic solvents, and contaminants entered the
subsurface by seepage. In responsible to the detection of trichloroethene (TCE) in
groundwater, the TIAA site was placed on the National Priorities List in 1983. A large,
multiple-source plume of TCE exists in the upper portion of the regional aquifer.
Administratively, the TIAA site is separated into three major zones, the North, Central, and
South sections. The current study site is located within the south section of the complex.

The groundwater plume at the study site is approximately 5.5 km long and 1.0 km wide (Fig.
1) that resides in a shallow saturated zone (Brusseau et al. 2013). Aqueous concentrations of
TCE as high as thousands of ug/L have been reported for groundwater sampled from
monitoring wells. The PAT system was initiated in 1987 with 24 extraction wells, 20
injection wells, ~50 monitoring wells, and a groundwater treatment facility (URS 2016). The
system remains operational as of December 2018. Over 13000 kg of Volatile organic
compounds (VOCs) have been removed and the concentration of TCE has been reduced to
~25 ug/L from 350 ug/L, which however is still higher than the Maximum Contaminant
Level of 5 ug/L.

Hyadrogeol J. Author manuscript; available in PMC 2020 June 01.
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The plume is located within alluvial sediments along the western edge of the Tucson Basin
(URS 2016). Multiple hydrogeologic units are defined at the site, the unsaturated zone, 0 to
~40 meters below ground surface (m bgs); a laterally discontinuous surficial aquifer located
above a discontinuous laterally extensive clay or sandy clay unit; the upper zone (UZ) of the
Upper regional aquifer, 40 to 50 m bgs; a confining unit, 50 to 60 m bgs; the lower zone
(LZ) of the Upper regional aquifer, 60 to 70 m bgs; a confining unit 70 to 90 m bgs; and the
Lower regional aquifer, 90 m bgs to an unknown depth (Hargis and Montgomery, Inc. 1982).
The potentiometric surface of the shallow groundwater zone is 28~29 m below land surface
(bls). The TCE contaminants reside primarily in the UZ, which consists of clay and silty
clay units, sand, and/or gravel units. A discontinuous laterally extensive clay or sandy clay
unit in the unsaturated zone overlies the upper aquifer, and it serves as a confining layer
where it is present. The lower aquifer consists of clayey sand and sandy clay with sand and
gravel lenses. Ground water is under confined conditions in the lower aquifer. Potentiometric
head in the lower aquifer is 18 to 37 m lower than in the upper aquifer (Mock et al. 1985).

Based on pumping tests, hydraulic conductivities ranging from 4 x 107> to 3 x 10~ m/s
were measured for the gravel sub-unit, and values from 1 x 1076 to 5 x 1076 m/s were
measured for the primary clay unit above the gravel sub-unit. Natural groundwater flow is
from southeast to northwest with natural hydraulic gradients for the gravel sub-unit ranging
historically between 5 x 1073 and 1 x 1072,

2.2 Simulation of geologic heterogeneity

The FORTRAN program T-PROGS, which is based on transition probability—Markov chain
random-field approach described by Carle and Fogg (1996), Carle (1997), and Carle and
Fogg (1997), was used in this study to generate the heterogeneous domain. Transition
probabilities are determined and used to conditionally simulate realizations of
hydrostratigraphy for each depositional direction (strike, dip and vertical) and then generate
a three-dimensional (3D) realizations of random fields using the Markov chain model [Carle
and Fogg 1997; Carle 1996; Carle et al. 1998]. The transition probability, which reflects the
spatial continuity and juxtapositional tendencies of the facies, is defined as a probability
given that a facie jis present at a location x, another facies k occurs at location x+h:

[jk(h(/)) = Pr{k occurs at X+ h(/)|j occurs at X} (1)

where is x is a spatial location, hy is the lag (separation vector) between two spatial locations
in the ¢ direction, and j, K denote mutually exclusive categories such as geologic units or
facies. The Markov chain model is then used to fit the measured transition probability values
and conditionally generate realizations with stochastic distributions of hydrofacies. The
hydrofacies categories are identified by interpretation of well logs collected from a field.

In this study, 245 geological borehole logs collected from the site [Zhang and Brusseau
1998] were interpreted and categorized into four hydrofacies, clay, silty sand, sand, and
gravel, with the proportion of 42.4%, 17.7%, 19.6%, and 20.3% for each category. Vertical
lengths were determined directly from the borehole logs whereas strike and dip lengths were
estimated through geologic interpretation, which are summarized in Table 1 [Carle and Fogg

Hyadrogeol J. Author manuscript; available in PMC 2020 June 01.
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1997; Carle et al. 1998]. The clay facies were used as background and symmetrical
distribution of facies in lateral direction were assumed. The Markov chain model was then
developed by fitting to the measured transition probabilities between four hydrofacies
(Figure 2). A grid of 250 (strike) x 250 (dip) x 70 (vertical) nodes with 20.0 m x 20.0 m x
0.5 m spacing was used for the Markov chain model. The top of the generated domain
coincides with the water table at the site. An example of a realization of the K-field is shown
in Figure 3. The connectivity was calculated, which indicates the extensive interconnection
and full percolation in 3D for both gravel and sand.

2.2 Groundwater flow model

Groundwater flow was simulated using MODFLOW, a 3D numerical (finite-difference)
groundwater flow model [McDonald and Harbaugh 1988; Harbaugh et al. 2000]. The
aquifer domain was discretized with the same grid as the geostatistical model. General head
boundaries were used along the northwest and southeast corners of the domain, with a
natural gradient (0.007) inducing lateral groundwater flow from southeast to northwest and
no-flow boundaries were defined parallel to the direction of flow. The no-flow boundaries
were set far from the area of interest to minimize boundary effects.

Spatially variable hydraulic conductivities (K) and porosities are assigned to individual cells
according to the categories of hydrofacies for the corresponding cells from the geostatistical
realization (Table 1). K and porosities for each hydrofacies used in the model were
determined according to information generated from geologic borehole-logs, pumping tests,
and historic data collected for the Tucson International Airport Area Superfund site (Zhang
and Brusseau 1999). The simulations were conducted from 1987 to 2013, with a total
simulation time of 9855 days. A total of 27 stress periods and 324 time steps are used.
Samples of extracted water were collected and analyzed approximately once per month. The
pumping rates, recorded continuously and tabulated monthly throughout the course of
operation, for each well were used as input.

2.3 Solute transport model

The 3D solute transport in transient groundwater flow systems is described by the partial
differential equation in MT3DMS (Zheng and Wang 1999). A random-walk based method,
RWhet, was developed to solve transport problems without causing numerical dispersion
(Labolle 2006), which adds an additional term to manage the discontinuities of the standard
advection—dispersion equation and can be written as (LaBolle et al. 1996; Labolle 2006):

%[G(X, Hex, D] = — Z aixi[v,-(x, NO(x, Ne(x, )] + lzj: aixl O(x, )D; (X, 1) aca(;‘;t )

+ ) O e (X, D8 (X —X,) + DR, (2)
k n

~Sdd

where 6 (dimensionless) is the porosity of the subsurface medium; ¢ (M/L3) is the dissolved
concentration; X; j (L) is the distance along the respective Cartesian coordinate axis; D
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(L2/T) is the hydrodynamic dispersion coefficient tensor, v; (L/T) is the seepage or linear
pore water velocity; ¢, [M/L3] is the aqueous phase concentration in the flux Qy [L3/T] of
water at X, &is a Dirac function; Zrn(M/L3/T) is the chemical reaction term; sy, represents

the rate of loss or gain of aqueous mass to and from a second domain in a dual domain
(mobile-immobile) regime, such as would occur through matrix diffusion to and from the
matrix domain in a fracture-matrix regime. The concentration of an aqueous solute is
represented by a finite system of Ny, particles of mass mp(t) via (Tompson 1987; LaBolle et
al. 1996):

ROXCx. D= Y mpZ_,’(X—Xp(t))

3
pEV, ®
where R is the retardation factor; Xp(t) is the location of particle p at time t; ('is an
interpolation, or projection function (Bagtzoglou et al. 1992) to “smooth” the spatial
distribution of concentration.

The parameters used in the model were determined based on the data measured in lab
experiments for TCE or from site tests reported in Zhang and Brusseau, 1999. The aqueous
diffusion coefficient was 7.6 x 10~ m%/d and longitudinal, transverse and vertical
dispersivities of 5, 0.5, and 0.05 m were used, respectively. First order kinetics was used for
sorption of TCE, with a distribution coefficient of 0.04 cm3/g and mass transfer coefficient
of 15 d™1, based on measured data for sediments collected from the site (Zhang and
Brusseau 1999). The initial plume was determined according to the TCE distribution in 1987
prior to the commencement of PAT operations and assumed a uniform distribution in the
vertical direction, which is reasonable given that the contaminants have resided in the
aquifer for several decades.

The simulated composite flux-averaged TCE concentrations for all pumping wells were
computed and compared to the observed composite concentrations that were measured for
the influent to the treatment plant. No parameter fitting was conducted to match the observed
concentration data. The flux-averaged concentration for all extraction wells in the system is
defined as

I e N0
C@) = —Z ql-(t) (5)

where Cjis the vertically averaged TCE concentration for well 7, g;is the pumping rate for
well /.

3. Results

3.1 Time continuous concentration change

The simulated hydrographs were compared to the corresponding ones plotted using
measured data from monitor wells. By fitting the hydrographs, the hydraulic conductivity for
each hydrofacie was also calibrated. The K values used in the simulations are listed in Table
1 and selected hydrographs are presented in Figure 4. Acceptable matches between the

Hyadrogeol J. Author manuscript; available in PMC 2020 June 01.
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simulated heads and measured data are obtained for the first 14 years of data. Starting from
2000 (year 15), the measured groundwater levels have risen due to the combination of (a)
less use of the central Tucson well field as Tucson has switched to Central Arizona Project
water, and (b) the startup in 2000 of the Pima Mine Road recharge facility that is ~20 km
south of the TIAA site. In this study, we did not attempt to simulate the groundwater level
changes caused by these two projects because after 14 years of operation of PAT, it is
reasonable to assume that most mass left at the site resides in low permeability zones and
that the post-year 14 changes to flow did not impact mass removal significantly.

Time-continuous measured and simulated composite concentrations of TCE entering the
treatment plant are plotted in Figure 5. Both MT3DMS and RWhet provided reasonable
simulations of the measured data, with Root Mean Square Error (RMSE) less than 0.03 and
correlation coefficients higher than 0.9 (Table 2). Inspection of scatter plots show that the
simulated concentrations match relatively well with the measured values (Figure 6). It is
observed that the simulated concentrations for all cases exceed the measured values from
years 2 to 9. This is notable because the simulations do not include the presence of NAPL in
the source zones, which is known to be present. The larger simulated concentrations are a
result of the assumption of constant initial TCE concentration along the vertical dimension,
whereas field data indicate lower concentrations reside at greater depth.

It is notable that the results from RWhet with more particles (20 particles and 50 particles)
converge on a more accurate solution compared to the 1-particle simulation, with the RMSE
diminishing from 0.027 to 0.024 to 0.020 (Table 2). Differences are also observed in the
scatter plots in Figure 6. The results are reasonable as more particles provide higher
resolution output. In contrast, the MT3DMS simulation appears to be impacted to a degree
by numerical dispersion that resulted in the differences between MT3DMS and RWhet. As
observed from Figure 5, the peak concentration is lower with MT3DMS because of the more
dispersed solution. This also reflects on the spatial concentration distribution, shown in
Figure 7. It is apparent that the plume generated by MT3DMS (Fig. 7a) is more spread out
with lower concentration edges than the plume from RWhet. At the meantime, the plume
from MT3DMS has fewer regions with relatively high concentrations compared with the
plume from RWhet due to numerical dispersion. Observing the plumes generated by RWhet
with different particle resolutions, the plume generated using 1 particle per cell is noisier,
whereas the plumes generated with more particles are smoother and start to converge.

As discussed above, with more particles, RWhet can provide more accurate results by
eliminating the impact from numerical dispersion. This is an advantage of the RwWhet model,
in that resolution can be increased through the addition of more particles, subject of course
to computational constraints. In this study, the results obtained from MT3DMS are not
greatly different from the RWhet results largely due to the fine grid spaces and small time
steps used in the model. However, the degree to which a particular MT3DMS solution to a
complex problem is impacted by numerical dispersion cannot be quantified without RWHet
or a similar solution that eliminates numerical dispersion. Another critical factor to consider
when conducting numerical simulations is the computational cost. In this study, we used a
machine comprising two 2.40 GHz processors, 16 cores, and 32 GB memory. The
simulations required approximately 92 hours for MT3DMS; whereas the time cost for
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RWhet with 1 particle, 20 particles, and 50 partilces were 45 min, 17 hours, and 49 hours
respectively. This is another advantage of the Rwhet model.

3.2 Comparison with previous modeling study

Zhang and Brusseau (1999) simulated PAT operations at the same site, in which the domain
was divided into 3 layers unevenly in the vertical direction, with each layer varying from 4—
7 m in thickness. This upper section of the UZ represented in the simulations encompasses
the vast majority of the TCE contaminated portion of the aquifer. Scenarios were simulated
with and without the presence of solvent mass (NAPL) in the identified source zones for the
period 1987 to 1998. To produce a comparable simulation using the current modeling
approach, a simulation was conducted with a 20-m thick domain that covers the same range
of aquifer in the vertical direction as Zhang and Brusseau (1999).

The results of the additional simulation are presented in Figure 8. As expected, the elution
curve produced from the current model resides below the curve produced in the previous
study with the presence of NAPL, as the current model does not incorporate the presence of
NAPL. Comparison of the elution curves in Figures 5 and 8 shows that the concentrations
for the simulation with a 20-m thick domain are lower than those for the original (35-m thick
domain) simulations. These results highlight the impact of the additional solute mass present
in the thicker domain on the simulated elution curves.

The 20-m domain simulation exhibits higher concentrations and greater tailing after the
initial startup period compared to the elution curve produced in the prior study for the
simulation without NAPL. Both of these cases represent the impact of hydraulic-
conductivity heterogeneity and well-field hydraulics on contaminant removal. The disparity
between these two elution curves is partially due to the different initial mass inputs
employed, as the domain thickness in the prior model varied versus the uniform 20-m
thickness used in the current model. Another difference is the pumping setup in the two
models, wherein in the current study, the well screen depths were determined according to
the reported data, whereas in the prior model, pumping was assigned to all three vertical
layers. The third difference is the approach used to represent and generate the hydraulic
conductivity field. The approach used in the current study is anticipated to better
approximate the interconnected flow paths present in such a heterogeneous system, as
discussed previously. This higher resolution may result in the generation of greater
simulated preferential flow behavior, as well as more storage of mass in low permeability
zones. This, along with more input dissolved mass and increased resolution of the well-
screen locations, likely resulted in a higher-concentration and greater-tailing elution curve
compared to the prior study.

4, Summary

A case study was presented wherein two models were used to simulate PAT operations for a
heterogeneous alluvium contamination site, the Tucson International Airport Area (TIAA)
federal Superfund site, located in Tucson, AZ. A Markov chain based stochastic method was
used to conditionally generate hydraulic conductivity heterogeneity. Both MT3DMS and the
advanced random walk particle method (RWhet) were used to simulate the PAT system.

Hyadrogeol J. Author manuscript; available in PMC 2020 June 01.
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The simulated results are compared with long-term high-resolution field data. Simulations
conducted using both RWhet and MT3DMS fit the measured field data in an acceptable
error range with RMSE lower than 0.03. RWhet with more particles provides more accurate
results, with lower RMSE and higher correlation coefficient compared with MT3DMS by
eliminating impacts from numerical dispersion, which can also be observed from the plume
map. The ability to increase resolution with additional particles is an advantage of the
RWhet model. Even though the computational time for RWhet increased with more particles
used, it was still much lower than that required for MT3DMS, which is another significant
advantage.
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Figure 1.
Groundwater contaminant plume in 1987 before pumping was initiated. The locations of

extraction and injection wells for the PAT systems are presented.
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Figure 2.

Matrix of vertical (z)-direction transition probabilities showing core data measurements
(dots) and the Markov chain model (solid lines). The diagonal elements represent auto-
transition probabilities within a category, and the off-diagonal elements represent cross-
transition probabilities between categories.
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Figure 3.
A realization of the generated heterogeneous domain.
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Figure 4.
Hydrographs for two wells, E-07 (located downgradient section of the plume) and M-25

(located in the middle section of the plume).
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Time continuous TCE concentrations. The measured data were collected from the influent to
the treatment plant, thus representing a composite concentration for the entire PAT well
field. Simulated results from MT3DMS and RWhet are the composited flux-averaged
concentration calculated by the concentration data collected from each extraction well.
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Simulated concentrations from MT3DMS and RWhet versus the measured values.
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Figure 7.
The simulated TCE plume from (a) MT3DMS, (b) RWhet with 1 particle per cell, (c) RWhet

with 20 particles per cell, (d) RWhet with 50 particles per cell.
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Comparison of TCE elution curves simulated in this work (20 m simulation) with a previous
study conducted by Zhang and Brusseau, 1999.
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Table 1

Hydraulic conductivity, K, and porosity of the four hydrofacies for the heterogeneous simulations.

Hydrofacies K, m/d Porosity Direction and mean length

Strike(m) Dip(m) Vertical (m)

Coarse Grain 124 0.2 360 500 9.6
Sand 45 0.2 200 265 8.6
Silt 3 0.2 380 350 13.8
Clay 0.00013 0.3 880 700 16.9
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Table 2

RMSE and correlations between simulations and measured data.

RMSE Correlation

MT3D 0.027 0.926
RWhet (1particle) 0.027 0.925
RWhet (20particles)  0.024 0.930
RWhet (50particles)  0.020 0.932
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