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Abstract 

The Remediation Decision Support (RDS) project, managed by the Pacific Northwest National 
Laboratory (PNNL) for the U.S. Department of Energy (DOE) and the CH2M HILL Plateau Remediation 
Company (CHPRC), has been compiling physical and hydraulic property data and parameters to support 
risk analyses and waste management decisions at Hanford.  In FY09 the RDS project developed a 
strategic plan for a physical and hydraulic property database.  This report documents prototype data 
models and dictionaries for these properties and associated parameters.
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1.1 

1.0 Introduction 

Physical and hydraulic property data are needed to support numerical modeling of contaminant 
transport and fate, risk analyses, and remediation decisions for waste sites at Hanford.  Physical property 
data of interest include bulk and particle densities and grain-size distributions.  Hydraulic property data 
include saturated hydraulic conductivity, and relative permeability-saturation-capillary pressure (k-S-p) 
relations.  The latter properties are needed for modeling flow in unsaturated or variably saturated porous 
media.  In Hanford’s central plateau, where most of the legacy waste sites are located, the unsaturated 
sediments are up to 100-m thick, so these sediments and their properties have a dominant influence on the 
transport and fate of contaminants that have been released into the subsurface.   

Physical property data are much less expensive to generate than are hydraulic property data.  Hence, 
grain-size distribution data have been generated for more than 40,000 sediment samples collected during 
well drilling operations at Hanford.  In contrast, direct measurements of unsaturated hydraulic properties 
on intact or repacked cores are available for just a few hundred samples.  High-resolution borehole 
geophysical logging has also been performed during drilling of most Hanford wells, using primarily total 
gamma (historical) or spectral gamma (recent), and neutron moisture logging tools.  Consequently, recent 
efforts have focused on using the more prevalent grain-size distribution data in conjunction with borehole 
geophysical logs to develop property transfer functions that relate the geophysical log data to grain-size 
distribution metrics, and then correlating the computed grain-size distribution metrics with other 
properties or parameters of interest including saturated hydraulic conductivity, porosity, water retention 
parameters, surface area, cation-exchange capacity, etc.  These efforts all require the availability of 
reliable, high-quality, and traceable datasets. 

The Remediation Decision Support (RDS) project, managed by Pacific Northwest National 
Laboratory (PNNL) for the U.S. Department of Energy (DOE) and the CH2M HILL Plateau Remediation 
Company (CHPRC), has been developing databases of physical and geochemical properties, and 
hydraulic and sorption parameters to support site assessments at Hanford (Last et al. 2009).  One of the 
goals of this project is to compile high-quality, traceable datasets and parameters that can be used by 
operable unit managers to support remedial decisions.  Efforts have also been initiated to transfer some of 
the datasets and parameters to CHPRC for inclusion in the Hanford Environmental Information System 
(HEIS) or equivalent databases.  Making these data and parameter estimates available to anyone with 
access to HEIS should allow for maximum beneficial use of this information. 

In FY09, the RDS project presented a long-term strategic plan for development and maintenance of a 
physical and hydraulic property database for Hanford sediments, and for making this database available to 
a larger group of potential users on the Hanford local area network (HLAN) via HEIS (Rockhold et al. 
2009).  Efforts to establish data traceability and to check quality, consistency, and parameter 
reproducibility for historical data sets prior to transferring data to HEIS were also described.  Two initial 
database schemas, or data models, were proposed - one for physical property data and one for hydraulic 
parameters.  The current report documents revisions to the two earlier data models and proposes two 
additional data models for 1) water retention data that are needed for reproducibility of some water 
retention parameter datasets, and 2) a master site and HEIS sample number identification table that links 
samples to their spatial coordinates.  Some version of the latter already exists within the current HEIS 
framework, but is included here for clarity.   



 

1.2 

This report is organized as follows.  Section 2 provides a brief review of the primary physical 
properties and hydraulic parameters that are of interest for transferring to HEIS.  Section 3 outlines the 
steps that will be needed to accomplish the transfer of physical property data and hydraulic parameters to 
HEIS, and presents the modified and newly proposed data models and data dictionaries.  Section 4 
reiterates a proposed long-term strategic plan for continued updating, improvement, and expansion of the 
physical and hydraulic property databases.  Sections 5 and 6 present conclusions and references, 
respectively.  Note that portions of this document are taken from Rockhold et al. (2009).   

Appendix A contains water retention data, parameters, and plots of fitted water retention functions for 
core samples from boreholes S-1, S-2, and S-3 at the Sisson and Lu field experimental site located in the 
Hanford 200 East Area.  Hydraulic parameters for these samples were reported previously by Schaap et 
al. (2003), but the water retention data for these samples were refit using different assumptions to initiate 
the development of a database of hydraulic parameters. These parameters are all generated in a consistent 
manner such that more meaningful statistical distributions of the parameters can be generated for Hanford 
Site-wide applications.  



 

2.1 

2.0 Physical Properties and Hydraulic Parameters 

The two primary types of information that are of interest to this task for transferring to HEIS are 
physical properties, including bulk and particle densities and grain-size distributions, and hydraulic 
parameters.  Reproducibility of hydraulic parameter datasets also requires that some water retention data 
be included, so a new schema for these data is proposed.  A master site table is also required to link 
sediment or core samples identified by their HEIS sample numbers (SAMP_NUM) with their spatial 
coordinates.  These database models and dictionaries are described in detail in Section 3.   

Additional properties and associated parameters of interest for modeling subsurface flow and reactive 
transport in Hanford sediments include geochemical properties (e.g. mineralogy, carbonate content, etc.), 
sorption or transport-related parameters (e.g. cation-exchange capacity, surface area, equilibrium sorption 
coefficients, etc.), and thermal and electrical properties (e.g. thermal conductivity, specific heat capacity, 
dielectric permittivity).  Separate RDS tasks are responsible for compiling these types of data and 
associated parameters and these efforts are reported elsewhere (Mackley et al. 2008; Cantrell et al. 2003).  

2.1 Physical Properties 

Physical properties of interest include bulk and particle densities and grain-size distributions. 
Densities are determined routinely by standard methods, so they will not be discussed further here. Grain-
size distribution data have started to be used more quantitatively to estimate other properties, so some 
further discussion on these data is warranted.  Figure 2.1 shows an example of grain size data for a 
sediment sample from Hanford’s 300 Area.  Although there can be exceptions, grain size data are 
typically limited to less than 30 data pairs, each representing the mass fraction of the sediment that is less 
than a given diameter.  These data can be interpolated, or continuous functions can be fit to the data as 
shown by the pink curve in Figure 2.1, to estimate various grain- or particle-size-distribution (PSD) 
metrics.  Since the number of size metrics that may be of interest could be close to or even exceed the 
number of actual grain-size distribution data points, it makes more sense to put the fractions passing the 
different sizes into HEIS rather than the size metrics.  This will allow for maximum flexibility in using 
the data.  

Grain-size distributions are fundamental properties of sediments that can be used to estimate many 
other hydraulic and transport- or sorption-related parameters (e.g. geometric surface area, cation-
exchange capacity, etc.).  The fitted function shown as the pink curve in Figure 2.1 and the various grain 
size distribution metrics that are reported in the figure were generated using Microsoft® Office Excel® 
2003 with its add-in solver package and custom-built Visual Basic for Applications (VBA) macros1.  This 
type of curve fitting and estimation of grain size distribution metrics can also be performed using 
specialized commercial software packages such as SoilVision®2, or other general purpose scientific 
software such as Matlab®3.  The types of grain-size distribution metrics shown in Figure 2.1 have proven 
to be useful for estimating both hydraulic and sorption parameters using empirical correlation functions 
(Oostrom et al. 2005, Ward et al. 2006, Williams et al. 2008).     

                                                      
1 Excel® is a product of Microsoft® Corp., Redmond, Washington, U.S.A. 
2 SoilVision® is a product of SoilVision® Systems, Ltd., Saskatoon, SK, Canada. 
3 Matlab® is a product of The Mathworks® Inc., Natick, Massachusetts, U.S.A. 



 

2.2 

Grain size data for Hanford IFRC core C6203, 40-41 ft bgs
wt %< size(μm) fraction< size(mm) size(phi) pred frac< resid^2 PSD metric value
1 100.00 ####### 1.00000 101.60000 -6.6668 0.99977 0.00000 d5(phi) 1.916
1 97.95 19000.00 0.97947 19.00000 -4.2479 0.97084 0.00007 d10(phi) 1.167
1 88.77 9500.00 0.88768 9.50000 -3.2479 0.89466 0.00005 d16(phi) 0.694
1 75.25 4750.00 0.75252 4.75000 -2.2479 0.74947 0.00001 d25(phi) 0.248
1 54.99 2000.00 0.54988 2.00000 -1.0000 0.55080 0.00000 d50(phi) -0.722
1 31.57 1000.00 0.31567 1.00000 0.0000 0.31471 0.00000 d60(phi) -1.311
1 9.02 425.00 0.09022 0.42500 1.2345 0.09369 0.00001 d75(phi) -2.251
1 4.70 250.00 0.04698 0.25000 2.0000 0.04644 0.00000 d84(phi) -2.826
1 2.19 106.00 0.02189 0.10600 3.2379 0.01727 0.00002 d90(phi) -3.296
1 1.67 75.00 0.01667 0.07500 3.7370 0.01210 0.00002 d95(phi) -3.864
1 1.20 53.00 0.01203 0.05300 4.2379 0.00865 0.00001 σ IG(phi) 1.756

### 0.01 0.05 0.00010 0.00005 14.2877 0.00010 0.00000 d5(mm) 0.265
d10(mm) 0.445
d16(mm) 0.618
d25(mm) 0.842
d50(mm) 1.650
d60(mm) 2.481
d75(mm) 4.761
d84(mm) 7.091
d90(mm) 9.819
d95(mm) 14.564

dgeom(mm) 1.866
σ geom(mm) 3.588

USDA texture
% gravel 44.92
% sand 54.26
% silt 0.75
% clay 0.07

Folk-Wentworth 
% gravel 44.92
% sand 54.07
% mud 1.01

(silt+clay)
Class: sG

ISSS texture
% gravel 44.92
% sand 54.71
% silt 0.30
% clay 0.07

weighted SSR = 0.00020 Porosity = 0.266
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Figure 2.1. Example of Grain-Size Distribution Data and Metrics for a Sediment Sample from the 
Hanford 300 Area 



 

2.3 

2.2 Hydraulic Parameters 

The governing equations for water or multi-fluid flow in variably saturated porous media require the 
use of constitutive functions that relate the relative permeability or unsaturated hydraulic conductivity to 
fluid saturations or water contents and pressures.  Although multi-fluid flow is of concern at Hanford 
(owing to the release of carbon tetrachloride and co-contaminants), our primary interest here is in water 
flow and associated solute transport.  Readers interested in constitutive relative permeability, saturation, 
and capillary pressure (k-S-p) relations for multi-fluid flow problems, and in particular carbon 
tetrachloride, are referred to Oostrom et al. (2006). 

Water retention characteristics represent the volumes of water held in the porous medium by capillary 
and adsorptive forces at given energy states or pressures.  The unsaturated hydraulic conductivity is the 
rate at which the porous medium will transmit water for a given saturation and hydraulic gradient.  The 
hydraulic properties of variably saturated porous media are hysteretic, or non-unique, and depend on the 
wetting and drying history.  Hysteresis in these properties is potentially important but is typically 
neglected because modeling hysteresis requires additional characterization data that are not typically 
available.  Modeling hysteresis also requires significantly more computational effort in subsurface flow 
and transport simulators.  

Various functions have been developed to represent water retention and unsaturated hydraulic 
conductivity relationships.  For example, the van Genuchten (1980) water retention function can be 
written as  

 ( ) ( )[ ] mn
e hhS

−
+= α1   (2.1) 

where:  

Se = effective saturation = 
rs

r

θθ
θθ
−
−

, 0 ≤ Se ≤ 1 

h = soil-moisture tension [L] 
θ = volumetric water content [-] 
α = curve-fitting parameter related to the air-entry pressure [L-1] 
n, m = curve-fitting parameters related to pore size distribution; the relationship m = 1-1/n is often 
assumed [-] 
θr = residual water content [-] 
θs = saturated water content [-]. 

The van Genuchten hydraulic conductivity relationship, based on the Mualem (1976) hydraulic 
conductivity model, can be written as 

 ( ) ( )[ ]2
111 mm
eese SSKSK −−= l  (2.2) 

 
where Ks is the saturated hydraulic conductivity and l is a pore-interaction term that is equal to 1/2 for the 
Mualem model with m =1 - 1/n.  The Brooks and Corey (1964) water retention relationship can be written 
as  
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Se(h) = 1 otherwise. 

where hb is the air-entry pressure and λ is a pore-size distribution index. The Brooks-Corey function can 
be combined with the Burdine (1953) or Mualem (1976) relative permeability model to yield 
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where l = 1/2 for the Mualem model and l = 1 for the Burdine model. 

The Campbell (1974) water retention function is written as  
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where b is also a pore-size distribution index. The corresponding hydraulic conductivity relationship for 
the Campbell (1974) model is 
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Note that all of the single-valued water retention and hydraulic conductivity relationships given above 
assume that hysteresis is not important. 

Using the so-called Mualem-based restriction, m = 1-1/n, the van Genuchten water retention function 
plots as an S-shaped curve that is symmetric in the dry and wet ends (van Genuchten, 1980).  If m and n 
are both allowed to be free parameters, such that m ≠ 1 – 1/n, the curve can be asymmetric and even 
mimic the shape of a Brooks-Corey or Campbell type water retention function that has a sharp air-entry 
pressure.  However, in this case the unsaturated hydraulic conductivity function becomes more 
complicated than that given by Eq. (2.2) and requires the use of complete and incomplete beta functions 
that have to be evaluated numerically. Some further discussion about alternative models developed to 
represent conditions ranging from fully water-saturated to air-dry is given in Section 3.0. 

For the Campbell and Brooks-Corey water retention models, the parameter λ=1/b, and the two 
models are equivalent when θr = 0.  In this case the Campbell hydraulic conductivity function is also 
equivalent to the combined Brooks-Corey and Burdine models, with l = 1.0.  Although the exponent 
l representing pore-interaction terms in Eq. (2.2) and (2.4) takes on certain values for specific models, it 
can also be treated as an unknown parameter to be estimated.  Data for estimating parameters such as l 
usually come from so-called multistep outflow experiments (Tuli et al. 2001).   
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Because of their additional parameters, the van Genuchten and Brooks-Corey models usually fit water 
retention data somewhat better than the Campbell model.  The Campbell functions are included here 
primarily because they are used in the RESRAD model (Yu et al. 1993) that is used for some risk 
assessments at Hanford and elsewhere.  The RESRAD manual contains a list of default values of the b 
parameter for different soil types.  These default parameters (from Clapp and Hornberger, 1978) are 
applicable to soil types that have much finer textures than are typical for Hanford sediments.  The default 
RESRAD b values are generally larger than what should be expected for most Hanford sediments.  

Meyer et al. (1997) derived an expression for b in terms of θs, θr, and λ, assuming that the Brooks-
Corey and Campbell models predict the same hydraulic conductivity for a given value of water content.  
The water content used is that corresponding to an effective saturation of 0.5.  This yields the following 
equation that can be solved for b 
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If Brooks-Corey model parameters are available but the water retention data are not, Eq. (2.7) can be 
used to estimate the b parameter.  Another alternative for estimating the Campbell b parameter that was 
used by Last et al. (2009) is to use van Genuchten or Brooks-Corey model parameters to generate discrete 
water retention data points and then to refit these generated values using the Campbell model. 

Figure 2.2 shows water retention data for a sample collected from the Sisson and Lu (1980) site in the 
200 East Area of the Hanford Site, generated from a multistep outflow experiment.  The methods used for 
measuring physical properties and estimating hydraulic parameter for samples from this site are described 
by Schaap et al. (2003).  The general procedures for performing multistep outflow experiments and for 
estimating hydraulic parameters using inverse modeling are described by Tuli et al. (2001).  The fits of 
various water retention functions to the data using different procedures are also shown. 

As discussed previously by Rockhold et al. (2009), Figure 2.2 illustrates some interesting points.  The 
porosity of each of the samples described by Schaap et al. (2003) was calculated in the conventional way 
from 

 
s

b

ρ
ρφ −=1  (2.8) 

where ρb and ρs are the measured bulk density and the assumed particle density (2.65 g cm-3), 
respectively.  The multistep outflow experiment that was performed on this sample started with an 
equivalent tension of 12.5 cm of water.  Given the relatively coarse nature of these sediments, this tension 
resulted in nearly 30% of the available water in the sample draining during the first pressure step.  For 
hydraulic parameter estimation, Schapp et al. (2003) report that the θs values were fit using an 
optimization procedure and the calculated values of porosity were simply used as upper bound constraints 
on the fitted values of θs.  Consequently, almost all of the fitted values of θs are significantly lower than 
the calculated values of porosity, as shown in Figure 2.2.  This result is in part a consequence of the first 
pressure step being too large relative to the texture of the porous media such that too much water drained 
from the sample leaving no data points to represent the wet end of the water retention curves.  
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Figure 2.2. Measured and Fitted Water Retention Characteristics for Sample S1-24 from the Sisson and 
Lu Site (data and inverse model fits from Schaap et al. 2003)  

The fitting approach used by Schaap et al. (2003) is problematic from the standpoint that in previous 
analyses of samples from other sites by other analysts, θs has been assumed to be equivalent to porosity 
and was treated as a fixed parameter rather than being fitted. When groups of parameters that have been 
estimated in different ways like this are combined to estimate statistical distributions, the apparent 
variability reflects a combination of real differences due to actual physical characteristics and their spatial 
variability, as well as apparent differences arising from inconsistencies in analysis procedures.  As clearly 
shown in Figure 2.2, measured or calculated values of porosity and fitted values of θs can be significantly 
different. 

Figure 2.3 shows the unsaturated hydraulic conductivity functions corresponding to the water 
retention functions shown in Figure 2.2.  Similar to their treatment of θs, Schaap et al. (2003) also fitted 
values of the apparent saturated hydraulic conductivities, that we will refer to as Ko, and used the 
measured values of Ks as upper bound constraints in the fitting process.   



 

2.7 

1.E-10

1.E-09

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

0 0.1 0.2 0.3 0.4
Volumetric water content [-]

H
yd

ra
ul

ic
 c

on
du

ct
iv

ity
 [c

m
/d

ay
] 

Measured data
Fitted parameters
Brooks-Corey / Burdine
van Genuchten / Mualem
Campbell
Brooks-Corey multistep
van Genuchten multistep

 

Figure 2.3. Unsaturated Hydraulic Conductivity Functions for Sample S1-24 from the Sisson and 
Lu Site (data and inverse model fits from Schaap et al. 2003) 

Consequently, the fitted values of Ko, that have been used as surrogates for the actual saturated hydraulic 
conductivity, are up to two orders of magnitude lower than the measured value of Ks for this particular 
sample.  A difference in the fitted Ko values also occurs due to the use of different hydraulic functions, 
but this difference is less than one order of magnitude. Similar to θs and porosity, when fitted values of Ko 
are mixed with measured values of Ks to generate parameter distributions, the apparent variability is not 
due solely to real differences in actual sediment properties, but is also due in part to inconsistencies in the 
analysis procedures. 

Similar effects can be seen in parameters reported by Khaleel et al. (2000; 2001; 2002), summarized 
in Last et al. (2009; Appendix A), in which measured values of unsaturated hydraulic conductivity were 
used as match points and apparent values of the saturated hydraulic conductivity were fitted rather than 
being fixed at their measured values.  In this case they assumed fixed values for the l parameter (which 
was implicit in their choice of hydraulic functions) and allowed Ko to be fitted in order to get their chosen 
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unsaturated hydraulic conductivity function to pass through the measured unsaturated K match points.  
However, if they had allowed values of l to be fit, they could have fixed Ks at the measured values and 
still had their functions pass through their match points. Their chosen fitting process resulted in fitted 
values of the saturated hydraulic conductivity of very dissimilar geologic units, such as the fine-grained 
and semi-consolidated Plio-Pleistocene silts and caliche units and the much coarser overlying Hanford 
Fm sand and gravel units, having fitted values of saturated hydraulic conductivity that are very similar 
(within a factor of 3) when they should actually differ by orders of magnitude, as evidenced by measured 
values of Ks.  These authors did not anticipate that their fitted parameters would be combined with other 
parameter sets to estimate statistical distributions, but this is in fact what has happened.  Issues like this 
are pervasive in the hydraulic parameter datasets that have been compiled for Hanford sediments.   

It should be noted that Schaap et al. (2003) argue that fitting θs and Ko, instead of using measured 
values of porosity and Ks, may be justified because of macropore flow.  Macropore flow is a preferential 
flow phenomenon that can occur at high liquid saturations when multiple pore domains are present in the 
porous media that have significantly different characteristic length scales.  In the field, features such as 
open fractures, worm holes, or animal burrows within a finer-grained and lower permeability matrix may 
preferentially conduct water during saturated conditions.  During unsaturated conditions, such features 
tend to drain rapidly and then become more-or-less inactive for aqueous-phase flow, with liquid water 
then flowing primarily through the finer-grained matrix.  In a laboratory setting, preferential flow may 
occur along the walls of a flow cell or column when the porous media is saturated, owing to the slightly 
increased porosity and permeability along the walls that result from the discontinuity at the edge of the 
porous media.  Macropore flow may be significant in some cases, but only two of the samples evaluated 
by Schaap et al. (2003) show compelling evidence for this (see later discussion and Appendix A). It 
should also be noted that fitting θs and Ko instead of using measured or calculated values of porosity and 
Ks generally results in improved fits to data from multistep outflow experiments, owing to the two 
additional degrees of freedom. 

Counter arguments to fitting values of θs and Ko are that 1) macropore flow effects may or may not be 
significant, depending on the porous media and on the core sampling method and/or sediment repacking 
process, 2) if macropore flow does appear to be significant, then it should perhaps be explicitly 
considered by using dual-porosity and dual-permeability models, 3) fitting the θs and Ko parameters 
generally requires data from multistep outflow experiments that are typically less prevalent and that may 
be more expensive to generate and analyze, 4) most of the historical data for unsaturated hydraulic 
properties at Hanford consist of static water retention measurements obtained using hanging water 
column and pressure-plate methods, bulk and particle density measurements that are used to calculate 
porosity, and calculated Ks values determined using classical methods (e.g. falling head and constant 
head), and these data are not amenable to fitting separate values of θs and Ko, and, 5) as noted previously, 
when fitted values of θs and Ko are combined with measured or calculated values of porosity and Ks to 
generate statistical distributions, the resulting statistics reflect both real variability resulting from natural 
heterogeneity, and variability resulting from inconsistent analysis procedures.   

We have initiated a reanalysis of selected Hanford sediment physical and hydraulic property datasets 
to develop a more consistent and hopefully more reliable set of parameters and parameter distributions 
that are applicable to Hanford site-wide applications, and that can be transferred to HEIS for general use.   
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The initial dataset selected for this reanalysis is from Schaap et al. (2003), representing 60 core samples 
collected from three boreholes (referred to as S-1, S-2, and S-3) at the Sisson and Lu (1980) site, located 
in the 200 East Area of the Hanford Site.  The drilling of these boreholes and core sampling is described 
by Last and Caldwell (2001).  Measurements of physical properties, including bulk density and grain size 
distributions, and previous estimates of hydraulic parameters are described in detail by Schaap et al. 
(2003).  

The Brooks and Corey (1964), Campbell (1974), and van Genuchten (1980) models were fit to the 
data for each sample from this site, assuming θs is equal to porosity.  In our opinion, this is the best and 
most consistent approach for estimating water retention parameters from laboratory measurements on 
sediment samples that have been completely saturated and then subjected to drying.  For the van 
Genuchten model, the Mualem-based restriction (m=1-1/n) was used to avoid the later use of complete 
and incomplete beta functions for numerical evaluation of the unsaturated hydraulic conductivity 
function.  Measured values of Ks are assumed to represent the saturated hydraulic conductivity rather than 
fitted values of Ko.  

Water retention data, hydraulic parameters, and plots of refitted water retention functions are given on 
Appendix A.  In general, all model fits are very good.  The van Genuchten (1980) model fits the data for 
most of the samples somewhat better than either the Brooks-Corey (1964) or Campbell (1974) models.  
The Brooks-Corey model generally fits the data better than the Campbell model, owing to one additional 
degree of freedom. The sum-of-squared residual values for observed and fitted results are reported in the 
figures shown in Appendix A.  Only two of the samples (S-1/42D and S-2/24B) have water retention 
characteristics at high water contents that could arguably be interpreted as evidence for macropore flow.  
Several other samples (e.g. S-1/38C, S-2/13C, and S-3/10B) have water retention characteristics at low 
water contents that indicate using independent values of n and m in the van Genuchten model could lead 
to improved fits.  Otherwise, the fits of these models with the constraints and assumptions that were used 
are considered to be very good overall.  Electronic copies of these data and parameters will be delivered 
to the HTAG lead and EDM at CHPRC in FY11. 

Additional datasets will be reanalyzed, and data will be refit where appropriate, to ensure that 
parameter estimation is performed in a consistent manner.  The various hydraulic parameter datasets that 
have been evaluated and reanalyzed will then be transmitted to CHPRC in batches for inclusion in HEIS 
in FY11.  Prototype data models and data dictionaries for physical and hydraulic properties and 
parameters are described in the following section. 
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3.0 Prototype Data Models and Data Dictionaries 

HEIS-Geo is a new instance of HEIS that is under development to better accommodate borehole 
geologic data.  The data fields for physical and hydraulic properties and parameters that we suggest be 
added initially to HEIS-Geo are listed in Tables 3.1 - 3.4.  

Table 3.1 contains suggested data fields for a Master Site and HEIS Sample Number Table.  Some 
version of this already exists within the HEIS framework, but is included here for completeness.  This 
table simply links the HEIS sample numbers, SAMP_NUM, to the spatial coordinates of the locations 
where the samples were collected.  The SAMP_NUM is a unique alpha-numeric character string. 

Table 3.2 contains suggested data fields for Physical Properties and Hydraulic Parameters.  The 
physical properties in this table are currently limited to bulk and particle densities, and porosity.  Bulk and 
particle densities are typically used to calculate porosity.  Suggested data fields also include 
Grav_Correct, and Grav_Correct_Meth, to indicate whether or not the parameters represent data that were 
measured on a finer fraction of the sediments and corrected for the coarser (e.g. gravel) fraction, and if so, 
what methods were used for these corrections (e.g. Bouwer and Rice, 1983).  Hydraulic parameters are 
primarily those described in Section 2 for the van Genuchten (1980), Campbell (1974), and Brooks and 
Corey (1964) models combined with the Mualem (1976) and Burdine (1953) relative permeability 
models.  Also included in Table 3.2 are entries for experimental methods, sample specifications (e.g. 
bulk, intact core; subsampled core; and repacked core), maximum grain (or core) diameter, and metadata 
fields for data and parameter references.  

As an aside, one of the remediation alternatives that is being evaluated for waste sites in the Hanford 
200 Areas is soil desiccation.  Modeling of the soil desiccation process requires that hydraulic properties 
be represented for conditions ranging from fully water saturated, to air dry, at which point the water 
content is effectively zero.  The van Genuchten (1980) and Brooks and Corey (1964) water retention 
functions contain a residual or irreducible water content parameter, θr, that is typically greater than zero, 
so modifications to these standard functions may be required to model air-dry conditions. Fayer and 
Simmons (1995) presented an extension to these functions that is applicable to modeling the full range of 
conditions that may be encountered in soil desiccation problems. However, their extension requires that 
some modifications be made to existing parameters to account for the dry end of the curve. Webb (2000) 
proposed a simple extension to commonly used retention functions that allows for the full range of 
conditions from water saturated to air dry to be modeled, without affecting existing parameters. Thus the 
use of the Webb model would allow existing databases of parameters to be used as is, without further 
modification. Capillary conduction models upon which Eqs. (2.4) and (2.6) are based assume that water 
flow in the aqueous phase ceases for water contents below θr because the aqueous phase is no longer 
continuous. For water contents below θr further movement of water would be via film flow and/or vapor 
transport, and not by capillary conduction. In other words, the relative permeability of the porous media 
to water in the aqueous phase, or the unsaturated hydraulic conductivity, is zero for water contents below 
θr. The relative permeability of the porous media to air, in which water vapor is contained, is a function of 
air saturation and the water retention parameters that implicitly define the pore size distribution. Although 
no specific changes to existing relative permeability models are obviously needed to model capillary 
conduction below the residual water content, it is possible that in the future, combining multiple functions 
in the manner of Fayer and Simmons (1995) could require new data fields to be added to the physical and 
hydraulic parameter database. A separate RDS task is currently evaluating alternative functions for 
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representing water retention and relative permeability from water-saturated to air-dry conditions, so it 
possible that the data fields in Table 3.2 may have to expand to accommodate these functions, if they are 
adopted for general use.   

Table 3.3 contains suggested data fields for Water Retention Data.  These data represent matric 
potential (a.k.a. soil-moisture tension) and water content data pairs that can be used to generate the 
parameters for fitting the van Genuchten (1980), Campbell (1974), Brooks and Corey (1964), or other 
functions.  Also included in this table is a field for MassFrac_Greater_WRC that specifies the mass 
fraction of the bulk sediment that is greater than the size fraction used for the water retention 
measurements, if applicable, and Grav_Correct_WRC that indicates whether or not “gravel corrected” 
water content values are included. 

Table 3.4 contains suggested data fields for Grain Size Distribution Data.  The primary data in this 
table are the grain size and fraction or percent passing data pairs.  Data fields are also included for 
MassFrac_Greater_PSD and Grav_Correct_PSD to specify the mass fraction of bulk sediment that is 
greater than the size fraction for which grain size distribution measurements were made, and to indicate 
whether or not the data also includes fraction or percent passing values that have been scaled or gravel 
corrected to represent the bulk sample. 
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Table 3.1.  Suggested Data Fields for Master Site and HEIS Sample Number Table 

Data Field Type Description 

SAMP_NUM Character A unique alpha-numeric HEIS identifier for the sample 

Site_ID Character Identifier for the site (e.g. operable unit designation, tank farm, 
experimental field site name, etc.) 

Site_ID_Qual Character B, W, or E (for borehole, well, or excavation) 
Note: Wells usually start with a borehole, but not all boreholes are 
completed with well casing.  If this field = “B”, the entry for Well_ID 
should be empty.  If this field = “W”, then the entry for Well_ID should be 
a valid well identification number.  If this field = “E” then Borehole and 
Well IDs are not applicable.  

Borehole_ID Character Temporary identification number for borehole used in standard Hanford 
drilling practice (e.g. C6186) 

Well_ID Character Final well identification number (eg. 399-2-9) 

Easting Real Easting coordinate 

Northing Real Northing coordinate 

HorizCoord_Units Character [L] 

HorizCoord_Ref Character Reference for horizontal coordinate system (e.g. NAD29 or NAD83) 

Samp_ID Character Local identifier for sample 

SampDepth_Top Real Depth to top of sample 

SampDepth_Bot Real Depth to bottom of sample 

Depth_Units Character [L] 

SurfaceElev Real Surface elevation at site 

SurfaceElev_Units Character [L] (e.g. m or ft above mean sea level) 

VertCoord_Ref Character Reference for vertical coordinates (e.g. NAVD88) 
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Table 3.2.  Suggested Data Fields for Physical Properties and Hydraulic Parameters 

Data Field Type Description 

SAMP_NUM Character A unique alpha-numeric HEIS identifier for the sample 

BulkDen Real Bulk density 

BulkDen_Units Character [M L-3] 

BulkDen_Meth Character Reference for method used to determine bulk density 

PartDen Real Particle (a.k.a. grain) density  

PartDen_Units Character [M L-3] 

PartDen_Meth Character Reference for method used to determine bulk density 

Porosity Real [-] 

Ks_Sample_Specs Character Specification about whether saturated hydraulic conductivity (Ks) 
was measured on: B = bulk, intact core, S = subsampled core, or R 
= repacked core 

Ks_Meth Character Reference for method used to determine Ks (e.g. constant or 
falling head methods) 

Max_Diam_Ks Real Maximum possible grain diameter used for Ks measurement. If 
hydraulic property measurements were performed on a bulk, intact 
core or a sub-sampled core, the theoretical maximum possible 
grain diameter would be the inside diameter of the core.  If the 
sample is a repacked core of the <2mm size fraction only, then the 
maximum grain diameter would be 2 mm.  This information is 
needed in case hydraulic properties are measured on a subsample 
that may not be representative of the bulk sample, and subsequent 
“corrections” are applied to the data or in parameter estimation to 
account for gravel, etc.  

Max_Diam_Ks_Units Character Units for Max_Diam_Ks (e.g. mm) 

MassFrac_Greater_Ks Real Mass fraction of sample that is greater than Max_Diam_Ks 

Ks_Z Real Saturated hydraulic conductivity in z (vertical)-direction 

Ks_Z_Unit Character [L T-1] 

Grav_Correct_Ks Character This entry should be either “Y” or “N” to indicate if an additional 
Ks value is provided that accounts for gravel correction (Y), or if 
there is only one Ks value (N).  

Grav_Correct_WRC_Method Character Description or citation for method used for gravel corrections, if 
applicable. 

Ks_Z_gravC Real “Gravel-corrected” value of saturated hydraulic conductivity in z 
(vertical)-direction 

Ks_Z_Unit_gravC Character [L T-1] 
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Table 3.2.  (cont’d) 

Data Field Type Description 

WRC_Param_Specs Character Specification about whether WRC parameters are based on 
measurements from: B = bulk, intact core, S = subsampled core, R 
= repacked core, or C = “corrected” data, where the latter refers to 
the use of data that were measured on a smaller size fraction of the 
sediments, but that were scaled to the bulk sediment (a.k.a. gravel 
corrections).  More than one specification is allowable (e.g. 
WRC_Param_Specs = “R, C”.  Additional details are given in the 
Water Retention Data table. 

Theta_S Real Saturated water content [dimensionless]; could be equal to 
porosity 

Theta_R Real Residual or irreducible water content [dimensionless] 

vG_Alp Real vanGenuchten model alpha parameter 

vG_Alp_Units Character [L-1] 

vG_N Real vanGenuchten model n parameter [dimensionless] 

vG_M Real vanGenuchten model m parameter, default m=1-1/n 
[dimensionless] 

Ks_vG Real Ks value used with vG retention model.  This could be either the 
measured value of Ks, a “gravel-corrected” value, or a value 
determined by inverse modeling. 

Ks_vG_Unit Character [L T-1] 

Lz_vG Real Pore interaction term (z-direction) for relative permeability model 
when used with van Genuchten water retention model 
[dimensionless].  If the Mualem relative permeability model is 
assumed, then Lz_vG = 0.5 (default value). 

BC_Hd Real Brooks-Corey model air-entry pressure. 

BC_Hd_Unit Character [L] 

BC_Lam Real Brooks-Corey model lambda parameter [dimensionless] 

Ks_BC Real Ks value used with Brooks-Corey retention model.  This could be 
either the measured value of Ks, a “gravel-corrected” value, or a 
value determined by inverse modeling. 

Ks_BC_Unit Character [L T-1] 

Lz_BC Real Pore interaction term (z-direction) for relative permeability model 
when used with the Brooks-Corey water retention model 
[dimensionless].  If the Burdine relative permeability model is 
assumed, then Lz_BC = 1. 

Camp_Hd Real Campbell model air-entry pressure. 

Camp_Hd_Units Character [L] 

Camp_B Real Campbell model b parameter [dimensionless] 

Data_Ref Character General information or citation(s) for original reference 
document(s) in which data and procedures are described in more 
detail. 
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Table 3.2.  (cont’d) 

Data Field Type Description 

Param_Ref Character References to software (e.g. SoilVision), spreadsheet file name, or 
equations used for parameter estimation.  For example, SoilVision 
or the Excel solver might be used to fit an analytic function to 
static water retention data, or a flow and transport simulator might 
be used with inverse parameter estimate code to estimate 
parameters from dynamic data obtained in multistep outflow 
experiments.  This field is a place for this documentation.   

Table 3.3.  Suggested Data Fields for Water Retention Data  

Data Field Type Description 

SAMP_NUM Character A unique alpha-numeric HEIS identifier for the sample 

WRC_Methods Character Methods used for generating water retention data 

WRC_Ref_Info Character Reference to documents describing experimental methods 

Max_Diam_WRC Real Maximum possible grain diameter in samples used for water 
retention measurements.  If measurements were performed on 
bulk, intact core or sub-sampled core, the theoretical maximum 
grain diameter would be the inside diameter of the core.  If sample 
is repacked core of <2mm size fraction, then max. grain diameter 
would be 2 mm.  

Max_Diam_WRC_Units Character Units for Max_Diam_WRC (e.g. mm). 

MassFrac_Greater_WRC Real Mass fraction of sample that is greater than Max_Diam_WRC. If 
measurements were performed on the <2mm size fraction, then 
this entry should be the gravel (>2mm) size fraction.  If 
measurements were performed on the bulk sediments, then this 
entry should be zero.  

Grav_Correct_WRC Character This entry should be either “Y” or “N” to indicate that the water 
retention data to follow in this table represent both tension-water 
content data pairs representing both a finer size fraction as well as 
“corrected” water content values that account for gravel (Y), or if 
there is only one set of water content data (N).  

Grav_Correct_WRC_Method Character Description or citation for method used for gravel corrections, if 
applicable. 

Tension_Units Character Units for tension (e.g. cm). 

WaterContent_Units Character Water content units.  Typically “Volumetric” or “%”. 

N_WRC_Tuples Integer Number of tension – water content data pairs. 

Tension_01 Real Tension value 1 

Tension_02 Real Tension value 2 

… Real … 

Tension_N Real Tension value N 
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Table 3.3.  (cont’d) 

Data Field Type Description 

WaterContent_01 Real Water content value 1 

WaterContent_02 Real Water content value 2 

… Real … 

WaterContent_N Real Water content value N 

WaterContent_01_gravC Real If Grav_Correct = “Y” then this entry is WaterContent_01 
corrected for gravel content of bulk sample.  

WaterContent_02_gravC Real If Grav_Correct = “Y” then this entry is WaterContent_02 
corrected for gravel content of bulk sample.  

… Real … 

WaterContent_N_gravC Real If Grav_Correct = “Y” then this entry is WaterContent_N 
corrected for gravel content of bulk sample.  

Table 3.4.  Suggested Data Fields for Grain Size Data 

Data Field Type Description 

SAMP_NUM Character Unique alpha-numeric HEIS identification number for the sample. 

PSD_Methods Character Reference to methods used for grain size analyses.  Different 
methods are typically used to determine the fractionation of 
different size classes (e.g. wet or dry sieve for >2mm size fraction; 
sedimentation [via hydrometer method] for <2mm size fraction), 
so these methods and the grain size ranges to which they were 
applied are to be specified here.  

Max_Diam_PSD Real Maximum grain diameter represented by the data.  If 
measurements were performed on <2mm size fraction only, then 
max. grain diameter would be 2 mm.  If measurements were 
performed on the bulk sample, then this value would be the inside 
diameter of the core, representing a theoretical maximum size.   

Max_Diam_PSD_Units Character Units for Max_Diam_PSD (e.g. mm). 

MassFrac_Greater_PSD Real Mass fraction of sample that is greater than Max_Diam_PSD.  If 
the particle-size distribution data represents just the <2mm size 
fraction, then this entry should be the gravel (>2mm) size fraction.  
If the particle-size distribution represents the bulk sediments, then 
this entry should be zero.   

Grav_Correct_PSD Character This entry should be “Y” or “N” to indicate that if grain size and 
fraction passing data pairs represent a smaller size fraction of the 
bulk sediment (e.g. < 2mm), then the fraction or % passing data 
from the finer fraction are followed by “corrected” values 
representing the fraction passing scaled to represent the bulk 
sample. 

PSD_Ref_Info Character General reference information for any publication(s) in which data 
and procedures are described in more detail. 
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Table 3.4.  (cont’d) 

Data Field Type Description 

GrainSize_Units Character [L] (e.g. mm or μm) 

Passing_Units Character “Fraction” or “%” 

N_PSD_tuples Integer Number of grain size – fraction passing tuples (data pairs) 

GrainSize_01 Real [L] 

GrainSize_02 Real [L] 

… Real [L] 

GrainSize_N Real [L] 

Passing_01 Real Fraction or % of sample less than GrainSize_01 

Passing_02 Real Fraction or % of sample less than GrainSize_02 

… Real … 

Passing_N Real Fraction or % of sample less than GrainSize_N 

Passing_01_gravC Real If Scaled_PSD = “Y” then this entry is the value of Passing_01 
scaled by MassFrac_Greater_PSD to represent the bulk sample. 

Passing_02_gravC Real If Scaled_PSD = “Y” then this entry is the value of Passing_02 
scaled by MassFrac_Greater_PSD to represent the bulk sample. 

… Real … 

Passing_N_gravC Real If Scaled_PSD = “Y” then this entry is the value of Passing_N 
scaled by MassFrac_Greater_PSD to represent the bulk sample. 
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4.0 Long-Term Strategic Plan 

Development of a long-term strategic plan for continual improvement and updating of the physical 
properties and hydraulic parameter datasets for the Hanford Site that will eventually be contained in HEIS 
database is contingent upon first approving and then implementing new data schemas or data models in 
HEIS.  The approval process requires the involvement of HTAG, currently managed by JoAnne Rieger 
(CHPRC), who is responsible for reviewing and approving any changes to HEIS.  Implementation of new 
data schemas or data models in HEIS is the responsibility of the Hanford Environmental Data Manager, 
who is currently Bill Webber (CHPRC).  Compiling, analyzing, and transferring relevant physical and 
hydraulic property data and parameters to CHPRC is the responsibility of the RDS Project, whose 
delegates will also ensure that data consistency, quality, and documentation needs are met.  Guidance will 
also be provided by the RDS project to rank different datasets for relative quality. 

The prototype datasets representing the samples described by Schaap et al. (2003) will be transferred 
to CHPRC.  After the prototype datasets have been successfully loaded into HEIS-Geo or an equivalent 
repository, we envision that existing physical property data and hydraulic parameters that are currently 
maintained by PNNL will be transferred in batches to CHPRC in a standardized format (e.g., CSV, or 
Excel spreadsheets).  Periodic transfer of these datasets will continue until all of the desired datasets have 
been incorporated into HEIS-Geo.  New datasets will be documented and then transferred in the same 
way. 

New measurements of physical and hydraulic properties and estimation of hydraulic parameters are 
ongoing and we expect the data and associated parameters for these new datasets to also be added to 
HEIS-Geo.  For example, multistep outflow experiments have recently been performed on a number of 
intact core samples of gravel-dominated sediments from both the 300 Area and the 100-N Area at 
Hanford.  Determination of unsaturated hydraulic properties and parameters using data from multistep 
outflow experiments can involve the use of thousands or even tens of thousands of voltages from multiple 
(typically 3) pressure transducers (Tuli, 2001).  The transducer voltages are converted to pressures and 
outflow volumes using calibration equations.  The pressure and outflow data are then used with a flow 
simulator that is coupled with an inverse parameter estimation algorithm to optimize hydraulic parameters 
such that the differences between observed and simulated pressures and outflow volumes are minimized.   

Storing thousands or tens of thousands of voltage or pressure and outflow volume data points from a 
multistep outflow experiment representing a single sample would not be a good use of HEIS.  Another 
option would be to post-process the data to generate a smaller number of average water content and 
pressure head values corresponding to steady state outflow for each pressure step, and to store those data.  
However, these may not be the data that are actually used with the simulator and inverse parameter 
estimation code to estimate model parameters.  Alternatively, for multistep outflow experiments, only the 
estimated hydraulic parameters could be stored, as long as sufficient metadata is also provided that 
contains information on reference documents in which the data have been published (e.g. laboratory 
record book numbers, technical reports, and journal articles), the methods or procedures that were used, 
and other pertinent information about parameter estimation from which the raw data could potentially be 
obtained if needed.  

Some further refinements to the suggested data models, and/or data standardization, may be required 
to accommodate the wide variety of physical and hydraulic property data that have been generated.  The 
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prototype datasets described in the previous section will be transmitted to both Bill Webber and JoAnne 
Rieger of CHPRC.  They have agreed to review the data models and to make whatever revisions are 
needed to incorporate data conforming to these specifications into HEIS-Geo or an equivalent.   

As noted previously by Rockhold et al. (2009), one issue that has hampered efforts to consolidate 
physical and hydraulic property data in the past is the fact that these data are generated for different 
projects, by different groups that use different methods for measurements and analyses.  Just knowing 
who is doing or has done what is one of the biggest challenges.  We recommend that all ongoing projects 
that involve sediment sampling and characterization at Hanford be notified of this effort to consolidate 
data and to make it readily accessible for mutual benefit.  Then when data are generated, PNNL staff 
working as points of contact for this task should be notified and the data transferred to them with 
complete documentation as soon as it is available.  The Laboratory will provide quality checks, 
reformatting, and will perform curve-fitting or inverse modeling of the datasets, as needed.  The data and 
associated parameter sets will then be transferred to CHPRC in an agreed upon, standardized format.  The 
EDM or his delegate will then upload the data to HEIS-Geo.  We also recommend that a user list be 
established so that anyone who expresses an interest in using the data or parameters will be notified 
periodically when new datasets become available.  
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5.0 Summary and Conclusions 

Physical properties and hydraulic parameters and their distributions are required for any type of 
quantitative assessment of risk and uncertainty associated with predictions of contaminant transport and 
fate in the subsurface.  The central plateau of the Hanford Site in southeastern Washington State contains 
most of the contamination at the Site and has up to ~100 m of unsaturated and unconsolidated or semi-
consolidated sediments overlying the unconfined aquifer.  These sediments contain a wide variety of 
contaminants ranging from organic compounds, such as carbon tetrachloride, to numerous radionuclides 
including technetium, plutonium, and uranium.  Knowledge of the physical and hydraulic properties of 
the sediments and their distributions is critical for quantitative assessment of the transport of these 
contaminants in the subsurface, for evaluation of long-term risks and uncertainty associated with model 
predictions of contaminant transport and fate, and for evaluating, designing, and operating remediation 
alternatives. 

One of the goals of PNNL’s RDS project is to work with the Hanford Environmental Data Manager 
(currently with CHPRC) to develop a protocol and schedule for incorporation of physical property and 
hydraulic parameter datasets currently maintained by PNNL into HEIS.  This requires that the data first 
be reviewed to ensure quality and consistency.  New data models must then be developed for HEIS that 
are approved by the HTAG that oversees HEIS development.  After approval, these new data models then 
need to be implemented in HEIS by the EDM before there is an actual repository for the data.  This 
document summarizes modifications to previously developed data models, and new data models and data 
dictionaries for physical and hydraulic property data and parameters to be transferred to HEIS.   

A prototype dataset that conforms to the specifications of these recommended data models has been 
identified and processed, and is ready for transfer to CHPRC for inclusion in HEIS.  Additional datasets 
are planned for transfer from PNNL to CHPRC in FY11.  
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Appendix A 
 

Water Retention Data, Parameters, and Plots of Fitted 
Retention Functions for Core Samples from Boreholes S-1, 
S-2, and S-3 at the Sisson and Lu Field Experimental Site in 

the Hanford 200 East Area 
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Water retention data and model fits. Sample_ID: S-1/24
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3760 0.3760 0.00000 0.3711 0.00002 0.3760 0.00000
1 12.40 0.2624 0.2886 0.00069 0.2890 0.00071 0.2866 0.00059 BC model
1 20.20 0.2587 0.2488 0.00010 0.2550 0.00001 0.2485 0.00011 θ s 0.376
1 29.40 0.2405 0.2222 0.00034 0.2286 0.00014 0.2227 0.00032 θ r 0.011
1 47.77 0.2078 0.1920 0.00025 0.1964 0.00013 0.1932 0.00021 h b 5.231
1 102.89 0.1634 0.1529 0.00011 0.1533 0.00010 0.1544 0.00008 λ 0.317
1 149.04 0.1488 0.1372 0.00014 0.1362 0.00016 0.1386 0.00010
1 213.44 0.1215 0.1236 0.00000 0.1216 0.00000 0.1248 0.00001 vG model
1 307.00 0.1033 0.1114 0.00006 0.1088 0.00003 0.1122 0.00008 θ s 0.376
1 333.00 0.1010 0.1088 0.00006 0.1062 0.00003 0.1096 0.00007 θ r 0.027
1 460.00 0.0888 0.0993 0.00011 0.0966 0.00006 0.0997 0.00012 α 0.118
1 552.00 0.0844 0.0943 0.00010 0.0916 0.00005 0.0945 0.00010 n 1.403
1 736.00 0.0742 0.0871 0.00016 0.0846 0.00011 0.0869 0.00016
1 1000.00 0.0655 0.0800 0.00021 0.0779 0.00015 0.0795 0.00020 Campbell
1 3000.00 0.0579 0.0597 0.00000 0.0596 0.00000 0.0577 0.00000 θ s 0.376
1 8000.00 0.0575 0.0467 0.00012 0.0489 0.00007 0.0433 0.00020 h b 4.893
1 15000.00 0.0571 0.0402 0.00029 0.0440 0.00017 0.0360 0.00045 b 3.423
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Figure A.1. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/24 from the Sisson 
and Lu (1980) field experimental site in the Hanford 200 East Area. 
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Water retention data and model fits. Sample_ID: S-1/25
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4220 0.4220 0.00000 0.4212 0.00000 0.4220 0.00000
1 12.40 0.2853 0.4220 0.01869 0.3157 0.00092 0.3026 0.00030 BC model
1 20.20 0.2707 0.2744 0.00001 0.2393 0.00099 0.2279 0.00184 θ s 0.422
1 29.40 0.1965 0.1835 0.00017 0.1824 0.00020 0.1832 0.00018 θ r 0.036
1 47.77 0.1012 0.1153 0.00020 0.1252 0.00058 0.1382 0.00137 h b 13.865
1 102.89 0.0648 0.0658 0.00000 0.0732 0.00007 0.0885 0.00056 λ 1.281
1 149.04 0.0560 0.0546 0.00000 0.0596 0.00001 0.0714 0.00024
1 213.44 0.0488 0.0478 0.00000 0.0507 0.00000 0.0579 0.00008 vG model
1 307.00 0.0466 0.0435 0.00001 0.0447 0.00000 0.0469 0.00000 θ s 0.422
1 333.00 0.0459 0.0428 0.00001 0.0436 0.00001 0.0447 0.00000 θ r 0.032
1 460.00 0.0437 0.0405 0.00001 0.0403 0.00001 0.0371 0.00004 α 0.074
1 552.00 0.0422 0.0396 0.00001 0.0388 0.00001 0.0334 0.00008 n 2.109
1 736.00 0.0408 0.0386 0.00000 0.0371 0.00001 0.0282 0.00016
1 1000.00 0.0394 0.0378 0.00000 0.0358 0.00001 0.0236 0.00025 Campbell
1 3000.00 0.0349 0.0366 0.00000 0.0334 0.00000 0.0125 0.00050 θ s 0.422
1 8000.00 0.0313 0.0363 0.00002 0.0328 0.00000 0.0071 0.00059 h b 6.992
1 15000.00 0.0306 0.0362 0.00003 0.0326 0.00000 0.0049 0.00066 b 1.722
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Figure A.2. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/25 from the Sisson 
and Lu (1980) field experimental site in the Hanford 200 East Area. 
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Water retention data and model fits. Sample_ID: S-1/26B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3890 0.3890 0.00000 0.3872 0.00000 0.3890 0.00000
1 12.40 0.2959 0.3183 0.00050 0.3130 0.00029 0.3174 0.00046 BC model
1 20.20 0.2558 0.2537 0.00000 0.2664 0.00011 0.2538 0.00000 θ s 0.389
1 29.40 0.2340 0.2131 0.00044 0.2270 0.00005 0.2137 0.00041 θ r 0.003
1 47.77 0.2034 0.1703 0.00110 0.1787 0.00061 0.1711 0.00105 h b 8.065
1 102.89 0.1361 0.1197 0.00027 0.1188 0.00030 0.1204 0.00025 λ 0.471
1 149.04 0.0983 0.1010 0.00001 0.0975 0.00000 0.1016 0.00001
1 213.44 0.0691 0.0858 0.00028 0.0810 0.00014 0.0862 0.00029 vG model
1 307.00 0.0546 0.0729 0.00033 0.0677 0.00017 0.0729 0.00034 θ s 0.389
1 333.00 0.0543 0.0703 0.00025 0.0651 0.00012 0.0703 0.00026 θ r 0.017
1 460.00 0.0459 0.0608 0.00022 0.0560 0.00010 0.0606 0.00022 α 0.070
1 552.00 0.0437 0.0561 0.00015 0.0517 0.00006 0.0557 0.00015 n 1.651
1 736.00 0.0422 0.0494 0.00005 0.0458 0.00001 0.0489 0.00004
1 1000.00 0.0416 0.0432 0.00000 0.0406 0.00000 0.0425 0.00000 Campbell
1 3000.00 0.0364 0.0271 0.00009 0.0286 0.00006 0.0257 0.00012 θ s 0.389
1 8000.00 0.0319 0.0183 0.00018 0.0232 0.00008 0.0164 0.00024 h b 7.955
1 15000.00 0.0313 0.0145 0.00028 0.0212 0.00010 0.0123 0.00036 b 2.182
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Figure A.3. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/26B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.4 

Water retention data and model fits. Sample_ID: S-1/26C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4000 0.4000 0.00000 0.3953 0.00002 0.4000 0.00000
1 10.00 0.2820 0.2788 0.00001 0.2713 0.00011 0.2706 0.00013 BC model
1 20.20 0.1783 0.1847 0.00004 0.1902 0.00014 0.1884 0.00010 θ s 0.400
1 29.40 0.1437 0.1491 0.00003 0.1530 0.00009 0.1553 0.00013 θ r 0.016
1 48.00 0.1219 0.1138 0.00007 0.1144 0.00006 0.1206 0.00000 h b 5.479
1 103.00 0.0801 0.0765 0.00001 0.0743 0.00003 0.0814 0.00000 λ 0.631
1 213.00 0.0509 0.0543 0.00001 0.0520 0.00000 0.0560 0.00003
1 310.50 0.0466 0.0463 0.00000 0.0443 0.00001 0.0461 0.00000 vG model
1 333.00 0.0462 0.0450 0.00000 0.0431 0.00001 0.0445 0.00000 θ s 0.400
1 459.40 0.0415 0.0397 0.00000 0.0383 0.00001 0.0377 0.00001 θ r 0.021
1 551.20 0.0375 0.0371 0.00000 0.0361 0.00000 0.0343 0.00001 α 0.133
1 735.00 0.0338 0.0337 0.00000 0.0331 0.00000 0.0296 0.00002 n 1.746
1 1000.00 0.0292 0.0306 0.00000 0.0305 0.00000 0.0252 0.00002
1 3000.00 0.0218 0.0234 0.00000 0.0250 0.00001 0.0143 0.00006 Campbell
1 8000.00 0.0193 0.0201 0.00000 0.0228 0.00001 0.0086 0.00011 θ s 0.400
1 15000.00 0.0191 0.0188 0.00000 0.0220 0.00001 0.0063 0.00016 h b 4.684
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Figure A.4. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/26C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.5 

Water retention data and model fits. Sample_ID: S-1/26D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4180 0.4180 0.00000 0.4095 0.00007 0.4180 0.00000
1 10.00 0.2664 0.2692 0.00001 0.2666 0.00000 0.2692 0.00001 BC model
1 20.20 0.1790 0.1852 0.00004 0.1903 0.00013 0.1852 0.00004 θ s 0.418
1 29.40 0.1536 0.1516 0.00000 0.1553 0.00000 0.1516 0.00000 θ r 0.000
1 48.00 0.1354 0.1168 0.00035 0.1179 0.00030 0.1168 0.00035 h b 4.376
1 103.00 0.0881 0.0778 0.00011 0.0763 0.00014 0.0778 0.00011 λ 0.532
1 213.00 0.0553 0.0528 0.00001 0.0507 0.00002 0.0528 0.00001
1 310.50 0.0335 0.0432 0.00009 0.0412 0.00006 0.0432 0.00009 vG model
1 333.00 0.0333 0.0416 0.00007 0.0397 0.00004 0.0416 0.00007 θ s 0.418
1 459.40 0.0260 0.0351 0.00008 0.0335 0.00006 0.0351 0.00008 θ r 0.005
1 551.20 0.0223 0.0318 0.00009 0.0305 0.00007 0.0318 0.00009 α 0.169
1 735.00 0.0204 0.0273 0.00005 0.0263 0.00004 0.0273 0.00005 n 1.614
1 1000.00 0.0187 0.0232 0.00002 0.0226 0.00002 0.0232 0.00002
1 3000.00 0.0175 0.0129 0.00002 0.0139 0.00001 0.0129 0.00002 Campbell
1 8000.00 0.0162 0.0077 0.00007 0.0098 0.00004 0.0077 0.00007 θ s 0.418
1 15000.00 0.0160 0.0055 0.00011 0.0082 0.00006 0.0055 0.00011 h b 4.376

      b 1.878
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Figure A.5. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/26D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.6 

Water retention data and model fits. Sample_ID: S-1/27B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3990 0.3990 0.00000 0.3969 0.00000 0.3990 0.00000
1 12.40 0.2817 0.2882 0.00004 0.2816 0.00000 0.2777 0.00002 BC model
1 20.20 0.2198 0.2138 0.00004 0.2210 0.00000 0.2161 0.00001 θ s 0.399
1 29.40 0.1761 0.1711 0.00002 0.1774 0.00000 0.1782 0.00000 θ r 0.023
1 47.77 0.1361 0.1298 0.00004 0.1316 0.00002 0.1388 0.00001 h b 7.395
1 102.89 0.0852 0.0867 0.00000 0.0839 0.00000 0.0936 0.00007 λ 0.676
1 149.04 0.0670 0.0726 0.00003 0.0693 0.00001 0.0774 0.00011
1 213.44 0.0553 0.0620 0.00004 0.0588 0.00001 0.0643 0.00008 vG model
1 307.00 0.0499 0.0536 0.00001 0.0509 0.00000 0.0533 0.00001 θ s 0.399
1 333.00 0.0496 0.0520 0.00001 0.0495 0.00000 0.0512 0.00000 θ r 0.029
1 460.00 0.0462 0.0463 0.00000 0.0445 0.00000 0.0433 0.00001 α 0.093
1 552.00 0.0437 0.0437 0.00000 0.0423 0.00000 0.0395 0.00002 n 1.838
1 736.00 0.0382 0.0401 0.00000 0.0394 0.00000 0.0340 0.00002
1 1000.00 0.0371 0.0369 0.00000 0.0369 0.00000 0.0291 0.00006 Campbell
1 3000.00 0.0325 0.0298 0.00001 0.0320 0.00000 0.0165 0.00025 θ s 0.399
1 8000.00 0.0306 0.0266 0.00002 0.0301 0.00000 0.0100 0.00042 h b 6.128
1 15000.00 0.0298 0.0255 0.00002 0.0295 0.00000 0.0072 0.00051 b 1.945
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Figure A.6. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/27B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.7 

Water retention data and model fits. Sample_ID: S-1/27D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3880 0.3880 0.00000 0.3807 0.00005 0.3880 0.00000
1 10.00 0.3108 0.2988 0.00014 0.2887 0.00049 0.2980 0.00016 BC model
1 20.20 0.2072 0.2305 0.00054 0.2335 0.00069 0.2306 0.00055 θ s 0.388
1 29.40 0.1929 0.2007 0.00006 0.2048 0.00014 0.2011 0.00007 θ r 0.003
1 48.00 0.1786 0.1676 0.00012 0.1709 0.00006 0.1682 0.00011 h b 4.936
1 103.00 0.1465 0.1268 0.00039 0.1278 0.00035 0.1273 0.00037 λ 0.373
1 213.00 0.0964 0.0973 0.00000 0.0968 0.00000 0.0977 0.00000
1 310.50 0.0786 0.0849 0.00004 0.0840 0.00003 0.0851 0.00004 vG model
1 333.00 0.0765 0.0828 0.00004 0.0818 0.00003 0.0830 0.00004 θ s 0.388
1 459.40 0.0700 0.0737 0.00001 0.0726 0.00001 0.0738 0.00001 θ r 0.009
1 551.20 0.0672 0.0690 0.00000 0.0680 0.00000 0.0690 0.00000 α 0.150
1 735.00 0.0664 0.0623 0.00002 0.0613 0.00003 0.0622 0.00002 n 1.422
1 1000.00 0.0657 0.0558 0.00010 0.0549 0.00012 0.0556 0.00010
1 3000.00 0.0321 0.0379 0.00003 0.0380 0.00003 0.0372 0.00003 Campbell
1 8000.00 0.0243 0.0271 0.00001 0.0282 0.00002 0.0260 0.00000 θ s 0.388
1 15000.00 0.0240 0.0220 0.00000 0.0238 0.00000 0.0207 0.00001 h b 4.851

      b 2.742
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Figure A.7. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/27D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.8 

Water retention data and model fits. Sample_ID: S-1/29
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4640 0.4640 0.00000 0.4556 0.00007 0.4640 0.00000
1 10.00 0.3001 0.2985 0.00000 0.2950 0.00003 0.2858 0.00020 BC model
1 20.20 0.2072 0.2061 0.00000 0.2104 0.00001 0.2102 0.00001 θ s 0.464
1 29.40 0.1643 0.1704 0.00004 0.1731 0.00008 0.1784 0.00020 θ r 0.027
1 48.00 0.1357 0.1342 0.00000 0.1343 0.00000 0.1441 0.00007 h b 4.474
1 103.00 0.0929 0.0951 0.00000 0.0930 0.00000 0.1032 0.00011 λ 0.591
1 213.00 0.0700 0.0712 0.00000 0.0689 0.00000 0.0752 0.00003
1 310.50 0.0643 0.0623 0.00000 0.0604 0.00002 0.0637 0.00000 vG model
1 333.00 0.0600 0.0608 0.00000 0.0590 0.00000 0.0618 0.00000 θ s 0.464
1 459.40 0.0579 0.0549 0.00001 0.0536 0.00002 0.0537 0.00002 θ r 0.031
1 551.20 0.0557 0.0520 0.00001 0.0510 0.00002 0.0496 0.00004 α 0.168
1 735.00 0.0543 0.0480 0.00004 0.0474 0.00005 0.0438 0.00011 n 1.682
1 1000.00 0.0446 0.0444 0.00000 0.0444 0.00000 0.0383 0.00004
1 3000.00 0.0307 0.0359 0.00003 0.0374 0.00005 0.0237 0.00005 Campbell
1 8000.00 0.0293 0.0318 0.00001 0.0344 0.00003 0.0154 0.00019 θ s 0.464
1 15000.00 0.0286 0.0301 0.00000 0.0333 0.00002 0.0117 0.00028 h b 3.296

      b 2.290
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Figure A.8. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/29 from the Sisson 
and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.9 

Water retention data and model fits. Sample_ID: S-1/32B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4520 0.4520 0.00000 0.4460 0.00004 0.4520 0.00000
1 12.40 0.1697 0.1661 0.00001 0.1670 0.00001 0.1447 0.00063 BC model
1 20.20 0.1042 0.1089 0.00002 0.1092 0.00002 0.1144 0.00010 θ s 0.452
1 29.40 0.0751 0.0815 0.00004 0.0805 0.00003 0.0955 0.00042 θ r 0.027
1 47.77 0.0606 0.0591 0.00000 0.0574 0.00001 0.0757 0.00023 h b 4.420
1 102.89 0.0460 0.0408 0.00003 0.0395 0.00004 0.0523 0.00004 λ 1.081
1 149.04 0.0445 0.0361 0.00007 0.0353 0.00009 0.0438 0.00000
1 213.44 0.0358 0.0330 0.00001 0.0326 0.00001 0.0368 0.00000 vG model
1 307.00 0.0322 0.0309 0.00000 0.0308 0.00000 0.0309 0.00000 θ s 0.452
1 333.00 0.0320 0.0306 0.00000 0.0305 0.00000 0.0298 0.00000 θ r 0.028
1 460.00 0.0313 0.0294 0.00000 0.0296 0.00000 0.0255 0.00003 α 0.192
1 552.00 0.0291 0.0289 0.00000 0.0292 0.00000 0.0233 0.00003 n 2.197
1 736.00 0.0269 0.0283 0.00000 0.0287 0.00000 0.0203 0.00004
1 1000.00 0.0244 0.0278 0.00001 0.0284 0.00002 0.0175 0.00005 Campbell
1 3000.00 0.0233 0.0270 0.00001 0.0278 0.00002 0.0103 0.00017 θ s 0.452
1 8000.00 0.0233 0.0267 0.00001 0.0277 0.00002 0.0065 0.00028 h b 1.158
1 15000.00 0.0233 0.0267 0.00001 0.0276 0.00002 0.0048 0.00034 b 2.081
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Figure A.9. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/32B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.10 

Water retention data and model fits. Sample_ID: S-1/32C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4630 0.4630 0.00000 0.4626 0.00000 0.4630 0.00000
1 10.00 0.3372 0.4630 0.01582 0.3534 0.00026 0.3411 0.00001 BC model
1 20.20 0.2300 0.2284 0.00000 0.1964 0.00114 0.1896 0.00164 θ s 0.463
1 29.40 0.1086 0.1144 0.00003 0.1285 0.00040 0.1386 0.00090 θ r 0.026
1 48.00 0.0604 0.0560 0.00002 0.0744 0.00020 0.0920 0.00100 h b 14.250
1 103.00 0.0389 0.0316 0.00005 0.0389 0.00000 0.0486 0.00009 λ 2.207
1 213.00 0.0318 0.0272 0.00002 0.0281 0.00001 0.0265 0.00003
1 310.50 0.0282 0.0265 0.00000 0.0258 0.00001 0.0194 0.00008 vG model
1 333.00 0.0275 0.0265 0.00000 0.0255 0.00000 0.0183 0.00009 θ s 0.463
1 459.40 0.0264 0.0263 0.00000 0.0245 0.00000 0.0140 0.00016 θ r 0.023
1 551.20 0.0257 0.0262 0.00000 0.0241 0.00000 0.0120 0.00019 α 0.082
1 735.00 0.0250 0.0261 0.00000 0.0237 0.00000 0.0094 0.00024 n 2.554
1 1000.00 0.0243 0.0261 0.00000 0.0234 0.00000 0.0073 0.00029
1 3000.00 0.0229 0.0261 0.00001 0.0230 0.00000 0.0029 0.00040 Campbell
1 8000.00 0.0221 0.0261 0.00002 0.0230 0.00000 0.0013 0.00044 θ s 0.463
1 15000.00 0.0216 0.0261 0.00002 0.0230 0.00000 0.0008 0.00043 h b 6.935

      b 1.197
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Figure A.10. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/32C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.11 

Water retention data and model fits. Sample_ID: S-1/34B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4640 0.4640 0.00000 0.4636 0.00000 0.4640 0.00000
1 12.40 0.3370 0.3490 0.00014 0.3435 0.00004 0.3405 0.00001 BC model
1 20.20 0.2678 0.2256 0.00179 0.2400 0.00078 0.2309 0.00136 θ s 0.464
1 29.40 0.1368 0.1627 0.00067 0.1660 0.00085 0.1713 0.00119 θ r 0.015
1 47.77 0.0932 0.1085 0.00023 0.0996 0.00004 0.1164 0.00054 h b 9.067
1 102.89 0.0640 0.0604 0.00001 0.0495 0.00021 0.0632 0.00000 λ 0.946
1 149.04 0.0495 0.0471 0.00001 0.0387 0.00012 0.0471 0.00001
1 213.44 0.0400 0.0380 0.00000 0.0325 0.00006 0.0354 0.00002 vG model
1 307.00 0.0349 0.0314 0.00001 0.0286 0.00004 0.0265 0.00007 θ s 0.464
1 333.00 0.0343 0.0302 0.00002 0.0280 0.00004 0.0248 0.00009 θ r 0.023
1 460.00 0.0262 0.0263 0.00000 0.0262 0.00000 0.0192 0.00005 α 0.071
1 552.00 0.0226 0.0246 0.00000 0.0254 0.00001 0.0166 0.00004 n 2.416
1 736.00 0.0204 0.0224 0.00000 0.0246 0.00002 0.0132 0.00005
1 1000.00 0.0189 0.0206 0.00000 0.0240 0.00003 0.0104 0.00007 Campbell
1 3000.00 0.0175 0.0172 0.00000 0.0232 0.00003 0.0043 0.00017 θ s 0.464
1 8000.00 0.0167 0.0161 0.00000 0.0230 0.00004 0.0020 0.00022 h b 8.404
1 15000.00 0.0160 0.0158 0.00000 0.0230 0.00005 0.0012 0.00022 b 1.257
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Figure A.11. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/34B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.12 

Water retention data and model fits. Sample_ID: S-1/34C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4270 0.4270 0.00000 0.4270 0.00000 0.4270 0.00000
1 10.00 0.3429 0.4270 0.00707 0.3929 0.00250 0.3622 0.00037 BC model
1 20.20 0.2929 0.2922 0.00000 0.2516 0.00171 0.2108 0.00674 θ s 0.427
1 29.40 0.1286 0.1310 0.00001 0.1522 0.00056 0.1579 0.00086 θ r 0.026
1 48.00 0.0572 0.0574 0.00000 0.0730 0.00025 0.1083 0.00261 h b 17.123
1 103.00 0.0429 0.0310 0.00014 0.0337 0.00008 0.0602 0.00030 λ 2.483
1 213.00 0.0321 0.0271 0.00003 0.0263 0.00003 0.0344 0.00000
1 310.50 0.0286 0.0267 0.00000 0.0252 0.00001 0.0257 0.00001 vG model
1 333.00 0.0276 0.0266 0.00000 0.0251 0.00001 0.0244 0.00001 θ s 0.427
1 459.40 0.0271 0.0265 0.00000 0.0247 0.00001 0.0190 0.00007 θ r 0.024
1 551.20 0.0268 0.0265 0.00000 0.0246 0.00000 0.0165 0.00011 α 0.054
1 735.00 0.0264 0.0264 0.00000 0.0245 0.00000 0.0133 0.00017 n 3.197
1 1000.00 0.0261 0.0264 0.00000 0.0244 0.00000 0.0105 0.00024
1 3000.00 0.0214 0.0264 0.00002 0.0244 0.00001 0.0045 0.00029 Campbell
1 8000.00 0.0200 0.0264 0.00004 0.0244 0.00002 0.0021 0.00032 θ s 0.427
1 15000.00 0.0191 0.0264 0.00005 0.0244 0.00003 0.0013 0.00032 h b 8.075

      b 1.299
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Figure A.12. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/34C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.13 

Water retention data and model fits. Sample_ID: S-1/34D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4520 0.4520 0.00000 0.4518 0.00000 0.4520 0.00000
1 10.00 0.3454 0.4520 0.01136 0.3938 0.00233 0.3672 0.00047 BC model
1 20.20 0.3026 0.3040 0.00000 0.2534 0.00242 0.2227 0.00638 θ s 0.452
1 29.40 0.1597 0.1526 0.00005 0.1693 0.00009 0.1705 0.00012 θ r 0.029
1 48.00 0.0597 0.0726 0.00017 0.0949 0.00124 0.1204 0.00368 h b 16.505
1 103.00 0.0454 0.0377 0.00006 0.0459 0.00000 0.0699 0.00060 λ 2.133
1 213.00 0.0382 0.0310 0.00005 0.0319 0.00004 0.0417 0.00001
1 310.50 0.0347 0.0300 0.00002 0.0291 0.00003 0.0319 0.00001 vG model
1 333.00 0.0345 0.0299 0.00002 0.0288 0.00003 0.0304 0.00002 θ s 0.452
1 459.40 0.0329 0.0296 0.00001 0.0276 0.00003 0.0242 0.00008 θ r 0.026
1 551.20 0.0307 0.0295 0.00000 0.0272 0.00001 0.0212 0.00009 α 0.061
1 735.00 0.0286 0.0293 0.00000 0.0267 0.00000 0.0173 0.00013 n 2.668
1 1000.00 0.0271 0.0293 0.00000 0.0264 0.00000 0.0139 0.00018
1 3000.00 0.0243 0.0292 0.00002 0.0260 0.00000 0.0064 0.00032 Campbell
1 8000.00 0.0229 0.0292 0.00004 0.0260 0.00001 0.0032 0.00039 θ s 0.452
1 15000.00 0.0221 0.0292 0.00005 0.0260 0.00001 0.0020 0.00040 h b 7.465

      b 1.406
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Figure A.13. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/34D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.14 

Water retention data and model fits. Sample_ID: S-1/36B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3790 0.3790 0.00000 0.3780 0.00000 0.3790 0.00000
1 12.40 0.2962 0.3229 0.00071 0.3142 0.00032 0.3194 0.00054 BC model
1 20.20 0.2758 0.2520 0.00057 0.2661 0.00010 0.2526 0.00054 θ s 0.379
1 29.40 0.2394 0.2086 0.00095 0.2235 0.00026 0.2109 0.00082 θ r 0.011
1 47.77 0.1594 0.1639 0.00002 0.1711 0.00014 0.1670 0.00006 h b 9.066
1 102.89 0.1030 0.1129 0.00010 0.1090 0.00004 0.1155 0.00016 λ 0.528
1 149.04 0.0866 0.0947 0.00007 0.0884 0.00000 0.0966 0.00010
1 213.44 0.0757 0.0802 0.00002 0.0732 0.00001 0.0813 0.00003 vG model
1 307.00 0.0655 0.0681 0.00001 0.0616 0.00002 0.0683 0.00001 θ s 0.379
1 333.00 0.0626 0.0657 0.00001 0.0594 0.00001 0.0656 0.00001 θ r 0.026
1 460.00 0.0546 0.0571 0.00001 0.0519 0.00001 0.0562 0.00000 α 0.060
1 552.00 0.0473 0.0528 0.00003 0.0484 0.00000 0.0515 0.00002 n 1.789
1 736.00 0.0400 0.0469 0.00005 0.0439 0.00001 0.0448 0.00002
1 1000.00 0.0364 0.0415 0.00003 0.0401 0.00001 0.0387 0.00001 Campbell
1 3000.00 0.0328 0.0279 0.00002 0.0319 0.00000 0.0228 0.00010 θ s 0.379
1 8000.00 0.0306 0.0210 0.00009 0.0288 0.00000 0.0142 0.00027 h b 8.687
1 15000.00 0.0284 0.0181 0.00011 0.0277 0.00000 0.0105 0.00032 b 2.080
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Figure A.14. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/36B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.15 

Water retention data and model fits. Sample_ID: S-1/36C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4330 0.4330 0.00000 0.4325 0.00000 0.4330 0.00000
1 10.00 0.3179 0.4330 0.01324 0.3582 0.00163 0.3403 0.00050 BC model
1 20.20 0.2893 0.2894 0.00000 0.2361 0.00283 0.2146 0.00559 θ s 0.433
1 29.40 0.1607 0.1574 0.00001 0.1691 0.00007 0.1677 0.00005 θ r 0.029
1 48.00 0.0679 0.0800 0.00015 0.1052 0.00139 0.1216 0.00289 h b 15.998
1 103.00 0.0536 0.0410 0.00016 0.0544 0.00000 0.0737 0.00041 λ 1.883
1 213.00 0.0429 0.0320 0.00012 0.0356 0.00005 0.0458 0.00001
1 310.50 0.0357 0.0304 0.00003 0.0309 0.00002 0.0357 0.00000 vG model
1 333.00 0.0354 0.0302 0.00003 0.0303 0.00003 0.0341 0.00000 θ s 0.433
1 459.40 0.0336 0.0296 0.00002 0.0280 0.00003 0.0276 0.00004 θ r 0.024
1 551.20 0.0316 0.0294 0.00000 0.0271 0.00002 0.0245 0.00005 α 0.069
1 735.00 0.0271 0.0292 0.00000 0.0260 0.00000 0.0203 0.00005 n 2.316
1 1000.00 0.0243 0.0291 0.00002 0.0253 0.00000 0.0166 0.00006
1 3000.00 0.0214 0.0289 0.00006 0.0241 0.00001 0.0081 0.00018 Campbell
1 8000.00 0.0207 0.0289 0.00007 0.0238 0.00001 0.0042 0.00027 θ s 0.433
1 15000.00 0.0204 0.0289 0.00007 0.0238 0.00001 0.0028 0.00031 h b 6.924

      b 1.525
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Figure A.15. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/36C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.16 

Water retention data and model fits. Sample_ID: S-1/36D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4510 0.4510 0.00000 0.4496 0.00000 0.4510 0.00000
1 10.00 0.3215 0.4510 0.01677 0.3653 0.00191 0.3576 0.00130 BC model
1 20.20 0.3019 0.3079 0.00004 0.2637 0.00146 0.2397 0.00386 θ s 0.451
1 29.40 0.2322 0.2108 0.00046 0.2067 0.00065 0.1937 0.00148 θ r 0.025
1 48.00 0.1072 0.1322 0.00063 0.1448 0.00141 0.1465 0.00155 h b 14.014
1 103.00 0.0750 0.0704 0.00002 0.0825 0.00006 0.0949 0.00040 λ 1.118
1 213.00 0.0536 0.0449 0.00007 0.0512 0.00001 0.0628 0.00008
1 310.50 0.0393 0.0379 0.00000 0.0415 0.00000 0.0507 0.00013 vG model
1 333.00 0.0386 0.0369 0.00000 0.0400 0.00000 0.0487 0.00010 θ s 0.451
1 459.40 0.0336 0.0332 0.00000 0.0344 0.00000 0.0406 0.00005 θ r 0.018
1 551.20 0.0314 0.0316 0.00000 0.0318 0.00000 0.0366 0.00003 α 0.076
1 735.00 0.0293 0.0297 0.00000 0.0286 0.00000 0.0310 0.00000 n 1.923
1 1000.00 0.0271 0.0282 0.00000 0.0260 0.00000 0.0261 0.00000
1 3000.00 0.0250 0.0257 0.00000 0.0209 0.00002 0.0139 0.00012 Campbell
1 8000.00 0.0229 0.0250 0.00000 0.0192 0.00001 0.0080 0.00022 θ s 0.451
1 15000.00 0.0222 0.0248 0.00001 0.0187 0.00001 0.0056 0.00028 h b 6.650

      b 1.758
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Figure A.16. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/36D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.17 

Water retention data and model fits. Sample_ID: S-1/38B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3690 0.3690 0.00000 0.3683 0.00000 0.3690 0.00000
1 12.40 0.2980 0.3690 0.00504 0.3250 0.00073 0.3343 0.00131 BC model
1 20.20 0.2929 0.3078 0.00022 0.2870 0.00004 0.2694 0.00056 θ s 0.369
1 29.40 0.2697 0.2484 0.00045 0.2491 0.00042 0.2282 0.00172 θ r 0.020
1 47.77 0.1940 0.1895 0.00002 0.1971 0.00001 0.1841 0.00010 h b 14.766
1 102.89 0.1212 0.1257 0.00002 0.1284 0.00005 0.1311 0.00010 λ 0.615
1 149.04 0.1004 0.1041 0.00001 0.1043 0.00001 0.1112 0.00012
1 213.44 0.0815 0.0874 0.00004 0.0860 0.00002 0.0949 0.00018 vG model
1 307.00 0.0706 0.0739 0.00001 0.0717 0.00000 0.0808 0.00010 θ s 0.369
1 333.00 0.0670 0.0713 0.00002 0.0689 0.00000 0.0779 0.00012 θ r 0.026
1 460.00 0.0633 0.0620 0.00000 0.0596 0.00001 0.0676 0.00002 α 0.046
1 552.00 0.0597 0.0576 0.00000 0.0553 0.00002 0.0623 0.00001 n 1.759
1 736.00 0.0524 0.0514 0.00000 0.0496 0.00001 0.0549 0.00001
1 1000.00 0.0473 0.0460 0.00000 0.0447 0.00001 0.0479 0.00000 Campbell
1 3000.00 0.0364 0.0332 0.00001 0.0341 0.00001 0.0295 0.00005 θ s 0.369
1 8000.00 0.0286 0.0272 0.00000 0.0298 0.00000 0.0191 0.00009 h b 9.919
1 15000.00 0.0255 0.0249 0.00000 0.0283 0.00001 0.0145 0.00012 b 2.260
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Figure A.17. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/38B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.18 

Water retention data and model fits. Sample_ID: S-1/38C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3970 0.3970 0.00000 0.3969 0.00000 0.3970 0.00000
1 10.00 0.3144 0.3970 0.00683 0.3510 0.00134 0.3261 0.00014 BC model
1 20.20 0.2679 0.2685 0.00000 0.2306 0.00140 0.2064 0.00378 θ s 0.397
1 29.40 0.1465 0.1419 0.00002 0.1556 0.00008 0.1617 0.00023 θ r 0.032
1 48.00 0.0607 0.0724 0.00014 0.0891 0.00081 0.1176 0.00323 h b 16.336
1 103.00 0.0500 0.0406 0.00009 0.0462 0.00001 0.0715 0.00046 λ 2.044
1 213.00 0.0429 0.0341 0.00008 0.0345 0.00007 0.0446 0.00000
1 310.50 0.0411 0.0330 0.00006 0.0322 0.00008 0.0349 0.00004 vG model
1 333.00 0.0407 0.0329 0.00006 0.0320 0.00008 0.0334 0.00005 θ s 0.397
1 459.40 0.0393 0.0326 0.00005 0.0310 0.00007 0.0271 0.00015 θ r 0.030
1 551.20 0.0375 0.0324 0.00003 0.0307 0.00005 0.0240 0.00018 α 0.059
1 735.00 0.0357 0.0323 0.00001 0.0303 0.00003 0.0199 0.00025 n 2.722
1 1000.00 0.0343 0.0322 0.00000 0.0301 0.00002 0.0163 0.00032
1 3000.00 0.0200 0.0322 0.00015 0.0298 0.00010 0.0080 0.00014 Campbell
1 8000.00 0.0171 0.0322 0.00023 0.0298 0.00016 0.0042 0.00017 θ s 0.397
1 15000.00 0.0158 0.0322 0.00027 0.0298 0.00020 0.0028 0.00017 h b 7.390

      b 1.537
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Figure A.18. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/38C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 

 



 

A.19 

Water retention data and model fits. Sample_ID: S-1/38D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4740 0.4740 0.00000 0.4728 0.00000 0.4740 0.00000
1 10.00 0.3765 0.4740 0.00950 0.4294 0.00280 0.4740 0.00950 BC model
1 20.20 0.3694 0.3933 0.00057 0.3689 0.00000 0.3880 0.00035 θ s 0.474
1 29.40 0.3336 0.3248 0.00008 0.3245 0.00008 0.3252 0.00007 θ r 0.020
1 48.00 0.2979 0.2539 0.00194 0.2629 0.00123 0.2583 0.00157 h b 14.053
1 103.00 0.1765 0.1748 0.00000 0.1795 0.00001 0.1803 0.00001 λ 0.539
1 213.00 0.1015 0.1245 0.00053 0.1239 0.00050 0.1281 0.00071
1 310.50 0.0943 0.1052 0.00012 0.1031 0.00008 0.1073 0.00017 vG model
1 333.00 0.0936 0.1021 0.00007 0.0998 0.00004 0.1038 0.00010 θ s 0.474
1 459.40 0.0836 0.0889 0.00003 0.0861 0.00001 0.0893 0.00003 θ r 0.027
1 551.20 0.0800 0.0824 0.00001 0.0796 0.00000 0.0819 0.00000 α 0.049
1 735.00 0.0764 0.0734 0.00001 0.0706 0.00003 0.0715 0.00002 n 1.650
1 1000.00 0.0607 0.0652 0.00002 0.0627 0.00000 0.0619 0.00000
1 3000.00 0.0464 0.0448 0.00000 0.0445 0.00000 0.0369 0.00009 Campbell
1 8000.00 0.0429 0.0344 0.00007 0.0363 0.00004 0.0233 0.00038 θ s 0.474
1 15000.00 0.0411 0.0302 0.00012 0.0332 0.00006 0.0173 0.00056 h b 13.200

      b 2.126
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Figure A.19. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/38D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.20 

Water retention data and model fits. Sample_ID: S-1/40B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3590 0.3590 0.00000 0.3583 0.00000 0.3590 0.00000
1 12.40 0.3148 0.3258 0.00012 0.3063 0.00007 0.3194 0.00002 BC model
1 20.20 0.2566 0.2516 0.00002 0.2629 0.00004 0.2527 0.00002 θ s 0.359
1 29.40 0.2129 0.2069 0.00004 0.2225 0.00009 0.2109 0.00000 θ r 0.018
1 47.77 0.1765 0.1616 0.00022 0.1712 0.00003 0.1671 0.00009 h b 10.345
1 102.89 0.1255 0.1110 0.00021 0.1093 0.00026 0.1155 0.00010 λ 0.565
1 149.04 0.0935 0.0934 0.00000 0.0889 0.00002 0.0967 0.00001
1 213.44 0.0717 0.0795 0.00006 0.0740 0.00001 0.0813 0.00009 vG model
1 307.00 0.0546 0.0680 0.00018 0.0626 0.00006 0.0683 0.00019 θ s 0.359
1 333.00 0.0528 0.0658 0.00017 0.0604 0.00006 0.0657 0.00017 θ r 0.029
1 460.00 0.0473 0.0578 0.00011 0.0533 0.00004 0.0562 0.00008 α 0.053
1 552.00 0.0455 0.0538 0.00007 0.0500 0.00002 0.0515 0.00004 n 1.821
1 736.00 0.0437 0.0484 0.00002 0.0457 0.00000 0.0449 0.00000
1 1000.00 0.0429 0.0435 0.00000 0.0421 0.00000 0.0387 0.00002 Campbell
1 3000.00 0.0400 0.0316 0.00007 0.0346 0.00003 0.0228 0.00030 θ s 0.359
1 8000.00 0.0364 0.0257 0.00011 0.0318 0.00002 0.0143 0.00049 h b 9.726
1 15000.00 0.0331 0.0233 0.00010 0.0308 0.00001 0.0105 0.00051 b 2.080
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Figure A.20. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/40B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.21 

Water retention data and model fits. Sample_ID: S-1/40C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3910 0.3910 0.00000 0.3896 0.00000 0.3910 0.00000
1 10.00 0.3051 0.2981 0.00005 0.2850 0.00040 0.2809 0.00058 BC model
1 20.20 0.1622 0.1765 0.00020 0.1841 0.00048 0.1867 0.00060 θ s 0.391
1 29.40 0.1265 0.1356 0.00008 0.1385 0.00014 0.1501 0.00056 θ r 0.025
1 48.00 0.1086 0.0984 0.00010 0.0958 0.00016 0.1129 0.00002 h b 7.055
1 103.00 0.0729 0.0638 0.00008 0.0590 0.00019 0.0725 0.00000 λ 0.840
1 213.00 0.0479 0.0463 0.00000 0.0431 0.00002 0.0475 0.00000
1 310.50 0.0443 0.0406 0.00001 0.0387 0.00003 0.0382 0.00004 vG model
1 333.00 0.0441 0.0397 0.00002 0.0380 0.00004 0.0367 0.00006 θ s 0.391
1 459.40 0.0405 0.0363 0.00002 0.0356 0.00002 0.0304 0.00010 θ r 0.030
1 551.20 0.0357 0.0348 0.00000 0.0346 0.00000 0.0274 0.00007 α 0.097
1 735.00 0.0343 0.0328 0.00000 0.0333 0.00000 0.0231 0.00012 n 2.090
1 1000.00 0.0314 0.0311 0.00000 0.0324 0.00000 0.0194 0.00015
1 3000.00 0.0221 0.0276 0.00003 0.0306 0.00007 0.0102 0.00014 Campbell
1 8000.00 0.0200 0.0264 0.00004 0.0302 0.00010 0.0058 0.00020 θ s 0.391
1 15000.00 0.0186 0.0260 0.00005 0.0300 0.00013 0.0040 0.00021 h b 5.659

      b 1.721
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Figure A.21. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/40C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.22 

Water retention data and model fits. Sample_ID: S-1/40D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4040 0.4040 0.00000 0.4032 0.00000 0.4040 0.00000
1 10.00 0.2808 0.4040 0.01518 0.3170 0.00131 0.3007 0.00040 BC model
1 20.20 0.2793 0.2751 0.00002 0.2045 0.00561 0.1912 0.00777 θ s 0.404
1 29.40 0.1007 0.1198 0.00036 0.1484 0.00227 0.1501 0.00244 θ r 0.031
1 48.00 0.0793 0.0545 0.00061 0.0955 0.00026 0.1095 0.00091 h b 17.255
1 103.00 0.0579 0.0337 0.00058 0.0520 0.00003 0.0669 0.00008 λ 2.687
1 213.00 0.0364 0.0311 0.00003 0.0347 0.00000 0.0419 0.00003
1 310.50 0.0329 0.0308 0.00000 0.0301 0.00001 0.0329 0.00000 vG model
1 333.00 0.0321 0.0308 0.00000 0.0295 0.00001 0.0314 0.00000 θ s 0.404
1 459.40 0.0293 0.0307 0.00000 0.0272 0.00000 0.0255 0.00001 θ r 0.022
1 551.20 0.0279 0.0307 0.00001 0.0262 0.00000 0.0227 0.00003 α 0.080
1 735.00 0.0243 0.0307 0.00004 0.0250 0.00000 0.0189 0.00003 n 2.211
1 1000.00 0.0233 0.0307 0.00005 0.0242 0.00000 0.0155 0.00006
1 3000.00 0.0226 0.0307 0.00007 0.0228 0.00000 0.0076 0.00022 Campbell
1 8000.00 0.0223 0.0307 0.00007 0.0224 0.00000 0.0041 0.00033 θ s 0.404
1 15000.00 0.0222 0.0307 0.00007 0.0223 0.00000 0.0027 0.00038 h b 6.324

      b 1.552
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Figure A.22. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/40D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.23 

Water retention data and model fits. Sample_ID: S-1/42B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3740 0.3740 0.00000 0.3726 0.00000 0.3740 0.00000
1 10.00 0.3251 0.3332 0.00007 0.3147 0.00011 0.3294 0.00002 BC model
1 20.20 0.2411 0.2329 0.00007 0.2465 0.00003 0.2345 0.00004 θ s 0.374
1 29.40 0.1947 0.1928 0.00000 0.2052 0.00011 0.1956 0.00000 θ r 0.010
1 48.00 0.1625 0.1511 0.00013 0.1561 0.00004 0.1544 0.00007 h b 7.986
1 103.00 0.1090 0.1042 0.00002 0.1002 0.00008 0.1068 0.00000 λ 0.529
1 213.00 0.0643 0.0742 0.00010 0.0680 0.00001 0.0752 0.00012
1 310.50 0.0579 0.0626 0.00002 0.0569 0.00000 0.0627 0.00002 vG model
1 333.00 0.0572 0.0607 0.00001 0.0551 0.00000 0.0606 0.00001 θ s 0.374
1 459.40 0.0464 0.0528 0.00004 0.0482 0.00000 0.0519 0.00003 θ r 0.023
1 551.20 0.0429 0.0488 0.00004 0.0450 0.00000 0.0475 0.00002 α 0.070
1 735.00 0.0393 0.0434 0.00002 0.0407 0.00000 0.0413 0.00000 n 1.759
1 1000.00 0.0350 0.0384 0.00001 0.0370 0.00000 0.0356 0.00000
1 3000.00 0.0279 0.0259 0.00000 0.0292 0.00000 0.0209 0.00005 Campbell
1 8000.00 0.0271 0.0195 0.00006 0.0260 0.00000 0.0130 0.00020 θ s 0.374
1 15000.00 0.0268 0.0168 0.00010 0.0249 0.00000 0.0096 0.00029 h b 7.687
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Figure A.23. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/42B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.24 

Water retention data and model fits. Sample_ID: S-1/42D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4030 0.4030 0.00000 0.4030 0.00000 0.4030 0.00000
1 10.00 0.3772 0.4030 0.00066 0.4025 0.00064 0.4030 0.00066 BC model
1 20.20 0.3737 0.4030 0.00086 0.3999 0.00069 0.4030 0.00086 θ s 0.403
1 29.40 0.3701 0.4030 0.00108 0.3947 0.00061 0.4030 0.00108 θ r 0.042
1 48.00 0.3665 0.4030 0.00133 0.3748 0.00007 0.4030 0.00133 h b 79.887
1 103.00 0.2951 0.2917 0.00001 0.2722 0.00052 0.2766 0.00034 λ 1.451
1 213.00 0.1093 0.1289 0.00039 0.1384 0.00085 0.1475 0.00146
1 310.50 0.0950 0.0923 0.00001 0.0960 0.00000 0.1065 0.00013 vG model
1 333.00 0.0929 0.0874 0.00003 0.0903 0.00001 0.1002 0.00005 θ s 0.403
1 459.40 0.0772 0.0704 0.00005 0.0705 0.00004 0.0759 0.00000 θ r 0.041
1 551.20 0.0700 0.0638 0.00004 0.0630 0.00005 0.0648 0.00003 α 0.010
1 735.00 0.0629 0.0563 0.00004 0.0548 0.00006 0.0505 0.00015 n 2.655
1 1000.00 0.0572 0.0511 0.00004 0.0495 0.00006 0.0387 0.00034
1 3000.00 0.0429 0.0438 0.00000 0.0427 0.00000 0.0150 0.00078 Campbell
1 8000.00 0.0343 0.0424 0.00006 0.0416 0.00005 0.0064 0.00078 θ s 0.403
1 15000.00 0.0336 0.0421 0.00007 0.0414 0.00006 0.0037 0.00089 h b 66.669
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Figure A.24. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/42D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 

 



 

A.25 

Water retention data and model fits. Sample_ID: S-1/43C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3840 0.3840 0.00000 0.3791 0.00002 0.3840 0.00000
1 10.00 0.3072 0.3188 0.00013 0.3070 0.00000 0.3188 0.00013 BC model
1 20.20 0.2443 0.2465 0.00000 0.2542 0.00010 0.2465 0.00000 θ s 0.384
1 29.40 0.2186 0.2149 0.00001 0.2246 0.00004 0.2149 0.00001 θ r 0.000
1 48.00 0.1958 0.1796 0.00026 0.1881 0.00006 0.1796 0.00026 h b 6.014
1 103.00 0.1557 0.1358 0.00040 0.1397 0.00026 0.1358 0.00040 λ 0.366
1 213.00 0.1143 0.1041 0.00010 0.1042 0.00010 0.1041 0.00010
1 310.50 0.0929 0.0907 0.00000 0.0893 0.00001 0.0907 0.00000 vG model
1 333.00 0.0886 0.0884 0.00000 0.0868 0.00000 0.0884 0.00000 θ s 0.384
1 459.40 0.0750 0.0786 0.00001 0.0761 0.00000 0.0786 0.00001 θ r 0.000
1 551.20 0.0607 0.0735 0.00016 0.0706 0.00010 0.0735 0.00016 α 0.111
1 735.00 0.0536 0.0662 0.00016 0.0627 0.00008 0.0662 0.00016 n 1.412
1 1000.00 0.0429 0.0591 0.00026 0.0553 0.00015 0.0591 0.00026
1 3000.00 0.0304 0.0396 0.00008 0.0352 0.00002 0.0396 0.00008 Campbell
1 8000.00 0.0246 0.0276 0.00001 0.0235 0.00000 0.0276 0.00001 θ s 0.384
1 15000.00 0.0232 0.0220 0.00000 0.0181 0.00003 0.0220 0.00000 h b 6.014

      b 2.734
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Figure A.25. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/43C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.26 

Water retention data and model fits. Sample_ID: S-1/45B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3600 0.3600 0.00000 0.3585 0.00000 0.3600 0.00000
1 12.40 0.2802 0.3069 0.00071 0.3025 0.00050 0.3032 0.00053 BC model
1 20.20 0.2656 0.2542 0.00013 0.2659 0.00000 0.2540 0.00013 θ s 0.360
1 29.40 0.2438 0.2202 0.00056 0.2336 0.00010 0.2217 0.00049 θ r 0.015
1 47.77 0.2074 0.1833 0.00058 0.1921 0.00023 0.1860 0.00046 h b 8.234
1 102.89 0.1419 0.1380 0.00002 0.1377 0.00002 0.1408 0.00000 λ 0.408
1 149.04 0.1128 0.1207 0.00006 0.1176 0.00002 0.1231 0.00011
1 213.44 0.0910 0.1063 0.00023 0.1016 0.00011 0.1081 0.00029 vG model
1 307.00 0.0837 0.0937 0.00010 0.0883 0.00002 0.0948 0.00012 θ s 0.360
1 333.00 0.0820 0.0911 0.00008 0.0857 0.00001 0.0920 0.00010 θ r 0.033
1 460.00 0.0764 0.0817 0.00003 0.0766 0.00000 0.0818 0.00003 α 0.063
1 552.00 0.0728 0.0769 0.00002 0.0721 0.00000 0.0766 0.00001 n 1.600
1 736.00 0.0655 0.0700 0.00002 0.0660 0.00000 0.0690 0.00001
1 1000.00 0.0582 0.0635 0.00003 0.0605 0.00001 0.0618 0.00001 Campbell
1 3000.00 0.0497 0.0459 0.00001 0.0474 0.00001 0.0415 0.00007 θ s 0.360
1 8000.00 0.0444 0.0357 0.00008 0.0411 0.00001 0.0291 0.00023 h b 7.718
1 15000.00 0.0437 0.0310 0.00016 0.0387 0.00003 0.0232 0.00042 b 2.759
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Figure A.26. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/45B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.27 

Water retention data and model fits. Sample_ID: S-1/45C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4240 0.4240 0.00000 0.4232 0.00000 0.4240 0.00000
1 10.00 0.2951 0.4240 0.01662 0.2990 0.00002 0.2876 0.00006 BC model
1 20.20 0.1808 0.1762 0.00002 0.1648 0.00025 0.1678 0.00017 θ s 0.424
1 29.40 0.0950 0.1068 0.00014 0.1118 0.00028 0.1259 0.00095 θ r 0.026
1 48.00 0.0664 0.0619 0.00002 0.0691 0.00001 0.0864 0.00040 h b 11.178
1 103.00 0.0414 0.0360 0.00003 0.0395 0.00000 0.0482 0.00005 λ 1.645
1 213.00 0.0379 0.0288 0.00008 0.0296 0.00007 0.0276 0.00011
1 310.50 0.0343 0.0274 0.00005 0.0273 0.00005 0.0207 0.00019 vG model
1 333.00 0.0332 0.0272 0.00004 0.0270 0.00004 0.0196 0.00019 θ s 0.424
1 459.40 0.0307 0.0266 0.00002 0.0260 0.00002 0.0153 0.00024 θ r 0.024
1 551.20 0.0271 0.0263 0.00000 0.0255 0.00000 0.0133 0.00019 α 0.095
1 735.00 0.0236 0.0261 0.00001 0.0251 0.00000 0.0107 0.00017 n 2.426
1 1000.00 0.0207 0.0259 0.00003 0.0247 0.00002 0.0084 0.00015
1 3000.00 0.0193 0.0257 0.00004 0.0243 0.00002 0.0036 0.00025 Campbell
1 8000.00 0.0179 0.0257 0.00006 0.0242 0.00004 0.0017 0.00026 θ s 0.424
1 15000.00 0.0179 0.0257 0.00006 0.0242 0.00004 0.0011 0.00028 h b 6.024

      b 1.305
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Figure A.27. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/45C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.28 

Water retention data and model fits. Sample_ID: S-1/45D
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4450 0.4450 0.00000 0.4448 0.00000 0.4450 0.00000
1 10.00 0.3301 0.4450 0.01321 0.3363 0.00004 0.3292 0.00000 BC model
1 20.20 0.1765 0.1744 0.00000 0.1574 0.00036 0.1552 0.00045 θ s 0.445
1 29.40 0.0693 0.0783 0.00008 0.0916 0.00050 0.1039 0.00120 θ r 0.021
1 48.00 0.0479 0.0368 0.00012 0.0480 0.00000 0.0615 0.00019 h b 13.716
1 103.00 0.0336 0.0231 0.00011 0.0258 0.00006 0.0272 0.00004 λ 2.625
1 213.00 0.0264 0.0213 0.00003 0.0208 0.00003 0.0125 0.00019
1 310.50 0.0229 0.0211 0.00000 0.0200 0.00001 0.0083 0.00021 vG model
1 333.00 0.0226 0.0211 0.00000 0.0199 0.00001 0.0077 0.00022 θ s 0.445
1 459.40 0.0214 0.0210 0.00000 0.0196 0.00000 0.0055 0.00025 θ r 0.019
1 551.20 0.0200 0.0210 0.00000 0.0195 0.00000 0.0045 0.00024 α 0.082
1 735.00 0.0186 0.0210 0.00001 0.0194 0.00000 0.0033 0.00023 n 2.954
1 1000.00 0.0181 0.0210 0.00001 0.0193 0.00000 0.0024 0.00025
1 3000.00 0.0157 0.0210 0.00003 0.0192 0.00001 0.0007 0.00022 Campbell
1 8000.00 0.0150 0.0210 0.00004 0.0192 0.00002 0.0003 0.00022 θ s 0.445
1 15000.00 0.0150 0.0210 0.00004 0.0192 0.00002 0.0001 0.00022 h b 7.544

      b 0.935
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Figure A.28. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-1/45D from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.29 

Water retention data and model fits. Sample_ID: S-2/1B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4030 0.4030 0.00000 0.4025 0.00000 0.4030 0.00000
1 12.40 0.2868 0.4030 0.01351 0.2996 0.00016 0.2818 0.00002 BC model
1 20.20 0.2413 0.2378 0.00001 0.2165 0.00061 0.2114 0.00089 θ s 0.403
1 29.40 0.1467 0.1532 0.00004 0.1575 0.00012 0.1694 0.00052 θ r 0.039
1 47.77 0.0921 0.0947 0.00001 0.1035 0.00013 0.1272 0.00124 h b 13.402
1 102.89 0.0630 0.0567 0.00004 0.0612 0.00000 0.0809 0.00032 λ 1.472
1 184.00 0.0539 0.0463 0.00006 0.0480 0.00003 0.0574 0.00001
1 306.00 0.0466 0.0422 0.00002 0.0424 0.00002 0.0426 0.00002 vG model
1 333.00 0.0464 0.0418 0.00002 0.0418 0.00002 0.0405 0.00003 θ s 0.403
1 459.40 0.0437 0.0406 0.00001 0.0400 0.00001 0.0335 0.00010 θ r 0.037
1 551.20 0.0415 0.0401 0.00000 0.0393 0.00000 0.0301 0.00013 α 0.073
1 735.00 0.0378 0.0396 0.00000 0.0385 0.00000 0.0254 0.00016 n 2.343
1 1000.00 0.0367 0.0392 0.00001 0.0379 0.00000 0.0212 0.00024
1 3000.00 0.0349 0.0387 0.00001 0.0370 0.00000 0.0111 0.00057 Campbell
1 8000.00 0.0318 0.0386 0.00005 0.0368 0.00003 0.0062 0.00065 θ s 0.403
1 15000.00 0.0317 0.0386 0.00005 0.0368 0.00003 0.0043 0.00075 h b 6.761
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Figure A.29. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/1B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.30 

Water retention data and model fits. Sample_ID: S-2/5C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4230 0.4230 0.00000 0.4228 0.00000 0.4230 0.00000
1 12.40 0.3170 0.4230 0.01124 0.3581 0.00169 0.3487 0.00101 BC model
1 20.20 0.3133 0.3177 0.00002 0.2802 0.00110 0.2537 0.00356 θ s 0.423
1 29.40 0.2151 0.2038 0.00013 0.2082 0.00005 0.1986 0.00027 θ r 0.030
1 47.77 0.1150 0.1206 0.00003 0.1309 0.00025 0.1447 0.00088 h b 16.009
1 102.89 0.0568 0.0623 0.00003 0.0656 0.00008 0.0877 0.00096 λ 1.341
1 184.00 0.0422 0.0447 0.00001 0.0453 0.00001 0.0601 0.00032
1 306.00 0.0378 0.0374 0.00000 0.0370 0.00000 0.0431 0.00003 vG model
1 333.00 0.0375 0.0365 0.00000 0.0361 0.00000 0.0408 0.00001 θ s 0.423
1 459.40 0.0364 0.0342 0.00000 0.0335 0.00001 0.0331 0.00001 θ r 0.029
1 551.20 0.0342 0.0332 0.00000 0.0324 0.00000 0.0294 0.00002 α 0.053
1 735.00 0.0328 0.0322 0.00000 0.0312 0.00000 0.0243 0.00007 n 2.396
1 1000.00 0.0316 0.0314 0.00000 0.0304 0.00000 0.0199 0.00014
1 3000.00 0.0306 0.0302 0.00000 0.0292 0.00000 0.0097 0.00043 Campbell
1 8000.00 0.0304 0.0299 0.00000 0.0289 0.00000 0.0051 0.00064 θ s 0.423
1 15000.00 0.0303 0.0299 0.00000 0.0289 0.00000 0.0034 0.00072 h b 9.221
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Figure A.30. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/5C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.31 

Water retention data and model fits. Sample_ID: S-2/9B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3820 0.3820 0.00000 0.3754 0.00004 0.3820 0.00000
1 12.40 0.2409 0.2417 0.00000 0.2391 0.00000 0.2345 0.00004 BC model
1 20.20 0.1856 0.1906 0.00003 0.1936 0.00006 0.1910 0.00003 θ s 0.382
1 29.40 0.1623 0.1595 0.00001 0.1625 0.00000 0.1631 0.00000 θ r 0.020
1 47.77 0.1317 0.1275 0.00002 0.1290 0.00001 0.1330 0.00000 h b 4.976
1 102.89 0.1026 0.0912 0.00013 0.0906 0.00014 0.0963 0.00004 λ 0.537
1 149.04 0.0852 0.0783 0.00005 0.0773 0.00006 0.0824 0.00001
1 213.44 0.0648 0.0681 0.00001 0.0668 0.00000 0.0708 0.00004 vG model
1 307.00 0.0531 0.0596 0.00004 0.0583 0.00003 0.0608 0.00006 θ s 0.382
1 333.00 0.0503 0.0579 0.00006 0.0567 0.00004 0.0587 0.00007 θ r 0.023
1 460.00 0.0473 0.0518 0.00002 0.0508 0.00001 0.0513 0.00002 α 0.156
1 552.00 0.0444 0.0489 0.00002 0.0480 0.00001 0.0475 0.00001 n 1.602
1 736.00 0.0422 0.0447 0.00001 0.0441 0.00000 0.0421 0.00000
1 1000.00 0.0378 0.0410 0.00001 0.0406 0.00001 0.0370 0.00000 Campbell
1 3000.00 0.0328 0.0316 0.00000 0.0323 0.00000 0.0233 0.00009 θ s 0.382
1 8000.00 0.0315 0.0268 0.00002 0.0283 0.00001 0.0154 0.00026 h b 3.889
1 15000.00 0.0314 0.0249 0.00004 0.0268 0.00002 0.0118 0.00038 b 2.377
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Figure A.31. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/9B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.32 

Water retention data and model fits. Sample_ID: S-2/13C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3860 0.3860 0.00000 0.3854 0.00000 0.3860 0.00000
1 12.40 0.3137 0.3860 0.00523 0.3234 0.00009 0.3195 0.00003 BC model
1 20.20 0.2882 0.2859 0.00001 0.2696 0.00035 0.2572 0.00096 θ s 0.386
1 29.40 0.2263 0.2201 0.00004 0.2220 0.00002 0.2176 0.00008 θ r 0.046
1 47.77 0.1463 0.1610 0.00022 0.1661 0.00039 0.1754 0.00085 h b 13.428
1 102.89 0.0953 0.1057 0.00011 0.1066 0.00013 0.1247 0.00086 λ 0.854
1 149.04 0.0855 0.0895 0.00002 0.0891 0.00001 0.1058 0.00041
1 213.44 0.0819 0.0780 0.00002 0.0771 0.00002 0.0902 0.00007 vG model
1 307.00 0.0775 0.0694 0.00007 0.0684 0.00008 0.0767 0.00000 θ s 0.386
1 333.00 0.0753 0.0679 0.00006 0.0669 0.00007 0.0740 0.00000 θ r 0.048
1 460.00 0.0735 0.0626 0.00012 0.0618 0.00014 0.0641 0.00009 α 0.058
1 552.00 0.0691 0.0602 0.00008 0.0596 0.00009 0.0591 0.00010 n 1.978
1 736.00 0.0655 0.0571 0.00007 0.0567 0.00008 0.0520 0.00018
1 1000.00 0.0582 0.0545 0.00001 0.0545 0.00001 0.0454 0.00017 Campbell
1 3000.00 0.0397 0.0493 0.00009 0.0503 0.00011 0.0278 0.00014 θ s 0.386
1 8000.00 0.0364 0.0474 0.00012 0.0489 0.00016 0.0180 0.00034 h b 8.101
1 15000.00 0.0364 0.0468 0.00011 0.0485 0.00015 0.0136 0.00052 b 2.249
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Figure A.32. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/13C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.33 

Water retention data and model fits. Sample_ID: S-2/15B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3740 0.3740 0.00000 0.3702 0.00001 0.3740 0.00000
1 12.40 0.2729 0.2853 0.00015 0.2813 0.00007 0.2788 0.00003 BC model
1 20.20 0.2438 0.2366 0.00005 0.2417 0.00000 0.2360 0.00006 θ s 0.374
1 29.40 0.2147 0.2055 0.00009 0.2113 0.00001 0.2077 0.00005 θ r 0.023
1 47.77 0.1856 0.1718 0.00019 0.1755 0.00010 0.1760 0.00009 h b 6.203
1 102.89 0.1274 0.1308 0.00001 0.1306 0.00001 0.1354 0.00007 λ 0.421
1 149.04 0.1092 0.1153 0.00004 0.1138 0.00002 0.1194 0.00010
1 213.44 0.0961 0.1024 0.00004 0.1002 0.00002 0.1056 0.00009 vG model
1 307.00 0.0859 0.0912 0.00003 0.0888 0.00001 0.0933 0.00005 θ s 0.374
1 333.00 0.0830 0.0889 0.00004 0.0865 0.00001 0.0907 0.00006 θ r 0.033
1 460.00 0.0786 0.0806 0.00000 0.0783 0.00000 0.0813 0.00001 α 0.107
1 552.00 0.0771 0.0764 0.00000 0.0742 0.00001 0.0764 0.00000 n 1.519
1 736.00 0.0713 0.0703 0.00000 0.0685 0.00001 0.0692 0.00000
1 1000.00 0.0663 0.0647 0.00000 0.0633 0.00001 0.0623 0.00002 Campbell
1 3000.00 0.0509 0.0494 0.00000 0.0502 0.00000 0.0429 0.00007 θ s 0.374
1 8000.00 0.0437 0.0406 0.00001 0.0434 0.00000 0.0307 0.00017 h b 5.242
1 15000.00 0.0400 0.0366 0.00001 0.0406 0.00000 0.0247 0.00023 b 2.931

      
      
      
      
      
     
     
     
     
     
   

weighted SSR = 0.0007 0.0003 0.0011

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

0.0 0.1 0.2 0.3 0.4 0.5
Volumetric water content

Te
ns

io
n 

(c
m

)

Data
Brooks-Corey model
van Genuchten model
Campbell model

 

Figure A.33. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/15B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.34 

Water retention data and model fits. Sample_ID: S-2/19B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4560 0.4560 0.00000 0.4531 0.00001 0.4560 0.00000
1 12.40 0.2653 0.2863 0.00044 0.2868 0.00046 0.2786 0.00018 BC model
1 20.20 0.2362 0.2041 0.00103 0.2119 0.00059 0.2072 0.00084 θ s 0.456
1 29.40 0.1779 0.1584 0.00038 0.1627 0.00023 0.1650 0.00017 θ r 0.017
1 47.77 0.0979 0.1155 0.00031 0.1146 0.00028 0.1229 0.00062 h b 6.441
1 102.89 0.0560 0.0727 0.00028 0.0684 0.00015 0.0771 0.00044 λ 0.747
1 149.04 0.0524 0.0593 0.00005 0.0551 0.00001 0.0616 0.00008
1 213.44 0.0451 0.0494 0.00002 0.0458 0.00000 0.0495 0.00002 vG model
1 307.00 0.0386 0.0417 0.00001 0.0391 0.00000 0.0397 0.00000 θ s 0.456
1 333.00 0.0382 0.0403 0.00000 0.0379 0.00000 0.0378 0.00000 θ r 0.022
1 460.00 0.0371 0.0354 0.00000 0.0338 0.00001 0.0311 0.00004 α 0.110
1 552.00 0.0342 0.0331 0.00000 0.0320 0.00000 0.0278 0.00004 n 1.922
1 736.00 0.0306 0.0300 0.00000 0.0297 0.00000 0.0234 0.00005
1 1000.00 0.0287 0.0274 0.00000 0.0279 0.00000 0.0194 0.00009 Campbell
1 3000.00 0.0255 0.0217 0.00001 0.0242 0.00000 0.0100 0.00024 θ s 0.456
1 8000.00 0.0247 0.0194 0.00003 0.0230 0.00000 0.0055 0.00037 h b 5.504
1 15000.00 0.0247 0.0186 0.00004 0.0226 0.00000 0.0038 0.00044 b 1.648
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Figure A.34. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/19B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.35 

Water retention data and model fits. Sample_ID: S-2/21B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3560 0.3560 0.00000 0.3535 0.00001 0.3560 0.00000
1 12.40 0.2933 0.3052 0.00014 0.2994 0.00004 0.3016 0.00007 BC model
1 20.20 0.2642 0.2660 0.00000 0.2711 0.00005 0.2651 0.00000 θ s 0.356
1 29.40 0.2496 0.2395 0.00010 0.2470 0.00001 0.2401 0.00009 θ r 0.020
1 47.77 0.2256 0.2095 0.00026 0.2159 0.00009 0.2112 0.00021 h b 7.219
1 102.89 0.1710 0.1701 0.00000 0.1719 0.00000 0.1725 0.00000 λ 0.303
1 149.04 0.1565 0.1541 0.00001 0.1540 0.00001 0.1564 0.00000
1 213.44 0.1419 0.1403 0.00000 0.1387 0.00001 0.1423 0.00000 vG model
1 307.00 0.1328 0.1277 0.00003 0.1252 0.00006 0.1293 0.00001 θ s 0.356
1 333.00 0.1274 0.1251 0.00001 0.1225 0.00002 0.1265 0.00000 θ r 0.040
1 460.00 0.1092 0.1152 0.00004 0.1123 0.00001 0.1162 0.00005 α 0.079
1 552.00 0.1019 0.1101 0.00007 0.1071 0.00003 0.1107 0.00008 n 1.409
1 736.00 0.0892 0.1026 0.00018 0.0997 0.00011 0.1026 0.00018
1 1000.00 0.0815 0.0952 0.00019 0.0926 0.00012 0.0946 0.00017 Campbell
1 3000.00 0.0721 0.0738 0.00000 0.0735 0.00000 0.0708 0.00000 θ s 0.356
1 8000.00 0.0670 0.0599 0.00005 0.0623 0.00002 0.0547 0.00015 h b 6.615
1 15000.00 0.0640 0.0529 0.00012 0.0572 0.00005 0.0463 0.00031 b 3.788
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Figure A.35. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/21B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.36 

Water retention data and model fits. Sample_ID: S-2/23B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4060 0.4060 0.00000 0.4014 0.00002 0.4060 0.00000
1 12.40 0.2176 0.2095 0.00007 0.2062 0.00013 0.1939 0.00056 BC model
1 20.20 0.1303 0.1445 0.00020 0.1466 0.00027 0.1488 0.00034 θ s 0.406
1 29.40 0.1041 0.1105 0.00004 0.1119 0.00006 0.1214 0.00030 θ r 0.024
1 47.77 0.0859 0.0803 0.00003 0.0803 0.00003 0.0933 0.00005 h b 5.474
1 102.89 0.0640 0.0525 0.00013 0.0516 0.00015 0.0615 0.00001 λ 0.883
1 149.04 0.0531 0.0445 0.00007 0.0437 0.00009 0.0503 0.00001
1 213.44 0.0422 0.0389 0.00001 0.0382 0.00002 0.0414 0.00000 vG model
1 307.00 0.0328 0.0348 0.00000 0.0343 0.00000 0.0340 0.00000 θ s 0.406
1 333.00 0.0315 0.0340 0.00001 0.0336 0.00000 0.0325 0.00000 θ r 0.025
1 460.00 0.0291 0.0315 0.00001 0.0313 0.00000 0.0273 0.00000 α 0.154
1 552.00 0.0277 0.0304 0.00001 0.0303 0.00001 0.0247 0.00001 n 1.964
1 736.00 0.0266 0.0289 0.00001 0.0290 0.00001 0.0212 0.00003
1 1000.00 0.0255 0.0277 0.00001 0.0280 0.00001 0.0179 0.00006 Campbell
1 3000.00 0.0247 0.0254 0.00000 0.0261 0.00000 0.0099 0.00022 θ s 0.406
1 8000.00 0.0240 0.0245 0.00000 0.0254 0.00000 0.0058 0.00033 h b 3.176
1 15000.00 0.0233 0.0242 0.00000 0.0253 0.00000 0.0041 0.00037 b 1.843
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Figure A.36. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/23B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.37 

Water retention data and model fits. Sample_ID: S-2/25C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4100 0.4100 0.00000 0.3975 0.00016 0.4100 0.00000
1 12.40 0.2693 0.2588 0.00011 0.2575 0.00014 0.2522 0.00029 BC model
1 20.20 0.2169 0.2173 0.00000 0.2191 0.00000 0.2163 0.00000 θ s 0.410
1 29.40 0.1747 0.1905 0.00025 0.1923 0.00031 0.1921 0.00030 θ r 0.023
1 47.77 0.1543 0.1612 0.00005 0.1622 0.00006 0.1648 0.00011 h b 3.553
1 102.89 0.1252 0.1250 0.00000 0.1247 0.00000 0.1294 0.00002 λ 0.397
1 149.04 0.1092 0.1111 0.00000 0.1104 0.00000 0.1151 0.00004
1 213.44 0.1019 0.0995 0.00001 0.0986 0.00001 0.1028 0.00000 vG model
1 307.00 0.0946 0.0893 0.00003 0.0883 0.00004 0.0917 0.00001 θ s 0.410
1 333.00 0.0918 0.0872 0.00002 0.0862 0.00003 0.0894 0.00001 θ r 0.029
1 460.00 0.0873 0.0795 0.00006 0.0787 0.00008 0.0807 0.00004 α 0.224
1 552.00 0.0801 0.0756 0.00002 0.0748 0.00003 0.0762 0.00001 n 1.439
1 736.00 0.0728 0.0700 0.00001 0.0694 0.00001 0.0696 0.00001
1 1000.00 0.0655 0.0646 0.00000 0.0643 0.00000 0.0632 0.00001 Campbell
1 3000.00 0.0437 0.0501 0.00004 0.0507 0.00005 0.0447 0.00000 θ s 0.410
1 8000.00 0.0364 0.0415 0.00003 0.0431 0.00004 0.0328 0.00001 h b 2.657
1 15000.00 0.0353 0.0375 0.00000 0.0396 0.00002 0.0269 0.00007 b 3.171
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Figure A.37. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/25C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.38 

Water retention data and model fits. Sample_ID: S-2/24B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4010 0.4010 0.00000 0.4007 0.00000 0.4010 0.00000
1 12.40 0.3443 0.4010 0.00322 0.3796 0.00125 0.4010 0.00322 BC model
1 20.20 0.3421 0.3777 0.00127 0.3568 0.00022 0.3777 0.00127 θ s 0.401
1 29.40 0.3384 0.3202 0.00033 0.3287 0.00009 0.3202 0.00033 θ r 0.000
1 47.77 0.3130 0.2586 0.00295 0.2797 0.00110 0.2586 0.00295 h b 17.626
1 102.89 0.1710 0.1845 0.00018 0.1941 0.00053 0.1845 0.00018 λ 0.440
1 149.04 0.1528 0.1568 0.00002 0.1587 0.00003 0.1568 0.00002
1 213.44 0.1310 0.1339 0.00001 0.1302 0.00000 0.1339 0.00001 vG model
1 307.00 0.1092 0.1141 0.00002 0.1070 0.00000 0.1141 0.00002 θ s 0.401
1 333.00 0.1021 0.1101 0.00006 0.1025 0.00000 0.1101 0.00006 θ r 0.027
1 460.00 0.0946 0.0955 0.00000 0.0870 0.00006 0.0955 0.00000 α 0.027
1 552.00 0.0837 0.0881 0.00002 0.0797 0.00002 0.0881 0.00002 n 1.726
1 736.00 0.0655 0.0777 0.00015 0.0698 0.00002 0.0777 0.00015
1 1000.00 0.0582 0.0679 0.00009 0.0613 0.00001 0.0679 0.00009 Campbell
1 3000.00 0.0437 0.0419 0.00000 0.0426 0.00000 0.0419 0.00000 θ s 0.401
1 8000.00 0.0364 0.0272 0.00008 0.0347 0.00000 0.0272 0.00008 h b 17.626
1 15000.00 0.0317 0.0206 0.00012 0.0319 0.00000 0.0206 0.00012 b 2.273
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Figure A.38. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/24B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.39 

Water retention data and model fits. Sample_ID: S-2/30C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4300 0.4300 0.00000 0.4285 0.00000 0.4300 0.00000
1 12.40 0.3603 0.3732 0.00017 0.3553 0.00002 0.3634 0.00001 BC model
1 20.20 0.3166 0.2966 0.00040 0.3051 0.00013 0.2969 0.00039 θ s 0.430
1 29.40 0.2529 0.2494 0.00001 0.2617 0.00008 0.2541 0.00000 θ r 0.028
1 47.77 0.1983 0.2005 0.00000 0.2081 0.00010 0.2078 0.00009 h b 9.219
1 102.89 0.1365 0.1442 0.00006 0.1427 0.00004 0.1512 0.00022 λ 0.514
1 149.04 0.1201 0.1240 0.00002 0.1201 0.00000 0.1296 0.00009
1 213.44 0.1074 0.1078 0.00000 0.1028 0.00002 0.1117 0.00002 vG model
1 307.00 0.0946 0.0942 0.00000 0.0892 0.00003 0.0961 0.00000 θ s 0.430
1 333.00 0.0882 0.0914 0.00001 0.0865 0.00000 0.0929 0.00002 θ r 0.042
1 460.00 0.0837 0.0817 0.00000 0.0775 0.00004 0.0813 0.00001 α 0.064
1 552.00 0.0801 0.0769 0.00001 0.0732 0.00005 0.0753 0.00002 n 1.707
1 736.00 0.0691 0.0701 0.00000 0.0675 0.00000 0.0669 0.00001
1 1000.00 0.0619 0.0639 0.00000 0.0625 0.00000 0.0589 0.00001 Campbell
1 3000.00 0.0473 0.0483 0.00000 0.0515 0.00002 0.0374 0.00010 θ s 0.430
1 8000.00 0.0422 0.0402 0.00000 0.0468 0.00002 0.0249 0.00030 h b 8.263
1 15000.00 0.0400 0.0367 0.00001 0.0451 0.00003 0.0192 0.00044 b 2.412
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Figure A.39. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-2/30C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.40 

Water retention data and model fits. Sample_ID: S-3/NO1
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4210 0.4210 0.00000 0.4209 0.00000 0.4210 0.00000
1 12.40 0.3141 0.4210 0.01142 0.3501 0.00130 0.3308 0.00028 BC model
1 20.20 0.2905 0.2895 0.00000 0.2457 0.00200 0.2251 0.00428 θ s 0.421
1 29.40 0.1413 0.1435 0.00000 0.1589 0.00031 0.1674 0.00068 θ r 0.030
1 47.77 0.0667 0.0690 0.00001 0.0854 0.00035 0.1141 0.00225 h b 16.773
1 102.89 0.0485 0.0373 0.00013 0.0417 0.00005 0.0623 0.00019 λ 2.205
1 184.00 0.0394 0.0321 0.00005 0.0325 0.00005 0.0393 0.00000
1 306.00 0.0339 0.0308 0.00001 0.0297 0.00002 0.0263 0.00006 vG model
1 333.00 0.0338 0.0307 0.00001 0.0295 0.00002 0.0246 0.00008 θ s 0.421
1 459.40 0.0320 0.0304 0.00000 0.0288 0.00001 0.0191 0.00016 θ r 0.028
1 551.20 0.0301 0.0303 0.00000 0.0285 0.00000 0.0166 0.00018 α 0.056
1 735.00 0.0291 0.0302 0.00000 0.0283 0.00000 0.0132 0.00025 n 2.904
1 1000.00 0.0270 0.0302 0.00001 0.0282 0.00000 0.0103 0.00028
1 3000.00 0.0247 0.0301 0.00003 0.0280 0.00001 0.0043 0.00042 Campbell
1 8000.00 0.0240 0.0301 0.00004 0.0280 0.00002 0.0020 0.00048 θ s 0.421
1 15000.00 0.0233 0.0301 0.00005 0.0280 0.00002 0.0012 0.00049 h b 9.137
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Figure A.40. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/NO1 from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 



 

A.41 

Water retention data and model fits. Sample_ID: S-3/NO2
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4300 0.4300 0.00000 0.4268 0.00001 0.4300 0.00000
1 12.40 0.2627 0.2750 0.00015 0.2730 0.00011 0.2647 0.00000 BC model
1 20.20 0.2227 0.2003 0.00050 0.2062 0.00027 0.2032 0.00038 θ s 0.430
1 29.40 0.1608 0.1582 0.00001 0.1619 0.00000 0.1658 0.00002 θ r 0.022
1 47.77 0.1099 0.1181 0.00007 0.1177 0.00006 0.1275 0.00031 h b 6.371
1 102.89 0.0735 0.0773 0.00001 0.0739 0.00000 0.0841 0.00011 λ 0.717
1 184.00 0.0553 0.0584 0.00001 0.0550 0.00000 0.0614 0.00004
1 306.00 0.0466 0.0472 0.00000 0.0447 0.00000 0.0466 0.00000 vG model
1 333.00 0.0453 0.0457 0.00000 0.0434 0.00000 0.0445 0.00000 θ s 0.430
1 459.40 0.0386 0.0407 0.00000 0.0392 0.00000 0.0374 0.00000 θ r 0.026
1 551.20 0.0349 0.0384 0.00001 0.0373 0.00001 0.0339 0.00000 α 0.113
1 735.00 0.0320 0.0353 0.00001 0.0348 0.00001 0.0290 0.00001 n 1.867
1 1000.00 0.0313 0.0326 0.00000 0.0327 0.00000 0.0245 0.00005
1 3000.00 0.0298 0.0267 0.00001 0.0286 0.00000 0.0135 0.00027 Campbell
1 8000.00 0.0291 0.0241 0.00002 0.0271 0.00000 0.0080 0.00045 θ s 0.430
1 15000.00 0.0284 0.0233 0.00003 0.0267 0.00000 0.0057 0.00052 h b 5.062

      b 1.846
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Figure A.41. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/NO2 from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.42 

Water retention data and model fits. Sample_ID: S-3/8C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4290 0.4290 0.00000 0.4288 0.00000 0.4290 0.00000
1 12.40 0.3159 0.4290 0.01279 0.3425 0.00071 0.3282 0.00015 BC model
1 20.20 0.2838 0.2822 0.00000 0.2460 0.00143 0.2311 0.00277 θ s 0.429
1 29.40 0.1587 0.1608 0.00000 0.1699 0.00012 0.1765 0.00031 θ r 0.032
1 47.77 0.0802 0.0865 0.00004 0.1006 0.00042 0.1245 0.00196 h b 15.556
1 102.89 0.0552 0.0459 0.00009 0.0515 0.00001 0.0717 0.00027 λ 1.767
1 184.00 0.0480 0.0369 0.00012 0.0384 0.00009 0.0472 0.00000
1 306.00 0.0400 0.0339 0.00004 0.0335 0.00004 0.0328 0.00005 vG model
1 333.00 0.0394 0.0336 0.00003 0.0331 0.00004 0.0308 0.00007 θ s 0.429
1 459.40 0.0364 0.0328 0.00001 0.0317 0.00002 0.0245 0.00014 θ r 0.030
1 551.20 0.0329 0.0325 0.00000 0.0312 0.00000 0.0215 0.00013 α 0.061
1 735.00 0.0293 0.0322 0.00001 0.0306 0.00000 0.0175 0.00014 n 2.576
1 1000.00 0.0257 0.0321 0.00004 0.0302 0.00002 0.0140 0.00014
1 3000.00 0.0251 0.0318 0.00004 0.0297 0.00002 0.0064 0.00035 Campbell
1 8000.00 0.0251 0.0318 0.00005 0.0296 0.00002 0.0031 0.00048 θ s 0.429
1 15000.00 0.0250 0.0318 0.00005 0.0296 0.00002 0.0020 0.00053 h b 8.542

      b 1.391
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Figure A.42. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/8C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.43 

Water retention data and model fits. Sample_ID: S-3/8B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3920 0.3920 0.00000 0.3890 0.00001 0.3920 0.00000
1 12.40 0.2700 0.2618 0.00007 0.2534 0.00028 0.2482 0.00047 BC model
1 20.20 0.1754 0.1909 0.00024 0.1947 0.00037 0.1938 0.00034 θ s 0.392
1 29.40 0.1463 0.1512 0.00002 0.1553 0.00008 0.1602 0.00019 θ r 0.025
1 47.77 0.1226 0.1137 0.00008 0.1153 0.00005 0.1252 0.00001 h b 6.798
1 102.89 0.0862 0.0758 0.00011 0.0747 0.00013 0.0848 0.00000 λ 0.730
1 184.00 0.0600 0.0583 0.00000 0.0568 0.00001 0.0632 0.00001
1 306.00 0.0491 0.0481 0.00000 0.0468 0.00001 0.0488 0.00000 vG model
1 333.00 0.0473 0.0467 0.00000 0.0455 0.00000 0.0468 0.00000 θ s 0.392
1 459.40 0.0400 0.0422 0.00000 0.0413 0.00000 0.0397 0.00000 θ r 0.028
1 551.20 0.0364 0.0401 0.00001 0.0394 0.00001 0.0362 0.00000 α 0.114
1 735.00 0.0328 0.0373 0.00002 0.0369 0.00002 0.0313 0.00000 n 1.831
1 1000.00 0.0320 0.0349 0.00001 0.0349 0.00001 0.0268 0.00003
1 3000.00 0.0290 0.0296 0.00000 0.0306 0.00000 0.0153 0.00019 Campbell
1 8000.00 0.0287 0.0274 0.00000 0.0290 0.00000 0.0093 0.00038 θ s 0.392
1 15000.00 0.0287 0.0266 0.00000 0.0285 0.00000 0.0068 0.00048 h b 5.038

      b 1.971
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Figure A.43. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/8B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.44 

Water retention data and model fits. Sample_ID: S-3/10B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4310 0.4310 0.00000 0.4310 0.00000 0.4310 0.00000
1 12.40 0.3051 0.3014 0.00001 0.2962 0.00008 0.2870 0.00033 BC model
1 20.20 0.1159 0.1321 0.00026 0.1362 0.00041 0.1534 0.00141 θ s 0.431
1 29.40 0.0831 0.0770 0.00004 0.0686 0.00021 0.0947 0.00013 θ r 0.026
1 47.77 0.0613 0.0459 0.00024 0.0384 0.00052 0.0508 0.00011 h b 10.182
1 102.89 0.0460 0.0307 0.00023 0.0293 0.00028 0.0190 0.00073 λ 1.959
1 184.00 0.0351 0.0278 0.00005 0.0284 0.00004 0.0090 0.00068
1 306.00 0.0278 0.0269 0.00000 0.0282 0.00000 0.0047 0.00053 vG model
1 333.00 0.0277 0.0268 0.00000 0.0282 0.00000 0.0042 0.00055 θ s 0.431
1 459.40 0.0242 0.0266 0.00001 0.0282 0.00002 0.0028 0.00046 θ r 0.028
1 551.20 0.0231 0.0265 0.00001 0.0282 0.00003 0.0022 0.00044 α 0.074
1 735.00 0.0218 0.0265 0.00002 0.0282 0.00004 0.0015 0.00041 n 3.893
1 1000.00 0.0211 0.0264 0.00003 0.0282 0.00005 0.0010 0.00040
1 3000.00 0.0207 0.0264 0.00003 0.0282 0.00006 0.0002 0.00042 Campbell
1 8000.00 0.0204 0.0264 0.00004 0.0282 0.00006 0.0001 0.00041 θ s 0.431
1 15000.00 0.0204 0.0264 0.00004 0.0282 0.00006 0.0000 0.00041 h b 9.034
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Figure A.44. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/10B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.45 

Water retention data and model fits. Sample_ID: S-3/12C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3600 0.3600 0.00000 0.3576 0.00001 0.3600 0.00000
1 12.40 0.2910 0.2929 0.00000 0.2814 0.00009 0.2809 0.00010 BC model
1 20.20 0.2474 0.2386 0.00008 0.2417 0.00003 0.2375 0.00010 θ s 0.360
1 29.40 0.2092 0.2047 0.00002 0.2103 0.00000 0.2087 0.00000 θ r 0.035
1 47.77 0.1509 0.1691 0.00033 0.1732 0.00050 0.1766 0.00066 h b 7.700
1 102.89 0.1201 0.1275 0.00005 0.1275 0.00006 0.1356 0.00024 λ 0.485
1 149.04 0.1128 0.1123 0.00000 0.1111 0.00000 0.1194 0.00004
1 213.44 0.1026 0.1000 0.00001 0.0982 0.00002 0.1055 0.00001 vG model
1 307.00 0.0946 0.0895 0.00003 0.0875 0.00005 0.0931 0.00000 θ s 0.360
1 333.00 0.0926 0.0874 0.00003 0.0854 0.00005 0.0905 0.00000 θ r 0.043
1 460.00 0.0837 0.0798 0.00001 0.0780 0.00003 0.0810 0.00001 α 0.088
1 552.00 0.0801 0.0761 0.00002 0.0744 0.00003 0.0761 0.00002 n 1.595
1 736.00 0.0728 0.0707 0.00000 0.0694 0.00001 0.0689 0.00001
1 1000.00 0.0673 0.0658 0.00000 0.0650 0.00001 0.0620 0.00003 Campbell
1 3000.00 0.0473 0.0532 0.00003 0.0544 0.00005 0.0425 0.00002 θ s 0.360
1 8000.00 0.0426 0.0464 0.00001 0.0493 0.00005 0.0303 0.00015 h b 6.032
1 15000.00 0.0424 0.0435 0.00000 0.0473 0.00002 0.0244 0.00032 b 2.906
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Figure A.45. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/12C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.46 

Water retention data and model fits. Sample_ID: S-3/14C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3600 0.3600 0.00000 0.3553 0.00002 0.3600 0.00000
1 12.40 0.2413 0.2333 0.00006 0.2289 0.00015 0.2082 0.00109 BC model
1 20.20 0.1830 0.1853 0.00000 0.1867 0.00001 0.1827 0.00000 θ s 0.360
1 29.40 0.1467 0.1575 0.00012 0.1591 0.00016 0.1652 0.00034 θ r 0.058
1 47.77 0.1212 0.1303 0.00008 0.1310 0.00010 0.1451 0.00057 h b 5.409
1 102.89 0.0993 0.1017 0.00001 0.1011 0.00000 0.1181 0.00035 λ 0.655
1 184.00 0.0939 0.0878 0.00004 0.0870 0.00005 0.1011 0.00005
1 306.00 0.0902 0.0793 0.00012 0.0786 0.00013 0.0882 0.00000 vG model
1 333.00 0.0866 0.0782 0.00007 0.0775 0.00008 0.0862 0.00000 θ s 0.360
1 459.40 0.0801 0.0743 0.00003 0.0739 0.00004 0.0791 0.00000 θ r 0.060
1 551.20 0.0764 0.0725 0.00002 0.0721 0.00002 0.0753 0.00000 α 0.150
1 735.00 0.0728 0.0700 0.00001 0.0698 0.00001 0.0698 0.00001 n 1.724
1 1000.00 0.0691 0.0678 0.00000 0.0678 0.00000 0.0642 0.00002
1 3000.00 0.0582 0.0627 0.00002 0.0635 0.00003 0.0479 0.00011 Campbell
1 8000.00 0.0509 0.0604 0.00009 0.0616 0.00011 0.0368 0.00020 θ s 0.360
1 15000.00 0.0508 0.0596 0.00008 0.0610 0.00010 0.0311 0.00039 h b 1.605
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Figure A.46. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/14C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.47 

Water retention data and model fits. Sample_ID: S-3/16B
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4480 0.4480 0.00000 0.4475 0.00000 0.4480 0.00000
1 12.40 0.3035 0.3220 0.00034 0.3218 0.00034 0.3143 0.00012 BC model
1 20.20 0.2489 0.2085 0.00163 0.2235 0.00064 0.2138 0.00123 θ s 0.448
1 29.40 0.1543 0.1508 0.00001 0.1555 0.00000 0.1590 0.00002 θ r 0.016
1 47.77 0.0815 0.1010 0.00038 0.0947 0.00017 0.1084 0.00072 h b 8.625
1 102.89 0.0415 0.0570 0.00024 0.0479 0.00004 0.0592 0.00031 λ 0.950
1 149.04 0.0342 0.0449 0.00011 0.0376 0.00001 0.0442 0.00010
1 213.44 0.0324 0.0366 0.00002 0.0315 0.00000 0.0333 0.00000 vG model
1 307.00 0.0309 0.0306 0.00000 0.0277 0.00001 0.0250 0.00004 θ s 0.448
1 333.00 0.0306 0.0295 0.00000 0.0271 0.00001 0.0234 0.00005 θ r 0.022
1 460.00 0.0291 0.0259 0.00001 0.0252 0.00002 0.0182 0.00012 α 0.075
1 552.00 0.0262 0.0244 0.00000 0.0244 0.00000 0.0157 0.00011 n 2.365
1 736.00 0.0240 0.0224 0.00000 0.0236 0.00000 0.0125 0.00013
1 1000.00 0.0226 0.0208 0.00000 0.0230 0.00000 0.0098 0.00016 Campbell
1 3000.00 0.0218 0.0177 0.00002 0.0220 0.00000 0.0041 0.00031 θ s 0.448
1 8000.00 0.0218 0.0167 0.00003 0.0218 0.00000 0.0019 0.00040 h b 7.912
1 15000.00 0.0218 0.0164 0.00003 0.0218 0.00000 0.0012 0.00043 b 1.267
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Figure A.47. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/16B from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.48 

Water retention data and model fits. Sample_ID: S-3/20C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4110 0.4110 0.00000 0.4083 0.00001 0.4110 0.00000
1 12.40 0.3042 0.3270 0.00052 0.3219 0.00031 0.3153 0.00012 BC model
1 20.20 0.3035 0.2695 0.00116 0.2765 0.00073 0.2685 0.00122 θ s 0.411
1 29.40 0.2489 0.2332 0.00025 0.2406 0.00007 0.2373 0.00013 θ r 0.038
1 47.77 0.1798 0.1945 0.00022 0.1982 0.00034 0.2023 0.00051 h b 7.076
1 102.89 0.1274 0.1485 0.00045 0.1463 0.00036 0.1571 0.00089 λ 0.455
1 184.00 0.1146 0.1229 0.00007 0.1188 0.00002 0.1298 0.00023
1 306.00 0.1074 0.1054 0.00000 0.1012 0.00004 0.1098 0.00001 vG model
1 333.00 0.1057 0.1029 0.00001 0.0987 0.00005 0.1068 0.00000 θ s 0.411
1 459.40 0.1001 0.0941 0.00004 0.0905 0.00009 0.0960 0.00002 θ r 0.052
1 551.20 0.0946 0.0896 0.00002 0.0864 0.00007 0.0904 0.00002 α 0.087
1 735.00 0.0873 0.0833 0.00002 0.0809 0.00004 0.0823 0.00003 n 1.603
1 1000.00 0.0764 0.0775 0.00000 0.0760 0.00000 0.0743 0.00000
1 3000.00 0.0582 0.0621 0.00001 0.0642 0.00004 0.0518 0.00004 Campbell
1 8000.00 0.0531 0.0535 0.00000 0.0587 0.00003 0.0375 0.00024 θ s 0.411
1 15000.00 0.0525 0.0498 0.00001 0.0565 0.00002 0.0305 0.00048 h b 5.542

      b 3.038
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Figure A.48. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/20C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.49 

Water retention data and model fits. Sample_ID: S-3/NO3
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4530 0.4530 0.00000 0.4524 0.00000 0.4530 0.00000
1 12.40 0.3890 0.4530 0.00409 0.4229 0.00115 0.4461 0.00326 BC model
1 20.20 0.3839 0.4171 0.00110 0.3959 0.00014 0.3763 0.00006 θ s 0.453
1 29.40 0.3785 0.3593 0.00037 0.3653 0.00017 0.3301 0.00234 θ r 0.000
1 47.77 0.3202 0.2963 0.00057 0.3153 0.00002 0.2786 0.00173 h b 16.405
1 102.89 0.2475 0.2185 0.00084 0.2302 0.00030 0.2131 0.00118 λ 0.397
1 184.00 0.1747 0.1734 0.00000 0.1754 0.00000 0.1740 0.00000
1 306.00 0.1310 0.1417 0.00011 0.1378 0.00005 0.1457 0.00022 vG model
1 333.00 0.1266 0.1370 0.00011 0.1324 0.00003 0.1415 0.00022 θ s 0.453
1 459.40 0.1092 0.1206 0.00013 0.1141 0.00002 0.1264 0.00030 θ r 0.025
1 551.20 0.1019 0.1122 0.00011 0.1052 0.00001 0.1186 0.00028 α 0.031
1 735.00 0.0946 0.1000 0.00003 0.0927 0.00000 0.1073 0.00016 n 1.588
1 1000.00 0.0764 0.0885 0.00015 0.0815 0.00003 0.0964 0.00040
1 3000.00 0.0509 0.0572 0.00004 0.0544 0.00001 0.0657 0.00022 Campbell
1 8000.00 0.0473 0.0388 0.00007 0.0413 0.00004 0.0466 0.00000 θ s 0.453
1 15000.00 0.0437 0.0302 0.00018 0.0361 0.00006 0.0374 0.00004 h b 11.870

      b 2.865
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Figure A.49. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/NO3 from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.50 

Water retention data and model fits. Sample_ID: S-3/22C
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3680 0.3680 0.00000 0.3624 0.00003 0.3680 0.00000
1 12.40 0.2613 0.2731 0.00014 0.2699 0.00008 0.2648 0.00001 BC model
1 20.20 0.2576 0.2331 0.00060 0.2356 0.00048 0.2315 0.00068 θ s 0.368
1 29.40 0.2103 0.2069 0.00001 0.2101 0.00000 0.2088 0.00000 θ r 0.034
1 47.77 0.1630 0.1781 0.00023 0.1802 0.00030 0.1827 0.00039 h b 5.092
1 102.89 0.1303 0.1421 0.00014 0.1419 0.00013 0.1479 0.00031 λ 0.376
1 184.00 0.1179 0.1209 0.00001 0.1197 0.00000 0.1261 0.00007
1 306.00 0.1092 0.1058 0.00001 0.1042 0.00002 0.1096 0.00000 vG model
1 333.00 0.1071 0.1036 0.00001 0.1020 0.00003 0.1071 0.00000 θ s 0.368
1 459.40 0.1004 0.0957 0.00002 0.0941 0.00004 0.0980 0.00001 θ r 0.043
1 551.20 0.0946 0.0916 0.00001 0.0902 0.00002 0.0932 0.00000 α 0.140
1 735.00 0.0873 0.0857 0.00000 0.0845 0.00001 0.0861 0.00000 n 1.443
1 1000.00 0.0837 0.0801 0.00001 0.0792 0.00002 0.0791 0.00002
1 3000.00 0.0619 0.0646 0.00001 0.0651 0.00001 0.0585 0.00001 Campbell
1 8000.00 0.0517 0.0552 0.00001 0.0572 0.00003 0.0446 0.00005 θ s 0.368
1 15000.00 0.0509 0.0508 0.00000 0.0537 0.00001 0.0376 0.00018 h b 3.750

      b 3.634
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Figure A.50. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/22C from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.51 

Water retention data and model fits. Sample_ID: S-3/NO6
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4240 0.4240 0.00000 0.4233 0.00000 0.4240 0.00000
1 12.40 0.2365 0.2297 0.00005 0.2260 0.00011 0.1958 0.00166 BC model
1 20.20 0.1164 0.1340 0.00031 0.1368 0.00041 0.1487 0.00104 θ s 0.424
1 29.40 0.0910 0.0934 0.00001 0.0928 0.00000 0.1203 0.00086 θ r 0.033
1 47.77 0.0764 0.0640 0.00015 0.0614 0.00023 0.0915 0.00023 h b 7.493
1 102.89 0.0564 0.0436 0.00016 0.0418 0.00021 0.0594 0.00001 λ 1.361
1 184.00 0.0455 0.0376 0.00006 0.0369 0.00007 0.0428 0.00001
1 306.00 0.0418 0.0351 0.00005 0.0351 0.00005 0.0321 0.00009 vG model
1 333.00 0.0413 0.0348 0.00004 0.0349 0.00004 0.0306 0.00011 θ s 0.424
1 459.40 0.0346 0.0340 0.00000 0.0344 0.00000 0.0255 0.00008 θ r 0.034
1 551.20 0.0328 0.0337 0.00000 0.0342 0.00000 0.0231 0.00009 α 0.108
1 735.00 0.0291 0.0333 0.00002 0.0340 0.00002 0.0196 0.00009 n 2.603
1 1000.00 0.0275 0.0331 0.00003 0.0339 0.00004 0.0165 0.00012
1 3000.00 0.0255 0.0327 0.00005 0.0337 0.00007 0.0089 0.00028 Campbell
1 8000.00 0.0247 0.0326 0.00006 0.0337 0.00008 0.0051 0.00039 θ s 0.424
1 15000.00 0.0247 0.0326 0.00006 0.0337 0.00008 0.0036 0.00045 h b 3.148
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Figure A.51. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/NO6 from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.52 

Water retention data and model fits. Sample_ID: S-3/NO7
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.4150 0.4150 0.00000 0.4140 0.00000 0.4150 0.00000
1 12.40 0.3006 0.3051 0.00002 0.2965 0.00002 0.2924 0.00007 BC model
1 20.20 0.2169 0.2098 0.00005 0.2196 0.00001 0.2151 0.00000 θ s 0.415
1 29.40 0.1587 0.1591 0.00000 0.1651 0.00004 0.1699 0.00013 θ r 0.023
1 47.77 0.1186 0.1134 0.00003 0.1120 0.00004 0.1252 0.00004 h b 8.400
1 102.89 0.0677 0.0704 0.00001 0.0647 0.00001 0.0773 0.00009 λ 0.845
1 184.00 0.0473 0.0521 0.00002 0.0474 0.00000 0.0536 0.00004
1 306.00 0.0382 0.0420 0.00001 0.0390 0.00000 0.0389 0.00000 vG model
1 333.00 0.0371 0.0407 0.00001 0.0380 0.00000 0.0369 0.00000 θ s 0.415
1 459.40 0.0346 0.0365 0.00000 0.0350 0.00000 0.0301 0.00002 θ r 0.028
1 551.20 0.0328 0.0346 0.00000 0.0337 0.00000 0.0269 0.00003 α 0.081
1 735.00 0.0298 0.0322 0.00001 0.0322 0.00001 0.0224 0.00005 n 2.109
1 1000.00 0.0296 0.0301 0.00000 0.0310 0.00000 0.0185 0.00012
1 3000.00 0.0295 0.0260 0.00001 0.0289 0.00000 0.0093 0.00041 Campbell
1 8000.00 0.0295 0.0244 0.00003 0.0283 0.00000 0.0050 0.00060 θ s 0.415
1 15000.00 0.0295 0.0239 0.00003 0.0281 0.00000 0.0034 0.00068 h b 7.107
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Figure A.52. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/NO7 from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 

 

 



 

A.53 

Water retention data and model fits. Sample_ID: S-3/NO4
wt h (cm) obs. θ BC θ resid^2 vG θ resid^2 Campbell θ resid^2 params. values
1 1.00 0.3540 0.3540 0.00000 0.3478 0.00004 0.3540 0.00000
1 12.40 0.2630 0.2740 0.00012 0.2727 0.00009 0.2695 0.00004 BC model
1 20.20 0.2470 0.2433 0.00001 0.2460 0.00000 0.2419 0.00003 θ s 0.354
1 29.40 0.2339 0.2224 0.00013 0.2256 0.00007 0.2227 0.00013 θ r 0.028
1 47.77 0.2121 0.1983 0.00019 0.2007 0.00013 0.2001 0.00014 h b 4.419
1 102.89 0.1568 0.1661 0.00009 0.1665 0.00010 0.1689 0.00015 λ 0.273
1 149.04 0.1422 0.1529 0.00011 0.1525 0.00011 0.1556 0.00018
1 213.44 0.1357 0.1412 0.00003 0.1403 0.00002 0.1438 0.00007 vG model
1 307.00 0.1295 0.1306 0.00000 0.1293 0.00000 0.1327 0.00001 θ s 0.354
1 333.00 0.1290 0.1283 0.00000 0.1270 0.00000 0.1303 0.00000 θ r 0.042
1 460.00 0.1208 0.1199 0.00000 0.1184 0.00001 0.1213 0.00000 α 0.155
1 552.00 0.1179 0.1154 0.00001 0.1140 0.00002 0.1166 0.00000 n 1.329
1 736.00 0.1121 0.1088 0.00001 0.1075 0.00002 0.1094 0.00001
1 1000.00 0.1042 0.1024 0.00000 0.1012 0.00001 0.1022 0.00000 Campbell
1 3000.00 0.0801 0.0832 0.00001 0.0832 0.00001 0.0802 0.00000 θ s 0.354
1 8000.00 0.0684 0.0703 0.00000 0.0718 0.00001 0.0646 0.00001 h b 3.604
1 15000.00 0.0680 0.0637 0.00002 0.0662 0.00000 0.0562 0.00014 b 4.529
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Figure A.53. Water retention data, fitted parameters, and plots showing fits of the van Genuchten (1980), 
Brooks and Corey (1964) and Campbell (1974) functions for sample S-3/NO4 from the 
Sisson and Lu (1980) field experimental site in the Hanford 200 East Area. 
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