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EXECUTIVE SUMMARY

Over the years, data have been obtained on soil hydraulic properties at
the Hanford Site. Much of these data have been obtained as part of recent
site characterization activities for the Environmental Restoration Program.
The existing data on vadose zone soil properties are, however, fragmented and
documented iﬁ reports that have not been formally reviewed and released. This
study helps to identify, compile, and interpret all available data for the
principal soil types in the 200 Areas plateau. Iﬁformation on particle-size
distribution, moisture retention, and saturated hydrau1ic conductivity (K,) is
available for 183 samples from 12 sites in the 200 Areas. Data on moisture
retention and K, are corrected for gravel content. After the data are
. corrected and cataloged, hydraulic parameters are determined by fitting the
van Genuchten soil-moisture retention model to the data. A nonlinear
parameter estimation code, RETC, is used. The unsaturated hydrau1ic
conductivity relationship can subsequently be predicted using the van
Genuchten parameters, Mualem's model, and laboratory-measured saturated
hydraulic conductivity estimates. Alternatively, provided unsaturated
conductivity measurements are available, the moisture retention curve-fitting
parameters, Mualem's model, and a single unsaturated conductivity measurement
“can be used to predict unsaturated conductivities for the desired range of

field moisture regime.

The database comprised of six soil categories and 176 samples is used as
the basis for describing the probability distribution for the five hydraulic
parameters (i.e., @, n, 0., O,, and K). Empirical cumulative distribution
functions (CDF) are derived for all five parameters, and hypothesized

distributions fitted. The Kolmogorov-Smirnov (K-S) goodness-of-fit statistic-
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D (maximum absolute deviation between the empirical and fitted CDFs) is used
to select the best fit distribution. Although the database is limited, the
CDFs for all five parameters can be described using a normal distribution

based on either the untransformed or the transformed variables.

A scaling technique for similar media having linearly variable hydraulic..-

properties is applied to simplify the description of the spatial variability
of 200 Area soils. Separate scaling factors ¢, @, and ¢, associated with
pressure head,_moisture content, and hydraulic conductivity, respectively, for
each sample, are determined for 176 samples. Comparisons made between the
best fit van Genuchten curves for the unscaled data and those for the scaled
data show that scaling reduces the sums of squares by amounts varying from 63
to 89%. Based on K-S statistic D, the scaling factors a,, @, and o, are
found to be either normally or lognormally distributed for the six soil
categories considered. Results suggest that, for the soil types being
considered, scaling can be successfully used to describe the variability of

soil hydraulic properties in the 200 Areas plateau.

*Both unscaled and scaled data parameter statistics can play an important
role in characterizing the spatial variability of the hydraulic properties for
a given soil horizon and between soil horizons. It is, therefore, important
to update the database as more data become available across the Hanford Site

on soil physical properties and moisture retention characteristics.

jv




WHC-EP-0883, Rev. 0

ACKNOWLEDGMENTS

A major portion of.the database used in this report has been generated
as part of recent site characterization activities for the Environmental
Restoration Program for the Hanford Site. The authors wish to acknowledge the
support provided by Wéstinghousé Hanford Company Geotechnical Engineering
Laboratory personnel and, in particular, John Relyea and Paula Heller. Much
of the recent data on soil properties hasébeen made available to the authors
by John Relyea and Paula Heller. An earlier version of the report was
reviewed by Rien van Genuchten (U.S. Sa}inity Laboratory, Riverside, CA) and

Mark Rockhold (Pacific Northwest National Laboratory, Richland, Washington).

Charissa Chou provided help with the statistical analysis.




WHC-EP-0883, Rev. 0

This page left intentionally blank.

vi




WHC-EP-0883, Rev. 0

CONTENTS

1.0 INTRODUCTION . . . . & ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o @ e e e s e e s e
1.1 SCOPE AND OBJECTIVES .....................
1.2 SITE GEOLOGY AND SAMPLING LOCATIONS . . . . . . .
1.2.1 200-BP-1 Site . . . . . . . . . ¢ . o .
2 218-W-5 Burial Ground . . . . . . . . .
3 241-T-106 Tank Site . . . . . . ¢« « ¢ « & “ e e e e
4 AP Tank Farm Site . . . . ¢ & ¢ ¢ ¢ ¢ v ¢ ¢ ¢ v o o &
§ C-018-HSjte . ... ... .. . e e o e

HI—II—IHH

6 Environmental Restoration D1sposa1 Fac111ty (ERDF)
3 -

7 Field Lysimeter Test Facility (FLTF) Site . . . . . .
8 Grout Facility Site . . . . . . . . . .. e e e e
9 Injection Test Site . . . . . . . . .. e 4 e e e e
10 U.S. Ecology (MW-5, MW-8, MW-10) Site . . . . . . ..
11 VOC Site . . ¢ ¢ v v v i e e e v e o b s e e e
12 Treated Effluent Disposal Facility (H—049-H) Site . .

.2.
.2.
2.
.2.
.2.
2.
2.
2.
2.
2.
2.

1.
1.
1.
1.
1
1.

~ AannoToTnww G G () G G et et et

2.0 SAMPLING AND EXPERIMENTAL METHODS . . . . . . . . . . . ¢« . . ¢ ..

3.0 PROCEDURES FOR CORRECTION OF SATURATED CONDUCTIVITY AND MOISTURE
RETENTION MEASUREMENTS . . . . . . . . . . . . . .. e e e e e e 9
3.1 BACKGROUND . . . . . . . ¢ . ¢ v v v v v v o v oW . e e 9

3.2 CORRECTING THE SATURATED HYDRAULIC CONDUCTIVITY FOR GRAVEL
CONTENT . . . & v ¢ i i v i it it e e e v e e e o o o o e 9
3.3 CORRECTING THE MOISTURE RETENTION CURVES FOR GRAVEL CONTENT . 10
3.4 CORRECTING FOR THE MAIN DRAINAGE CURVE . . . . . . . . . . .. 11

4.0 DATA EVALUATION . . . . . . . ¢ v i i v it v e vt o e o e e o e 13
4.1 VAN GENUCHTEN-MUALEM MODEL AND RETCCODE . . . . . . . . . .. 13
4.2 SCALING RELATIONSHIPS . . . . . . . . ¢ ¢ ¢ e v v v v o o o 14

5.0 RESULTS AND DISCUSSION . . . . . . . .. e e s e e e e et e e .. 15
5.1 DATA CORRECTION AND COMPILATION . . . . . . . . . . .. ... 15
5.2 UNSCALED DATA VARIABILITY . . . . . . . ¢ o o ¢ v v v o oo 16
5.3 SCALED DATA . . . .« &t ¢t s e e i e e e e e o e e o v o e e 21

6.0 SUMMARY AND CONCLUSIONS . . . . . . . .. .. e e e e e e e e .. 27

7.0 REFERENCES . . . . . . . . . .. e 4 ee e e e s s e s e e e s e 29
APPENDIX A SUMMARY OF PHYSICAL AND HYDRAULIC PARAMETERS . . . . . . . . . A-1

APPENDIX B MOISTURE RETENTION DATA AND FITTED PARAMETERS FOR 183 SOIL
SAMPLES . . . . . . . .. e i e e e s e e e e e ae e e B-1




Table 1.

‘Table 2.

‘Table 3.

Table 4.

Table 5.

Figure
Figure
Figure

Figure

Figure

Figure

- 03 N\ e

o

WHC-EP-0883, Rev. 0
LIST OF TABLES

Descriptive Statistics for van Genuchten Parameters O, 6., a,
n, and Saturated Hydraulic Conductivity K, for the six So1l
Categories. . . . ¢ ¢ ¢ i ittt e e e e e e e O ¥ |

"Van Genuchten Model Parameters Describing the Unscaled-

Mean Hydraulic Curve . . . . . . e -
Statistical Parameters Used for Cumu1at1ve Distribution

"Function Approximation (NO, Normal; LN, Lognormal; LR, Log Ratio;

SN, Hyperbolic Arcsine) for es e,, a, n, and Saturated Hydraulic
Conduct1v1ty K. for the six Soil Categories. . . . . . . . .. 20
Van Genuchten Model Parameters Describing the Scaled

Mean Hydraulic Curve. . . . &« &t ¢ ¢ ¢ ¢ ¢ ¢ ¢t ¢ e o ¢« e o e o+ 24
Statistical Parameters Used for Cumulative Distribution

Function Approximation (NO, Normal; LN, Lognormal) for the Scaling
Factors a,, a@,, and o, for the six Soil Categories. . . . . .. 26

LIST OF FIGURES

Hanford Site Map. . . . . . . ¢ ¢ v ¢ ¢ ¢ ¢ ¢ ¢ ¢ v v o o o 2
Location of Sampling S1tes, 200 Area Plateau . . . . . . . .. 4
Unscaled Moisture Retention Data and Best Fit van Genuchten

Curves for Six Soil Categories. . . . . . . . . . ... ... 19

Empirical and Best Fit Cumulative D1str1but1on Functions
(CDF) for van Genuchten Parameters 0, 6., @, n and Saturated

Hydraulic Conductivity K, for Sand (§) e e o s e e o e o e 22

Scaled Moisture Retention Data and Best F1t van Genuchten

Curves for Six Soil Categories. . . . . . . . . . ¢ .« .. .. 23

Empirical and Best Fit Cumulative Distribution Function (CDF)

for Scaling Factors o, a,, o for Sand (S). .. ... e« e o . 25
viii




WHC-EP-0883, Rev. 0

VARIABILITY AND SCALING OF HYDRAULIC PROPERTIES
FOR 200 AREA SOILS, HANFORD SITE

1.0 INTRODUCTION

Performance assessment models that simulate water flow and solute
transport within the geologic media at the Hanford Site are being used to
investigate the potential impact of contaminants to human health and the
environment. A number of parameters are needed to model the vadose zone
hydrology and transport of contaminants from a waste disposal site. The
hydrologic data that are essential in quantifying the water storage and flow
properties of unsaturated soils include a characterization of heterogeneities
of various soil layers, and the soil hydraulic functions (i.e., moisture
content versus pressure head and unsaturated hydraulic conductivity versus
moisture content relationships) of the various layers.

1.1 SCOPE AND OBJECTIVES

The primary objective of this study is to summarize existing data on
particle-size distribution, moisture retention, and saturated hydrau11c
conductivity (K;) for various geologic format1ons and soil types in the
200 Areas (F1gure 1). A total of 183 moisture retention data sets taken from
12 sites in the 200 Areas plateau were evaluated (Figure 2). The procedures
used to correct the laboratory-measured moisture retention data for gravel
content are briefly described. Summary tables are provided by soil type and
formation, and the van Genuchten parameters and laboratory-measured K, values
are cata]oged Cumulative distribution functions are derived for the’
van Genuchten parameters and K,. An additional objective is to apply the -
scaling theory (e.g., Miller and Miller 1956; Warrick et al. 1977; Simmons et
al. 1978; Vogel et a] 1991) to characterize the spatial variability of soil
hydrau]ic properties in the 200 Areas.

- 1.2 SITE GEOLOGY AND SAMPLING LOCATIONS

At the Hanford Site (Figure 1), geologic profiles within the vadose zone
differ between the 200 East (200E) and 200 West (200W) Areas because of
different erosional and depositional episodes that occurred at the two Areas;
despite the fact that the two Areas are only a few miles apart. The two major
formations in the vadose zone in both the 200 East and West Areas are the :
Hanford formation (informal designation) and the Ringold Formation. The
Ringold underlies the Hanford formation and consists of fluvial and lacustrine
sediments. The overlying Hanford formation was laid down by cataclysmic
floods and consists of a variety of sub-facies ranging from coarse gravels in
the high energy areas of deposition (flood channels) to fine-grained silts in
the low-energy areas of deposition. In the 200W Area, the Hanford and Ringold
formations bracket the Plio-Pleistocene and Early Palouse units. The Plio-
Pleistocene unit is an.alluvial and colluvial deposit and consists of a fine- -
grained, calcareous, weakly to strongly cemented mixture of mud and sand,
whereas; the Early Palouse is a pedogenic deposit consisting of fine-grained
sand and silt. The Plio-Pleistocene and Early Palouse units are present in
the 200W Area but were removed during flooding in the 200E Area.
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Information on particle-size distribution, moisture retention, and
saturated hydraulic conductivity is available from 12 sites in the 200 Areas.
A map showing the location of these sites is shown in Figure 2. A brief
description of the individual sites is provided below.

1.2.1 200-BP-1 Site

The 200-BP-1 Operable Unit (Figure 2) -is located at the north-central
boundary of the 200E Area. Soils beneath this site are predominantly sandy
gravels with interspersed sand lenses. Samples are available at the site up
to a depth of about 65 m below 1and surface (bls).

1.2.2 218-W-5 Burial Ground

The 218-W-5 Burial Ground (Figure 2) is located in the northwest
quadrant of the 200W Area. The soils beneath the site range from a gravelly
to a sandy loam type. Samples were retrieved at the site up to a depth of
about 70 m. K, measurements are not available for two samples.

1.2.3 241-T-106 Tank Site '

The T-106 tank site (Figure 2) lies in the north-central part of the
200W Area. Soil textures range from sandy gravel to sandy loam. Samples were
retrieved at the site up to a depth of about 54 m. K, measurements are not
available for three samples.

1.2.4 AP Tank Farm Site

The AP Tank Farm (Figure 2) is located on the eastern boundary of the
200E Area. The soils around the AP Tank Farm are predominantly sands with
some lenses of gravelly sand and silt. Samp]es were collected from an
exca¥at10n site rather than from boreholes as is the case w1th most other
samples

1.2.5 C-018-H Site

The State Approved Land Disposal Site (SALDS) (Figure 2) is located
about 210 m north of the 200W Area. Soil texture is characterized as gravelly
sand to sand. Samples were retrieved from the upper 35 m.

1.2.6 Environmental Restoration Disposal Facility (ERDF) Site

The ERDF site (Figure 2) is located to the southeast of 200W and west of
the U.S. Ecology site. Based on available sieve analysis of samples recovered
from boreholes at the site, soil textures range from silty sand to sandy
gravel. Samples were retrieved at the site up to a depth of about 94 m. K
measurements are not available for a number of samples.

1.2.7 Field Lysimeter Test Facility (FLTF) Site

The Field Lysimeter Test Facility (Figure 2) is located between the 200E
and 200W Areas. Soil textures are uniformly distributed between silt loam and ’
Toam. '
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The FLTF is an experimental facility designed to measure infiltration
characteristics for the Hanford Barrier. Samples were obtained from a
repacked soil profile within a vertically oriented corrugated pipe.

1.2.8 Grout Facility Site

~The grout facility (Figure 2) is located directly east of the 200E Area. .
Samp]e depth is Timited to 14.5 m bls; loamy sand dominates the upper 10 m and
the lTower 1.5 m are gravelly sands.

1.2.9 Injection Test Site

The Injection Test Site (Figure 2) is Tocated in the southeast quadrant
of the 200E Area. The stratigraphy beneath the site is predominantly medium
to coarse sand and pea gravels with some silt lenses. Samples were retrieved
at the site up to a depth of about 41 m.

1.2.10 U.S. Ecology (MW-5, MW-8, MW-10) Site

The U.S. Ecology site (Figure 2) is approximately 460 m south of the
200E Area. The soils beneath this facility are predominantly sands with
interbedded gravel .lenses. Samples were retrieved from up to 91 m.

1.2.11 VOC Site

The Volatile Organic Carbon (VOC) site (Figure 2) containing carbon
tetrachloride is located in the southwest quadrant of the 200W Area. Soil
textures range from sandy gravel to sandy loam. Beside the Pacific Northwest
National Laboratory (PNL) data, the VOC site represents the only moisture
retention data set not requiring correction for vacuum saturation (see
Section 3.4). Samples were retrieved at the site up to a depth of about 60 m.
One sample from the W-049-H site had a very high measured saturated moisture
content; this is attributed to the presence of swelling clays. K
measurements are not available for one sample.

1.2.12 Treated Effluent Disposal Facility (W-049-H) Site

The W-049-H site (Figure 2) is located approximately 2 km due east of
the 200E Area. Soil textures of samples collected at this site are
approximately evenly divided between sandy gravel and sandy loam. Samples
were retrieved at the site up to a depth of about 54 m. Three samples from
the W-049-H site had very high measured saturated moisture contents; this is
attributed to the presence of swelling clays. Although included in appendices
A and B, the samples having swelling clays were not included in the analysis.
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2.0 SAMPLING AND EXPERIMENTAL METHODS

Soil samples are collected at the Hanford Site primarily in conjunction
with drilling activities. The prevalent method of drilling is cable tool.
In most cases, cable tool and splitspoon coring techniques were used to obtain
‘as continuous a record of sediment from each borehole as possible. Compared
to core barrel, a splitspoon sampling device is presumed to recover intact,.
relatively undisturbed, and representative samples from the entire length of
borehole.

The samples were analyzed either at the Westinghouse Hanford Company
(WHC) Geotechnical Engineering Laboratory (GEL) or at PNL. At the WHC GEL,
the moisture retention data were obtained using Tempe cells from saturation to
-1000 cm; the rest of data up to -15,000 cm were obtained using the pressure
plate extraction method (Klute 1986). At the PNL, three different methods
were used to determine moisture retention data: (1) the hanging water column
method (Klute 1986), (2) the pressure plate extraction method (Klute 1986),
and (3) the vapor equilibrium (or thermocouple psychrometer) method (Rawlins
and Campbell 1986). The methods used for various samples are identified in
Appendix A. '

Both wetting and drainage curves are generated at the GEL. Prior to
April 1993, the GEL first vacuum-saturated a soil sample and then applied
suction to produce a drainage curve. This curve is not the main drainage
curve (MDC), rather a primary drainage curve (PDC) (Luckner et al. 1989). For
most modeling applications, the MDC is of particular interest. A correction
is therefore used to obtain the MDC from the PDC; this correction is described
later (section 3.4). The PNL procedures immediately yield the main drainage-
curve, and therefore do not need any correction. The sites for which no
correction for the MDC is needed are AP Tank Farm, ERDF, FLTF, Grout, U.S.
Ecology, and VOC (Figure 2).

Two different methods were used to determine saturated hydraulic
conductivities. At the WHC GEL, a constant head permeameter (Klute and
. Dirksen 1986) was used. At the PNL, a falling head permeameter (Kiute and
Dirksen 1986) was used. Particle-size distribution was determined on the
< 0.075 mm size fraction of each sample using the hydrometer (Gee and Bauder
1986); for size fraction > 0.075 mm to < 2-mm, dry sieving methods were used.




WHC-EP-0883, Rev. 0

This page left intentionally blank.




WHC-EP-0883, Rev. 0

3.0 PROCEDURES FOR CORRECTION OF SATURATED CONDUCTIVITY AND MOISTURE
RETENTION MEASUREMENTS

3.1 BACKGROUND

The textural designation used in this study to describe soils conforms
with the International Soil Science Society classification (Hillel 1982).

Gravel: >2 mm

Coarse sand; ¢s: 2 mm to 0.2 mm
Fine sand; fs: 0.2 mm to 0.02 mm
Silt: 0.02 mm to 0.002 mm

Clay: <0.002 mm.

The soils at the Hanford site can contain a high percentage of gravel
(>2 mm). Bouwer and Rice (1983) demonstrated that gravel content can have
considerable influence on soil moisture characteristics. The approach taken
by Bouwer and Rice to correct for gravel assumes that all moisture in the soil
is contained in the <2 mm size fraction and that the gravel fraction simply
reduces the volume of material available to retain and conduct moisture.

The gravel correction approach of Bouwer and Rice (1983) is being used
by both WHC and PNL to correct both the laboratory-measured moisture retention
and saturated hydraulic conductivity estimates.

3.2 CORRECTING THE SATURATED HYDRAULIC CONDUCTIVITY FOR GRAVEL CONTENT

In many instances, hydraulic conductivity is measured for a soil sample
which has been collected during splitspoon sampling. As was discussed
earlier, compared to other techniques, the splitspoon sleeve contains what is
considered to be a reasonably representative sample of the formation that has
been drilled, and its hydraulic conductivity therefore does not require a
correction for gravel content. This is the case with most of the samples
analyzed at the GEL. Those samples for which the gravel fraction was removed
prior to hydraulic conductivity determination in the laboratory, must be
corrected to account for the effect of gravel within the sample. The equation
used by Bouwer and Rice to arrive at a corrected hydraulic conductivity, K,
is

x;=x;(§§) (1)

where K, is the saturated hydraulic conductivity of the <2 mm fraction
(fines), e, is the void ratio of the complete sample, and e, is the void ratio
of the fines (<2 mm) only. The void ratios e, and e, are defined as:

o= Ty (2)

1 -eb. FJ
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= ef,s
ef = 1_61'3 (3)

‘where 6,, is the saturated (subscript s) volumetric moisture content of the
bulk soil (subscript b) which includes gravel and 8;, is the saturated
volumetric moisture content of the fines (subscript f) as measured in the
laboratory on the fraction < 2 mm. The moisture contents 6,, and 6, are
related through

0,5 = FBys s = (1-F) 6, , (4)

in which F, is the volumetric fraction of the bulk soil sample passing through
the number 10 sieve (<2 mm), and F, is the volumetric gravel fraction of the
bulk sample as used by Bouwer and Rice (1983). Equation (4) also holds for
moisture contents less than saturation, i.e., with the subscripts s on 8
removed.

3.3 CORRECTING THE MOISTURE RETENTION CURVES FOR GRAVEL CONTENT

The laboratory-measured moisture retention curve (MRC) is based on the
soil fine fraction (<2 mm) and does not account for the gravel fraction. The
laboratory-measured MRC therefore needs to be corrected for any gravel that
may be present in a soil sample. The correction can be done using either a
mass-based approach (i.e., Gardner 1986) or a volume-based approach (i.e.,
Bouwer and Rice 1983).

The gravimetric or mass-based procedure presented by Gardner is

_ _Wepy/pw
% = T n/m; (5)

where 8_ is the volumetric moisture content of the bulk soil including gravel,
W, is the laboratory-measured gravimetric moisture content of the fine
fraction (< 2 mm), p, is the bulk density of the entire sample (including
gravel), p, is the density of water, and m; and m, are, respectively, the dry
masses of the fines and gravel as recovered from the bulk field soil sample.

The volume-based correction procedure described by Bouwer and Rice
(1983) is based on the same general principles as equation (5), leading to an
equation similar to (4) but with the subscript s removed, i.e., equation (4)
is applicable to all moisture contents. The mass-based approach was used in
this study since all parameters in (5) were directly measured in the
laboratory.

10
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In the remainder of the report, it is assumed that all volumetric
moisture contents have been appropriately corrected for gravel content, and
henceforth will drop the subscript b on 8. Thus, all values for 6 specify
volumetric moisture contents of the bulk soil sample including gravel where
present.

3.4 CORRECTING FOR THE MAIN DRAINAGE CURVE

Luckner et al. (1989) proposed scaling functions to correct the PDC to
the MDC. These functions may be used to scale moisture contents on the PDC to
moisture contents on the MDC at the same pressure heads. When this procedure
was applied to some of the GEL-measured moisture retention data, a shift in
the data was noted thereby resulting in a reversal of the laboratory-measured
main wetting curve (MWC) and the corrected MDC. To remedy the situation, an
alternate approach was implemented. The wet end of the moisture retention
curve is corrected for vacuum saturation by assigning an upper limit based on
the saturated moisture content measured for the MWC. Using analytical models
(described in Section 4.0), curves are fitted through the modified data.
During the fitting procedure, four parameters (0., 0,, @, and n; Section 4.1)
are based on the best fit curve through the measure&gdata

The MWC is available for all WHC samples and is considered to be
accurate. The MDCs derived by this method appear to g1ve a good description
of the hysteretic so11 moisture retention data.
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4.0 DATA EVALUATION

4.1 VAN GENUCHTEN-MUALEM MODEL AND RETC CODE

Van Genuchten (1980) derived an empirical re]at1onsh1p to describe the
moisture retention data

(6,-6,)

—_— 6
Lt [1+|ahln]m ( )

Volumetric moisture content

Saturated moisture content

Residual moisture content

van Genuchten curve fitting parameter (1/cm)
Matric potential or pressure head (-cm)

van Genuchten curve fitting parameter

1~ 1/n.

The RETC code (van Genuchten et al. 1991) is used for curve fitting. The
Mualem (1976) model is used to predict the hydraulic conductivity from
moisture retention data

where

I3 o D

_ t f(se) r 7
K(s,) = KSSS[—f—(-I)— (7)
= [%_1 '
where £(s)) = | e dx (8)
and
6 -0,
S. = 570, (9)

and £ is a pore-connectivity parameter estimated by Mualem (1976) to be about
0.5 as being optimum for many soils.

Using Mualem's model, van Genuchten (1980) derived a closed-form
analytic solution to equation (7) to predict the relative hydraulic
conductivity (K.)

_ 1-(ah)™[1+(ah)?] 2 1

K, (h =1-2

= [1+ (ah)=])™ 1) (o)
K(h) = K *K, (11)

13
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4.2 SCALING RELATIONSHIPS

To describe the hydraulic variability for texturally similar soils, a
set of linear scaling transformations are used to relate the individual s011
moisture characteristics @(h) and K(h) to reference characteristics ) (h*) and

X (h ) (Vogel et -al. 1991).. The technique is based on the similar media -
‘concept (Miller and Miller 1956) for porous media which differ only in the
scale of their internal geometry. Three sca11ng parameters are used to define -
a linear model characterizing variability in the soil hydraulic properties
(Vogel et al. 1991).

K(h) = a,K*(h")
B(h) =86, + agl6* (h*) - 8]] (12)
h=ahn*

where, for the most general case, a, and o, are mutually independent
sca11ng factors for the moisture conted% the pressure head and the hydraulic
conductivity, respectively. Less genera] scaling methods arise by invoking
certain relationships between a,, @, and/or a,. For example,. the or1g1na1
Miller-Miller scaling procedure is obtained by assuming @, = 1 (with 8, 0 ) s
and a, = a. A detailed discussion of the linear sca11ng re]at1onsh1ps is
given by Jbgel et al. (1991).

For texturally similar soils, scaling factors are calculated from the
relationships

a, = K,/K;
ag = (6, - 6,) /(85 - 67) (13)
«, = h/h;

where the reference saturated hydraulic conductivity Ks, (9 -8 .) and h are
arithmetic means of the respective values of K, (6, - 8,) and h.. The value
of h, is computed for each moisture retention curve® from

he = - e)f h(6) d® (14)

where 8_ is selected so that the majority of measured data points for
texturai]y similar soils lie in the interval (@ A value near the
middle of the interval (@, 6,) is recommended fbr 5 (Voge1 et al. 1991). In
(14), h_ denotes the average h value within the interval A

After the scaling factors for each sample are determined, the scaled
hydraulic properties K (h"), @(h) and h™ for each measured data point are
obtained via (12). Van Genuchten models are then fitted through the scaled
data sets, and the resulting fitted parameters are referred to as the scaled
mean hydraulic parameters.

14
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5.0 RESULTS AND DISCUSSION

5.1 DATA CORRECTION AND COMPILATION

The Taboratory-measured moisture retention data and K, were first o
corrected, if necessary, for gravels and MDC using the procedures outlined in .~
Section 3. The moisture retention data from the Tempe cell or hanging water
column experiments for each individual sample were combined with the pressure-
plate and vapor equilibrium data (where available) to estimate the van
Genuchten parameters. When data from the different measurement techniques
overlapped, the overlapping data from the wetter matric potential range only
were included during curve fitting. The van Genuchten parameters 0_, 0, a
and n were fitted to the moisture retention data using RETC (van Genuchten et
al. 1991), a computer program that uses a nonlinear, least squares curve.
fitting procedure. The fitted parameters 0., O,, a and n for all samples are
Tisted in Appendix A, in addition to samp]e spec1f1c physical and descriptive
information. Appendix B contains the moisture retention plots that are
generated from the RETC runs. For the ma30r1ty of samples, all four
van Genuchten parameters (i.e., 0., 0., a and n) were fitted to the data. 1In
some cases, however, a better f1t to the data was obtained by fixing the O,
parameter dur1ng curve—f1tt1ng, these samples are identified in Appendix A’

As shown by the plots in Appendix B, the fit between the measured moisture-
retention data and the van Genuchten model is excellent for all samples.

The data in Appendices A and B represent sediment characteristics for
183 samples collected throughout the 200 Areas. Note that the particle-size
distribution information is missing on a few samples. In addition to Eolian
Sand (surface horizon soils; 12 samples), the following formations are
represented by the data: Hanford Sand (91 samples), Hanford Gravel
(17 samples), Palouse (2 samples), Plio-Pleistocene (16 samples), Upper
Ringold (9 samples), Middle Ringold (17 samples), and Lower Ringold
(3 samples).

Some of the moisture retention curves in Appendix B do not show measured
moisture retention data points (squares) for pressure heads that are typically -
greater than -100 cm. This is an artifact of the correction procedure applied
to the laboratory-measured primary drainage curve (PDC) for the desired main
drainage curve (MDC). As was discussed earlier, the wet end of the moisture
retention curve is corrected for vacuum saturation by assigning, prior to
curve-fitting, an upper limit based on the saturated moisture content measured
for the MWC. PDC measurements which are greater than the measured 6, for the
MWC are then deleted during the curve-fitting procedure. All four parameters
are, however, fitted through the corrected data for the MDC. In some cases,
this resulted in somewhat of a flat segment of the moisture retention curve
between the last measured point for the MDC and the saturated moisture content
derived from the wetting curve. No correction for the MDC was needed for
samples from AP Tank Farm, ERDF, FLTF, Grout, U.S. Ecology, and VOC sites
(Appendix A).

For samples which required correction for MDC, an assessment of the
procedure is made through a comparison of samples requiring corrections with
those requiring no corrections; the samples being compared should have nearly
the identical particle-size distribution. For example, sample 2-2271
(200-BP-1 site), requiring corrections for MDC, has nearly the identical

15
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particle-size distribution as sample 4-1012 (ERDF site) that needed no
corrections for MDC (Appendix B). During curve-fitting, sample 2-2271 had its
PDC measurements deleted for h >-50 cm. However, the shape of the MDC and the
fitted van Genuchten parameters for sample 2-2271 are remarkably similar to
those of sample 4-1012 that has measurements in the desired range of h >-50 cm

.(Appendix B). = Similar conclusions can be drawn by comparing the fitted curve ..
for the corrected sample 3-0690 (241-T-106 site) with that for sample 3-0689 -~ .- . -

(241-7T-106) that needed no corrections, and comparing sample 3-0668
(241-T-106) with sample 4-1080 (ERDF).

Some of the samples having a relatively high gravel content (>50%)
exhibit a fairly flat moisture retention curve relative to other samples
(Appendix B). This is due to the gravel correction procedure that was
followed. The wet and dry ends of the retention curve are reduced by the
weight percent gravel in the sample. However, the correction will have a
greater impact at the wet end of the retention curve than it will at the dry
end. For example, if the saturated moisture content of the sample (<2 mm size
fraction) is 0.25 and the residual moisture content is 0.05, a 50% gravel
content would result in adjusted saturated and residual moisture contents of
0.125 and 0.025, respectively. The absolute change for O, is much greater -
than that for 0.

5.2 UNSCALED DATA VARIABILITY

As is clear from appendices A and B, the data exhibit a high degree of
variability. The first step in evaluating variability in unscaled data
(Appendix A) was to ascertain the usefulness of grouping various soil types
into common categories having similar physical characteristics. The moisture
retention data (Appendix A) were sorted by texture based on sieve analysis and
ISSS classification scheme. Retention curves having similar textures were
then plotted on a single plot to evaluate if they indeed display common
characteristics. Those displaying common characteristics were grouped so that
an "average" curve could be defined. This led to a grouping of the moisture
retention data for 176 samples by six categories: (1) sand mixed with finer
fraction (SS; 48 samples), (2) sand (S; 76 samples), (3) sand and gravel mixed
with finer fraction (SSG; 6 samples), (4) gravelly sand (GS; 10 samples), (5)
sandy gravel for which gravel content is approximately less than 60% of the
sample weight (SG1; 25 samples), and (6) sandy gravel for which gravel content
is approximately greater than 60% by weight (SG2; 11 samples). Note that,
because of incomplete or lack of particle-size distribution data, some of the
moisture retention data sets listed in Appendix A could not be used. Also,
four samples, although listed in Appendix A, were not included in analyzing
variability since these samples were of the swelling clay type. The soil
types and their grouping by categories are indicated for each sample in
Appendix A.

The database comprised of six soil categories was used as the basis for
characterizing the variability in parameters 0., 0., @, n, and K.
Descriptive statistics are provided in Table 1. Among the five parameters,
the variability is highest for K, and least for parameter n; the coefficient
of variation (CV) for K, varies from about 104 to 293 percent, whereas the CV
for the parameter n varies from only 9 to about 39%. The high variability
exhibited by K, is not unexpected given the highly heterogeneous nature of
Hanford sediments and is consistent with values reported elsewhere (e.g.,

16
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Table 1. Descriptive Statistics for van Genuchten Parameters 0., 6., a, n,
and Saturated Hydraulic Conductivity K, for the six Soil Categories.
S$S, Sand Mixed with Finer Fraction; 'S, Sand; S$SG, Sand and Gravel Mixed
with Finer Fraction; GS, Gravelly Sand; SGl, Sandy Gravel with Gravel
Fraction < 60%; SG2, Sandy Gravel with Gravel Fraction > 60%.

Soil Parameter Number Low High Mean Standard Coefficient v
Category of deviation of
samples variation
(%)
ss 0 48 0.321 0.566 0.438 0,059 14
8. | 48 0.016 0.110 0.062 0.027 43
a (1/cm) 48 8.0E-4 0.387 0.034 0.072 210
n 48 1.262 2.894 1.824 0.344 19
K. (cm/s) 40 5.8E-6 0.017 0.001 0.003 278
S 0_ 76 0.197 0.519 0.346 0.073 21
0, 76 0 0.148 0.029 0.023 81 JI
e (1/cm) 76 0.004 0.861 0.108 0.164 151 "
f n s 1.193 4.914 2.111 0.817 39
I K. (cm/s) 71 1.38E-6 0.058 0.006 0.011 190
SSG 0. 6 0.187 0.375 0.262 0.072 28
0. 6 Y 0.064 0.030 0.029 95
a (1/cm) -] 0.003 0.103 0.032 0.036 114
n [ 1.256 1.629 1.400 0.131 9
K. (cm/s) 6 2.76E-5 0.068 0.015 0.027 183
GS 0 10 0.203 0.334 0.272 0.048 18
8, 10 0.010 0.069 0.040 0.019 48
a (1/cm) 10 0.004 0.074 0.027 0.023 88
- n 10 1.529 2.537 1.99 0.315 16
" K_ (cm/s) 10 5.43E-5 0.008 0.003 0.003 104
SG1 0. 25 0.113 0.260 0. 166 | 0.036 22
0_ 25 0 0.062 0.023 0.015 65
a (1/cm) 25 0.002 0.919 0.083 0.204 247
n 25 1.262 2.947 1.660 0.355 21
K. (cm/s) 24 1.9E-7 0,037 0.005 0.009 194
$62 0_ 11 0.056 0.107 0.077 0.016 21
0. 11 0 0.020 0.010 0.007 75




WHC-EP-0883, Rev. 0

Carsel and Parrish 1988). The variability exhibited by 0, was minimal; the CV
for O, was less than 25% for most soil categories. This 1s also consistent
with data reported by other investigators (e.g., Carsel and Parrish 1988; Jury
1985). The CV for ©_. ranged from about 43 to 95% whereas the CV for a ranged
from about 95 to 247% (Table 1).

Figure 3 shows the unscaled data for the six soil categories. For each -
category, the solid line represents the best fit van Genuchten curve through
the unscaled data. Table 2 provides the fitted van Genuchten parameters. A
clear progression of the moisture retention data and the best fit curves from

fine (SS) to coarse (SG2) categories is apparent from Figure 3.

Table 2. Van Genuchten Model Parameters Describing the Unscaled
Mean Hydraulic Curve.

ﬁ Soil o n 0, 0, r® | Sum of
Category Squares
(SS)
SS 0.0204 1.3179 0.0100 0.4329 0.6843 5.2739
S 0.0626 1.5820 0.0295 0.3665 0.7381 5.4937
SSG 0.0455 1.2003 - 0.0000 - 0.2407 0.7211 0.1265
GS 0.0588 1.3510 0.0123 0.2839 0.7558 0.3537
SG1 0.0594 1.2199 0.0000 0.1640 0.6343 | 0.4109
SG2 0.0098 1.3465 0.0020 0.0761 0.6989 0.0363

An attempt was made to examine the underlying probability distribution
for the van Genuchten parameters and K,. The database comprised of six soil
categories and 176 samples was used as ®the basis for describing the
probability distribution for the five parameters (i.e., 0, 0., @, n, and K_).
Empirical cumulative distribution functions (CDF) were der1ved for all five
parameters, and hypothesized distributions were fitted. Best fit
distributions that provided an adequate approximation to the empirical CDFs
were sought. In particular, the available database was analyzed to see if the -
parameters fit a normal distribution. In cases where the normal distribution
(NO) was inadequate for the representation of a given data set, other types of
transformations that might produce a normal distribution were considered. The
class of transformations used is the Johnson system as described in Carsel and
Parrish (1988). The Johnson system involves three primary distribution
types: lognormal (LN), log ratio (LR), and hyperbolic arcsine (SN).

LN: Y=1ln(X)

L v (X-A)
LR: Y= ln{ T (15)

SN: sinh[U] = In[U+(1+U?) 2]

18
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3. Statistical Parameters Used for Cumulative Distribution Function
Approximation (NO, Normal; LN, Lognormal; LR, Log Ratio; SN, Hyperbolic
Arcsine) for 0., 0., @, n, and Saturated Hydraulic Conductivity K, for

the six Soil Categories. SS, Sand Mixed with Finer Fraction; S, Sand;
$SG, Sand and Gravel Mixed with Finer Fraction; GS, Gravelly Sand; SGl,
Sandy Gravel with Gravel Fraction < 60%; SG2, Sandy Gravel with Gravel . .
Fraction > 60%.

— -
Soil Hydraulic Lower Upper Statistics
Category Property Limit . Limit Transform
Mean Dsetvainadtai'gt Dpax
ss e, 0.321 0.566 NO 0.438 0.059 0.103
e 0.000 0.881 SN 0.458 0.255 0.148
a ' -7.131 -0.949 LN -4.489 1.352 0.164
n 1,262 2.894 NO 1.824 0.344 0.064
K. -12.058 -4.057 LN -8.487 1.813_ | 0.144
s e 0.197 0.519 NO 0.346 0.073 0.050 |
8. 0.000 0.881 SN 0.189 0.146 o.mll _
a -5.547 -0.149 LN -3.097 1.347 0.057
n -5.756 4.330 LR -1.459 1.523 0.080
K. -11.191 -2.847 LN -6.849 2.129 0.089
$SG 8. 0.187 0.375 NO 0.262 0.072 0.178
o, 0.000 0.064 NO 0.030 0.029 0.202
e -5.843 -2.276 LN -3.957 1.166 0.153
n 1.256 1.629 NO 1.400 0.131 0.233
K. -10.854 _2.9%5 LR -5.262 5.499 0.198
Gs e 0.203 0.334 NO 0.272 0.048 0.182
e_ 0.010 0.069 NO 0.040 0.019 0.226
a 0.004 0.074 NO 0.027 0.023 0.191
n 1.529 2.537 NO 1.994 0.315 0.176
K -7.966 . |- 2.980 LR -1.569 3.582 | 0.159
s61 . 0.113 0.260 NO 0.166 0.036 0.071
o 0.000 0.062 NO 0.023 0.015 o.1344l
_a -6.075 -0.084 LN -4.086 1.550 0.232
n 0.233 1.081 LN 0.489 0.184 0.169
K -15.476 -3.297 LN -7.932 3.322 0.150
$G2 6 -2.888 -2.234 LN -2.590 0.216 0.226
it ' 8, 0.000 0.0197 NO 0.010 0.007 0.171
" a -5.952 -3.590 LN -5.008 0.882 0.187
“ n 1.347 1.885 NO 1.621 0.178 0.162
" k[ -10473 | -2.040 LN -7.137 2.332 0.145
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where Y denotes the transformed variable, X denotes the untransformed variable
and corresponds to any of the variables 0 » @, n, and K, with limits of
variation from A to B (A< X < B), and U = (i' A)/(B - A). LR is bounded
between Timits A and B, whereas SN is unbounded.

The Kolmogorov-Smirnov (K-S) goodness-of-fit statistic D (maximum
absolute deviation between the empirical and fitted CDFs) was used to select
the best fit distribution among the four distributions (NO, LN, LR, SN).

Figure 4 shows plots of empirical and best fit CDFs for tramsformed variables
6,, 6., a, n, and K, for one soil category (i.e., sand). The standardized
norma] distribution [Z = (Y - p)/o], having zero mean and unit variance, is
used to represent the transformed variabies (Figure 4). Results of comparison
between the empirical and best fit CDFs are provided in Table 3. The smallest
value of D signifies the most appropriate.distribution in any given case. For
each parameter of interest and for each soil category, the K-S statistic D was
used to test whether the empirical and fitted CDFs are significantly different
at a 5% level of significance. Results indicate that the majority of
parameters for all six soil categories can be represented by either the normal
or lognormal distribution. In a few cases where the normal or lognormal
distribution was inadequate, the data can be adequately represented by using
one of the other Johnson transformations (i.e, LR or SN). It should be noted
that except for soil categories S and SS, the power of the statistical
-goodness-of-fit test is poor because the sample size is limited.

5.3 SCALED DATA

Following scaling procedures described in section 4.2, the identical
unscaled database comprised of 176 samples and six soil categories was used to
obtain the scaling factors @, @4, and a; for each sample. The scaled
moisture retention data for the six categories are shown in Figure 5. The
scaled mean curve (shown as a solid line) is a best fit van Genuchten curve
through the scaled data. Table 4 provides best fit van Genuchten parameters
for the scaled data. In all cases, the scaled data forms a narrow band about
the scaled mean curve. Again, similar to unscaled data, a clear progression
of the moisture retention data and the best fit mean curves from fine (SS) to
coarse (SG2) categories is evident from Figure 5.

A measure of the degree of success of scaling is the percentage
reduction in sum of squares (SS) of deviations between the mean curves and the
individual data, before and after scaling. Tables 2 and 4 provide information
on SS as well as coefficient of determination (r°) for unscaled and scaled
data, respectively. The reduction in SS ranged from about 63 to 89 percent
(Tables 2 and 4). Such a reduction is comparable to those reported by other
investigators (e.g., Warrick et al. 1977), although different techniques are
being used. Another measure of success due to scaling is the r? values for
the best fit van Genuchten curves, before and after scaling (Tables 2 and 4).
As discussed earlier, for each soil category, the unscaled and scaled mean
curves are best fit van Genuchten curves through the unscaled and scaled data,
respectively. For unscaled data, the r? values ranged from 0.63 to 0.76
(Tab}e 2), whereas for scaled data, the values ranged from 0.91 to 0.97
(Table 4). _
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Figure 4. Empirical and Best Fit Cumulative Distribution Functions (CDF) for van Genuchten
Parameters 8g, 6., «, n and Saturated Hydraulic Conductivity K¢ for Sand (S).
NO, Normal; LN, Lognormal; LR, Log Ratio; SN, Hyperbolic Arcsine.

22




18Uy} YuM pexiw pues ‘SS) sauobelen JI0g XIS J0f SIAIND USKYONUSY) UBA }ij 1SOF PUE Bjeq UCHUSIeY BINISION PajBdS 'S einbiy

‘(2509 < Ajerewsxoldde Juajuoo jeaelb yim janeib Apues ‘2DS %09 > Ajejewixosdde Jusjuod
jonelb yum [aaeib Apues ‘LS ‘pues Ajjoarib ‘SH (uojoes) 18Ul Yim paxiw joAeIb pue pues ‘HgS ‘pues ‘S ‘uoloe)y

(wa-) jepueiog dueN
o

o Ot ot

)

SOt

Jot

(wo-} jenueiod ouien

ot 0 ot
M L)

(wo-) jspusiod opnen
W0 01 Ot 18
oy vy | b

(] ™r ald

UBIUCY 3INISIOW SWBWN|OA

o
- 1
2 I
[4]
[~ wusung - poisy wuswng « poreos spusmg - pvos
Ll - HjORD « pHEOIYR SHoND » pHRTIUN N
wons = peteseun
® - -1 - b L4
o™
]
% b ‘9 9
D_.- RSO VPO ¥ YRV W faas . .. . [ L N PP YO PUPUI WU WIRPUPUNE YOPPIPI PP 50
Ll
]
5= I ¥ T T ¥ T ] 4 LI i ]
= *mwo 8°
2y °
-0
8 o 4

o o d° [EsHzo

WeluU0D ANISION DULBWNOA

. ¥ o %%oe co
° oot Foiv 00 °
- . A o de0
3 °
. °
: °
iy § e
spuswug = poiteg spusweig « poyong o’ ° %08 o spuiswviq « poyrog %4
. sateng « porrvenny i avtons = popwweun n.um g9 o . wongepusswn  © vo
J °o80 g5y 2° © °
o 0o ooc o o ° E
] ° b 3 ° o8 g8
: : v . 9%
o q ° 3 Uﬂbco&u
1 1 L PR ¥ b, [TATT P /- X IS TP T

23



WHC-EP-0883, Rev. 0

Table 4. Van Genuchten Model Parameters Describing the Scaled
' Mean Hydraulic Curve.
Soil a n 0, 0, r* | Sum of
Category Squares
_ (SS)
SS 0.0052 1.7583 0.0627 0.4334 0.9543 0.6931
S 0.0246 1.1707 0.0391 0.3443 0.9050 1.5830 P
SSG 0.0164 1.3917 0.0391 0.2632 0.8992 0.0473
GS 0.0096 2.0892 0.0461 0.2688 0.9663 0.0408
SG1 0.0064 1.5147 0.0216 0.1630 0.9249 0.0766
SG2 0.0071 1.3333 0.0007 0.0785 0.9175 0.0096 "

Empirical CDFs were derived for the three scaling factors o, @y, and

o,

'aﬁéquate approximation to the empirical CDFs were sought. .
‘normal distribution.(NO) was inadequate for the representation of a given data -
set, Johnson system of transformations was used.

Again, similar to unscaled data, best fit distributions that provided an

In cases where the

Again, the K-S statistic D

was used to select the best fit distribution among the four distributions (NO,

LN, LR, SN).
and a, for the sand category.

Figure 6 shows plots of empirical and best fit CDFs for a,, a,
Results of comparison between the empirical and

best ?it CDFs are provided in Table 5. Results indicate that, based on K-S
statistic D, the scaling factors e, @5, and @, are either normally or
Tognormally distributed for the six soil categories considered.
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Figure 6. Empirical and Best Fit Cumulative Distribution Functions (CDF)
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Table 5. Statistical Parameters Used for Cumulative Distribution Function
Approximation (NO, Normal; LN, Lognormal) for the Scaling Factors e,
@, and o, for the six Soﬂ Categor1es. SS, Sand Mixed with Finer
Fractwn, S, Sand; SSG, Sand and Gravel Mixed with Finer Fraction; GS,
Gravelly Sand SGI Sandy Gravel with Gravel Fraction < 60%; SG2, Sandy
Gravel with Gravel Fraction > 60%.

Soil Scaling Lower Upper Statistics "
Category Factor Ltimit Limit Transform
Mean Standard Dmax
Deviation

“ ss o -3.503 1.949 LN -0.599 1.172 0.154

ay 0.709 1.409 NO 1.000 0.163 0.096




WHC-EP-0883, Rev. O

6.0 SUMMARY AND CONCLUSIONS

The primary objective of this study was to summarize existing data on
particle-size distribution, moisture retention, and saturated hydraulic
. conductivity (K;) for various geologic formations and soil types in the
200 Areas. A total of 183 moisture retention data sets taken from 12 sites in-
the 200 Areas plateau are evaluated. The laboratory-measured moisture - '
retention data are corrected for gravel content and the main drainage curve.
Summary tables are provided by soil type and formation, and the fitted van
Genuchten parameters and laboratory-measured K, values are cataloged.

To describe the variability, the moisture retention data were grouped by
six categories: (1) sand mixed with finer fraction, (2) sand, (3) sand and
gravel mixed with finer fraction, (4) gravelly sand, (5) sandy gravel with a
gravel fraction of less than 60%, and (6) sandy gravel with a gravel fraction
of greater than 60%. Descriptive statistics are provided describing the
variability of unscaled moisture retention data and K.. A progression of the
moisture retention data and the best fit curves from Fine to coarse categories
is apparent from a plot of the unscaled data. Empirical cumulative
distribution functions (CDFs) are derived for all five parameters:(i.e., 0,
0., @, n, and K;), and statistical distributions fitted. The Kolmogorov-
-Smirnov (K-S) goodness-of-fit statistic is used to select the best fit .
distribution. The CDFs for the vast majority of data can be described using: . -
either a normal or a lognormal distribution. In some cases, a log ratio or
hyperbolic arcsine function is used to obtain a better fit to the data.

An alternate representation of hydraulic properties is the use of
scaling technique to simplify the description of the spatial variability of : .
the 200 Area .soils. Separate scaling factors e¢,, ay, and o, associated with
pressure head, moisture content, and hydraulic conductivity, respectively, for
each sample, are obtained for the identical database used to describe
variability in unscaled data. Comparisons made between the best fit
van Genuchten curves for the unscaled data and those for the scaled data show
that scaling reduces the sums of squares by amounts varying from 63 to 89%.
Based on K-S statistic, the scaling factors @,, ay, and a, are found to be
either normally or Tognormally distributed for the six soil categories
considered.

The information on unscaled and scaled data variability can potentially .
be used to propagate uncertainties in parameter estimates for 200 Area soils .
through numerical models of vadose zone flow and transport. However, since
the existing database is Timited, it would be useful to update the database as
more data become available.

The analysis is based on the premise that the unsaturated hydraulic
conductivity relationships can be predicted using the van Genuchten
parameters, Mualem's model, and laboratory-measured saturated hydraulic
conductivity estimates. Alternatively, provided unsaturated conductivity
measurements are available, the moisture retention curve-fitting parameters
and a single unsaturated conductivity measurement can be used to predict
unsaturated conductivities for the desired range of field moisture regime. -
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SUMMARY OF PHYSICAL AND HYDRAULIC PARAMETERS




WHC-EP-0883, Rev. 0

This page intentionally left blank.




voodsyljds VN yiZE0 #8500 €852 ¥900°0 pues piojuer (1) pues Aweo) 8 ot ¥s 14 o 6’6} 6-LM-86Z 9000°S
uoadsyids SO-30L'9 1S8E0 ,00¥0'0 0Eve 69000  10s0djed 9snojey (1) weo| Apues S 44 €t [+] 0 (§¥4 6-LMB6Z §000°G
uoodsyjds y0-359'F  9TE0 19200 1815} Z0L00 pioBupy Jeddn (2) pues s L 0¢ ] 0 £0¢ 8-LM-66Z pO00'S
uoodsyids $0-308°} ¥00E'0 Lzoo Z9E6'L yiv0'0 PlofBupy teddn 2) pues € t (4 vL 0 zer 8-LM-86Z €000°G
uoodsids YOIEL  ¥SPED 84900 12e6'h 6000  OUSSOISI9|d-Old @) pues S 9 i et 4 1/ oLMB6T £000°S
5661 ‘wokjoy uoodsyjds yO30PL  LZLE0 , 00200 18T 15000 losodjed esnojeq @) pues ] 8 6L ’ v 91z 6-LM66Z 1000°S
uoodsyids €0T0LL  Ze0Z0 00000 9011 6v800 ¢ pioBunyseddn @) pues 3 € £ zL 0 TYE 6-LMB6Z [ ]5 ]
ucodsyjds 0301 TOOTO 82200 i $660°0 ploBupy seddny @) pues S z 8 S8 0 g'1e 6:LMB6Z 1010
uoodsyjids $0-30L  SOLZ'O 81500 :-1¥4 8¥000 QURIXSIFICI-Olld @) pues ] s i 0s 0 66 6:LMB6Z $800
uoodsyids yYO-30E9  9EEED £9r40 ¥o0L') Y9000 9UB0IS|9Id-Olid 2) pues S 8 V14 g€ z §PC 8-iARBBE 500
uoodsy|ds VN YeLY'0 ;00800 S8.6'L 80000 pues piojuey (1) pues Aweo| [ ot s J14 o 4 8-LM86Z €400 vz SM8IT
ucodsyids  yO'Z0LY  LE00 Y000 Z958'h 65000  1eAmiOpiojuey () jwei Apues 0 o 0 o 08 v'so viS8HIT wezT
o uoodsyjds SO30FY  900Z0 99000 pisy'i 15000 19nBi0 piojuey  (g) [ewesd Apues v L L 1> éc vie VEV-E'9IZ ¥8z2T
. uoodsyijds pO30E'L 89610 80¥0°0 1569't LELOD pueg piojuey @) pues ] 0 i v ¥ v'is VEr-8-81Z 88zzT
W uoodsy|ids SO-30E9  ZLLWYO 69500 I£10E 11000 pues piojuert ) pues b € /] 12 (] 6vl vera-oiT o8zz T
& < uoodsyds 0304  SO0L0 69200 s 86200 pues piojueH @) pues 0 0 b €8 ] ect VIS8T €922
%.. .le uoodsy|ds SOHOP'L 96810 SY400 (10> 40 $200°0 1oaes9 piojuer () [ariB Apues z ] 123 74 0s 509 viS-EL ez .
oOo m uoodsyjds y0-308's  OZOTO €000 S889°L oL¥0'0 pues piojuer (v} pues Ajoreis o o (43 oL (43 o8y ver-a91z 19ze -
D_. W.._ uoodsyyids S03082  QOEZO 12200 Si8L'd €600 pues piojueH (2) pues 0 0 St 1] 3 e VEV-8-91Z 852ZT
J.. M uoodsyids S03088  ¥OZZ0 $0£0°0 SELLl S020°0 pues piojuey (@) pues 0 0 €L S8 z s'se ver-g-9i2 €822 T
m uoodsyyjds SO309Y L8920 04200 $8I0Z SE100 pues piojuey ) pues 0 z 8y (- b 11 ver-g-9iz weze
= uoodsyds SO308L  TYSLO 01200 0y 8€100 19agi0) piojue  (5) [eariB Apues 0 0 £t or g€ 88 VI B0 LE44}
uoodsyjds 0-300' €¥0L0 {81L0°0 srey'L 95000 oamg pioguery  (g) (wmiB Apues 0 0 zl oz 29 oL vig eIz geLi-t
uoodsyids €08 8OVL0 TTEO'0 S089'1 $€00°0 19ae10 piojuey (<) [oamiB Apues 0 ] €b 14 ] 8's vigsoie il
uoodsyids €0-308') 18200 Z9100 88t 82000 1onip piojuer  (g) [owest Apues 0 0 98 €t oL 87 vIgg8Ie eEbbL
uocodsyids $03009  LSL00 00000 195v'L 1€000 19ARIO piojuer| () joaeib Apues 0 0 S ze > orl Oy-£€3-667 0550-4
uoodsyjds 90301  €88¥0 ,00¥0'0 eeve't 21000 pueg piojuey () pues —_ e W o~ = 8'2$ 8€-€€3'682 1E50-)
uoodsyjds SOH0LKL €900 86000 6689'} €Z10'0 Pueg piojuer ) pues o S s 09 0 Vs 8€-€63-66Z 0es0-t
uoodsyids €030y L5500 00000 606Y'L 92000 1oami9 piojuer;  (9) |oarsB Apues 0 0 L i 6L €29 86£-€€3662 6280-4
uoodsyds ¥0-300'S 9200 S0L00 60s8'L 5¥00°0 pues piojuer{ (9} [eneil Apues o 0 8 0s zr 0'ls 8€-€€3662 8250°1
5661 ‘'eahioy uoodsqds S030LS €00 ;5100 e SS20'0 1ae1g piojuer (9 1weiS Apues (] 0 ] ] 44 v'sh 8E-€€3°662 2801
2684 ‘wewpoH uoodsyjds SU300Z  PPIZ0 82200 st ¥9100 1R picguey () jail Apues 0 oL St 81 iy 61 9€-€€3-662 250"k vz -d8-002
sanog onbluyox  (spud) sy sTeey Moy u (woy)) eydje uopeuLa) . ediy jjos Aed s 8 L 8 (w) wpdop Sjoyssog ‘ou ejdwies as

Buidwes sigA[Buy M0IS




#6861 ‘osoufiog pue sejeom

WHC-EP-0883, Rev. 0

S68| "eakioy

S661 ‘sAIey

0684 ‘perswoln

uoodsyjds
uoodsy|ds
uoodsjiids

uoodsy|ds
uoodsyjds
voodsy|ds
uoodsiiids
uoodsyds
uoodsyids

uoPBARIN®
uofensaxe
uopEAROX®
UOPEASOX®
uopeAexe.
uogeAsoXe

uoodsyds
uoodsyjds
uoodsyids
uoodsyids
uoodsy|ds
uoodsyids
uoodsyjds

" uoodsiyds

voodwpde
uoodsyijds

uoodsyiids
ucodsyds
uoodsyids
ucodsyids
uoodsyids
uoodwyids

uoodsyds

\]
VIN
YN

203014
<0-308°1
€0-30C°8
03007
y0-308°L
E0-30€°S

S0-3008
S0-3vey
€038
»0-301'9
y0-3L6'S
€039}

90-3659

VN

A\ ]
S0-3LSY
€0-309°1
$0-3€8T
S0-38€°L

\ 4l
€0-30'L
€0-300°0

or30LT
20-308°S
€0-30LT
20301
0300
20-308°9
€0-300¢

TOE0
€L5e0
erLeo

Lo
orez’o
[ 4244
0€ZZ0
HHOE0
6000

8yoro

t2-12 4]
ereyo
8IS0
86520

€890
90TE0
0€ZE0
VEEY D
Qrio
81200
€eo
erio
€80C°0
7S840

18240
S16€°0
6510
120€°0
eIz0
TSLEQ
20S€°0

97800
90500
84200

16100
00
06200
o200
SE800
69500

89200
990’0

¥6600. .

TI00

9500
,0060°0
20800
81500
,00L0°0
00000
$1500
16500
Y600
05v00

19600
96500
L1000
,05100
£2200
900
1200

€027
it
Le6T¢

8€65°L
8585}
96087
1861}
0LL6°)
1985C

yeve's
L9eV')
P699°C
[-73: 4
Ti80€
1571414

oLe9’t
1560°4
89501
980T
$0LSE
oove’}
$890T
voLe
54 24
T60TT

8LLEt
TLO0T
e|LLL
Z8.E'}
8966}
£05¥’L

LL'h

68000
61100
18200

€800°0
12200
82L0°0
€2200
8v00'0
92000

€500°0
80100
86900
6900
60€0°0
81010

Zr00'0
2000
9€000

82100
£2000
SL00
0v000
19000
0¥000
Si100

8sL2°0
80V0'0
800'0%
L2010
18500
Z01200

80€1°0

pues piojuey
puvs piojuey
pues piojuey

pioBury eIPPIN
SUB0ISII|cf-Olic}
SU@0GISelld-Olld
8US0IS!|d-Olld
@US00ISelId-Olld
2US0ISINId-Olld

pues piojuen
pues piojuey
pues piojuey
pues piojuey
pues piojuel|
pues piojuey

plofury oIPPIN
pioBupy SIPPIN
piofuny SiPPIN
piobuty SIPPIN
pioBupy SiPPIN
ploButy oIPPIN
pues piojuey
joaesB pojuer
|oneit piojuey
joneiB piojuery

19ARID) piojuBH
pues piojueH
ploBury ippIN
ploBuiy aiPPIN
ploBury seddn
U891 -Olid
ploBuyy seddn

(1) pues Aweo)
(2) pues
(2) pues

() |onesB Apues
(2) pues
(2) pues
(2) pues
(¥) pues Ajjoaesb
(9) pues Ajjoness

(1) pues Aweo
(1) weo} Apues
(2) pues
(2) pues
(2) pues
(S) jonei Apues

(1) wreo) Apues

(1) weoj Apues

(1) weo Apues
(1) pues

(c) |joweit Apues

() joaeuB Apues
(2) pues

() |ones Apues

() pues Ajjoness

(5) jonesB Apues

() jeaesB Apues
() pues
(©) jsamif} Apues
(£) |onesB Apues Ayis
() joamif Apues
(€) toaesB Apues Ajis

() pues

e ©O © o©

O O O O © © v © & ~ S M - O © ©

N O O O O o o

143
[

N o O O

13

ol

YN

St
VN
[+]3

88883n~28

3 888

2 o« 8 8 ©o © 0o 0

s

L1 4
Ix-4

oL
90
(3 13
o€l
6¢
'8

VN
N
N
N
VN
VN

L'eS
TS
ser
Lor
6'8E
(444
§'sT
24

oS

Ve

1474
LEL
909
(34
1314
96}
cor

v69-5£689
V69-5£-669
VEG-9£-669

ViL-87669
VY.i.1-8r669
LL-8p-669
1181669
14-89-669
L8680

VIN
ViN
VIN
YN
VN
VYIN

981-01M-66Z
861-0IM68T
961-0LM862
961-0LM66Z
861-0tM66Z
9861-0LM-66Z
961-01M 662
861-0bM86Z
961-0LM-68Z
961-0iM 86T

€1-0LM-66Z
€-0im-e6z
Z0-20M662
20-Lom662
To-LOMB6T
L0-L0M-662

8-LM-66T

ooy
o0y
Le00Y

TEVLT
(35454
I8l P.N.
8LHT
OLLLZ
69L1T

Odv-ivrT
S-dv-ivT
Ob-dv-i¥Z
£dv-ire
Tdv-+rZ
Dbdv-iPT

9600°€
T800€

1990°€

6.L20€
£120€
0iz0€

08-€L0IM
SPELOIM
6ITTUM
YSLT-LM
voT-LM
SOTIM
20005

., QY3
mwuo

. H8I00

re

., ANV1dY
Sl

., 80b-1-L¥e
ve

. 3134
5 SM




uoodsiids €0-308°1 L0vr'0 68es00 $650T €00 pues ueyol (1) pues Awseoj S [\]3 9c -1 4 0 oL ¥E2-523-662 vsZ

uoodayds vo-3e88  620S0 €0€0°0 ozes'h 6220 pues uejjo3 (1) pues Aweo) ) s ¥£2-523-66F a6l
" uoodsyjds yo-3888 098P0 19900 STt 08¢0 pues ue)jo3 (1) pues Aweo ] 43 €S 74 z 8's vET-623-66C V6L
uoodsy|ds pOZELS  LOEED 9EE0'0 09€5't L1200 pues uejo3 (2) pues St YEZ-S23-667 as
£681 119 plowpjooy uoodsyjds pO-3ELS  ELFD 18400 180€°} 08rL 0 pues uejjo3 (2) pues 14 ] L €L ) S'b ¥EZ-523-86C vs ¢l 1N0Yo
“ UoReABIX yo-30Z°4 985Y°0 1€800 £558°} $800'0  Weolyis uepiepm (1) weoj Apues S - oS € 0 Vo> VN ¥ovia
uopsaeaie vO30Z4  EiSKO JOZ800 L8l 02000  Weo s uepiepr (1) weopApues 8 s s 4 0 1'o> N 20€10
uofeABXe v0-302'L  esov’0 ,0860'0 stV €9000  Weo| yis uepiepr (1) wieo) Apues 1 ve s € ] Vo> VIN pi-2L0
Uogeaeoxe pO-30ZL  ZIErO ,0580'0 iesii. 19000  weojuisuspiepn (1) weet dpuee 3 ze 28 ] 0 1o> VIN 80-11a
N uojeArNR $030ZF  SO0EVO ;08800 $168'} 19000 weoj s uspiery (1) wieoj Apues ] £ 1S v 0. 1e> WIN 80440
v uogeasxe $0-30Z'4 1o ,0680°0 868L'} ¥9000  weojiis uspiepr (1) wieo) Apues S oe 65 o 0 re> VN vo-0iQ
" uopeARIX® v0-306C LoPP0 18900 €8lLo’l 88000  Weo s uspiepm (1) weo) Apues 12 6z 09 L 0 19> ViN $0-60Q
" uogeAesxe ¥030Z1L 65500 $280°0 26ve'L 68000  Wieo| s uepiepn (1) weoj Apues o1 e &S z 0 (¥-3 N 20600
o " vopeseoxs vO30ZL  SPO ,00800 usth 99000  Weoj s uepiepy (1) weoy Apues [ € s € 0 Vo> VIN L0600
- N uopessoxe vO30Z1  £¥SYO ;08800 £€58'L 65000  Weojlis uopiepm (1) weo) Apues oL e s z 0 Vo> VIN S1-800
% " uofRARIXD YO 30ZL  SEWPO ,0280°0 VoL 1000  weol s uapiepy (1) wieo) Apues (] o¢ 85 € 0 Vo> VN #0-200
- uogeasINe $0-3067  ZEEYD |, 09800 1y98'L SS000  Weojyis uspiepr (1) weoj Apues L]} €2 5] 12 0 18> VIN €0-50Q
% N togeAsINe ¥0-306C  8TYY0 00800 viSLh 89000  weojjis uepiepm (1) wweof Apues 8 of 85 € (] 19> ¥IN 04400 .._w
% N voneARIxe v030ZL  SOSV0 ,00L0°0 1089't TLO00  wieojis uepiepy (i) weojApues - o 24 ] 14 0 (%73 VIN vo-¥0Q <
m. £661 HOA UopeAsoxe y030ZL  0E9ro , 02800 zEH'T SE000  Weoj s uepiep (1) weoy Apues oL sz €9 z 0 19> VN 81-zoa
_.._._ 8961 189 99 opeARSD #0-302°¢ 1ESYo 81200 £L6') 6r000  weop s uopiepr (1) wieo) Apues o ve ¥S F4 [} 1'e> N 01200 ¢ ETRF!
£
= uoodsyids 90-30E€ - SIELD Z0E00 1099°L 79000  piobupioippin (S) lenei Apues 0 € ot vz €9 S'E6 V19556869 0804-¥
" uoadsyyids €0-30¢°t 4%} $620'0 8099't €4000 ploButy) oippIN - (5] 1enes Apues o 0 13 v 59 608 V195¢-668 6L04¥
" voodsylids VN £EVED S9Z0'0 9560 SEZ00 pues piojue (@) pues ] 0 -4 SL 0 oL V19-S£-669 9L0VY
“ uoodsyids VN 19850 €204°0 15t 62000 pues piojuery (M weop . Sb £ W b (] L9 62426660 8504y
uoodsylids wIN 22870 06800 19822 99000 pues poojue (1) pues Aweoj 9 ¥z 89 z 0 1 4 9z4°25-669 2804-%
“ uoodsyids VIN 88ZY'0 ,0S€00 £9TLT 12000 pues piojuery (2) pues 4 v o8 [ ] L9 8zL-2¢-660 950L-¥
“ uoodsyids 10:308'L 28810 y1200 viSO'L #9000 ploBupy sippIN  (5) |ewesB Apues z € zt ] 7] LY VB9-SE669 €iok-y
N uoodsyds $030L'S  EVOLD ;00100 Zso'L Z900°0 ploury oppiN  (5) |eaeiB Apues £ L oz V4 0s 8L ¥69-5¢-669 zioL¥
“ ucodsyijds S0-300'L  £16¥0 ,0590°0 TS’ Tyo0'0 ouesaisvid-olld (1) pues Aweo ] -4 09 14 0 0'€L VBg-SE-669 LIoV-y
. uoodsyds SOFEFS  ELEE0 ,00L0°0 9220T 85100 ploBupy seddn  (y) pues Kjjoness z 1/ 144 se 2 678 V88-S¢-660 €860
. voodsyds Y0321 STSEO ,08L00 $8007 69100 pues piojuery (1) pues Aureo| e 4% vo 4 0 o€ V99-5¢-669 €L60°F
“ uoodsyjids L] 9E6E°0 6890°0 2602 28000 pues piojuey) (2) pues ] ] €8 L 0 T €99-9£-669 SS80Y
“ uoodsyids N 52800 1600°0 9€09't 91200 PloBupy eippiN  (9) |oweuB Apues ] b 8 [t4 oL ¥'sL V59-S¢-660 z6L0¥
N toodwyds VN bLEE0 €0E0°0 =144 41200 pues piojuer (2) pues 0 0 0s 05 0 Te9 VS9-56-669 16L0¥




WHC-EP-0883, Rev. 0

$661 ‘eakjey

[oueq @100
|oueg @100
|oueq 03
|9ueq 9100
{9L1ec} 8100
eueq 9100
|oieq @i00
{eieq 400
[oueq QoD

Mg oo

uoodsyjjds
uoodsyiids
uoodsyiids
uoodsyds
voodsyds
uoods)jids
uoodsyids
uoodsyids
uoodsy)ids
uoodsyds
woodsyjds
uoodsqids
uoodsyids
uoodsyjds
uoodwyjds
uoodsyds
uoodsyds
woodsg)|ds
uoodsyjds
uoodsyiids
uoodsyds
uoodsyids
uoodsyds
uoodsy)ids
uoodsyds

20301T
€030L'8
0-308°L
£0-305'S
€0-30¢°4
€0-308'S
€0-30TY
ro-30L'8
yo-30C°€
¥0-308°4
¥0-30¥°L

§0-304'T
§0-30LT
€0-396'}
€0-386'1
30> 1
€0-3e0'¢
0328

ro-Z9T.

yo3IWTT
PO-3VTT
¥0-38L°4
yo-38L’L
0T
eor3NT't
50-38¢'L
$038€°4
$0-366'T
#0°366C
$0-ILL'S
Y0-3LLS
0-3r'T
S0-3re
€0-308°L
€0308°}
€0-308°}

S0
bzeo
19620
60€C°0
90%E0
1 2244
Qoo
€40€°0
€100
TSIT0
10SE0

1810
4840
€Z81'0
$5L10
JEBE0
#ESY'0
10Zy'0
€62r'0
§9L4€°0
60E0
969£0
SI16€0
Tvoro
1414}
£VSY'0
8o
904€°0
185¥0
Y0ESO
¥LISO
18E¥0
304
wer'o
9050
gTes0

26000
Y5100
89100
56600
64100
00000
29200
9zz0'0
06000
9££0°0
,0020°0

00000
00000
100
90400
11000
65200
92600
#2600
00100
00000
,02000
,0£000
98200
00000
91200
z9200
00000
00000
Y7800
£0100
00000
00000
,00800
,08200
oreoo

sl
yoeL’t
[1:74 4
S69L'Y
1085’1
SOEE’}
coe’)
6.0L'}
SO0V'i
6875’k
132894

SSSsT'h
velE'h
6OV}
002€°4
1825}
BESH'}
SH08°L
€618}
ToTE}
258T°L
&Zov'L
00eeh
L9
850z’
Bivr'h
LEW'L
ever'th
8S0¢€°L
eiee’l
34 A
14 LA
ezeL't
08.8°4
ezse’t
1Zye’l

1990
91zL'0
T8Ts0
Tro'o
€EEE0
91040
08400

¥86r°0
01€00
$5000

I££0°0
€9100
€8LY'0

€616'0°

08200
#iLLO
16640

€280
LUrLo
25140
6,620
aRzo
45¢€0
3143
visLo
€190°0
£I6T0
71600
$L100

81LZ0
00L00
48200
61500

pues piojuer|
pues piojuery
pues piojusy
pues piojue
pues piojue
pues piojuer
pues piojuer|
pues piojueH
pues piojuey
pues piojueH
pues piojuer

pues piojueH
pues piojuet|
pues piojue
pues piojue
pues piojuer
pues piojuer
pues piojuer
pues piojuey|
pues piojuer|
pues piojuey
pues piojuery
pues piojuer
pues piojuer|
pues piojuer
pues piojuely
pues piojuey

pues piojuey .

pues piojuer
pues ueyjol
pues uejjog
pues uejjo3
pues ue|jo3
pues uejjo3
pues uejjo3

pues uejjo3

() pues
(2) pues
(2) pues
() pues
(2) pues
(2) pues
) pues
(2) pues
(2) pues
() pues AjonesB
(2) pues

(€) 1oneu Apues Ayis
(€) 1oariB Apues Ayis
(5) |oaeiB Apues
(5} 19aesB Apues

@) pues
(2) pues
(2) pues
(2) pues
(z2) pues
(2) pues
(2) pues
(z) pues
(2) pues
(2) pues
{1) pues Aweoy
(1) pues Aweoy
(2) puws
(@) pues
(1) pues Aweoy
(1) pues Aweo)
(z) pues
(2) pues
(1) pues Aweot
(1) pues Aweoy
(1) pues Aureo)

- 0O O 0o O © O 0 O o o

~ © O 0O & © O © ©C ©C ©

]2

143

13

13

(45

ee

e

0L

1]

24

€L

ev

N N O O O O © N -«

- e

A8

TSt
€8l
st
8'6
€8t

88
(24
14
e
1

sov
sov
y'ee
14
L'se
L'se
S'Ee
S€E
(44
zoe
£'sC
>34
74
24
Sot
ol
143
143
€
et
a8
LX)
oL
oL
oL

$6-vT3-66C
8723662
6973682
69238682
6973662
82-¥T3-66C
8L-¥23-66C
$6-923-66Z
$6-¥73-66C
56-¥23662
$6-923-66C

¥ET 573662
yET-573-662
¥eT-5T3-662
yEL-ST366T
YET-STI 66T
YEL-STI-66C
YET-5T3-662
Y£Z-5¢3-662
¥EL-ST3-66C
¥£Z-523-66C
YET-5T366T
yET-523-662
vEL-ST3-66C
PETSTI 662
YeTST3-06T
¥ET-5C3-662
¥ET-523-66C
yETSI3-662
YEL-5¢3-662
¥E€2-673662
yeL-503-662
yeZ-53-667
¥ET-5¢3662
YEZ-523-667
yeT-ST3062

eTeTT
14444
:144 44
52T
8e9-T
8e9L-T
L6012
9E9L-T
13 4541
13 1543
vkl

gest
veel
aszi
‘ezt
oLy
Vil
8014
VoLl
a6s
v6s
ace
vee

V6o
8rs
s
goy
vey
8.¢
vie
a6z
vec
ast

., uoooful

e

A-6




5661 "evkioy

WHC-EP-0883, Rev. 0

1861 “|e w uoieBieg

uoodsyds
uoodsyds

uoodsyyds
uoodsyids
uoodsyids
uoodsyids
uoodsyds
uoodsyids
uoods))|ds
uoodsyids
uoodsy|ds
uoodsyids
uoodsy|ds

uoodsy)ds
uoodsyids
uoodsyids

ucodsyyds
uoodsyids
uoodsyds
uoodsyids
uoodsyjds
uoodsy)ds
uoodsyjds

uoodsyds

uoodsyids

{oueq @00
[9ueq ai0o
{oueq 9100
(oueq @u00
joueq 9100

|oueq 9100

€030L'9
¥0-300T

€03y
€0arse
€0-359°T
€0-36¢°L
€0-380'9
€0-399T
£03¢9'9
€o-3ecy
T0-3ELY
03uet
€0-31€'S

£€0-361'L
¥0-308'8
£€0°30L°4

¥0-309°L
¥oravs's
€0-3ics
€0-32Y'S
€0-38LS
€0-318°¢
W03ATY'Y
€0-38TT
€0-328°4
W3ese

0r304T
0304
20-301'Y
€0-305°L
¥0-30€T

$66Y'0

809€°0
8¥9E0
68560
98920
696T0
(342 4]
€ETED
€020
192€0
eeo
$8EE0

.00
€ETY 0
80Er0

0810
0eo
€6i¥'0
o
(42241
42680
€9y
¥S8E0
(44
6020

4:724 )
00620
19240
+1820
60¢c0
0L0e'0

00000
,00¥00

19200
,0L100
,09100
12600
85200
96200
£2600
62v00
20000
¥I£00
9500

98200
,0020'0
£6£0°0

£2100
,0020'0
,00100
12600
,0020°0
¥EE00
,0520'0
05200
,00€0'0
19800

€100
0eL00
8.200
$880°0
80900
1468100

osye'L
1£50C

cesl'e
neeT
€085C
[ 41%4
oLt
¥e80'Z
y6Zye
98E8T
S€86°tL
580T
12744

66802
16687
[ 1%

boco't
109S'E
verie
086z
[3-4: 44
SSESE
SEL6'Y
t£80°E
00LLY
80£9°T

8vss'h
(514 21
€480T
(24748
o'
Syes'l

2100
15000

16200
8200
6sz0'0
81€00
€050°0
Tie00
88100
01200
€820°0
SSE0'0
88200

$€200
0400
S2p00

S0L0°0
#9200
£€6€00
15.00
€Lp00
62z0'0
05400
¥Sr00
ri00
$6¢0°0

¥890°0
osye'o
sp00
€9000

88000

pioBuiy eippIN
QUR0IS|9Id-Olid

pues piojueH
pues piojueri
pues piojueH
pues piojuerj
pues piojuer
pues piojuey)
PuSS piojusH
pues piojue}
pues piojuer
pues piojuey
pues piojueyy

pues piojuey
pues piojuer
pues piojuel

ploBury sippiN
pues piojuer
pues piojueH
pues piojuer
pues piojuer
pues piojuer
pues piojuey
pues piojueH
pues piojue
pues piojuer

pues piojuer
pues piojuer
pues piojuey
pues piojuey
pues piojuey
pues piojuey

{S) |sawu Apues

(1) pues Aweo|

{2) pues
(2) pues
(1) pues
() pues
() pues Ajjonmi0
() pues Ajorest
{2} puss
{2) pues
(1) pues Aweoy
() pues
(@) puss

{p) pues Ajoaes
(1) weoy Apues
2) pures

(c) (onesb Apues
(1) pues Aweoy
(¢) pues
(2) pues
(€) pues
(2) pues
(2) pues
(2) puss
(2) pues
{Z) pues

@) pues
(2) pues
@) pues
() pues Ajjoaeit
(2) pues
(2) pues

o € o 0 O o0 o O o o o ©

o o 0o

o o o 0 0 o O o o o

o o o o o o

-~ © 0 0o o+ ® o0 o0 3

965
44

v'ie
6e8
908
Ll
sTo
¥'6s
€08
(3]
0zZe
(44
el

Vo5
(444
rr

¥is
€8
voL
oo
6Ls
8IS
g'6e
yic
424
TSt

(413
6L
-2/
ot
ol

€8

HTHIMEBZ  BYHOT

SVT-8IM66Z

V85-9£-669

Y85-9£-669

V85-9£-668
V85-9¢-669
V85-9£-669

B8S9E669
€85-9¢-660
88596660

85-6€-668
9566669

95-6£-669
95-6€-669
85°6£-669

95°5€-669

85°6€-660

8L-vZ386T
6L-v23-682
6LvT366C
6L-vZ3-662
6L-yC3-66T
$6-vZ3-66Z

4v00°€

veTLT
€eLTT
T T
VeTTT
0€2LT
ez T

T

OL-MN

FMa

A-7

S*MN

., A901003 SN
el




WHC-EP-0883, Rev. 0

uoodsyds
uoodsyds

uoodsyids

uoodsyds
voodsyjds
uoodsyjds
uoodsyds

uoodsyjds
uoodsyds
uoodsyds
uoodsyids
uoodsyids
ucodsyids
uoodsyids
uoodsy|ds
uoodsyds

Jepewolyaksd sjdnodouLIBy) ‘W 00D |- > uopoeIXa ajeid aunssasd ‘WO OO |- 0) 00S- 1122 @dwa ] "wo 00001 0- 9

(986 9qdwe) pue sujmey) Jejawoiaisd axdnoooway) ‘Wid OOES > ‘uoioeiXe ajeid ainssald ‘W QOES |- 03 O1E- JUINOD J3jaMm Bujbuey ‘wo 054-0}0- S

20°30€'9
o328
L0302'¢
€0-30€°4
803094
+0-30€'}L
90-30€T

y03L9T
To-3ee’t
y0-385°4
0304
90-308'S
y0-30L¢C
€0°30¥'6
10300
VN

€581°0
8ZH0
BEES0
10L°0
TLLD0
6,500
99950

$0ST0
rigk’o
ZeT0
€£61°0
>4 40}
98¢0
92Le0.
90€9°0
16€S°0

8500
95100

16100

<0LT0

STI00
TIsL0

98100

o

oYL
9865°}
18971
L1165}
e85t
00454
6900T

6oL
Wee'h

T GeLy't

819’}
12 4
sves’)
el
6855’
0L

uojoespxa ajeid ainssasd ‘Wd OOES L~ 0 005~ Hl|8o adia )l ‘w2 000L-0} 0~
(9861 2InD{) uonornxa ajeid ainssaid 'Wwo 0OES |- 0} 001 ‘uunjod Jojem Buibuey ‘wd 09-0} 0 - €
sjusllaINsSEs) BjeQ UOjUSRY MINISION '

Jelewesuuad peay Juejsuoo Aq painseaw Sy -Z
Jopweswad peay Buje) Aq painseaw Sy - J

%09< Alejewiroidde awoo [aeiB ypm ereib Apues ‘2os - (9)
%09> Ajajewxo.dde Juauoo eaeiB yym jaaeib Apues ‘LOS - (S)

pues Ajaaeib 's9 - (v)

UojoRI) JBUY) YiM pex|W [aARiB pue pues 'OsS - (£)

pues ‘s - ()
UOjjoRJ) JOUY Yum paxiw pues ‘SS - (1)
: kioBajeo jjos .

ejep pamseaws ayj YBnoauy Jy aAINO 3y} anasduj 0} pax)) Laaq SeY JUIL0D JUNISIOW enpisal 8y} jeyy sayubis,
#5000 ploupy jeseg  (S) jaaesB Apues 0 0 vt k4 ] 8'so 9601660 £000°€
$600°0 sjoneis) piojuer () joariB Apuss 0 L 9 81 89 €6 9E-0v-660 1000€
SE000 pues piojuey (1) weo| Apues ] x4 oe o€ 0 (4 1£2r668 680ET
86000 sjonrio piojuer  (g) joweit Apues 0 € 4% o -] oy 1£°Tr-668 880€°C
Trioo ploBury semo (1) weoy Apues oL ] 4 S5 0 Sie SE- L1869 $806°C
16000 pioBuyy 1eddpy  (9) 19aiB Apues (] 0 12 vl z8 Lve 6€-Ly-660 ¥90€-T
88000 pioBupy semo (1) pues Awieol ] 123 2] (<4 0 188 1€-Tv-669 (2144
SY100 pueg piojueH  (g) jearib Apues s g o o4 € ve vie LITSIM 662 1590°€
99100 pioBupy oIPPIN  (S) [oweib Apues 0 0 8t or (44 0'6E 91T-SIM-66Z 9590°€
82000 pioBupy seddn (¢} jonesB Apues yis 9 [£4 .o [24 ¥ 69t 91ZSIMB62 6590°€
81100 susogisieg-olld  (S) 1enesd Apues v v € o ] 9'sE LTSI BB ¥590-€
18000 eueooysiegolid (1) pues Aweo ] 11 ¥s 4 0 sy SPZ-BLMB6Z £590°€
26000 pueg piojuey (2) pues v 4 s or 0 vee SPT-8LM66Z 500°€
99200 eueooysiodolid (1) pues Aweo 8 [ vz 85 0 e9r LYTBLMB6Z 1580°€
0ZL0'0 ousonisiod-olld (1) weo) Apues ) St 4 or 0 sy LT BLMNB6Z 0590€
01000 $USGYS19d-Olid] (1) weoy 4% or g€ o4 0 Ly LVYTBIM-66Z 6y80°€

A-8

., HBPO-M
(&4




WHC-EP-0883, Rev. @

APPENDIX B

MOISTURE RETENTION DATA AND FITTED PARAMETERS FOR 183 SOIL SAMPLES
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Matric Potential (cm)

Matric Potential {-cm)
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200-BP-1; sample: 1-0526
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Matric Potential (-cm)

200-BP-1; sample: 1-0527
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Matric Potential (-cm)

Matric Potential (-cm)
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200-BP-1; sample: 1-0630
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Matric Potential (-cm)

Matric Potential (-cm)

200-BP-1; sample: 1-0531

complete particle size distribution not available
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