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Summary

This report documents a preliminary spatial and geostatistical analysis of the distribution of several
contaminants of interest (COls) in groundwater within the unconfined aquifer beneath the 200 West Area
of the Hanford Site. The contaminant plumes of interest extend within the 200-ZP-1 and 200-UP-1
groundwater operable units. CH2M HILL Plateau Remediation Company (CHPRC) currently is
preparing a plan that identifies locations for groundwater extraction wells, injection wells, transfer
stations, and one or more treatment facilities to address the contaminants of concern identified in the
200-ZP-1 CERCLA Record of Decision. To accomplish this, Fluor Hanford, Inc. (the previous site
contractor) requested that Pacific Northwest National Laboratory (PNNL) provide numerical models of
the three-dimensional distribution of selected COIs throughout the 200 West Area groundwater. The
COlIs included in the PNNL study were carbon tetrachloride (CTET), technetium-99 (Tc-99), iodine-129
(I-129), chloroform, plutonium, uranium, trichloroethylene (TCE), and nitrate.

The project included three tasks. Task 1 involved the development of a database that includes all
relevant depth-discrete data on the distribution of COls in the study area. The database includes well
construction information, well sample data for the COIs named above, fields describing the sources of the
data, and data quality flags. The database includes all forms of the COls identified above—for example,
all plutonium and uranium isotopes included in the Hanford Environmental Information System, as well
as total uranium and all forms of nitrate and chromium. The concentration and activity values
summarized in the resulting tables of the Microsoft Access database are considered final for carbon
tetrachloride, chloroform, and Tc-99 and were used in the subsequent analysis and mapping (Tasks 2 and
3). However, further work will be needed to transform and select concentrations for some of the other
COls when multiple forms of a COI are present in the database (e.g., chromium, nitrate, and uranium are
present in multiple forms). In addition, some uranium and uranium-238 data in the database are measured
in picocuries per liter and will need to be converted to micrograms per liter. The appendix to this report
contains several electronic files that document in detail the data sources, transformations, and selections
that were performed in assembling the database, as well as a copy of the database itself.

The second task involved a spatial analysis of the three-dimensional (3D) distribution of data for the
COls in the study area. The main focus of the task was to determine if sufficient data are available for
geostatistical mapping of the COIs in 3D. The results of that study indicate that sufficient data are
available for 3D mapping of CTET, chloroform, and Tc-99 using geostatistical methods. Although the
conclusions are preliminary, the number of data that appear to be available for the other COlIs is much
lower; geostatistical mapping of those COlIs in 3D may not be possible unless correlations can be
established with data that are more numerous and widely distributed in the study area. As an alternative,
simpler models may need to be used to characterize the distributions of those COIs with depth in the
study area.

Task 3 involved the generation of numerical grids of the concentration of CTET, chloroform, and
Tc-99. Multiple realizations were created using a geostatistical simulation approach. Two different suites
of realizations were generated for CTET, based on two variogram models known as the CTET 3D model
and the CTET 2D model. Although both models were fully three-dimensional, one was based on a
variogram model fit to the 3D concentration data, while the variogram for the CTET 2D model was fit to
2D data representative of concentrations at the water table. The CTET 3D model was considered the base
case for later processing.
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The suites of realizations for each COI were post-processed to provide information about the spatial
distribution of the COls. This included the generation of 3D maps of the median and average concentra-
tions and the probability of exceeding various concentration thresholds. The median concentration
provides an estimate of the most probable concentration value at each grid node and can be used as the
initial condition for input to flow and transport models. The average of the simulated values also was
provided as an alternative base case for the initial conditions. Methods also were developed to rank the
realizations and select a subset of realizations for flow and transport modeling for CHPRC by personnel
from S.S. Papadopulos & Associates, Inc. to provide a preliminary investigation of the effect of the
spatial uncertainty in concentration distributions on flow and transport predictions.

Complete results of the geostatistical study are documented on compact discs (CDs) provided as the
Appendix to this report. The CDs contain electronic files produced during the mapping study, including
the COI database and supporting documentation. The geostatistical realizations of CTET (3D model) and
chloroform were used to update the carbon tetrachloride inventory in the unconfined aquifer within the
200-ZP-1 and 200-UP-1 groundwater operable units. The updated inventory results, which include an
assessment of the uncertainty in the inventory, are reported in a companion document, PNNL-18118.
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Acronyms and Abbreviations

2D two-dimensional

3D three-dimensional

BWT below water table

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of
1980

CHPRC CH2M HILL Plateau Remediation Company

COlI contaminant of interest

CTET carbon tetrachloride

DBWT depth below water table

DOE U.S. Department of Energy

Ecology Washington Department of Ecology

EPA U.S. Environmental Protection Agency

FY fiscal year

HEIS Hanford Environmental Information System

HWIS Hanford Well Information System

1-129 iodine-129

IQR interquartile range

PNNL Pacific Northwest National Laboratory

RUI reference uncertainty index

SSPA S.S. Papadopulos & Associates, Inc.

TCE trichloroethylene

Tc-99 technetium-99

VET Vista Engineering Technology, LLC
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1.0 Introduction

This report documents a preliminary spatial and geostatistical analysis of the distribution of
contaminants of interest (COIs) in groundwater within the unconfined aquifer beneath the 200 West Area
of the Hanford Site. The contaminant plumes of interest extend within the 200-ZP-1 and 200-UP-1
groundwater operable units.

CH2M HILL Plateau Remediation Company (CHPRC) currently is preparing a plan identifying
locations for groundwater extraction wells, injection wells, transfer stations, and one or more treatment
facilities to address COls identified in the 200-ZP-1 CERCLA Record of Decision. To accomplish this,
Fluor Hanford, Inc. (the previous site contractor) requested that Pacific Northwest National Laboratory
(PNNL) provide numerical models of the three-dimensional distribution of selected COIs throughout the
200 West Area groundwater. The COlIs included in the PNNL study were carbon tetrachloride (CTET),
technetium-99 (Tc-99), iodine-129 (I-129), chloroform, plutonium, uranium, trichloroethylene (TCE), and
nitrate.

The preliminary spatial and geostatistical analysis project included three tasks. Task 1 involved the
development of a database that included all relevant depth-discrete data on the distribution of COls in the
study area. The database includes well construction information; well sample data for the COIs named
above; fields describing the sources of the data; and data quality flags. The database includes all forms of
the COls identified above—for example, all plutonium and uranium isotopes included in the Hanford
Environmental Information System, as well as total uranium and all forms of nitrate. Development of the
depth-discrete database was a collaborative effort among interdisciplinary researchers and scientists from
PNNL, S.S. Papadopulos & Associates, Inc. (SSPA), CH2M HILL Plateau Remediation Company
(CHPRC) (previously Fluor Hanford, Inc.), and Vista Engineering Technologies LLC (VET).

Task 2 called for a spatial analysis of the three-dimensional (3D) distribution of data for the COls in
the study area. The main focus of the task was to determine if sufficient data were available for
geostatistical mapping of the COls in 3D. The primary focus of the spatial analysis was on the
distribution of CTET, chloroform, and Tc-99 data, although preliminary conclusions on the spatial
distribution of data for the other COls also are presented.

Task 3 involved the generation of numerical grids of the concentration of CTET, chloroform, and
Tc-99. Multiple realizations were created using a geostatistical simulation approach. The suites of
realizations for each COI were post-processed to provide information about the spatial distribution of the
COlIs. This included the generation of 3D maps of the median and average concentrations and the
probability of exceeding various concentration thresholds. Methods also were developed to rank the
realizations and select a subset of realizations for flow and transport modeling for CHPRC by personnel
from SSPA to provide a preliminary investigation of the effect of the spatial uncertainty in concentration
distribution on the flow and transport predictions. The geostatistical realizations of CTET (3D model)
and chloroform created for Task 3 were used to update the carbon tetrachloride inventory in the
unconfined aquifer within the 200-ZP-1 and 200-UP-1 groundwater operable units. The updated
inventory results, which include an assessment of the uncertainty in the inventory, are reported in
PNNL-18118.
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This report contains five sections. Section 2 presents information on the compilation of the COI
database. Section 3 provides preliminary results on the spatial distribution of the COI data. The
generation and processing of the geostatistical realizations are described in Section 4. Literature sources
cited in the report are listed in Section 5.

The Appendix, on a set of two compact discs (CDs) bound inside the back cover of this report,
contains several folders documenting the results of the geostatistical study. Included are

o a folder, Median Grids, containing the grids of the median simulated values for the CTET 3D and
CTET 2D models and Tc-99

o a folder, etype grids, with the grids of the average simulated value (i.e., E-type estimate) for the
CTET 3D model and Tc-99

o a folder, alternative realizations, containing subfolders with the alternative realizations for the
CTET 3D model and Tc-99 selected based on ranking the realizations on the volume above specified
threshold values

o simulation folders for CTET (both the 3D and 2D models), Tc-99, and chloroform that include the
SGSIM parameter files, data files, and executable files used to generate the realizations — Each
simulation folder contains archived copies of the 500 realizations retained for the study.
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2.0 Compilation of Depth-Discrete Contaminant of
Interest Database

A database of depth-discrete concentration data was compiled in Microsoft Access for use in the
spatial analysis and geostatistical mapping tasks. The database includes well sample data for the COIs of
interest; well construction information; water table elevations; fields describing the sources of the
concentration data; and data quality flags. The data were drawn from several sources, all of which can be
traced back to standard Hanford Site data sources, including the Hanford Environmental Information
System (HEIS) and the Hanford Well Information System (HWIS). The database was compiled by
personnel from SSPA, CHPRC, and VET. The Appendix to this report contains a copy of the database as
well as electronic files that document in detail the data sources, transformations, and selections performed
in assembling the database. This section provides a brief description of that material.

2.1 Data Sources and Documentation

Data from several sources were included in the database, including the following data sets: the
200-ZP-1 Remedial Investigation data set and the 200-ZP-1 Feasibility Study data set, both provided by
C. Arola at VET; depth-discrete CTET and chloroform data sets evaluated by V. Rohay at CHPRC; a
depth-discrete Tc-99 data set evaluated by D. Horton at CHPRC; and a retrieval of the most recent data
available in the HEIS. The file 200-ZP-1 Stretch PI DataSetDescription May20 _2008.doc contains a
detailed description of the initial manipulations performed by M. Tonkin at SSPA to assemble the series
of Excel files containing the different retrievals mentioned above, as well as a brief description of those
source files. The file db_updates 08-11-08.doc contains a detailed description of revisions made at
PNNL to the structure of the initial database provided by M. Tonkin, as well as calculations, selections,
and transformations performed to produce the draft database Draft-200-ZP-1_08-11-08.mdb; the database
is included in the Appendix.

In addition to the 3D depth-discrete concentration data, the database was supplemented by including
the 2D data sets used to map the COls in the FY 2007 Hanford Site groundwater monitoring report
(Hartman and Webber 2008). The use of the supplemental 2D data sets follows the approach used by
Murray et al. (2007), where the 2D data are used to provide additional constraints on the concentrations
present near the water table and as supplemental data used for variogram analysis when sufficient data
were not available to define the horizontal variogram. The methods used by CHPRC personnel working
for the Soil and Groundwater Remediation Project to produce the annual report data sets can be found in
Annual Report Groundwater Monitoring Data.doc contained in the Appendix. Data sets that were
available from the FY 2007 Hanford Site groundwater monitoring report include CTET, chloroform, Tc-
99, TCE, nitrate, 1-129, and uranium.

2.2 Treatment of Non-Detects and Duplicates

In many cases, the concentration for a COI was less than the detection limit, a fact that was noted in
the Laboratory Qualifier field in the database. Non-detect concentrations were replaced in the database
by one-half their stated value, a common practice in environmental analysis (Gilbert 1987). If
radionuclide data were reported as less than zero, then those negative results were replaced with zeroes.

2.1



On occasion, more than a single observation of the concentration was made at a given 3D location
(e.g., duplicate samples from a single depth in a well). When this occurred, the maximum concentration
value that was above detection was used to represent the concentration at that location. If all data from a
given location were less than the detection limit, then one-half of the minimum non-detect value would be
used; this decision was made because some instruments and laboratories have lower detection limits than
others, and the result would be expected to be more representative of the true concentration.

2.3 Calculation of the Depth Below the Water Table

The geostatistical realizations of contaminant concentration were generated from the top of the
aquifer down to a depth of 60 m below the water table, similar to the approach followed by Murray et al.
(2007). As in the previous work by Murray and colleagues, this required conversion of sample depths
below the ground surface to depth below the water table (DBWT).

A numerical grid of the elevation of the water table was created by P. Thorne (PNNL) in EarthVision
(P. D. Thorne, PNNL, personal communication, 2008) with data supplied by J. McDonald (CHPRC) that
had been used to contour the groundwater surface for the FY 2007 groundwater monitoring report
(Hartman and Webber 2008). The elevation data were back-interpolated by M. Tonkin (SSPA) to provide
estimates of the water table elevation for most wells in the database, and that table of water level
elevations was imported into the Access database. The ground surface elevation, based on data retrieved
from the HWIS, was set equal to Disc_Z when present and to ([Coord Z]— 0.9144) when Disc_Z was not
available. This assumes that [Coord Z] represents the top of casing with a 3-ft stickup. The surface
elevation data at each well and the water table elevation were used within Access to convert sample
depths below the surface to DBWT.

The sampling depths, water table elevation, and ground surface elevation for some concentration data
resulted in the calculation of negative depths below the water table; i.e., they were above the FY 2007
water table. This can occur due to several causes, including recent changes in the elevation of the water
table as well as inaccuracy in recording sampling depths and determining the elevation of the ground
surface. In most of those cases, the depth of the sample data was within a short distance above the water
table. If the distance above the water table was no more than 5 m, then the calculated DBWT was set to
zero so that the data were assumed to provide information about the concentrations at the water table. As
noted in Section 2.4, if the DBWT was more than 5 m above the water table, then the sample values were
not included in the mapping.

2.4 Selection of Depth-Discrete COI Data for Analysis and Mapping

Several criteria were used in selection of the depth-discrete COI data for use in the spatial analysis
and geostatistical mapping tasks. These included sampling date, location relative to the water table, and
geographic area.

The data were restricted so that only concentration data collected from 1999 or later were included in
the final data used for analysis and mapping. This follows the approach used by Murray et al. (2007).
The vast majority of the data incorporated in the final data set used for mapping were from 2003 or later.
For example, 93% of the CTET data used for mapping were based on samples collected from 2003 or
later.
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As mentioned in Section 2.3, the calculated DBWT for some samples was more than 5 m above the
water table. Those data were excluded from the analysis and mapping because of uncertainty about the
quality of the sample location information associated with those data (V. J. Rohay, CHPRC, personal
communication, 2008).

The data were geographically restricted to lie between easting coordinates of 564000 m and
572200 m and northing coordinates of 132850 m and 139300 m (Washington State plane coordinates).
This provided data coverage that extended slightly beyond the limits of the grid that was mapped using
geostatistical methods, given in Section 4.

The concentration and activity values in the resulting table in the Access database,
Table draft COC selected 08-11-08, and the associated Excel spreadsheet, draft COC selected 08-11-
08.xls, are considered final for CTET, chloroform, and Tc-99 and were used in the subsequent spatial
analysis and geostatistical mapping (Sections 3 and 4). However, further work will be needed to
transform and select concentrations for some of the other COIs when multiple forms of a COI are present
in the database (e.g., chromium, nitrate, and uranium are present in multiple forms). In addition, some
uranium and uranium-238 data in the database are measured in picocuries per liter and will need to be
converted to micrograms per liter.
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3.0 Spatial Analysis of Depth Discrete Data

Task 2 called for a spatial analysis of the 3D distribution of data for the COlIs in the study area. The
main focus of the task was to determine if sufficient data are available for geostatistical mapping of the
COls in 3D. The primary focus of the spatial analysis was on the distribution of CTET, chloroform, and
Tc-99 data, although preliminary conclusions on the spatial distribution of data for the other COls also are
presented.

3.1 Approach

The primary data employed in the study consisted of contaminant concentration data from wells in
which a discrete depth was recorded, so that a depth below the water table could be calculated for the
sample. The vast majority of the data were for samples measured while drilling; a much smaller number
were taken from discrete intervals in a wellbore after drilling, usually employing packers to isolate the
interval (Murray et al. 2007). Table 3.1 shows the number of observations available for each COI in the
study area. CTET had the most depth-discrete samples available. The 436 samples of CTET were
distributed across 94 wells; 23 of those wells had samples from a single depth, and 39 wells had samples
from five or more depths. The numbers of samples for chromium, nitrate, TCE, and uranium may
increase slightly from those given in Table 3.1 because there are samples in the database with multiple
forms of the COI present (e.g., both total chromium and chromium [VI]) and/or with both concentration
and activity values reported. A procedure to transform and integrate those data needs to be developed
before analysis of the spatial distribution of data can be performed for those COls.

Table 3.1. Counts of Depth-Discrete Samples for Each COI

Contaminant of Interest Count
CTET 436
Chloroform 422
Chromium 80
I-129 58
Nitrate 66
Tc-99 372
Trichloroethylene 115
Uranium 64

3.2 Reslults

Table 3.2 contains summary statistics for CTET, chloroform, and Tc-99, while Figure 3.1 shows the
histograms of the three variables. All three variables are strongly skewed, with mean values much higher
than the medians, and the coefficient of variation (i.c., the ratio of the standard deviation to the mean) is
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Table 3.2. Summary Statistics of 3D CTET, Chloroform, and Tc-99 Data

Contaminant of Interest

Chloroform
Statistic CTET (ug/L) (ng/L) Tc-99 (pCi/L)

Mean 729.72 42.86 5070.98
Standard error 48.55 5.99 916.71
Median 211.50 11.00 96.55
Standard deviation 1013.78 123.08 17680.84
Sample variance 1027745.53 15149.86 312612099.12
Coefficient of variation 1.39 2.87 3.49
Kurtosis 2.64 36.06 52.06
Skewness 1.73 5.57 6.48
Range 5099.93 1099.97 185000.00
Minimum 0.08 0.04 0.00
Maximum 5100.00 1100.00 185000.00
Count 436 422 372

high for each of the variables. The variability of Tc-99 is by far the greatest of the three variables, with
an extremely wide range of data values and higher values for the standard deviation, skewness, and
coefficient of variation.

Examination of Figure 3.1 shows that the histograms for chloroform and Tc-99 are somewhat
symmetrical, while the CTET histogram is not. Given the logarithmic axis on which all three COls are
plotted, this suggests that chloroform and Tc-99 have univariate distributions that are approximately
lognormal, but CTET does not. The normal score transform has more flexibility than the logarithmic
transform (Goovaerts 1997), so in all three cases, the variables were mapped in Section 4 using the
normal score transforms of the data, which transformed all three COIs to histograms that are exactly
normal.

Figures 3.2 through 3.7 show the distribution of CTET and chloroform data for several depth intervals
in the aquifer. The concentrations at each location within a given depth interval (e.g., 0—10 m below the
water table [BWT]) were averaged for construction of these maps, which were generated to display the
distribution of concentration data for a range of depths in the unconfined aquifer. The averaged values
over those depth intervals were not used in the geostatistical analysis; the geostatistical analyses were
based on the original depth-discrete data. These maps indicate that the highest CTET concentration
values do not always occur near the water table but are often deeper within the aquifer, especially for
locations in the eastern portion of the map area. For example, in the 299-W13-1 borehole several
kilometers east of the assumed source areas, the highest concentrations for both CTET and chloroform
occur in the 40- to 50-m-BWT depth interval. On the other hand, maps prepared in the same manner for
Tc-99 (Figures 3.8-3.10) suggest that the highest concentrations for Tc-99 are near the top of the aquifer.

The conclusions regarding the distribution with depth for the three variables are supported by
Figures 3.11 and 3.12, which plot the individual concentration or activity values for the three variables as
a function of depth. The deep distribution of high concentrations of CTET and chloroform can be seen in
Figure 3.11. On the other hand, all the high values for Tc-99 that occur deep within the aquifer (e.g.,
depths greater than 30 m BWT) are from a single well, the 299-W11-25B. At the rest of the wells, the
maximum Tc-99 tends to decrease with depth (Figure 3.12).

3.2
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Figure 3.5. Spatial Distribution of Average Chloroform Concentration Data for Intervals from 0 to 10 m BWT (left) and 10 to 20 m BWT (right)
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Figure 3.7. Spatial Distribution of Average Chloroform Concentration Data for Intervals from 40 to 50 m BWT (left) and 50 to 60 m BWT

(right)



01°¢

1385000 | AvgTc-99 (pCill) 1385000 | AvgTc-99 (pCil)
] + 0-50 1 4+ 0-50
- 50 - 150 1 50 - 150
138000 + 150-450 138000 + 150-450
1 450 - 900 450 - 900
] -+ 900 - 4500 ] + 900- 4500
1375004 \ | \ —+ 4500 - 73500 137500 ‘ R + 4500 - 73500
] ' ‘ ) 699-45-69C | B
] ‘ B \\\/ | zgﬁv@w 43 L“'F . ] L 299#1143 S mp =X
13700(}7 N\ 4’ oW 4 ’ 137000+ F 2owiias ,,\o/ J‘ R
: waii 299-W11-86| : 2 BWJO- - D‘E‘L 9 0” 299-W11-86
136500 136500
b 711
T 1 Eg 419 o ) Hﬁ € i 54% i
- - H Ei] = :
@ 136000+ e *ZZE??”-&@? E?:;Blﬁﬁgg:{::::%:%()lh w905 @ 136000 D ) 5 ﬁ_.—'*%:::?ff::———l’o,,. .
= j | i ‘ = ] o L ' -
E : 299-\/\4.-4—71 § 7
13550077 699-38-70B 699-38-70C 1355007 699-38-70B 699-38-70C
B 299-W19-104 B 9 299-W19-107
: £99-W19-50 ] 99-W19-50
135000 R ko 135000+ g e
1 > ooWig-1of ] O mo-wigack)
] — L 299—VTII2_E 87 29021 %9 .Ie: e ] 200-W2H-87 2900215 .|6; ®
13450(}7 \{\\ \ . o ) \E 299-‘»22-69 -h‘ . 134500+ v"j 299- ®22 69 1 zggfﬁ 88
4 = —| I_' _5;:99 22-72 — B p} 299 22-72 ‘ s
] 22@6.3?% o 1 o -
134000 »;@4’ = 134000-
] el ‘ ‘W E?"’%DB 34-72 ] 1 E| ]
— /§99-(|3z76 o -
133500 7 =z 133500
] o 1
N . _>§0 Q n Q
7\)\‘\\\\\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\ 7\/\\‘\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\‘\\\\‘\
565500 566000 566500 567000 567500 568000 568500 569000 569500 570000 565500 566000 566500 567000 567500 568000 568500 569000 569500 570000
Easting (m) Easting (m)

Figure 3.8. Spatial Distribution of Average Tc-99 Activity Data for Intervals from 0 to 10 m BWT (left) and 10 to 20 m BWT (right)
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Figure 3.9. Spatial Distribution of Average Tc-99 Activity Data for Intervals from 20 to 30 m BWT (left) and 30 to 40 m BWT (right)
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Figure 3.10. Spatial Distribution of Average Tc-99 Activity Data for Intervals from 40 to 50 m BWT (left) and 50 to 60 m BWT (right)



ere

CTET (ng/L)

0.01 0.1 10 100 1000

10

N
o

w
o
X

N
o

[e2]
o

Depth BWT (m)
n
o

~
o

0]

o
X
X

90

100

Depth BWT (m)
~ (2] (€3} B
o o o o

[0
o

90

100

Chloroform (ug/L)

100 1000

10000

X X
X
xx X
X
i L
X x
X XX
X % X
g )%(X>Q< AV
X XX
< % X%
X X XX X
X
X X X
% SN X
X
X
X
SX
X

Figure 3.11. Concentrations of CTET (left) and Chloroform (right) as a Function of Depth BWT
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3.3 Preliminary Conclusions on Spatial Distribution of the COI Data

The initial spatial analysis of the ZP-1 data set showed that CTET, chloroform, and Tc-99 all could be
mapped using the geostatistical methods employed by Murray et al. (2007). This conclusion was already
known for CTET and chloroform, both of which had been mapped in 3D for the earlier study. The
amount of CTET and chloroform data available for the current study was slightly larger, with the addition
of 60 additional point observations and the addition of at least three deep wells with more than five depth-
discrete sample depths per well.

Table 3.2 shows that Tc-99 has fewer observations available than CTET and chloroform, but the
decrease is not that large; Tc-99 has about 14% fewer observations than CTET. Examination of the maps
for Tc-99 (Figures 3.8-3.10) suggested that the spatial distribution of the samples in each 10-m interval
also was reasonable; samples were distributed evenly across a large portion of the 200 West Area,
especially down to a depth of 40 m BWT, and at least 16 sample locations were present even at 50—60 m
BWT. Taken together, the use of geostatistical methods for mapping Tc-99 appeared to be feasible; that
was substantiated by the geostatistical mapping of Tc-99 discussed in Section 4.
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However, examination of Table 3.1 suggests that geostatistical mapping in 3D may not be possible
for the other COIs. Chromium, I-129, nitrate, TCE, and uranium have 73% to 85% fewer depth-discrete
data than are available for CTET. This conclusion is mitigated slightly for some of the COIs for which
multiple forms and/or measurement units exist in the database, so the final number of depth-discrete data
may be slightly higher than suggested by Table 3.1. Additional work will be needed to transform those
COlIs to common measurement units. Additional work will be needed also to create maps of the depth
distributions of the other COls, similar to Figures 3.2-3.12, to examine the spatial distribution of the
samples for each depth level, once that integration is complete.

The correlation between all ZP-1 COls also should be examined in any future work on the 200-ZP-1
COls. If high correlations are found between CTET, chloroform, and Tc-99 and any of the remaining
COls, then it is possible that the COI with fewer data might be mapped geostatistically using the COI
with a wider distribution of sample locations as secondary data. Geostatistical methods that incorporate
secondary data are discussed in Goovaerts (1997). If the geostatistical approach does not appear suitable,
it may be necessary to examine other approaches for constructing 3D models of the distribution of the
other COls.
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4.0 Geostatistical Mapping of COIl Data

The geostatistical method used for 3D mapping of CTET, chloroform, and Tc-99 was sequential
Gaussian simulation (Goovaerts 1997). That method is based on use of a normal score transform of the
data that transforms the data so that they are normally distributed with a mean of zero and a variance of 1.
This transform, which is similar in its effect to a logarithmic transform, adjusts for the positively skewed
nature of the COI concentrations but has several advantages over a logarithmic transform. The depth-
discrete data for each COI were converted to normal scores (Goovaerts 1997), and experimental
variograms were calculated in three dimensions. Horizontal (2D) variograms also were calculated for the
normal scores of the CTET, chloroform, and Tc-99 data sets compiled for the FY 2007 annual
groundwater report (Hartman and Webber 2008). Those data sets employ the standard algorithm of
selecting the most recent annual average for the period from FY 2005 through FY 2007 for which data are
available. The concentration values selected using those criteria (i.e., those data where the zone reported
in the HEIS is “TU” or “UU” or “U,” or is not specified) are assumed to be representative of conditions in
the upper portions of the aquifer (Hartman and Webber 2008). Table 4.1 contains a summary of the
models fit to the experimental variograms; details on the modeling and plots of the variograms are
included in the section for each COL.

Table 4.1. Variogram Models Fit to the Normal Score Data of the Three COls

Range (m)

COI Nugget  Sill Structure Horizontal Vertical
CTET (3D) 0.40 0.60  Spherical 800 50
CTET (2D) 0.08 0.92  Spherical 1650 30
Chloroform 0.17 0.83  Spherical 1250 70

0.53  Spherical 90 90
Tc-99 0.07 .
0.40  Spherical 900 90

The variogram models shown in Table 4.1 were used to generate a series of realizations of each COI
using the SGSIM program included in the GSLIB geostatistical subroutine library (Deutsch and Journel
1998). The data used to condition those realizations were the 3D depth-discrete data, supplemented by
the 2D data generated for the FY 2007annual groundwater report (Hartman and Webber 2008). This
follows the approach used by Murray et al. (2007). The suites of realizations were then post-processed to
retrieve several sets of numerical grids that could be used to represent the spatial distribution of the COls
in the study area.

The grid resolution and origin used for the simulations differ slightly from those used by Murray et al.
(2007) in order to fit the needs of a concurrent flow and transport modeling effort using the results of this
study to provide 3D input grids for the spatial distribution of the three COIs (M. J. Tonkin, SSPA, personal
communication, 2008). For the current study, we used a 60-m x 60-m grid in the horizontal and a 3-m
vertical resolution. The simulation grid extended to a depth of 60 m below the top of the water table. The
vertical thickness of the simulation grid was chosen for two reasons. One is that the average thickness of
the unconfined aquifer in the study area is approximately 60 m (Williams et al. 2005). In addition, the
number of CTET data decreases with increasing depth below the top of the aquifer, as shown in Figures 3.2
through 3.4; below a depth of 60 m, only two to four data points were present in each 10-m interval. The
parameters of the grid are given in Table 4.2, with a total of 167,328 grid nodes in the 3D grid.
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Table 4.2. Grid Parameters Used in Generation of the Geostatistical Realizations

Grid Parameter

Minimum (m) Maximum (m) Length (m) Spacing (m) Number
X 565205 570125 4920 60 83
Y 133045 138745 5700 60 96
V4 —60 0 60 3 21

4.1 Carbon Tetrachloride

Two separate variogram models of the spatial distribution of CTET concentrations were generated.
The first was based on a variogram model fit to the experimental variogram for the normal scores of the
3D depth-discrete data, and the second was based on the procedure used to estimate the CTET variogram
model by Murray et al. (2007).

411 3D Variogram Model

Previous attempts to calculate and model variograms of CTET based solely on the 3D depth-discrete
data had been unsuccessful, apparently due to the sparse distribution of 3D depth-discrete data (Murray
et al. 2007). As discussed in Section 2, the current database includes a much larger set of observations for
which the depth is known—436 observations versus 280 in the previous study. There were 39 boreholes
with samples from at least five different depths, and another 55 wells with four or fewer observations.
With the new data set, an interpretable experimental variogram was calculated for the 3D depth-discrete
CTET concentration data (Figure 4.1), and a variogram model was fit to that experimental variogram; this
will be referred to as the 3D variogram model. The model fit to the horizontal experimental variogram
had a shorter range (800 m) and a higher relative nugget (0.4) than the variogram model used by Murray
et al. (2007). A well-defined vertical variogram also was found, with a range of 50 m. This is longer than
the vertical range used by Murray et al. (2007), which was 30 m. The final model fit to the depth-discrete
CTET data is contained in Table 4.1, labeled CTET (3D).

1.4 14
1.2 12 °
1 1 ®
0.8 e o ¢ o ° ° _08 *
£ <
0.6 0.6 (]
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02 4 y(h) = 0.4 + 0.6*Sphe (800) 02 | v(h) =COT EI:(X :Ig:‘;'e (50)
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0 500 Distance (m)1000 1500 0 10 20 Distangg (m) 40 50

Figure 4.1. Experimental Variogram (dots) and Model (solid lines) for the Depth-Discrete CTET Data.
On the left is the horizontal variogram, and on the right is the vertical variogram.

4.2



We used SGSIM to generate 1000 simulations of the CTET concentration using the 3D variogram
model. A plot of the variance of the simulated concentration over all realizations versus the number of
realizations (Figure 4.2) shows that the variance had stabilized within the first 300 realizations, with only
minor fluctuations beyond that point, suggesting that 300 realizations were sufficient to characterize the
uncertainty in the CTET concentration. We retained the first 500 realizations for further post-processing.
These simulations provide 500 simulated values of the CTET concentration for every node in the 3D grid.
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Figure 4.2. Variance of Mean of Simulations vs. the Number of Simulations of CTET. Simulations
generated using the 3D variogram model.

One useful way to summarize the concentrations is to calculate the median simulated value at each
grid node. The median simulated values were then visualized using Tecplot. Figure 4.3 presents a
cutaway 3D visualization of the median CTET. The cutaway is approximately through the main N-S and
E-W centers of the plume. Further visualization of the plume is provided by a series of horizontal slices
through the median CT concentration grid. Figures 4.4 through 4.6 present six horizontal slices at 10-m
increments through the grid, from depths of 5 to 55 m BWT. Figures 4.3 and 4.4 suggest that an
extension of the plume exists west of the main high concentrations (e.g., in the area west of an easting of
566000 m and with northing coordinates between 135500 m and 137500 m) that has CTET
concentrations between 5 and 100 pg/L. This area is expected to be generally up-gradient of the main
source area, and CTET concentrations might be expected to be near the detection level. However, the
map of CTET concentration data for the interval from 0-10 m DBWT (Figure 4.3) shows that the
westernmost wells in that area have CTET concentrations in the range from 5-100 pg/L, so the western
edge of the plume in that area is not constrained by the sample concentrations, all of which are above the
5-pg/L drinking water standard. Given the lack of constraint from the well data, the geostatistical
algorithm used to generate the simulations would therefore tend to extrapolate the concentrations for the
closest nearby wells into that western area.
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Figure 4.3. Median CTET Concentration of Simulations Based on the 3D Variogram Model. Cutaway
at easting from 566525 m to 570125 m and northing from 133045 m to 135985 m. The red

line outlines the 200 West Area.

An alternative case provided as a map of the current distribution of CTET in the aquifer is the E-type
estimate (Goovaerts 1997), the average of the simulated values of each grid node (Figure 4.7. Because
the distribution of the CTET data is highly skewed, the simulated values of CTET at each grid node also
tend to be highly skewed. The average of a distribution is strongly affected by the presence of even a
small number of high values, whereas the median of a skewed distribution tends to be relatively stable
and not affected by the presence of a small proportion of high values (Goovaerts 1997). Therefore, it is
not surprising that the E-type estimate tends to estimate higher concentrations across the study area
(Figure 4.7) than are reflected in the median estimate (Figure 4.3).

Using the set of 500 realizations, we also calculated 3D probability maps to estimate the probability
of exceeding several CTET concentration cutoffs at each grid node. Probability maps were generated for
four concentration thresholds: 5, 100, 1000, and 2000 pg/L (Figures 4.8 and 4.9). The probability maps
indicate a high probability of encountering high CTET concentrations deep in the aquifer, especially in
the eastern portion of the area. This finding agrees with the results found by Murray et al. (2007). The
lower boundary of the realizations was set at a depth of 60 m below the water table because of the sparsity
of data below that depth. The presence of relatively high median concentrations between 100 and
1000 pug/L at the base of the simulation zone suggests that the CTET plume extends below that depth in
some areas. This conclusion is supported by Figures 2.8-6 and 2.8-7 of Hartman and Webber (2008),
which show high concentrations of CTET at depths greater than 60 m below the water table, especially in
areas where the Ringold Lower Mud is thin or missing.
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Figure 4.4. Median CTET Concentration Based on 3D Variogram Model at Depth BWT of 5 and 15 m.
The well data within 2.5 m above and below the depths are shown in circles.
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Figure 4.5. Median CTET Concentration Based on 3D Variogram Model at Depth BWT of 25 and 35 m.
The well data within 2.5 m above and below the depths are shown in circles.
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Figure 4.6. Median CTET Concentration Based on 3D Variogram Model at Depth BWT of 45 and 55 m.
The well data within 2.5 m above and below the depths are shown in circles.
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Figure 4.7. E-Type CTET Concentration of Simulations Based on the 3D Variogram Model. Cutaway
at easting from 566525 m to 570125 m and northing from 133045 m to 135985 m. The red

line outlines the 200 West Area.

An additional form of post-processing applied to the suites of realizations was calculation of the
reference uncertainty index (RUI) that accounts specifically for the uncertainty with respect to the cleanup
standard. The RUI at a grid node u; can be calculated using the following equation (Kyriakidis 1997):

_ IQR(”i)
- |Cmed (ui)_ Ct| +1

RUI(u,)

where IQR(u;) and C,,.4(u;) are the IQR (interquartile range) and median of the conditional distribution,
respectively, and C, is the regulatory threshold in which we are interested. The IQR is a measure of
variability defined as the difference between the 75th and 25th percentiles of a distribution, and the
median is a measure of central tendency defined as the 50th percentile of a distribution. The conditional
distribution for each grid node is obtained from the suite of simulated CTET values at each grid node.

For this study, we calculated the RUI for two thresholds, 5 ug/L and 100 pg/L. A simulated node would
have a high RUI value when the spread of the conditional distribution is wide (which would occur if there
are few nearby data or those data are highly variable) or the median of the conditional distribution is very
close to the regulatory threshold. The farther the median is from the threshold value, the more likely the
simulation node would be classified as either clean (if the median is well below the cleanup threshold) or
requiring remediation (if the median is above the threshold). On the other hand, the closer the median is
to the threshold value, the greater the uncertainty of determining the correct action that should be taken at
that grid node. In Figure 4.10, which shows the RUI for 100 pg/L, the red and yellow areas indicate those
portions of the study area where there is considerable uncertainty about whether the concentration is
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Figure 4.9. Probability of CTET Exceeding 1000 pg/L and 2000 pg/L for the Simulations Based on the
3D Variogram Model
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above or below the 100 pg/L threshold. This includes the area west of the main source area discussed
above (i.e., in the area west of an easting of 566000 m and with northing coordinates between 135500 m
and 137500 m), plus the upper 25 m in the area on the east-west portion of the cutaway in Figure 4.10
between an easting of approximately 567000 and 568500. The RUI grid could be used to identify or
confirm candidate well locations for additional sample collection.

566000

570000 ™ 133000

Figure 4.10. RUI with Respect to a Threshold of 100 pg/L as Based on 500 Realizations of CTET
Generated Using the 3D Variogram Model. Cutaway at easting from 566525 m to
570125 m and northing from 133045 m to 135985 m.

The median simulated value shown in Figure 4.3 provides a reasonable estimate for an input
concentration distribution that could be used as initial conditions for a flow and transport model. We also
ranked the set of realizations in order to identify a subset of realizations with high mean concentrations of
CTET that could be used as alternative input concentration fields for the flow and transport modeling.
The ranking method consisted of counting the number of cells in each realization with a concentration
greater than 100 pg/L. The six realizations chosen as alternative realizations ranked as 25th, 30th, 35th,
40th, 45th, and 50th in terms of the volume (i.e., number of interpolated cells) that exceed a cutoff of
100 pg/L for CTET. These ranked as approximately the 95th, 94th, 93rd, 92nd, 91st, and 90th percentiles
of the set of realizations, based on that criteria. Note that although these realizations would provide an
estimate of the uncertainty with respect to the flow and transport predictions, that these realizations are
from a relatively restricted range of the suite of realizations (the 90th to 95th percentiles), and were
chosen so that they would be near the upper end of the range in terms of the mass of CTET present within
the study area.
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41.2 2D Variogram Model

As an alternative conceptual model for the spatial variability of CTET, we also used the variogram
fitting procedure followed by Murray et al. (2007). That consisted of fitting a model to the horizontal
variogram calculated using the data set compiled for the FY 2007 annual groundwater report (Hartman
and Webber 2008) and then assuming a 30-m vertical range based on the estimated average plume
thickness shown in cross sections (Hartman and Webber 2008, Figures 2.8-5 through 2.8-7) and on
examination of well data that suggested that the plume thickness averages about 30 m. The variogram
model was assumed to have geometric anisotropy (i.e., although the ranges in horizontal and vertical
directions are different, the sills in the horizontal and vertical directions were assumed the same). The
variogram model fit to the 2D FY 2007 data (Figure 4.11), hereafter referred to as the 2D variogram
model, had a small relative nugget (0.08) similar to that found by Murray et al. (2007) for the FY 2005
data but with a longer range (1650 m versus 1300 m). Table 4.1 gives the variogram model fit using this
process, labeled CTET (2D).
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Figure 4.11. Experimental Variogram (dots) and Model (solid lines) for the 2D Horizontal Variogram
Based on CTET Data from the FY 2007 Annual Groundwater Report (Hartman and
Webber 2008)

A suite of 500 stochastic realizations of CTET was generated using SGSIM and the 2D variogram
model. At first glance, a plot of the median simulated value for the suite of realizations generated using
the 2D variogram model (Figure 4.12) does not appear to be significantly different from that created using
the 3D variogram model (Figure 4.3). However, analysis of several measures indicate that the
concentrations of the realizations generated using the 3D variogram model are significantly higher than
those generated using the 2D variogram model. For example, comparison of the global average
concentrations for each realization indicates that the averages for the 3D model are about 50% higher
(Figure 4.13 and Table 4.3). Several other metrics, including the median simulated value of each
realization and the number of cells above a given threshold also indicated that the concentrations of
realizations generated using the 3D variogram model were significantly higher than those generated using
the 2D model.
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Figure 4.12. Median CTET Concentration of Simulations Based on the Variogram Model of 2D Data.
Cutaway at easting from 566525 m to 570125 m and northing from 133045 m to 135985 m.
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Figure 4.13. Comparison of Global Average Concentrations for Realizations Generated Using the 3D
and 2D Variogram Models. The medians of the distributions are shown as the center of the
notches, and the lower and upper quartiles as the bottom and top of the boxes, respectively.
The notches represent an approximate 95% confidence interval around the median (McGill
etal. 1978). Asterisks represent outlier data points at 1.5 and 3.0 times the interquartile
range, respectively.
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Table 4.3. Statistics for Global Means of CTET Realizations Generated Using the 3D and 2D Variogram

Models
Global Mean of Realizations

Statistic 3D Model 2D Model
Mean 302.15 203.92
Median 298.59 197.57
Standard deviation 41.51 37.69
Coefficient of variation 0.137 0.185
Range 261.59 218.45
Minimum 203.47 116.16
Maximum 465.05 334.61
Count 500 500

Because the global statistics for the 3D model were approximately 50% higher, and the 3D variogram
model is tied more directly to the depth-discrete CTET concentration data, we concluded that the 3D
model should be considered the base case for CTET. This would provide a conservative base case
concentration distribution to provide initial conditions for the flow and transport modeling.

Because the 3D variogram model was chosen as the base case, the post-processing for the 2D
variogram model was not as extensive as it was for the 3D variogram model. However, the appendix
does contain the grid of median simulated values for the 2D variogram model as well as the
500 stochastic realizations that support it. This provides the material that would be needed to evaluate an
alternative case based on the 2D variogram model.

4.2 Chloroform

Experimental variograms were calculated for the depth-discrete chloroform data (Figure 4.14). The
experimental variogram for the vertical dimension was well behaved, with a simple monotonic increase in
the experimental variogram for the first several lags. The model fit to the vertical experimental variogram
had a relative nugget of 0.17 and a range of 70 m. The horizontal variogram of the depth-discrete
chloroform data, however, was much noisier, and the behavior of the variogram near the origin could not
be determined with any degree of confidence. For that reason, the horizontal variogram was based on the
model fit to the experimental variogram of the 2D data used for mapping chloroform in the FY 2007
annual groundwater report (Figure 4.15). The experimental variogram for that data had a relative nugget
of 0.17, the same as that fit to the vertical variogram, and a horizontal range of 1250 m.

Another option that could be considered would be to adopt the CTET 3D variogram model
parameters (i.e., nugget, sill, and range) for simulation of chloroform because their spatial distributions
are similar and one possible source of chloroform is biodegradation of CTET (Hartman and Webber
2008). However, the variogram models for the FY 2007 2D data sets of CTET and chloroform had
different ranges, by several hundred meters, suggesting the spatial distributions are not that similar, a
conclusion supported by examination of the FY 2005 variogram models. For that reason, the CTET and
chloroform distributions were modeled and mapped independently.
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Figure 4.14. Experimental Variograms (dots) and Fitted Models (solid lines) for the Normal Scores of
the Depth-Discrete Chloroform Data
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Figure 4.15. Experimental Variogram (Xs) and Fitted Model (solid line) for 2D Chloroform Data

Geostatistical realizations of the chloroform distribution were generated using the vertical and
horizontal variogram models described above. The median simulated concentrations of chloroform
(Figures 4.16—4.19) shows the same general form as the CTET distribution, with relatively deep
penetration of a high-concentration zone near the center of the cutaway and a deeper zone of high
concentrations to the east. The grid of median simulated chloroform concentrations as well as the
500 realizations used to generate that grid are included in the appendix.
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Figure 4.16. Median Simulated Chloroform Concentration over 500 Realizations. Cutaway at easting
from 566525 m to 570125 m and northing from 133045 m to 135985 m.

4.3 Technetium-99

Experimental variograms were calculated for the depth-discrete Tc-99 data (Figure 4.20). As with
chloroform, the vertical experimental variogram was well behaved, with a simple monotonic increase in
the experimental variogram for the first several lags. The model fit to the vertical experimental variogram
had a relative nugget of 0.07 and a range of 90 m. The horizontal variogram of the depth-discrete Tc-99
data, however, was very noisy, and the behavior of the variogram near the origin was uncertain. For that
reason, the horizontal variogram was based on the model fit to the experimental variogram of the 2D data
used for mapping Tc-99 in the FY 2007 annual groundwater report (Figure 4.20, bottom). The
experimental variogram for the horizontal data suggested that about 60% of the variability in the
horizontal was accounted for in the first 90 m, so a nested model was fit to the experimental variogram.
The range for the second spherical structure was 900 m. The nested variogram model for Tc-99 is listed
in Table 4.1.

Geostatistical realizations of the Tc-99 distribution were generated using SGSIM and the variogram
model described above. The median simulated concentrations of Tc-99 are shown in Figures 4.21
through 4.24, with the E-type estimate plotted in Figure 4.25. The Tc-99 plumes illustrated by the median
concentration maps suggest that Tc-99 occurs as isolated small plumes and that the concentration
decreases substantially with depth. This tendency for the concentration to decrease with depth is
suggested also by maps of the probability of exceeding 900 pCi/L for depths from 5 to 35 m BWT
(Figures 4.26 and 4.27), where the probability of exceeding the 900 pCi/L threshold has decreased to very
low levels by a depth of 35 m BWT. This is quite different from the behavior noted for CTET and
chloroform, in which substantial contamination was mapped for depths from 30 m to 60 m BWT.
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Figure 4.17. Median Chloroform Concentration at Depth BWT of 5 and 15 m. The well data within
2.5 m above and below the depths are shown in circles.
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Figure 4.18. Median Chloroform Concentration at Depth BWT of 25 and 35 m. The well data within
2.5 m above and below the depths are shown in circles.
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Figure 4.19. Median Chloroform Concentration at Depth BWT of 45 and 55 m. The well data within
2.5 m above and below the depths are shown in circles.
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The Tc-99 realizations show greater variability than the realizations generated for the 3D CTET
model. For example, the maximum of the global means of the Tc-99 realizations is five times larger than
the minimum (Table 4.4), while that ratio is only 2.3 for the 3D CTET realizations (Table 4.3). Similarly,
the coefficient of variation (i.e., the ratio of the standard deviation to the mean) for the global means of
the Tc-99 realizations is almost twice as large as that for the 3D CTET realizations. The greater
variability for the Tc-99 realizations, which should lead to higher uncertainty for Tc-99 flow and transport
predictions, is probably due to several factors, including 1) the presence of 17% more depth-discrete data
for CTET than there is for Tc-99 (Table 3.2); 2) the apparent patchiness of the Tc-99 plumes relative to
the CTET plumes, e.g., in the median maps (Figures 4.22 through 4.24); and 3) the presence of a greater
degree of variability in the univariate distributions of the two variables, with the Tc-99 data ranging over
more than five orders of magnitude versus less than four orders of magnitude for the CTET data
(Table 3.2).

Table 4.4. Statistics of Global Means for 500 Tc-99 Realizations

Global Mean

Statistic Tc-99 (pCi/L)
Mean 770.09
Median 742.35
Standard deviation 204.42
Coecfficient of variation 0.265
Range 1440.95
Minimum 350.58
Maximum 1791.54
Count 1000
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Figure 4.20. Experimental Variograms and Models for the Normal Scores of 3D Tc-99 Data (top and
middle) and the Horizontal Variogram Model for 2D Tc¢-99 Data (bottom)
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Figure 4.21. Median Tc-99 Concentration of 500 Simulations. Cutaway at easting from 566525 m to
570125 m and northing from 133045 m to 135985 m.
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Figure 4.22. Median Tc-99 Concentration at Depth BWT of 5 and 15 m. The well data within 2.5 m
above and below the depths are shown in circles.
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Figure 4.23. Median Tc-99 Concentration at Depth BWT of 25 and 35 m. The well data within 2.5 m
above and below the depths are shown in circles.
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Figure 4.24. Median Tc-99 Concentration at Depth BWT of 45 and 55 m. The well data within 2.5 m
above and below the depths are shown in circles.
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Figure 4.25. E-type Tc-99 Concentration for 500 Simulations. Cutaway at easting from 566525 m to
570125 m and northing from 133045 m to 135985 m.
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Figure 4.26. Probability of Tc-99 Exceeding 900 pCi/L from the Suite of Realizations for Depths BWT
of 5and 15 m
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Figure 4.27. Probability of Tc-99 Exceeding 900 pCi/L from the Suite of Realizations for Depths BWT
of 25 and 35 m
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Appendix

Electronic Files for
Contaminant Database and Geostatistical Mapping

This appendix, contained on the two compact discs (CDs) inside the back cover of this report,
includes electronic files produced in the course of the mapping study. The files are in several folders on
the CDs, including folders for the draft database and its associated documentation files; a folder
containing the grids of the median simulated values; a folder with the grids of the average simulated value
(i.e., E-type estimate) for the CTET 3D model and Tc-99; a folder containing the alternative realizations
for the CTET 3D model and Tc-99 selected using the ranking method described in Section 4.1.1; and
simulation folders for each variable with the SGSIM parameter files, data files, and executable files used
to generate the realizations. In addition, the simulation subfolders include archived copies of the 500
realizations retained for each variable.

The files are archived on two CDs. A listing of the files included on the CDs follows. Disc 1
contains the following files:

Volume in drive D is 081209 1047
Volume Serial Number is 6017-C986

Directory of D:\

08/14/2008 11:54 AM <DIR> alternative realizations
12/08/2008 04:25 PM <DIR> CTET 2D mod sim files
09/26/2008 12:17 PM <DIR> CTET 3D mod sim files
09/11/2008 02:20 PM <DIR> draft database 8-11-08
09/16/2008 04:26 PM <DIR> etype grids
08/08/2008 07:10 AM <DIR> Median Grids

0 File (s) 0 bytes

Directory of D:\alternative realizations

08/14/2008 11:54 AM <DIR>
12/09/2008 06:51 PM <DIR>

08/14/2008 11:43 AM <DIR> Ctet 3d
08/14/2008 11:54 AM 5,757,067 realiz set 1 8-14-08.zip
08/14/2008 11:45 AM <DIR> Tc-99

1 File(s) 5,757,067 bytes

Directory of D:\alternative realizations\Ctet 3d

08/14/2008 11:43 AM <DIR>
08/14/2008 11:54 AM <DIR>

08/01/2008 07:30 AM 2,007,966 sgsim.out.108
08/01/2008 07:50 AM 2,007,966 sgsim.out.1l77
08/01/2008 07:09 AM 2,007,966 sgsim.out.28
08/01/2008 09:05 AM 2,007,966 sgsim.out.456
08/01/2008 09:12 AM 2,007,966 sgsim.out.480
08/01/2008 07:23 AM 2,007,966 sgsim.out.79

Al



08/14/2008

11:43

7 File(s)

AM

100

sgsim rank Ct-3d.txt

12,047,896 bytes

Directory of D:\alternative realizations\Tc-99

08/14/2008
08/14/2008
07/29/2008
07/29/2008
07/29/2008
07/29/2008
07/29/2008
07/29/2008
08/14/2008

11:45
11:54
09:34
09:37
10:24
11:02
11:08
10:01
11:45

7 File(s)

AM
AM
AM
AM
AM
AM
AM
AM
AM

<DIR>
<DIR>

2,342,622
2,342,622
2,342,622
2,342,622
2,342,622
2,342,622

90

sgsim.out.1l
sgsim.out.12
sgsim.out.162
sgsim.out.284
sgsim.out.304
sgsim.out.89
sgsim rank Tc.txt

14,055,822 bytes

Directory of D:\CTET 2D mod sim files

12/08/2008
12/09/2008
08/01/2008
07/09/2008
07/02/2008
07/02/2008
07/02/2008
12/08/2008
07/24/2008

04:25
06:51
06:55
07:13
12:25
12:17
12:23
04:25
11:01

7 File(s)

<DIR>
<DIR>

27,913
13,392
3,064
10,000
565,340
202,417,792
2,037

Ct _2d-3d.gsl
1ist500.txt

runsgsim.pl

seeds ctet.txt
sgsim.exe

sgsim 1-500 CTET-2D.zip
sgsim Ct.tmp

203,039,538 bytes

Directory of D:\CTET 3D mod sim files

09/26/2008
12/09/2008
08/01/2008
07/09/2008
07/02/2008
07/02/2008
07/02/2008
08/04/2008
07/24/2008

Directory of D:\draft database 8-11-08

09/11/2008
12/09/2008
05/01/2008
Data.doc

09/11/2008
09/11/2008

description.

09/11/2008
09/11/2008

12:17
06:51
06:55
07:13
12:25
12:17
12:23
11:20
10:54

7 File(s)

02:20
06:51
01:28

01:07
02:20
doc

02:20
10:13

5 File(s)

PM
PM
AM
AM
PM
PM
PM
AM
AM

PM
PM
PM

PM
PM

PM
AM

<DIR>
<DIR>

27,913
13,392
3,064
10,000
565,340
230,298,400
2,037

Ct _2d-3d.gsl
1ist500.txt
runsgsim.pl
seeds_ctet.txt
sgsim.exe

sgsiml-500 Ct-3d.zip
sgsim Ct.tmp

230,920,146 bytes

<DIR>
<DIR>

26,112

102,400
54,784

16,135,105
705,024

Annual Report Groundwater Monitoring

db _updates 08-11-08.doc
Draft ZP-1 database compilation

draft-database-8-11-08.zip
draft COC _selected 08-11-08.xls

17,023,425 bytes

Directory of D:\etype grids
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09/16/2008
12/09/2008
09/16/2008
09/16/2008

04

126
06:
03:
04:

51
56
09
2

PM <DIR>

PM <DIR> ..

PM 2,342,621 post etype Ctet 3D.out

PM 2,342,621 post _etype Tc99.out
File(s) 4,685,242 bytes

Directory of D:\Median Grids

08/08/2008
12/09/2008
08/08/2008
08/07/2008
08/07/2008
08/07/2008
08/07/2008
08/04/2008
07/03/2008
07/25/2008
07/03/2008
08/01/2008
07/03/2008
07/29/2008
07/03/2008

07:
06:
07:
09:
09:
09:
09:
11:
06:
122
06:
12:
06:
:26
06:

13

10

04

10
51
09
52
51
50
53
57
53

53
43
53

53

Total Files

49
24

AM <DIR>

PM <DIR> ..

AM 5,353,327 median grids 8-8-08.zip
AM 6,358,617 med Cl.dat

AM 6,358,621 med Ctet 2d.dat
AM 6,358,621 med Ctet 3d.dat
AM 6,358,608 med Tc.dat

AM 2,342,642 post med Cl.out
AM 670 post med Cl.par
AM 2,342,642 post med Ct-2d.out
AM 670 post med Ct-2d.par
PM 2,342,642 post med Ct-3d.out
AM 670 post med Ct-3d.par
PM 2,342,642 post med Tc.out
AM 670 post med Tc.par
File(s) 40,161,042 bytes
Listed:
File(s) 527,690,178 bytes
Dir (s) 0 bytes free

Disc 2 contains the following files:

Volume in drive D is 081209 1054
Volume Serial Number is 8000-42DD

Directory of D:\

12/08/2008
09/26/2008

04:02 PM <DIR> Chloroform sim files
12:14 PM <DIR> Tc-99 sim files
0 File (s) 0 bytes

Directory of D:\Chloroform sim files

12/08/2008
12/08/2008
08/01/2008
07/09/2008
07/28/2008
07/28/2008
07/02/2008
07/28/2008
12/08/2008

04:
04:
:01
07:
11:
11:
:23
10:
04:

11

12

02
02

13
12
12

47
02
7

PM <DIR>

PM <DIR> ..

AM 27,213 C1 _2d-3d.gsl

AM 13,392 1ist500.txt

AM 3,062 runsgsim.pl

AM 10,000 seeds Cl.txt

PM 565,340 sgsim.exe

AM 2,037 sgsim Cl.tmp

PM 140,048,026 sgsim 1-500 chloroform.zip
File(s) 140,669,070 bytes
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Directory of D:\Tc-99 sim files

09/26/2008
09/26/2008
07/09/2008
07/28/2008
07/28/2008
07/29/2008
09/26/2008
07/28/2008
07/24/2008

12:
12:
07:
11:
11:
09:
12:
11:
10:

14
14
13
56
56
32
11
59
33
7

Total Files

14
6

PM
PM
AM
AM
AM
AM
PM
AM
AM
File(s)

Listed:
File(s)
Dir (s)

<DIR>
<DIR> .
13,392 1ist500.txt
3,062 runsgsim.pl
10,000 seeds Tc.txt
565,340 sgsim.exe
205,419,591 sgsim500.zip
2,147 sgsim_ Tc.tmp
26,317 Tc_2d-3d.gsl
206,039,849 bytes

346,708,919 bytes
0 bytes free
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