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1.0 Introduction
1.1 General Setting

The Naturita site is located in Montrose County in the southwestern portion of Colorado, about

2 miles northwest of the town of Naturita along Colorado State Highway 141 (Figure 1). Most of
the site is on the west bank of the San Miguel River, between the river and the highway. The
former ore storage area is west of the highway. The site (Figure 2) covers 53 acres which
includes the former tailings pile area (27 acres), the former mill yard and former ore-buying
station (14 acres), and the adjacent former ore storage area (12 acres). A brief operating history
of the site can be found in page 2-1 through 2-4 of the BLRA (DOE 1995). A gravel mining
operation upgradient of the former site is not considered in the USGS flow model. The future
expansion of this operation could significantly impact the ground water flow and the transport of
contaminants. -

1.2 Study Objective

1.2.1 Natural Flushing

As part of the compliance strategy for the cleanup of contaminated ground water at the Naturita
UMTRA Project site it is necessary to develop a computer ground water flow model and a
subsequent contaminant transport model to assist in forecasting whether natural flushing of the
contaminants of potential concern (COPC) is a viable remediation alternative.

This document presents the use of the steady state deterministic flow model, developed by the
U.S. Geological Survey (USGS), the steady state stochastic flow model, and the development of
the contaminant transport models (deterministic and stochastic) to predict future COPC
concentrations. The various flow and transport parameters that affect the hydraulic head and
contaminant distribution for the steady state deterministic and steady state stochastic models are
described.

The steps used for obtaining a calibrated flow and transport model for the site follow the ASTM
Standard Guides D5447-93 and D5718-95. The specific steps are to: (1) evaluate the
hydrogeologic setting and develop a conceptual model, (2) select the codes to be used in the
analysis, (3) establish the relationship between the conceptual and numerical models, and (4)
perform calibration and sensitivity analysis on the flow model parameters and sensitivity analysis
on transport parameters.

Stochastic simulations for uranium were performed for both the flow or transport models even
though the deterministic model indicated that neither uranium or vanadium come close to
achieving the clean-up standard by natural flushing within 100 years.

1.2.2 Pumping Followed by Natural Flushing

The purpose of this modeling was to determine if pumping specified wells (unknown) at
specified rates (unknown) for a specified number of years (unknown) followed by natural
flushing for 100 years would result in achieving the clean-up standard for uranium and
vanadium. This is a classical optimization problem and could probably be formulated as such.
However, a much simpler approach is taken here.
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2.0 Conceptual Model

2.1 Aquifer System Framework

The Naturita processing site rests on Quaternary surficial deposits that include unconsolidated
alluvial sediment composed of river gravel and cobbles in a silty-to-clayey sand matrix, and fill
material. These deposits range in thickness from 11 to 34 feet (ft) with an average thickness of
20 ft. The alluvium is underlain by the Morrison Formation. The Morrison Formation is
subdivided into the Brushy Basin Member and the Salt Wash Member. The Brushy Basin
Member lies directly beneath the alluvium at the site and has a maximum thickness of 490 ft.

The top of the Salt Wash Member is encountered as depths of 130 to 165 ft. Both units dip two
to four degrees to the northeast. The Brushy Basin Member is not a significant water-bearing unit
and is considered the bottom of the aquifer. The alluvial aquifer is unconfined and is treated as
such in the model.

2.2 Ground Water Flow System

Two aquifers are present in the vicinity of the Naturita site. The shallow upper, or alluvial
aquifer, is approximately 3 to 18 ft below land surface. The lower, or Salt Wash aquifer, is at a
depth of about 170 ft below land surface. These two aquifers are separated by the Brushy Basin
Member, which is primarily a low permeability rock unit. The alluvial aquifer receives recharge
from subsurface flow along the San Miguel River and precipitation. During high river stage, the
alluvial aquifer is recharged by the river along the southern and eastern boundary. Likewise,
during low river stage, water in the alluvial aquifer discharges to the river. Occasional recharge
occurs from localized storms via unnamed ephemeral streams that drain the uplands to the west
and transect the site north and west of the former tailings pile area. North of the site the river
channel crosses from the east side to the west side of the valley. This creates a natural discharge
zone for the alluvial aquifer water to the San Miguel River.

2.3 Hydrologic Boundaries

The alluvial aquifer is bounded to the west by the rocks of the Brushy Basin Member that forms
the lower canyon wall, and may be regarded as a no-flow boundary. To the east and north of the
site, the San Miguel River dissects the valley alluvium and constitutes a hydrologic boundary for
the alluvial aquifer.

2.4 Hydraulic Properties

The USGS developed a steady state deterministic flow model for the Naturita site. The flow
model hydraulic properties of interest that influence the aquifer system are the hydraulic
conductivity of the alluvial aquifer, areal recharge due to precipitation, and recharge from and
discharge to the San Miguel River via riverbed hydraulic conductance.

2.5 Contaminant Transport Properties
The contaminant transport properties of interest are the initial concentration distributions of the

COPC, the effective porosity, the aquifer bulk density, the distribution coefficients (K) of the
COPC, and dispersivity.

DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site
September 2001 Page F-6



e

Document Number U0134400 ' Appendix F

2.6 Sources and Sinks

The San Miguel River is a source of water to the aquifer. Areal recharge over the area is an
annual source of water to the site. The San Miguel River is considered to be both a sink and a
source (i.e., the alluvial aquifer discharges water to the river along some reaches and the river
recharges the alluvial aquifer along other reaches). Discharge and recharge are seasonal in
nature.

2.6.1 Sources

Two sources of recharge to the alluvial aquifer have been identified: precipi.tation and recharge
from the San Miguel River.

The model surface area is represented by one recharge zone, with recharge being solely from
precipitation. The calibrated USGS model uses a recharge value of 0.0 inches per year (in/yr).
Site-specific meteorological data indicate there is approximately 13 inches of annual

precipitation (0.00297 ft per day [ft/day]) in the Naturita area. However, the estimated amount

available for recharge based on the Thornthwaite equation (Thornthwaite and Mather 1957) is
1.99 to 2.79 in/yr (0.00045 to 0.00064 ft/day).

2.6.2 Sinks

Several sources of discharge from the alluvial aquifer have been identified. These include
evapotranspiration and ground water discharge from the alluvial aquifer into the San Miguel
River. Evapotranspiration is accounted for by the use of a net recharge estimate (which includes
the loss due to evapotranspiration).

3.0 Computer Code

3.1 Code Selection

MODFLOW (McDonald and Harbaugh 1988), a modular three-dimensional finite-difference
ground water flow model published by the USGS was selected as the flow code for this project.
MT3DMS (Zheng 1999), a modular three-dimensional transport model for simulation of
advection, dispersion, and chemical reaction of contaminants in ground water systems was
selected as the transport code for this project. Each of these codes is divided into a main program
and a group of independent subroutines called modules. Each module is made up of packages
that deal with a single aspect of the simulation. The user of either MODFLOW or MT3D need
only use those modules that simulate the stresses placed upon the flow and transport systems.
This version of MT3D contains a new transport solver that is very efficient and makes multiple
long simulation runs feasible. '

" The USGS was tasked with developing a steady state deterministic flow model for the Naturita

site. The USGS uses the Argus Open Numerical Environments (Argus ONE) family of product
for the pre- and post-processing for MODFLOW. The calibrated MODFLOW files created by
the Argus ONE products were then converted to a format compatible with the version of
MODFLOW in GWVistas. The output from MODFLOW is used as input to MT3DMS.
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GWVistas (Environmental Simulations, Inc. 1997) is a Windows-driven, graphical, pre- and
post- processor for MODFLOW and MT3DMS. It is used in conjunction with the site model to

- facilitate data entry, data-file modification, program execution, and analysis of modeling results.

GWVistas was used to complete additional flow model simulations for sensitivity analysis of
flow parameters and for all the transport modeling using MT3DMS.

3.2 Code Description

These codes are fully described in the references cited. They have been verified, benchmarked,
and approved for use by most government and regulatory agencies.

4.0 Steady State Deterministic Flow Model

The USGS was contracted with and tasked to develop a steady state deterministic flow model for
the Naturita site. This effort is described and documented in a separate document.

4.1 Model Grid and Model Boundary Conditions

The San Miguel River flows in a north-northwest direction in the vicinity of the Naturita site,
therefore the model grid was rotated 30 degrees counterclockwise so that the y-axis of the model
is oriented along the length of the site. An orthogonal grid, consisting of 263 rows and

69 columns, was designed to encompass the site and an extensive area surrounding the site. The
grid size is approximately 25 ft by 25 ft. The alluvial aquifer is bounded to the west by the rocks
of the Brushy Basin Member which forms the lower canyon wall (which is approximately the
location of Highway 141) and is considered a no-flow boundary. To the east, south, and north of
the site the San Miguel River dissects the valley alluvium and constitutes a hydrologic boundary
for the alluvial aquifer. This boundary is represented as a river boundary. Many of these
hydrological/geological features are visible in Figure 2. Figure 3 shows the model extent and
some natural physical features.

4.2 Hydraulic Parameters

Aquifer tests were conducted by the USGS and are described in a separate document.
4.3 Sources and Sinks

The model surface area is represented by a single recharge zone. The steady state recharge value
assigned to this zone is 0.0 ft/day as recommended by the USGS.

Discharge from the ground water system consists of subsurface flow from alluvial aquifer into
some sections of the San Miguel River on a seasonal basis. Discharge also occurs at the north
end of the site where the San Miguel River crosses from the east side to the west side of the
valley.

DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site
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Figure 3. Model Extent and Site Features
4.4 Boundary Conditions

The west side of the model is represented by as a no-flow boundary where the Brushy Basin
Member geological unit forms the lower canyon wall and rises above the alluvium. The east,
south, and north of the model is defined by the San Miguel River and is represented as a river
boundary. The southeast part of the model is represented by a head-dependent flux boundary
(GHB source) to account for upgradient subsurface flow into the alluvial aquifer.

4.5 Calibration Objectives and Results

Although the steady state deterministic flow model was developed and calibrated by the USGS
it is important to determine if the model meets the acceptance criteria that would be considered
realistic for this site. The acceptance criteria chosen for this project are:

?

1) The model must be able to simulate the general flow directions observed at the site.
Measured ground water elevations in February 2000 are represented as a potentiometric
surface in Figure 4. Simulated steady state ground water elevations are presented in
Figures 5 and 6.
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Figure 4. Potentiometric Surface (in feet above MSL)—February 2000

DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site

September 2001

Page F-10

COFH




Document Number U0134400 Appendix F

Figure 5. Simulated Steady State Ground Water Elevations (in feet above MSL)
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Figure 6. Simulated Steady State Ground Water Elevations (in feet above MSL)

2)  The numerical model should not have any inherent bias. In other words, since the model
will either over or under predict the measured hydraulic heads, the arithmetic mean of the
residuals should be as close to 0.0 as possible and fairly evenly distributed above and
below 0.0. Figure 7 displays the observed hydraulic heads versus residuals for the steady
state model. The plot shows a slight bias of underestimating water levels at the higher
elevations.

3)  Forty-one calibration targets were selected for the steady state model based on the
February 2000 water level measurements. Several flow model calibration objectives were
set prior to receiving the calibrated model from the USGS. The objectives and the
calibrated model results for the steady state model are shown in Table 1. Although some of
the criteria are not met, none of the criteria is exceeded by a significant amount.

4)  The mass balance error must be less than 1 percent. The mass balance error for the steady
state model is -0.27443 percent.
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Residual vs. Observed Head
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Figure 7. Comparison of Residual versus Observed Head
Table 1. Calibration Objectives and Results
Residual Absolute Sum of Minimum Maximum Standard
Mean |Residual Mean Squazres Residual Residual Deviation/Range
(ft) (ft) (ft) (ft) (ft) (%)
Objective 0 <1. <30.756 >-2.0 <20 <50
Actual -0.067 0.737 28.878 -1.284 1.511 2.940

4.6 Calibration and Residual Analysis

The steady state deterministic calibrated model results and the residual at each target are shown

in Table 2. The results satisfy the specified criteria. A plot of predicted (computed) hydraulic
head versus observed hydraulic head demonstrates that the model accurately predicts field
measurements (Figure 8).
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Table 2. Calibration Target Residuals

Residual (observed - predicted)

Well ID Observed Head (ft) |Predicted Head (ft)

NATO1-1 5279.10 5279.34 -0.24
NATO02 5282.06 5282.80 -0.74
NATO3 5280.27 5281.04 -0.77

NAT04-1 5281.92 5282.93 -1.01
NATO05 5280.17 5280.70 -0.53

NAT06-1 5281.73 5283.01 -1.28

NATO07-1 5280.32 5280.92 -0.60
NATO08 5280.30 5281.06 -0.76
NATO09 5280.28 5281.02 -0.74
NAT10 5280.64 5281.76 -1.12
NAT11 5284.12 5284.97 -0.85

NAT12-1 5279.01 5279.46 -0.45

NAT13-1 5284.12 5284.94 -0.82

NAT14-1 5284.11 5284.90 -0.79

NAT15-1 5280.21 5280.67 -0.46

NAT16-1 5281.93 5282.90 -0.97

NAT17-1 5288.16 5286.65 1.51

NAT18-1 5288.14 5286.69 1.45
NAT19 5288.13 5286.74 1.39
NAT20 5295.18 5294.25 0.93

NAT21-1 5295.20 5294.20 1.00

NAT22-1 5295.19 5294.14 1.05
NAT23 5277.38 5276.72 0.66
NAT24 5278.53 5277.22 1.31
NAT25 5278.44 5277.73 0.71
NAT26 5278.79 5279.03 -0.24

NAT27-1 5284.84 5284.86 -0.02

NAT28-1 5284.87 5284.89 -0.02
NAT29 5285.00 5284.93 0.07

NAT30-1 5291.64 5290.27 1.37
MAUO1 5274.59 5275.36 -0.77

MAUO02-1 5274.50 5275.52 -1.02
MAUO3 5271.82 5271.41 0.41
MAUO04 5269.77 5270.41 -0.64
MAUOS 5274.47 5275.32 -0.85
MATO06 5273.60 5273.45 0.15
MAUQ7 5269.37 5269.87 -0.560
MAU08 5275.56 5275.38 0.18

547 5295.08 5293.99 1.09
548 5278.58 5278.10 0.48
DM-1 5297.83 5298.11 -0.28
n 41
Mean -0.067
Absolute Mean 0.737
Sum of Squares 28.878
Standard Deviation 0.837
Minimum -1.284
Maximum 1.511
DOQE/Grand Junction Office Site Observational Work Plan for the Naturita Site
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Computed vs. Observed Head
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Figure 8. Comparison of Computed Head versus Observed Head
4.7 Flow Model Sensitivity Analysis

A sensitivity analysis is useful to evaluate the effects that variations in flow and transport
parameters have on the final predicted contaminant concentration results. Highly sensitive
parameters can be treated as uncertain for stochastic simulations. The flow parameters selected
for the sensitivity analysis are hydraulic conductivity, recharge, river bed conductance, GHB
conductance, river stage, and GHB head. The criteria used for sensitivity analysis of the flow
model to these flow parameters is the residual sum of squares, (i.e., the difference between the
computed head and observed head at the 41 target wells). The results of the sensitivity analysis
for these six parameters are shown in Figures 9 through 14. Visually, this qualitative (subjective)
analysis indicates that the flow model is not sensitive to hydraulic conductivity, river bed
conductance, GHB conductance, or GHB head. The model does appear to be sensitive to
recharge and river stage.
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Hydraulic Conductivity Sensitivity Analysis
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Figure 9. Hydraulic Conductivity Sensitivity Analysis Results

Recharge Sensitivity Analysis
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Figure 10. Recharge Sensitivity Analysis Results
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Figure 11. River Conductance Sensitivity Analysis Results
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Figure 12. GHB Conductance Sensitivity Analysis Results
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River Stage Sensitivity Analysis
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Figure 13. River Stage Sensitivity Analysis Results

GHB Head Sensitivity Analysis
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Figure 14. GHB Head Sensitivity Analysis Results

As an additional quantitative (objective) check, the coefficient of variation (CV) of the residual
sum of squares can be calculated for each of these flow parameters. The residual sum of squares
for GHB conductance does not vary for different parameter values, therefore the CV cannot be
calculated for this parameters. The CV was calculated for hydraulic conductivity, recharge, river

DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site
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bed conductance, river stage, and GHB head. The CV is defined as the standard deviation (o)
divided by the mean (%). Flow parameters resulting in a CV greater than 1 percent between the -
predicted residual sum of squares for different parameter values can be considered sensitive. The
CV has been calculated using an unbiased estimate of the standard deviation (o) adjusted for
sample size (Dixon and Massey 1957). The results of the CV analysis are shown in Table 3.
These results indicate recharge and river stage appear to be sensitive, and are in agreement with
qualitative visual residual sum of squares sensitivity analysis.

Table 3. Flow Parameter Coefficient of Variation Analysis

Standard Adjusted Coefficient of
Flow Parameter Mean Deviation g:\‘/‘i‘:t?;ﬂ -Variation
Hydraulic Conductivity 28.95643 0.16221 0.17580 0.00607
Recharge 38.79988 7.34060 7.96014 0.20516*
River Conductance 28.89681 0.10245 0.11557 0.00400
River Stage 36.58345 7.05642 7.95964 0.21757°
GHB Head 28.87764 0.00127 0.00143 0.00005

ndicates parameter is sensitive per this criteria

The criteria used for sensitivity analysis of the transport model to these flow parameters is the
CV. This quantitative (objective) check was made on each of the flow parameters in Table 3. For
this sensitivity analysis, each of these flow parameters was simulated at three or four different
parameter values. These values are shown in Table 4. The approach taken here is to calculate the
coefficient of variation (CV) of the difference in predicted concentration at each selected time
interval (5, 10, 15, 25, 50, 60, 70, 80, 90, and 100 years). Any parameter resulting ina CV
greater than 15 percent between the predicted concentration at any time interval is considered
sensitive and will be treated as stochastic.

Table 4. Flow Model Sensitivity Parameter Values

Low Value and

High Value and

Parameter Low Stochastic High Stochastic
Value Value
Hydraulic Conductivity
(f/day) 10 30a 65 100
Recharge (in/yr) 0° 1.99 2.39 2.79
Recharge (ft/day) 0° .00045 .00055 .00064
Parameter Low Value Mid-point Value High Value
River Bed Conductance| 5% of Kx =30 10% of Kx = 30 20% of Kx = 30
Parameter Low Multiplier Multiplier High Multiplier
River Stage .9999 (~ -0.5 ft) 1.0000° 1.0001(~ +0.5 ft)
GHB Head .9997(~ -1.5 ft) 1.0000° 1.0003(~ +1.5#t)

USGS recommended value

The results of this analysis are presented in Table 5. This analysis shows that the flow model is
sensitive to hydraulic conductivity at 10, 15, 25, 50, 60, 70, 80, 90, and 100 years. Recharge is

sensitive at 10, 15, 25, 50, 60, 70, 80, 90, and 100 years. The model is not sensitive to river bed
conductance, river stage, or GHB head. Because the primary concern is to determine which
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parameters have an effect on the results of the transport simulations, both hydraulic conductivity
and recharge are treated as stochastic in the flow model.

Table 5. Flow Model Coefficient of Variation Analysis Results at Specific Times (Years)

Adjusted .
Flow Parameter Year Mean gg?:t?;: Stajndard 30\7::;?2:‘
Deviation '
Hydraulic Conductivity
5 2.37900 0.10600 0.11494 0.04832
10 2.17518 0.31611 0.34279 0.15759°
15 1.95590 0.51102 0.55415 0.28332°
25 1.53273 | 0.839%1 0.91080 0.59424°
50 0.93843 1.06031 1.14980 1.22523°
60 0.82181 1.02828 1.11507 1.35684°
70 0.72194 0.97968 1.06237 1.47154°
80 0.63412 0.93164 1.01027 1.69317°
90 0.55950 0.88796 0.96291 1.72101°
100 0.49854 0.84654 0.91798 1.84136°
Recharge
5 2.12215 0.20761 0.22513 0.10609
10 1.79180 0.39132 0.42434 0.23682°
15 1.53165 0.51960 0.56345 0.36787°
25 1.36029 0.71144 0.77148 0.56715°
50 0.56471 0.49696 0.53890 0.95430°
60 0.41401 0.42247 0.45813 1.10657°
70 0.29102 0.33167 0.35966 1.23587°
80 0.19514 0.24164 0.26203 1.34278°
90 0.12487 0.16488 0.17879 1.43185°
100 0.07676 0.10682 0.11584 1.50909°
River Bed Conductance
5 2.42667 0.00012 0.00013 0.00005
10 2.36820 0.00017 0.00020 0.00008
15 2.29923 0.00060 0.00068 0.00030
25 2.02543 0.00201 0.00227 0.00112
50 1.30473 0.00275 0.00310 0.00238
60 1.04387 0.00215 0.00243 0.00232
70 0.78606 0.00190 0.00214 0.00272
80 0.55615 0.00145 0.00164 0.00294
90 0.37135 0.00088 0.00100 0.00270
100 0.23655 0.00051 0.00058 0.00243
DOE/Grand Junction Office ) Site Observational Work Plan for the Naturita Site
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Adjusted .
Standard Coefficient
Flow Parameter Year Mean Deviation ggri\:t?;ﬂ of Variation
River Stage
5 2.42710 0.00161 0.00182 0.00075
10 2.36733 0.00433 0.00489 0.00206
15 2.29927 0.01035 0.01167 0.00508
25 1 2.02740 0.02519 0.02842 0.01402
50 1.30627 0.01412 0.01592 0.01219
60 1.04597 0.01600 0.01805 0.01726
70 0.78872 0.01508 0.01701 0.02157
80 0.55830 .0.01356 0.01530 0.02740
90 0.37308 0.01137 0.01282 0.03436
100 0.23794 0.00876 0.00988 0.04153
GHB Head
5 2.42660 0.00000 0.00000 0.00000
10 2.36830 0.00000 0.00000 ~0.00000
15 2.29930 0.00000 0.00000 0.00000
25 2.02570 0.00000 0.00000 0.00000
50 1.30470 0.00000 0.00000 0.00000
60 1.04390 0.00000 0.00000 0.00000
70 0.78606 0.00001 0.00001 0.00001
80 0.55613 0.00002 0.00002 0.00004
90 0.37135 0.00001 0.00001 0.00004
100 0.23655 0.00001 0.00001 0.00003

indicates parameter is sensitive at this time (year) per this criteria

5.0 Steady State Deterministic Contaminant Transport Model
5.1 Transport Parameters

The contaminant transport parameters of interest are longitudinal and transverse dispersivity,
effective porosity, bulk density, Kq4 (distribution coefficient), and the initial concentration
distribution for each of the COPC.

The K4 typically has the greatest impact on the amount of time required for natural flushing to
reduce the contamination level below the required standard. For uranium the estimated range of
values for this site is from 0.3975 to 1.1225 milliliters per gram (mL/g). An average value of
0.6078 mL/g was used as the K4 value for uranium. For vanadium the estimated range of values
for this site is from 4.445 to 20.6575 milliliters per gram (mL/g). An average value of 12.46
mL/g was used as the K4 value for vanadium. A site specific arsenic Kq value is not available for
the Naturita site, therefore a Kq value of 5.45 mL/g (from another UMTRA site with an alluvial
aquifer) was used. Since this value is higher than the literature values, the results are considered
conservative.

The literature on dispersivity as it relates to large-scale models is vague and often contradictory,
with longitudinal values ranging from 2 percent to 30 percent of the length of the plume or
maximum flow path length. In addition, dispersivity is almost impossible to measure in the field
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for large sites. Commonly a value of 10 percent of the length of the plume is used for
longitudinal dispersivity. With a maximum flow path length of approximately 2,500 ft, the
longitudinal dispersivity could be as much as 250 ft. However, this is considered unrealistic for
this site because the width of the site (transverse distance) is small relative to the length of the
site (longitudinal distance), consequently a value of 100 ft was use. This value is ~4 percent of
the length and considered a conservative estimate. For this transport model transverse
dispersivity is 10 percent (10ft) of longitudinal dispersivity (100 ft).

Bulk density was set at 1.55 g/mL (~97 1bs/ft®). The effective porosity was set to 25 percent.

Initial concentration plumes were developed in Surfer® for each of the COPC. The set of data
for each COPC was kriged in Surfer® and interpolated to approximately a 25 ft grid spacing
which corresponds to the model grid size. Each resulting surface was then interpolated to all
active model grid cell centers and imported as the initial concentration plume. The plots
presented in Figures 15, 16, and 17 show the initial concentration plumes for each of the COPC.
The range of concentration is shown on the color bar in each Figure.

5.2 Transport Calibration and Parameter Sensitivity Analysis

The calibration and sensitivity analysis of the transport model is not as straight forward as the
flow model. The calibration and sensitivity analysis of the flow parameters to the flow model is
based on the residual sum of squares of observed head minus computed head. Similarly, the
calibration and sensitivity analysis of the transport parameters to the transport model could be
based on the residual sum of squares of observed concentration minus computed concentration.
Since GWVistas does not yet have the capability to calibrate on concentration, only sensitivity
analysis was used.

The transport parameters selected for sensitivity analysis are porosity, bulk density, Kq (for
uranium and vanadium), longitudinal dispersivity, and transverse dispersivity. For the sensitivity
analysis, each of the transport parameters (except transverse dispersivity) were simulated at three
parameter values that correspond to the lowest expected value, the most likely value, and the
highest expected value. Transverse dispersivity was simulated at three parameter values that are
a percentage of the longitudinal dispersivity. These values are shown in Table 6. The approach
taken here is to calculate the coefficient of variation (CV) of the difference in predicted
concentration at each selected time interval (5, 10, 15, 25, 50, 60, 70, 80, 90, and 100 years). Any
parameter resulting in a CV greater than 15 percent between the predicted concentration at any
time interval is considered sensitive, and will be treated at stochastic if possible. GWVistas does
not allow some transport parameters to be stochastic.
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Concentration (mg/L)
Zone Value

5872 2.522
5139 1.367
4405 1.024
3671 0.734
2937 0.500
2203 0.280
1469 0.144
735 6.516e-002
1 0.000

Figure 15. Initial Uranium Concentration
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Concentration (mg/L)

Zone Value
5138 5.548

4495 2.888
3853 1.597
3211 0.556
2569 0.201
1927 8.913e-002
1285 4.471e-002

643 2.981e-002

0.000

Figure 16. Initial Vanadium Concentration
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Zone
6312

5524

4735

3946

3157

2368

1579

790

Concentration (mg/L)

Value
4.978e-002

2.603e-002

1.359e-002

6.063e-003

3.397e-003

2.187e-003

1.368e-003

7.715e-004

0.000

Figure 17. initial Arsenic Concentration
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Table 6. Transport Model Sensitivity Parameter Values

Most Likely
Parameter Lowest Expected | (unless otherwise | Highest Expected
noted)
Porosity 0.25° 0.30 0.40
Bulk Density (g/mL) 1.13 . 1.55 1.99
Uranium Kq (mL/g) 0.3975 0.6078 1.1225
Vanadium Kq (mL/g) 4.445 12.46 20.6575
Long. Disp. (ft) 50 100 200
Parameter .| % of Long. Disp. % of Long. Disp. % of Long. Disp.
Trans. Disp. 10° 20 50
Parameter Low Value Mid Value High Value
Trans. Disp. (ft) 10° 20 50

Most Likely

The results are shown in Table 7. This analysis shows that the transport model is sensitive to
porosity, bulk density, uranium Ky, longitudinal dispersivity, and transverse dispersivity.
Porosity, uranium K, and longitudinal dispersivity are treated as stochastic. GW Vistas does not
allow bulk density and transverse dispersivity to be stochastic. Transverse dispersivity will show
some variability because it is a percent of longitudinal dispersivity, which is stochastic.

Table 7. Transport Model Coefficient of Variation Analysis Results at Specific Times (Years)

Adjusted .
Standard Coefficient of
Flow Parameter Year Mean Deviation Staqda'lrd Variation
Deviation
Porosity
5 2.43020 0.00412 0.00465 0.00191
10 2.37330 0.00538 0.00607 0.00256
15 2.31230 0.01411 0.01591 0.00688
25 2.06630 0.04513 0.05091 0.02464
50 1.36847 0.07095 0.08004 0.05849
60 1.12363 0.08897 0.10036 0.08931
70 0.87625 0.10144 0.11442 0.13058
80 0.64690 0.10319 0.11640 0.17993°
90 0.45318 0.09423 0.10629 0.23455°
100 0.30344 0.07805 0.08804 0.26013°
Bulk Density
5 2.42543 0.01518 0.01713 0.00706
10 2.36177 0.02739 0.03090 0.01308
15 2.28133 0.07127 0.08039 0.03524
25 1.99947 0.18396 0.20750 0.10378
50 1.26196 0.29326 0.33079 0.26213°
60 1.00384 0.34752 0.39200 0.39050°
70 0.76447 0.36471 0.41139 0.53814°
80 0.55966 0.34156 0.38528 0.68841°
a0 0.39607 0.29176 0.32911 0.83093°
100 0.27218 0.23178 0.26145 0.96056°
DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site
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Adjusted .
Standard Coefficient of
Flow Parameter Year Mean Deviation l?tandard o\? ariation
eviation
K4 — Uranium
5 2.43187 0.03222 0.03635 0.01495
10 2.36727 0.04996 0.05635 0.02380
15 2.27933 0.11209 0.12644 0.05547
25 2.01690 0.29130 . 0.32859 0.16292°
50 1.32897 0.52352 0.59053 0.44435°
60 1.07465 0.58288 0.65749 0.61182°
70 0.85851 0.61359 0.69213 0.80620°
80 0.68685 0.61510 0.69383 1.01017°
90 0.54906 0.58576 0.66074 1.20340°
100 0.43888 0.53506 0.60355 1.37522°
K4 — Vanadium
5 5.31613 0.11290 0.12735 0.02396
10 5.18977 0.19229 0.21690 0.04179
15 5.08167 0.24534 0.27675 0.05446
25 4.90573 0.32142 0.36257 0.07391
50 459133 0.41699 0.47036 0.10245
60 451227 0.41008 0.46257 0.10251
70 4.43793 0.41200 0.46474 0.10472
80 4.35900 0.42313 0.47730 0.10950
90 4.28047 0.45270 0.51064 0.11930
100 4.20683 0.47929 0.54064 0.12852
Longitudinal Dispersivity
5 2.41797 0.05348 0.06032 0.02495
10 2.34723 0.09163 0.10336 0.04404
15 2.26457 0.15054 0.16980 0.07498
25 1.99683 0.22181 0.25021 0.12530
50 1.29265 0.29686 0.33486 0.25905°
60 1.02913 - 0.28894 0.32592 0.31670°
70 0.77957 0.25304 0.28543 0.36614"
80 0.55403 0.19039 0.21476 0.38764°
90 0.36997 0.12134 0.13687 0.36994°
100 0.23652 0.06955 0.07845 0.33168"°
Transverse Dispersivity
5 2.40037 0.03229 0.03643 0.01518
10 2.31553 0.06763 0.07628 0.03294
15 2.19827 0.12686 0.14309 0.06509
25 1.84983 0.20988 0.23674 0.12798
50 1.06217 0.25712 0.29003 0.27305%
60 0.79107 0.25576 0.28850 0.36470°
70 0.55676 0.22893 0.25823 0.46381°
80 0.37173 0.18380 0.20733 0.55774°
90 0.23550 0.13429 0.15148 0.64322°
100 0.14318 0.09131 0.10299 0.71935°
indicates parameter is sensitive at this time (year) per this criteria
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5.3 Predictive Results for Uranium

A contaminant transport model using MT3DMS, based on the calibrated steady state
deterministic flow model, was used for predictive simulations. Simulation results were extracted
for selected times up to 100 years into the future. Predicted uranium concentrations above the
UMTRA Project maximum concentration level (MCL) of 0.044 milligrams per liter (mg/L) at 5,
10, 25, 50 and 100 years into the future are presented in Figures 18 through 22, respectively. The
areas of the model in the Figures that do not have color (are white) are below the MCL. For this
scenario the maximum predicted concentration at 5, 10, 25, 50, and 100 years is 2.4266, 2.3683,
2.0257, 1.3047, and 0.23654 mg/L, respectively.

While these plots give a general aerial view of the remaining contamination area, they do not
provide a clear picture of the contaminant change with time. The plots in Figures 23, 24, and 25
show the change in concentration versus time for monitor well locations MAU08, MAUO07, and
548.

5.4 Predictive Results for Vanadium

Predicted vanadium concentrations above the risk-based concentration of 0.33 mg/L at 5, 10, 25,
50 and 100 years into the future are presented in Figures 26 through 30, respectively. The areas
of the model in the Figures that do not have color (are white) are below the risk-based
concentration. For this scenario the maximum predicted concentration at 5, 10, 25, 50, and 100
years is 5.3589, 5.2583, 5.0065, 4.7099, and 4.3286 mg/L, respectively.

5.5 Predictive Results for Arsenic

Simulation results show that at 10 years the maximum remaining arsenic concentration is
0.045368 mg/L, which is below the UMTRA Project MCL of 0.05 mg/L. A concern regarding
the arsenic plume was that the maximum concentration does not exceed 0.05 mg/L as the plume
migrates downgradient off site. The plots in Figures 31 and 32 show the concentration change
with time at monitor wells MAUO08 and MAUO7, respectively. Both wells are off site and
downgradient of the former millsite. Monitor well MAUOS is near the northern boundary of the
site while MAUOQ7 is close to where the alluvial aquifer discharges into the San Miguel River.
Both plots indicate that the UMTRA Project MCL of 0.05 mg/L is not exceeded.
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1.476

1.118

4.400e-002

Figure 18. Predicted Steady State Uranium Concentration at 5 Years
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1.476

1.118

Figure 19. Predicted Steady State Uranium Concentration at 10 Years
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Cog%egbtration (mg/L)

12.192
.834
1.476

1.118

4.400e-002

Figure 20. Predicted Steady State Uranium Concentration at 25 Years
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Figure 21. Predicted Steady State Uranium Concentration at 50 Years
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1.476

1.118

4.400e-002

Figure 22. Predicted Steady State Uranium Concentration at 100 Years
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Uranium Concentration vs. Time at MAUO8
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Figure 23. Uranium Concentration versus Time for Monitor Well MAU08
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Figure 24. Uranium Concentration versus Time for Monitor Well MAUO7
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Uranium Concentration vs. Time at 548
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Figure 25. Uranium Concentration versus Time for Monitor Well 548
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i
Figure 26. Predicted Steady State Vanadium Concentration at 5 Years
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Cogcgeggration (mg/L)

Figure 27. Predicted Steady State Vanadium Concentration at 10 Years
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Figure 28. Predicted Steady State VVanadium Concentration at 25 Years
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Figure 29. Predicted Steady State Vanadium Concentration at 50 Years

DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site
September 2001 Page -39

c1lp




Document Number U0134400 Appendix F

Figure 30. Predicted Steady State Vanadium Concentration at 100 Years
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Arsenic Concentration vs. Time at MAUOS
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Figure 31. Arsenic Concentration versus Time for Monifor Well MAUOS
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Arsenic Concentration vs. Time at MAUQ7
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Figure 32. Arsenic Concentration versus Time for Monitor Well MAUO7

6.0 Stochastic Simulations
6.1 Stochastic Parameters
Stochastic flow and transport simulations were run for only uranium. The flow and transport
parameters that are treated as uncertain parameters are shown in Table 8. The distribution type

and distribution parameters assigned to each of the stochastic parameters are specified.

Non-stochastic flow and transport parameters are listed in Table 9.
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Table 8. Stochastic Flow and Transport Parameters

Distribution
Parameter Standard
Type Deviation Minimum | Maximum
Hydraulic Conductivity (ft/day)
' Longitudinal ‘ Triangular N/A 10 | 100
Transverse Triangular N/A 100% Longitudinal
Dispersivity (ft)
Longitudinal Triangular N/A 50 [ 200
Transverse Triangular N/A 10% Longitudinal
Kd
Uranium {(mL/g) Triangular N/A 0.3975 1.1225
(/) Triangular N/A .006367 .01798
Recharge (ft/day Triangular N/A 0 .00064
Recharge (infyr) Triangular N/A 0 2.79
Porosity Triangular N/A 0.25 40

Table 9. Non-Stochastic Flow and Transport Parameters

Parameter
River Stage (ft)
River Bed Conductance (ff’/day)
River Concentration (mg/L)

GBH Head (ft)
GHB Conductance (ft*/day)
GHB Concentration (mg/L)

Bulk Density (g/mL)

One of the problems associated with stochastic simulations is to determine how many
realizations (individual simulations) are sufficient. From a strict mathematical standpoint,
hundreds or even thousands of realizations may be necessary to truly represent the uncertainty
when random samples are drawn from distributions for a number of parameters. A qualitative or
subjective justification to determine if enough realizations were simulated can be obtained by
looking at a plot of cumulative average residual sum of squares versus realization number. If
there is limited change in the cumulative average as the number of realizations increases, then it
can be safely concluded that enough simulations have been run. The plot in Figure 33 indicated
that the cumulative average residual sum of squares becomes relatively stable at about 31.8 ft*
after 160 realizations. Therefore, 200 realizations should be adequate to account for the
uncertainty in the stochastic parameters.
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Cumulative Average Residual Sum of Squares
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Figure 33. Cumulative Average Residual Sum of Squares versus Realization Number

Another useful evaluation tool is to look at how the individual realizations compare to the
calibrated flow model results. The plot in Figure 34 shows the residual sum of squares for each
of the 200 realizations. Few if any of the realizations are below the calibrated model residual
sum of squares value of 28.878 ft?, which is plotted on the Figure. This indicates that the
calibrated flow model is close to an optimum minimum. Note that at about realization 75 and 78
and again at about realization 99 the residual sum of squares is relative high compared to the
other realizations. These high values account for the jump at the same locations in Figure 33.
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Residual Sum of Squares - 200 Realizations
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Figure 34. Residual Sum of Squares versus Realization Number

Based on the type of distribution associated with the uncertain parameters, the average remaining
concentration from the results of the stochastic realizations will be lower than the deterministic
results. Although this is not apparent, consider Table 10 which shows the mid-point of the
triangular distributions used for each of the uncertain parameters (hydraulic conductivity,
recharge, porosity, Kq, and longitudinal dispersivity). The mid-point stochastic values are higher
than the deterministic values. For three of the five parameters (hydraulic conductivity, recharge,
and longitudinal dispersivity) the mid-point stochastic value will result in a faster clean-up time.
For the other two parameters (porosity and Kq) the higher mid-point stochastic value will result
in a longer clean-up time. Table 5 indicates that both hydraulic conductivity and recharge are
sensitive as early as 10 years while Table 7 indicates that porosity is not sensitive until 80 years
and K is not sensitive until 50 years. While this is only a qualitative (subjective) analysis, it
supports the notion that the remaining concentration at any time will be lower for the average
stochastic results than for the deterministic results.

Table 10. Comparison of Deterministic vs. Mid-point Stochastic Parameter Values

Parameter Deterministic Value M|d-p0|{1,talsut:chastlc

Hydraulic Conductivity (ft/day) 30. 43.875

Recharge( ft/day) 0. 0.00018

Recharge (in/yr) 0. 0.7884

Porosity 0.25 0.29393

Kd (mL/g) 0.6078 0.69055

Longitudinal Dispersivity (ft) 100 113.397
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If the mid-point stochastic parameter values are used in the deterministic model the maximum
predicted concentration for uranium at S, 10, 25, 50, and 100 years is 2.2380, 2.0111, 1.3038,
0.55829, and 0.030455 mg/L, respectively. These values are all lower than the deterministic
values reported in Section 5.3 and compare favorably with the average stochastic results in
Section 6.2.

Figures 35 and 36 are plots of the average or mean head field of the 200 realizations. A visual
comparison of Figures 35 and 36 with the steady state deterministic tesults in Figures 5 and 6
shows that they are almost identical. Figure 37, which presents the variability in head, represents
the standard deviation in the heads of the 200 realizations. Although this plet is difficult to
interpret, according to basic statistics about 68 percent of the heads in the simulation can be
expected to fall within one standard deviation of the mean and about 95 percent can be expected
to fall within two standard deviations. For these 200 realizations, the standard deviation in heads
* ranges from 0.0 to +0.3662. This indicates that there is very little variation in the results of the
200 realizations and essentially all of the results fall within one standard deviation of the mean.

6.2 Predictive Results for Uranium

Contaminant transport simulation results for uranium were extracted for selected times up to 100
years into the future. Average concentrations and the associated uncertainty at each time period
of interest are based on 200 computer simulations. Figure 15 shows the initial concentration
plume. Predicted uranium concentrations above the UMTRA Project MCL of 0.044 mg/L at 5,
10, 25, 50, and 100 years into the future are presented in Figures 38 through 42. The areas of the
model in the Figures that do not have color (are white) are below the MCL. The maximum
average remaining concentration at 5, 10, 25, 50, and 100 years are 2.2156, 1.9671, 1.2854,
0.57426, and 0.12087 mg/L, respectively.

By varying the value of the uncertain or stochastic parameters during each of the

200 simulations, the variance associated with the mean predicted concentration was used to
calculate the probability that the mean uranium concentration will exceed the uranium standard.
Probability contour maps showing areas within the alluvial aquifer that exceed the uranium
ground water standard at 5, 10, 25, 50 and 100 years into the future are illustrated in Figures 43
through 47. At 5, 10, and 25 years there is 100 percent probability that the standard will be
exceeded over a significant part of the former millsite and downgradient. At 100 years there is
still a 49 percent probability that the standard will be exceeded.
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Figure 35. Average Simulated Steady State Stochastic Ground Water Elevations
(in feet above MSL)
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Figure 36. Average Simulated Steady State Stochastic Ground Water Elevations
(in feet above MSL)
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Figure 37. Standard Deviation of Head Field
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Figure 38. Predicted Steady State Stochastic Uranium Concentration at 5 Years
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Figure 39. Predicted Steady State Stochastic Uranium Concentration at 10 Years
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Figure 40. Predicted Steady State Stochastic Uranium Concentration at 25 Years
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Figure 41. Predicted Steady State Stochastic Uranium Concentration at 50 Years
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Figure 42. Predicted Steady State Stochastic Uranium Concentration at 100 Years
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Figure 43. Probabiiity of Uranium Concentration Exceeding the Standard at 5 Years
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Probability of
Exceeding 0.044 mg/L
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Figure 44. Probability of Uranium Concentration Exceeding the Standard at 10 Years
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Probability of
Ex?%agdng 0.044 mg/L
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Figure 45. Probability of Uranium Concentration Exceeding the Standard at 25 Years
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Probability of
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Figure 46. Probability of Uranium Concentration Exceeding the Standard at 50 Years
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Probability of
Excf‘egéjéng 0.044 mg/L

Figure 47. Probability of Uranium Concentration Exceeding the Standard at 100 Years
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7.0 Pumping Followed by Natural Flushing

This modeling task could be formulated as a classical optimization problem. Optimization
modeling problems inherently require considerable time and effort. Therefore, before the time
and effort were committed to developing an optimization model a much simpler approach was
taken to determine if there was any reasonable possibility that this strategy would succeed.

7.1 Step/Task 1

The first task is to determine to what levels uranium and vanadium will need to be reduced, by
pumping, such that each will meet the required standard with 100 years of naturally flushing? To
do this it was determined how long it would take uranium and vanadium to naturally flush.
Modeling indicates that it would take ~135 years for uranium to flush and more than 1000 years
for vanadium to flush to the required standards. The maximum remaining concentration of
vanadium at 1000 years is ~ 2.31 mg/L. Vanadium is not considered further in this analysis
because of the extreme time required to naturally flush.

This task can now be stated differently, i.e., what is the concentration of uranium at 35 years?

The maximum remaining concentration of uranium at 35 years is ~ 1.70 mg/L. Therefore, any
pumping scenario would need to reduce the contamination level for uranium to this value in
order for natural flushing to reduce contamination to the required standard with 100 years of
natural flushing.

7.2 Step/Task2

The next task is to determine which wells or location should be used for pumping and what
pump rates should be used? The rational used, although obviously not optimal locations, was to
select existing wells that show high concentration of either uranium or vanadium. These wells
would be pumped at the highest possible rate such that the aquifer would not dry up. Four
existing wells that show high concentration of either uranium or vanadium were selected as
potential pumping locations. These wells are MAU0S, NATO1-1, NATO03, and NATO06-1.

Initially it was decided to try pumping each well at 10 gallons per minute (gpm) or 1,923 ft’/day.
However, because of the limited saturated thickness (~ 2 to 6 ft) and the low hydraulic
conductivity it is not possible to pump this amount of water from any of the wells.

Modeling determined the maximum pump rate that could be sustained at each of these wells,
pumped individually, without drying up the area in the vicinity of the well. These values are
shown in Table 11.

Table 11. Maximum Individual Pump Rates

Well Pump Rate X
apm ft'/day
MAUOS 1 192.5
NATO01-1 6 1,155.
NATO3 3 577.5
NATO06-1 3 577.5
DOE/Grand Junction Office Site Observational Work Plan for the Naturita Site
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Additional modeling determined the maximum pump rate that can be sustained, with all wells
pumped simultaneously, without drying up the area in the vicinity of any of the wells. These
values are shown in Table 12.

Table 12. Maximum Simultaneous Pump Rates

well Pump Ratea
gpm ft'/day
MAUO08 5 96.25
NATO1-1 5. 962.5
NATO3 2 385.
NATO06-1 3 577.5

Three scenarios were modeled to determine if pumping could reduce the contamination to the
levels required for natural flushing to complete the cleanup. Pump scenarios were done only for
uranium since the cleanup time for uranium is considerable less than for vanadium. Table 13
specifies the pump rates used in each scenarios. :

Table 13. Pump Rates for each Scenario

Well Pump Rate (gpm)
Run 1 Run 2 Run 3
MAUO08 1 1 0.5
NATO1-1 1 2 5
NATO3 1 1 2
NATO06-1 1 2 3
Total 4 6 105

Table 14 below shows the maximum remaining concentration at selected years for the natural
flushing case (i.e., no pumping) and the three pumping scenarios.

Table 14. Maximum Remaining Concentration for each Scenario

Maximum Remaining Concentration (mg/L)

Years FT:;:]\::L Run 1 Run 2 Run3
0 2.5220 2.5220 2.5220 2.5220
5 2.4266 2.4358 2.4476 2.5043

10 2.3683 2.3797 2.3954 2.4873
15 2.2993 2.3285 2.3519 2.4594
25 2.0257 2.1147 2.1884 2.4077
50 1.3047 1.3527 1.4707 2.0998
60 1.0439 1.0400 1.1552 1.9028
70 0.78606 0.75038 0.85610 1.6842
80 0.55612 0.51044 0.60078 1.4563
90 0.37134 0.33101 0.40296 1.2332
100 0.23654 0.20698 0.26095 1.0258

The results, particularly for Runs 2 and 3, seem contradictory. Intuitively, it seems that if an
aquifer is pumped the maximum remaining concentration at any time would be less than without

DOE/Grand Junction Office
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any pumping. However, the results show just the opposite. In fact, as more water is extracted
from the aquifer, the higher the maximum remaining concentration. Why is this?

Two factors contribute to and cause the unexpected results. These are the saturated thickness and
the low hydraulic conductivity. If the pump rate is such that the aquifer water level is drawn
down to the point that the aquifer in the vicinity of a well is almost dry, there is no water moving
through the soil matrix. All the water that flows toward the well is extracted from the well. The
cone of depression that develops around each well will leave much of the soil matrix dry, i.e., no
water flows through the soil. With no water moving through the soil, the contamination adsorbed
(attached to) the soil does not dissolve into the water. Figure 50 which shows the maximum
remaining concentration at 100 years for Run 3 does indeed indicated that some of the alluvial
aquifer has begun to dry up.

If these results are accurate, and there appears to be a logical explanation, then pumping does not
appear to be a viable alternative for reducing the concentration of uranium and vanadium to the
required levels such that 100 years of natural flushing would complete the cleanup. These results
indicate that it is highly unlikely that an optimization model would yield significantly different
results. Therefore, the money, time, and effort to develop such a model were not expended.

Plots of the remaining uranium concentration above the MCL at 100 years are attached for each
of the three scenarios are shown in Figures 48, 49, and 50, respectively. The areas of the model
in the Figures that do not have color (are white) are below the MCL.
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1.476

1.118

Figure 49. Uranium Concentration at 100 Years — Pump Scenario 2
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Figure 50. Uranium Concentration at 100 Years - Pump Scenario 3
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8.0 Summary and Conclusions

A ground water flow and transport model was developed to evaluate if natural processes will
reduce site-related COPC concentrations to regulatory levels in the alluvial aquifer within

100 years. Several different versions of the model were developed and employed to address
conditions in the vicinity of the site. A steady state deterministic flow and transport model was
used as the basis for the stochastic model. A steady state stochastic flow and transport model was
used to quantify the uncertainty in flow and transport parameters. Based on modeling results,
natural flushing does not appear to be an acceptable compliance strategy that allows natural
processes to reduce uranium and vanadium concentrations in the ground water below the
standards within 100 years. Arsenic concentration level will be reduced below the standard
within 10 years. A steady state deterministic flow and transport model with pumping well was
used to evaluate the feasibility of pumping for a period of time followed by natural flushing. This
option does not appear to be a viable alternative.

The gravel mining operation upgradient of the former site has recently expanded and it is likely
that there will be future expansions. This operation was not considered in the USGS flow model
and subsequently not considered in the transport modeling. The recent and future expansion of
this operation could significantly impact the ground water flow and the transport of
contaminants. Without modeling the impacts from the gravel mining operation, the predicted
concentrations of the COPC in this report are most likely underestimated.

8.1 Qualitative Analysis

Ground water flow patterns predicted by the steady state deterministic flow model (Figures 5 and
6) and the steady state stochastic flow model (Figures 35 and 36) closely resemble the ground
water gradient measured in February 2000. This visual analysis suggests that the calibrated flow
model adequately and accurately predicts the observed water level elevations.

8.2 Quantitative Analysis

Data presented in Table 1 and Figures 7 and 8 indicate that the calibrated steady state
deterministic flow model satisfies the acceptance criteria and calibration objectives established
before modeling. Calibration results presented in Figure 7 demonstrate that the flow model has a
slight bias of underestimating water levels at the higher elevations. However, the target residuals
are fairly evenly distributed, with 16 above and 25 below 0.0 ft, with a mean residual of —0.067 ft
and an absolute mean residual of 0.737 ft. Results presented in Figure 8 demonstrate that the
predicted hydraulic heads versus the observed heads fall on a straight line, as expected.

8.3 Model Predictions

Results of the steady state deterministic MT3DMS transport predictive simulations indicate that
on average the maximum uranium concentration in the ground water at the Naturita site will not
decrease to below the UMTRA Project MCL of 0.044 mg/L in 100 years (Figure 22).
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The maximum predicted concentration after 100 years is 0.23654 mg/L. Results of the vanadium
simulations show similar results. The maximum vanadium concentration in the ground water at
the Naturita site will not decrease to below the risk-based concentration standard of 0.33 mg/L in
100 years (Figure 30). The maximum predicted concentration after 100 years is 4.3286 mg/L.

The maximum arsenic concentration in the ground water at the Naturita site will decrease to
below the UMTRA Project MCL of 0.05 mg/L within 10 years. The maximum predicted
concentration after 10 years is 0.045468 mg/L.

The steady state stochastic MT3DMS transport predictive simulations show similar results.
Average uranium concentrations and the associated uncertainty at each time period of interest are
based on 200 computer simulations. Figure 42 indicates that on average the maximum remaining
concentration in the ground water (0.12087 mg/L) will not fall below the UMTRA Project MCL
of 0.044 mg/L in 100 years. Furthermore, the stochastic simulations predict that at 100 years
there is a 49 percent probability that the maximum concentration will be greater than the

standard over a significant area of the alluvial aquifer (Figure 47). All these data suggest that
there is a high probability that the remaining uranium concentration will exceed the standard, and
natural flushing does not appear to be an acceptable compliance strategy.

The pumping followed by natural flushing modeling indicates that pumping water from the
alluvial aquifer for a reasonable amount of time would not reduce the uranium and vanadium
concentration to the required levels. Even after 25 years of pumping, the remaining uranium
concentration is significantly higher than the concentration levels that would naturally flush
within 100 years.
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Appendix G

Data Set Used in Pattern Recognition Modeling



Table 1. Chemical, physical, and isotopic data used in pattern recognition modeling at the Naturita study site. Data were collected and analyzed by
the U.S. Geological Survey during June 2000.

[Al, aluminum; Alk, alkalinity as calcium carbonate; B, boron, Br, bromide; Ca, calcium; Cl, chloride; DO, dissolved oxygen; Fe, iron; K, potassium;
Mg, magnesium; Na, sodium; ORP, oxidation reduction potential; Si, silicon; SO4, sulfate; SC, specific conductance; Sr, strontium; T, water
temperature; U, uranium; V, vanadium; 5'%0, delta oxygen-18; 8D, delta deuterium; mg/L, milligrams per liter; pg/L, micrograms per liter; pS/cm,
microsiemens per centimeter; mV, millivolts; deg. C, degrees Celsius; permil, parts per thousand]

Sample site
DM1
DOES47
DOES48
MAUO1
MAUO02-2
MAU02-3
MAUO03
MAUO4
MAUO05
MAUO06
MAUO7
MAUO0S8
NATO1-1
NATO1-2
NATO02
NATO3
NATO04-1
NAT04-2
NATO04-3
NATO5
NATO6-1
NATO06-2
NATO7-1
NATO07-2

Al,
mg/L

0.29
0.28
0.39
0.41
0.32
0.32
0.28
0.29
0.37
0.29
0.36
0.41
0.37
0.38
0.28
0.36
0.32
0.35
0.41
0.38
0.39
0.34
0.29
0.32

Alk,
mg/L

227
160
326
502
359
365
229
269
369
221
397
464
359
346
314
365
389
361
371
405
401
401
330
326

B,
mg/L

0.04
0.04
0.1
0.12
0.08
0.08
0.04
0.06
0.09
0.04
0.1
0.11
0.14
0.14
0.08
0.12
0.11
0.1
0.1
0.15
0.14
0.13
0.07
0.07

Br,
mg/L

0.1
0.1
0.24
25.4
1.49
1.57
0.07
0.14
0.55
0.15
0.36
15.4
0.58
0.42
9.15
11.8
0.4
0.58
0.4
0.4
0.46
0.46
13
0.9

Ca,
mg/L

54.1
64
157
224
180
179
60.2
61.8
193
60.7
193
273
214
222
131
194
195
195
194
184
224
225
150
151

Cl,
mgl/L

47
11.5
39
148
49
63
8
15
57
8.2
70
262
80
82
17
50
40
40
40
140
68
64
22
21.5

DO,
mg/L

0.35
0.33
03
06
0.27
0.32
0.73
0.25
0.4
1.05
0.32
164
0.26
0.21
0.86
0.34
0.43
0.29
0.29
0.64
0.3
0.27
0.28
0.28

Fe,
mg/L

0.29
0.07
0.18
0.03
0.36
0.44
0.12
1.32
0.75
0.25
1.88
1.52
1.63
2.46
0.09
0.04
0.03
0.03
0.03
0.05
0.14
0.03
0.06
0.05

K,
mg/L

1.85
1.65
9.38
21.9
8.47
8.91
2,15
262
6.81
2,95
5.5
40.2
1.4
12.2
36.9
20.7
13.2
121
12.1
134
20.1
20.2
11.2
10.6

Mg,
mg/L

203
28.1
47.3
106
526
56.6
26.8
331
§5.2
204
65.6
93.8
64.1
66.3
36.6
59.3
55.1
54.6
54.6
823
66.8
65.8
36.2
36.1

Mn,
mgil

0.32
0.26
1.57
0.89
3.07
393
1.12
1.356
4.84
0.42
1.59
1.35
21
2
0.33
0.94
0.81
0.78
0.78
1.25
1.03
1.1
0.56
0.52

Na,
mg/L

18.2
32.8
134
259
127
128
273
38.4
141
20.8
136
374
231
230
63.8
178
159
156
155
366
247
243
78.8
779

ORP,
mV

-67
120
-23
221

pH,
units

712
71
7.21
6.8
6.9
6.95
7.12
6.95
6.99
7.17
6.83
6.9
71
7.11
7.25
747
7.02
7.01
7.01
712
6.95
6.92
7.11
7.09

Si,
mg/L
4.64

4.5
6.93
8.46
6.74
7.09
6.31
7.01
7.22
6.43
7.56
6.99
6.93
7.11
5.14
7.92
7.36
7.33
7.35
8.42
7.83
7.81
6.17
6.12

SO, SC,

mg/L  uSlicm
131 589

308 864

566 1660
950 2890
597 1820
611 1880
210 818

233 945

639 1900
219 807

614 1910
1200 3550
904 2380
924 2400
376 1290
734 2060
686 1900
686 1900
688 1890
1110 3040
970 2510
962 2510
403 1330
402 1330

Sr,

mg/L deg.C

0.83
1.1
1.95
4.8
234
248
1.1
1.18
2,52
1.18
2.64
4.69
259
292
1.59
229
22
22
2.18
33
262
261
1.33
1.33

T,

14.2
153
13.2
14

137
12.1
146
15.1
*12.9
11.9
14.7
131
131
19.6
15
14.9
128
133
135
145
134
135
13.9
14.4

Ul
ug/L
432
4.66
907

710 .

646
535
106
172
331
62.3
525
1660
1230
1200
439
1030
697
684
678
1540
1170
1160
509
493

v,
pg/l.
0.04
0.04
0.13
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
2.25
4.88
2.78

29
2.93
454
2.57
317
1.87
2.07

5o,
permil
-105.58
-83.36
-99.78
-97.46#
-100.22

-99.8
-105.0

8D,
permil

-14.71
-9.2
-13.71
-12.82#
-13.52
-13.52
-14.39

-102.62#-14.11#

-100.5
-104.96
-96.98
-94.4
-99.3#
-99.3#

-13.48
-14,28
-13.26
-12.71
-12.87#
-12.87#

-100.38 -13.49

-99.33
-96.57

-13.43
-13.02

-96.57# -13.02#
-96.57# -13.02#

-99.23 -13.17
-100.7# -13.59#
-99.37# -13.45#
-101.81#-13.76#
-100.65#-13.69#



NAT28-1 0.3 304 0.08 47 1N 47 024 004 268 47.7 124 659 66 73 637 446 1570 258 151 248 012 -99.96 -13.38

NAT28-2 0.28 302 0.1 41 128 39 157 0.03 262 555 1.36 703 112 732 6.86 425 1570 327 184 245 0.05 -100.39 -13.34
NAT29 0.37 300 015 115 183 42 4 004 B89 685 085 814 176 717 838 580 1650 522 *16.75 258 0.04 -98.46 -13.35
NAT30-1 0.3 292 005 01 116 1 036 019 285 327 087 45 28 697 636 324 1080 14 153 15 0.04 -89.41 -12.11
NAT30-2 0.28 308 005 01 120 1 06 017 294 33 083 452 26 694 646 327 1110 14 157 162 0.04 -90.13 -12.02
SM1 0.29 71 004 008 356 172 764 003 093 677 004 496 78 854 266 648 241 04 16.6 084 0.04 -106.80#-14.20#

* Actual data missing, value estimated from adjacent wells during June 2000 sampling period.

# Actual data missing, value substituted from March 2000 data or set equal to value at the adjacent sample point in each multi-completion well
cluster.




