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1.0 Introduction
1.1 General Setting

The Slick Rock Uranium Mill Tailings Remedial Action (UMTRA) Project sites are located on
the banks of the Dolores River, San Miguel County, Colorado. The North Continent (NC) site
lies approximately 1 mile downstream from the intersection of the Dolores River and

Highway 141, and the Union Carbide (UC) site is approximately 1 mile downstream from the
NC site (Figure 1). Both sites lie at an elevation of approximately 5,450 feet (ft) above mean sea
level (MSL). Surface remediation of tailings and mill related contamination was completed in
December 1996, with the contaminated material placed in the Burro Canyon disposal cell located
5 miles east of the Slick Rock processing sites.

1.2 Study Objective

As part of the final compliance strategy for the cleanup of contaminated ground water at the
Slick Rock UMTRA Project sites it is necessary to develop a computer ground water model. This
model, which consists of ground water flow and contaminant transport components, is designed
to assist in forecasting whether natural flushing of various contaminants is a viable remediation
alternative.

This document presents the development of steady state deterministic and steady state stochastic
hydrologic flow and contaminant transport models to predict future contaminant concentrations.
The various flow and transport parameters that affect the hydraulic head and contaminant
distribution for the models are described. Contaminants that are modeled include nitrate,
manganese, molybdenum, selenium, and uranium.

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 code to be used in the
analysis, (3) establish the relationship between the conceptual and numerical models, (4) perform
flow model calibration and sensitivity analysis on transport parameters, and (5) predictive
simulations.

Stochastic simulations for the steady state model were performed, varying both flow and
transport parameters, to evaluate the uncertainty in the predicted concentrations. These stochastic

simulations were used to calculate mean concentrations and the probability of contamination
remaining above acceptable levels across the site at specific times.

2.0 Conceptual Model
2.1 Aquifer System Framework

The Slick Rock site rests on floodplain and terrace deposits (alluvium) associated with the
Dolores River. This alluvium is composed of unconsolidated clayey sands, sandy gravels, and
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cobbles, and ranges in thickness from 10 to 21 ft. The UC site alluvium is underlain by
approximately 50 ft of the Entrada Sandstone, which is underlain by the Navajo Sandstone. The
NC site alluvium is underlain by the Morrison and Summerville Formations, which consist of
interbedded clay, shale, mudstone, siltstone, and sandstone layers.

The alluvial aquifer in the vicinity of both sites is unconfined, while the Entrada Sandstone
aquifer appears to be unconfined near the top of the unit and may be semi-confined near the
bottom of the unit. The Morrison aquifer, based on the lithologic description of borehole 0275
and information found in the literature, appears to be semi-confined to confined, while the
Summerville aquifer is assumed also to range from semi-confined to confined. The Navajo
Sandstone aquifer is confined in the vicinity of the two sites.

2.2 Ground Water Flow System

Water level elevations measured in the wells screened in the alluvial aquifer in March 2001 are
displayed in Figure 2. This map shows that the alluvial ground water flow trends to the north-
northwest, and follows the canyon walls of the Dolores River valley. The alluvial aquifer
receives recharge from upgradient subsurface flow, precipitation and snowmelt, and from the
Dolores River during spring runoff. The Entrada Sandstone receives recharge from similar
sources as the alluvial aquifer with the exception of the Dolores River.

Data collected indicate the alluvial aquifer discharges to the Dolores River during low flow.
Discharge from the Entrada, Morrison, and Summerville is primarily a function of leakage from
locations where these units crop out.

From this point on, only the alluvial aquifer and a “bedrock” aquifer will be discussed since they
are the two aquifers included in the model. As previously mentioned, the Entrada underlies the
alluvial aquifer at the UC site, while both the Morrison and Summerville formations underly the
alluvial aquifer at the NC site. The hydraulic parameters of the Summerville Formation were not
measured in the field due to lack of ground water encountered during the drilling of

borehole 0275.

2.3 Hydrologic Boundaries

This model is divided into four layers. A detailed discussion of the layers is provided in
Section 4.1. In layer 1 of the model, which represents the alluvium, the hydrologic boundaries
are well defined by the Dolores River Canyon walls. In the vicinity of the UC site and the area
between the sites the extent of the alluvium is controlled by the outcrops of the Entrada
Sandstone along the western portions of the river valley, and by the Morrison Formation to the
east. Morrison Formation outcrops along both sides of the Dolores River limit the extent of the
alluvium in the vicinity of the NC site. The area beyond the limit of the alluvium is represented
by inactive cells.

The northern and southern boundaries are not as well defined by hydrologic or geologic
boundaries. The model extends approximately 3,000 ft to the south of the NC site, and
approximately 3,000 ft north of the UC site.
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Figure 2. Alluvial Aquifer Ground Water Surface Contour Map, March 2001

Layers 2, 3, and 4 boundaries are not well defined. The extent of these layers is not limited by

hydrologic or geologic boundaries, but model boundaries can be established far enough from the
former sites to have minimal effect on the model results.

2.4 Hydraulic Properties

The flow model hydraulic properties of interest that influence the aquifer system are the
horizontal and vertical hydraulic conductivity of the alluvial aquifer, areal recharge due to
precipitation and snowmelt, and recharge from and discharge to the Dolores River.

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

distribution, effective porosity, aquifer bulk density, distribution coefficient (X)), and
dispersivity.
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2.6 Sources and Sinks

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

2.6.1 Sources

Multiple sources of recharge to the alluvial aquifer have been identified. These include recharge
from precipitation and snowmelt, from the upgradient alluvium of the Dolores River valley, and
from the Dolores River.

Historical meteorological data from the Uravan, Colorado, weather station (station number
058560) was used as a source of precipitation data for the Slick Rock site. Data collected from
this station are the most representative since this station is the closest to the site (approximately
26 miles northeast) and lies at approximately the same elevation. Data collected from 1960
through 2000 indicate there is on average 12.8 inches (0.0029 feet per day [fi/day]) of annual
precipitation in the Slick Rock area, with July through October being the wettest months.

The Thronthwaite Method (Thronthwaite 1957) was used to calculate the recharge potential for
the alluvial aquifer. This method takes into account the mean monthly air temperature, annual
precipitation, potential evaporation, and potential runoff to estimate the amount of precipitation
available for recharge to the aquifer. Of the 12.8 in/yr of precipitation, an estimated 1.99 to
2.79 in/yr is available for aquifer recharge. This translates into a net recharge flux of 0.00046 to
0.00064 ft/day.

2.6.2 Sinks

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

2.7 Conceptual Water Budget

A conceptual water budget was developed for the Slick Rock site to compare to the ground water
modeling results. This budget was designed for the alluvial aquifer only (layer 1 of the model),
which dictates over 90 percent of the ground water flow within the model.

There are four main components to the water budget for the Slick Rock site, two of which act as
sources (supplying water to the alluvial aquifer), and two that act as sinks (removing water from
the alluvium). The source components include alluvial aquifer recharge from precipitation and
the Dolores River. Sink components include ground water discharge from the alluvium into the
Dolores River, and ground water flow through the general head boundary established along the
northern extent of the model. The extent of the alluvium is very limited near the southern edge of
the modeled area, and therefore is not considered to be a main source of flow into the model.
Each component is summarized in Table 1 and is discussed separately.

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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Table 1. Conceptual Water Budget for the Slick Rock Ground Water Model

Flux Range Inflow Range Outflow Range
Flow (ft/day) Area (ft’/day) (ft*/day)
Description Component Min  Max () Min Max Min Max
Recharge from
Precipitation Inflow 0.00045 0.00064 7,758,750 3,491 4,966 0 0
Recharge from River Inflow 0.34 0.77 275,100 93,534 211,827 0 0
Discharge from River Outflow 0.34 0.77 275,100 0 0 93,5634 211,827
Northern Boundary Outfiow 0.34 0.77 6,600 0 0 2,244 5,108
Total 97,025 216,793 95,778 216,935

2.7.1 Recharge from Precipitation

As presented in Section 2.6.1 of this Appendix, based on the Thronthwaite Method there is
between 1.99 and 2.79 in/yr of precipitation available for recharging the alluvium. This estimate
represents a net precipitation, with evapotranspiration taken into account. This range translates
into a flux of 0.00045 to 0.00064 ft/day. Applying this flux to the area of active cells within
layer 1 (7,758,750 ft%), the amount of recharge is estimated to range from 3,491 to 4,966 ft*/day.

2.7.2 Recharge to the Alluvium from the Dolores River

The influx of water entering the alluvium from the Dolores River was estimated using the Darcy
equation of Q=KIA, where Q is the total flow (f*/day), K is the hydraulic conductivity (ft/day),
I is the hydraulic gradient (unitless), and A is the area perpendicular to the flow (f).

For the purposes of this water budget, a hydraulic conductivity range of 80 to 180 ft/day was
assumed. Using the average alluvial aquifer gradient of 0.0043, the flux ranges from 0.34 to
0.77 ft/day.

Throughout the Dolores River valley, the river acts as both a source and a sink for the alluvial
aquifer. A total of 2,752 cells are contained in the river package. The recharge and discharge is
associated only with the cells that are adjacent to the alluvium. It is assumed that one-third of
these river cells do not influence the flow into and out of the river. As a result, of the total
2,752 cells it is assumed that 917 cells control recharge to the river and the remaining 917 cells
control the discharge. Applying an average saturated thickness of 12 ft to these cells, along with
a cell width of 25 i, the cross-sectional area becomes 275,100 2.

Applying the flux range to the area of cells associated with water movement from the river into
the aquifer, the total amount of recharge ranges from 93,534 to 211,827 ft*/day.

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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2.7.3 Discharge from the Alluvium to the Dolores River

A similar approach was taken to estimate this flow component as described above. The same
assumptions and input values were used, and there is an estimated 93,534 to 211,827 ft*/day that
flows from the alluvium into the Dolores River.

2.7.4 Groundwater Flow through the Model Northern Boundary

Again applying the Darcy equation to the northern boundary, the volume of water leaving the
system downgradient of the modeled area can be estimated. Assuming the same hydraulic
conductivity range of 80 to 180 fi/day, and applying the same groundwater gradient, the flux
ranges from 0.34 to 0.77 ft/day. Along the northern boundary there are 22 cells, with a width of
25 ft and an average saturated thickness of 12 fi. Applying this flux range to a cross-sectional
area of 6,660 ft, the total flow leaving the modeled area ranges from 2,244 to 5,108 ft*/day.

As shown in Table 1, based on these assumptions and parameter estimations the total amount of
flow into the alluvial aquifer system is expected to range between 97, 025 and 216,793 ft*/day.
The total flow leaving the alluvial aquifer system is expected to range from 95,778 and

216,935 ft*/day.

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 U.S. Geological Survey (USGS) was selected as the
flow code for this project. MT3DMS (Zheng and Wang 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 MT3DMS need only use those modules that simulate the stresses placed
upon the flow and transport systems. This version of MT3DMS contains a new transport solver
that is very efficient and makes multiple long simulation runs feasible.

GWVistas (Environmental Simulations, Inc. 1997), a Windows-driven, graphical, pre- and post-
processor for MODFLOW and MT3DMS is used in conjunction with the site model to facilitate
data entry, data-file modification, program execution, and analysis of modeling results.

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.

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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4.0 Steady State Flow Model
4.1 Model Grid and Model Boundary Conditions

Because the Dolores River changes its course through the portion of the river valley containing
the sites, the model grid was not rotated. The x-axis of the model is oriented in the east/west
direction. A 25 ft by 25 ft orthogonal grid, consisting of 260 rows and 320 columns, was
designed to encompass the sites and an extensive area surrounding the sites. The western and
eastern boundaries of the model were arbitrarily set such that this boundary does not influence
the modeling results.

The northern boundary is set approximately 3,000 ft north of the UC site. Setting the boundary at
this location accomplished two things: (1) the boundary is far enough away from the UC site
such that any condition assigned to this boundary would not impact the area of the UC site, and
(2) the boundary is only approximately 1,300 fi north of well 0685, therefore, some data are
available from a nearby source to assist with calibrating the model. For the southern boundary,
which is set 3,000 ft south of the NC site, the same is true. The boundary was set far enough
away from the site to not influence the modeling results, and is located between the two
background wells and the NC site. (Figure 3 shows the model extent of layer 1 [the gray area
represents inactive cells]. Layers 2, 3, and 4 cover the same area as layer 1, with all cells within
the area active).

Figure 3. Extent of Ground Water Mode/

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
September 2001 Page H-8

CO%




Document Number U0137000 Appendix H

This model is divided into four layers, with layer 1 representing the alluvial material and
layers 2, 3, and 4 representing the bedrock unit underlying the alluvium. In the model layer 1
ranges from 10 to 21 ft thick. As previously discussed, the Morrison and Summerville
Formations underlie the NC alluvium, while the Entrada Sandstone underlies the UC alluvium.
Each of these bedrock units dip approximately 6° to the northeast.

In the vicinity of the UC Site, the Entrada Sandstone is approximately 50 ft thick. The model was
set up to have Layers 2 and 3 each set to a thickness of 12.5 ft, while Layer 4 was set to 25 f
thick, for a total of 50 ft. Due to the dip of the beds, the thickness of these 3 layers increases
towards the east; however, the model was established to have a total bedrock thickness of 50 ft in
the vicinity of the UC Site, as was measured during the field investigation.

For modeling purposes, the model contains a single bedrock unit underlying both the NC and
UC sites that was assigned the hydraulic properties of the Entrada Sandstone. This is considered
to be a conservative approach, since the Entrada Sandstone is typically more conductive than the
other two formations.

The bedrock unit is split into three layers for contaminant transport modeling purposes, with
contaminant initial concentrations assigned to layer 2 and layers 3 and 4 assigned background
concentrations. As a result only the upper-most zone of the bedrock contains contamination,
which is consistent with the actual field conditions. If the bedrock unit was not spilt into these
different layers, then the model would have assigned the contaminant initial concentrations to the
entire bedrock thickness.

The Dolores River, flowing generally north and located adjacent to the two sites, is represented
in the model using the river package. River stage elevations for the steady state deterministic and
steady state stochastic models are based on data collected from USGS Gaging Station
#09168730, located along the Dolores River just upstream of the UC site (Figure 4). During the
field investigation seven river elevation measuring points (0342 through 0348) were established
along the Dolores between the Highway 141 bridge and just downstream of the UC site

(Figure 4). River elevations were measured at various times during the year, and compared to the
rating curve created for the USGS gaging station.

Table 2 provides the data collected from locations 0342 through 0348 during various times of the
year, and the associated gradient established between each location. The statistical model river
flow from September 1999 to June 2001 (which represents the most complete data set) is

50 cubic feet per second (cfs). On October 20, 2000, river elevations were measured at the seven
locations at which time the Dolores River flow was at 48 cfs. As a result, the model cells
containing the river were assigned stage elevations equivalent to those measured on

October 20, 2000, since the flow at this time is closest to that which is most commonly
encountered.

The River Package also requires input for river bottom elevation, thickness of the riverbed, and
conductivity of the riverbed material. Based on field observations, the Dolores River adjacent to
the UC and NC sites is on average 1 to 2 ft deep. As a result, the river bottom elevation is set
1.6 ft below the stage elevation for each river cell. The riverbed material was assumed to be 1 ft
thick, and is assigned a conductivity of 12.1 fi/day, which is comparable to the assumed vertical
hydraulic conductivity of the alluvial material.

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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Table 2. Dolores River Stage Elevation Data

Dolores River Stage Elevation (ft MSL)
Date 9/13/00  10/20/00  3/27/01 4/10/01

L.ocation
0342 545405 545406 545490 5,454.71
0343 dry dry 5,441.70 5,441.65

0344 5436.78 5436.76 5437.26 5,437.12
0345 542745 542747 542785 542776
0346 542487 542489 542559 542549
0347 542312 5423.11 542378 542367

0348 542114 5421.40 NA NA
flow (cfs) 40 48 141 108
stage (ft) 412 4.16 4.54 4.43

Dolores River Hydraulic Gradient

FROM TO 9/13/00  10/20/00  3/27/01  4/10/01 avg
0342 0343 na na 0.0024 0.0024 0.0024
0343 0344 na na 0.0032 0.0032 0.0032
0344 0345 0.0016 0.0016 0.0017 0.0016 0.0016
0345 0346 0.0013 0.0013 0.0012 0.0012 0.0012
0346 0347 0.0023 0.0024 0.0024 0.0024 0.0024
0347 0348 0.0019 0.0016 na na 0.0018

4.2 Hydraulic Parameters

Aquifer tests were completed at three different locations (one location on the NC site, another
location on the UC site, and a third downgradient of the UC site) to determine the

hydraulic parameters of the alluvial aquifer. Tests were performed in September 2000 and
February 2001. Analysis of these data indicated that the horizontal hydraulic conductivity (Ky)
ranged from 13 to over 300 ft/day, with a geometric mean of 121 fi/day. A sensitivity analysis
showed that a conductivity of 121 ft/day provided the best fit for the model (Section 4.6). As a
result, 121 ft/day was used for the steady state calibrated model, with the horizontal conductivity
equal to the transverse conductivity (Ky). The vertical conductivity (K,) was set at 12.1 ft/day, or
10% of the horizontal conductivity.

4.3 Boundary Conditions

In layer 1 of the model, no-flow cells are assigned to areas beyond the extent of the alluvium
(Figure 3). At the northern (downgradient) end of the active cells, a general head boundary
(GHB) is present. This type of boundary is set at this location in order to reduce the impact of the
extent of the model grid on the modeling results. A ground water elevation is assigned to the
GHB which represents the elevation that would be encountered 1,500 ft north of the grid. This
elevation is based on the ground water gradient measured north of the UC site, in the area
between wells 0684 and 0685.

Layer 1 also includes the river package cells in areas where the river flows through the top layer
(Figure 3 and Section 4.1).

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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4.4 Calibration Objectives and Results

Prior to beginning model calibration, it is important to decide upon the acceptance criteria for the
calibration process. The acceptance criteria chosen for this project are:

1)  The model must be able to simulate the general flow directions observed at the site.
Simulated steady state ground water elevations are presented in Figure 5. The ground water
flow direction based on these elevations is similar to that which is based on Figure 2.

Figure 5. Simulated Alluvial Aquifer Ground Water Surface Contour Map

2)  The numerical model should not have any inherent bias. In other words, because 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 6 displays the observed hydraulic heads versus residuals for the steady
state model. The plot shows there is a negative bias, in other words, the model
overestimates the water levels compared to the measured water levels.

3)  Twenty-one calibration targets are located in layer 1 (Figure 7) and two targets in layer 2
(Figure 8) of the steady state model. The target values are based on historical average
water level data. Wells 0508 and 0510 (installed in 1982), and wells 0684 and 0685
(installed in 1986) were installed prior to the 2000 field investigation, and as a result the
average water level for these locations was based on a larger database. The remaining
targets, all part of the 300 series of wells, were installed in August or September 2000 and
the average water level was based on the available data since installation. Several flow
model calibration objectives were set prior to calibrating the model. The objectives and the
calibrated model results for the steady state are shown in Table 3. Although some of the
criteria are not met (residual mean, sum of squares, and minimum residual), they are not

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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exceeded by a significant amount. The target residual values are shown on Figures 9 and
10 for the layer 1 and layer 2 targets, respectively. A negative residual value indicates the
simulated head is greater than the observed head.

4)  The mass balance error must be less than 1 percent. The mass balance error for the steady
state model is 0.022 percent.

Observed vs. Residual Heads

= 3.0
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o
3 20+
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€ 30"
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Observed Head

Figure 6. Comparison of Residual versus Observed Head

Figure 7. Layer 1 Targets
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Figure 8. Layer 2 Targets

Table 3. Calibration Objectives and Resuits

Residual Absolute Sum of Minimum Maximum Standard
Mean |Residual Mean| Squares | Residual Residual Deviation/Range
(ft) (ft) (ft") (ft) (ft) (%)
Objective 0 <1, < 20. >-20 <20 <50
Actual -0.625 0.709 20.81 -2.786 0.839 3.063
DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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Figure 10. Layer 2 Target Residual Values
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! 4.5 Calibration and Residual Analysis
The steady state calibrated model results and the residual at each target are shown in Table 4.
I A plot of predicted (computed) hydraulic head versus observed hydraulic head would fall on a
straight line for a calibrated model. Figure 11 demonstrates that the model accurately predicts
field measurements.
l Table 4. Calibration Target Residuals
| Well Model Layer | Observed Head (ft MSL) | Computed Head (ft MSL) Residual (ft)
0317 2 5,424 .54 5,425.31 -0.77
0324 2 5,423.37 5,423.67 -0.30
l 0313 1 542514 5,426.24 -1.10
0315 1 5,424.39 5,425.20 -0.81
0318 1 5,424.03 5,424 .60 -0.57
I 0319 1 5,422 14 5,422.28 -0.14
0320 1 5,422.01 5,421.87 0.14
0508 1 5,424 .41 5,423.57 0.84
0510 1 5,422.55 5,422 92 -0.37
' 0684 1 5417.53 5,420.32 -2.79
0685 1 5,415.38 5,417.09 -1.71
0310 1 5,433.56 543417 -0.61
' 0312 1 5,433.32 5,434.21 -0.89
0328 1 5,431.85 5,432.59 -0.74
0329 1 5,430.45 5,431.19 -0.74
' 0330 1 5,428.67 5,430.07 -1.40
0331 1 5,427.05 5,428.40 -1.35
0302 1 5,438.8 5,439.27 -0.47
l 0303 1 5,437.48 5,437 .67 -0.19
0304 1 5,436.54 5,436.66 -0.12
0305 1 - 5436.84 5,436.89 -0.05
I 0309 1 5,435.03 5,435.15 -0.12
0327 1 5,436.13 5,436.23 -0.10
Observed vs. Computed Heads
I 5440 -
5435 -
- -
l g 5430 5
'3 ]
I ?g 5425 .{,' = Layer 1
S 4 e Layer 2
5420 +—=
o
5415
l 5415 5420 5425 5430 5435 5440
Observed Head
I Figure 11. Comparison of Computed Head versus Observed Head
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4.6 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 results. Highly sensitive parameters can be treated as
uncertain for stochastic simulations. GWVistas contains an auto sensitivity package which
allows the user to run the flow model using up to eight different values for the one parameter to
be tested, and compares the residual sum of squares result from each run. Generally only five of
the maximum eight variations of the parameter are necessary in order to determine if the
parameter is sensitive. The flow parameters selected for the sensitivity analysis are horizontal
hydraulic conductivity of layers 1 and 2, vertical hydraulic conductivity of layers 1 and 2,
recharge, river conductance, GHB conductance, and river stage. Table 5 presents the values
assigned to each flow parameter for the sensitivity analysis.

Table 5. Values Used for the Flow Model Sensitivity Analysis

Parameter (units) Flow Parameter Values
Kx, Layer 1 (ft/d) 60.5 g0.8 121 151.3 181.5
Kz, Layer 1 (ft/d) 6.05 9.08 12.1 15.1 18.1
Kx, Layer 2 (ft/d) 0.5 0.75 1.0 1.25 1.5
Kz, Layer 2 (ft/d) 0.05 0.075 0.1 0.125 0.15
Recharge (ft/d) 0.00028 | 0.000041 | 0.00055 | 0.00069 | 0.00083
River Conductance (ft’/d) 6.1 9.1 12.1 15.1 18.2
GHB Conductance (f*/d) 60.5 90.8 121 151.3 181.5
Change in River Stage (it) -0.6 -0.3 0 0.3 0.6

The criterion used for the sensitivity analysis for these flow parameters is the residual sum of
squares, (i.e., the difference between the computed head and observed head at the 23 target
wells). The results of the sensitivity analysis for these eight parameters are shown in Figures 12
through 19. Visually, this qualitative (subjective) analysis indicates that the model is only
sensitive to changes in the river stage.

Kx Sensitivity Analysis, Layer 1
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Figure 12. Layer 1 Horizontal Hydraulic Conductivity Sensitivity Analysis Results
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Kz Sensitivity Analysis, Layer 1
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Figure 13. Layer 1 Vertical Hydraufic Conductivity Sensitivity Analysis Results

Kx Sensitivity Analysis, Layer 2
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Figure 14. Layer 2 Horizontal Hydraulic Conductivity Sensitivity Analysis Results

Kz Sensitivity Analysis, Layer 2
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Figure 15. Layer 2 Vertical Hydraulic Conductivity Sensitivity Analysis Results
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Recharge Sensitivity Analysis
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Figure 16. Recharge Sensitivity Analysis Results

River Conductance Sensitivity Analysis
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Figure 17. River Conductance Sensitivity Analysis Results

GHB Conductance Sensitivity Analysis
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Figure 18. General Head Boundary Conductance Sensitivity Analysis Results
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River Stage Sensitivity Analysis
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Figure 19. River Stage Sensitivity Analysis Results

As an additional quantitative (objective) check, the coefficient of variation (CV) of the residual
sum of squares was calculated for each of these parameters. The CV is defined as the standard
deviation () divided by the mean (x). Parameters resulting in a CV greater than 1 percent
between the predicted residual sum of squares for each parameter value are 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 6.
Based on these criteria, the model is sensitive to horizontal conductivity of layer 2, recharge,
GHB conductance, and the Dolores River stage.

Table 6. Flow Parameter Coefficient of Variation Analysis

Standard Adjusted | Coefficient
Flow Parameter Mean Deviation Star_ida_ird pf )
Deviation Variation
Horizontal Hydraulic Conductivity, Layer 1 20.90 0.1219 0.1294 0.0062
Vertical Hydraulic Conductivity, Layer 1 20.81 0 0 0
Horizontal Hydraulic Conductivity, Layer 2 21.32 0.2305 0.2446 0.0115
Vertical Hydraulic Conductivity, Layer 2 20.85 0.1448 0.1536 0.0074
Recharge 21.3 0.3953 0.4194 0.0197
River Stage 24.84 13.83 14.67 0.591
GHB Conductance 20.91 0.5357 0.5684 0.0272
River Conductance 20.79 0.0476 0.0506 0.0024

In addition to running a sensitivity analysis for the river conductance, small-scale sensitivity
analyses were completed for the width of the river cells, and river bottom thickness. As
discussed in Section 4.1, the grid for the model is set at 25 ft by 25 fi. Applying the base map
which contained the location of the Dolores River to locate the river over the grid, it was
apparent that in many instances the river did not fill the entire cell (i.e., the cell only contained a
portion of the river). For cells in which the river occupied greater than 50 percent of the cell, the
entire cell was designated as part of the river package. Likewise, cells where the river occupied
less than 50 percent of the cell were not assigned river package parameters. In order to determine
if the cell width for these cells needed to be adjusted, a sensitivity analysis was performed where

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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the cell width was reduced by 50 percent. The model was re-run with the adjustment, and the
results did not significantly vary from the unaltered model, suggesting the model is not sensitive
to this parameter.

The same was true for the riverbed thickness. Different values were input for this parameter, and
the results indicate the parameter is not sensitive.

Despite the fact that the sensitivity analysis indicates the model would be better calibrated with a
the Dolores River stage reduced by at least 0.6 ft, this change was not made to the model. Field
observations noted the river was 1 to 2 ft deep, and making this change based on the model
calibration results would produce a less representative conceptual model. As a result, the river
depth remained at 1.6 fi.

5.0 Steady State Contaminant Transport Model
5.1 Transport Parameters

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

Initial contaminant concentration plumes were developed in Surfer® for the alluvial zone
(layer 1) and the top upper-most bedrock zone (layer 2) using February/March 2001 data.

Layers 3 and 4 are assumed to have not been impacted by the site activity; therefore, only

background concentrations are assigned to these layers.

Each set of data were kriged in Surfer® and interpolated to approximately a 12.5 ft grid spacing,
or one-half of the model grid size. This surface was then interpolated to all active model grid cell
centers and imported as the initial concentration plume into the appropriate layer. The plots
presented in Figures 20 through 29 show the initial concentration plumes for model layers 1 and
2 for nitrate, manganese, molybdenum, selenium, and uranium, respectively.

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
for large sites. The primary (or longitudinal) flow direction for this site is to the north, with a
slight trend to the northwest. The flow direction generated from the MODFLOW model dictate
the longitudinal and transverse dispersivity directions. Values of 100, 10, and 1 ft have been
assigned to longitudinal, transverse, and vertical dispersivity for layer 1 of the model,
respectively. Values of 20, 2, and 0.2 have been assigned to longitudinal, transverse, and vertical
dispersivity for layers 2, 3, and 4, respectively. Commonly a value of 10 percent of the length of
the plume path is used for longitudinal dispersivity. With a maximum flow path length of
approximately 1,500 fi, this dispersivity value is ~7 percent of the length and considered a
conservative estimate.
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Nitrate Init Conc (mg/L)
Zone Value
8688 2612
8061 1378
7441 8042
6821 4243
6201 2176
5581 1180
4961 T1.13
4341 45,49
312 2931
3101 19.13
2481 11.18
1861 6.204
1241 3012
621 1.439
1 0.679
Figure 20. Layer 1 Nitrate Initial Concentration
Nitrate Init Cong (mg/L)
Zone Value
BO8E e 2612
#061 1378
7441 804.2
6821 4243
6201 2176
5581 118.0
4961 71.13
4341 45,49
3721 2931
3101 19.13
2481 11.18
1861 6.204
1241 3.012
621 1.439
1 0.679

Figure 21. Layer 2 Nitrate Initial Concentration
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! Mn Init Cone (mg/L)
Zone Value
5215 8.962
4837 5.986
4465 4,606
4093 3.451
3721 2437
3349 1,726

' 2077 0.189
2605 0.136
2233 9.3280.002
1861 5.305¢-002

l 1489 3.417e-002
1117 2.289¢-002
745 1.317e-002
373 6.571e-003

' 1 2.800e-003

l Figure 22. Layer 1 Manganese Initial Concentration

l Mn Init Cone (mg/L)
Zone Value
5215 8.962

l 4837 5.986
4465 4,606
4093 3451
3721 2437

l 3349 1.726
2977 0.189
2605 0.136
2233 9.328¢-002

l 1861 5.305¢-002
1489 3.417e-002
1117 2.289-002
745 1.317¢-002
373 6.571-003
1 2.8000-003

I Figure 23. Layer 2 Manganese Initial Concentration
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! Moly Init Cone (mg/L)
Zone Value
8744 1.249
8113 0.593
I T489 0.193
6865 9.846e-002
6241 5.232¢-002
5617 3.279%-002
I 4993 2.375e-002
4369 1.700e-002
3745 1.32%e-002
3121 1.092e-002
' 2497 8.903e-003
1873 7.392e-003
1249 5.720e-003
625 3 879003
l 1 9 800e-004
l Figure 24. Layer 1 Molybdenum Initial Concentration
I Moly Init Cone (mg/L)
Zone Value
8744 1.249
' 8113 0.593
7489 0.193
6865 9.346e-002
6241 5232002
l 5617 3.27%-002
4993 2.375e-002
4369 1,700e-002
3745 1.329e-002
3121 1.092e-002
l 2497 8.903e-003
1873 7.392e-003
1249 5. 7200003
625 3.879e-003
1 9.800e-004
l Figure 25. Layer 2 Molybdenum Initial Concentration
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! e Init Cone (mg/L)
Zone Value
4148 1.918
3849 0.819
3553 0.228
3257 2.374e-002
2961 1.339¢-002
2665 8.857¢-003
. 2369 5.3766-003
2073 3.460e-003
1777 2.545¢-003
1481 2.007e-003
I 1185 1.734e-003
889 1.411-003
593 1.130e-003
297 8.415e-004
l 1 3.000e-004
' Figure 26. Layer 1 Selenium Initial Concentration
l Se Init Cone (mg/L)
Zone Value
4148 1912
l 3849 0.819
3553 0.228
3257 2.374e-002
2961 1.339¢-002
. 2665 8.857e-003
2369 5.376e-003
2073 3.460e-003
1777 2.545¢-003
l 1481 2.007e-003
1185 1.734e-003
839 1.411e-003
593 1.130-003
297 8.415¢-004
1 3.000e-004
l Figure 27. Layer 2 Selenium Initial Concentration
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! Uranium Tnit Cone (mg/L)
Zone Value
13095 1.284
12156 0214
11221 7.504¢-002
10286 5.722¢-002
9351 4319¢-002
8416 3331002
' 7481 2.965¢-002
6546 2.509¢-002
5611 2.074¢-002
4676 1.676e-002
l 3741 1.324e-002
2806 1.095¢-002
1871 $.397¢-003
936 3.854¢-003
l 1 2.870e-003
| Figure 28. Layer 1 Uranium Initial Concentration
l Uranium Init Conc (mg/L)
Zone Value
13095 1.284
l 12156 0214
11221 7.504¢-002
10286 5.722e-002
9351 43192002
. 8416 3.331e-002
7481 2.965¢-002
6546 2.509¢-002
5611 2.074e-002
l 4676 1.676e-002
3741 1.324-002
2806 1.095¢-002
1871 8.397e-003
l 936 3.854¢-003
1 2.870e-003
' : Figure 29. Layer 2 Uranium Initial Concentration
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The effective porosity was set to 25 percent for the alluvium, and 15 percent for the bedrock
layers. Bulk density was set at 1.55 grams per cubic centimeter (g/cc) for all layers of the model.

The K, will have the greatest impact on the amount of time required for natural flushing to
reduce the contamination level below the required standard. X values were not directly
measured for the bedrock material underlying the alluvium. Based on the lithology of these
bedrock units, the K; values will be less than the values measured in the alluvium. In order to
take a conservative approach, K; values assigned to the alluvium were also assigned to the upper
most bedrock unit (layer 2) in the model. The average K value and range for each of the
contaminants are shown in Table 7.

Table 7. Contaminant Ky Values

Contaminant K, (Average value / Range) Source
Nitrate 0/NA Baes and Sharp 1983
Manganese 5/0.210 10,000 Baes and Sharp 1983
Molybdenum 0.26/0.08 to 0.38 ESL Report (DOE 2001)
Selenium 7.0/35108.1 ESL Report (DOE 2001)
Uranium 0.5/0.16 t0 0.87 ESL Report (DOE 2001)

5.2 Transport Calibration and Parameter Sensitivity Analysis

The calibration of the transport model and sensitivity analysis of the transport parameters is not
as straight forward as for the flow model and flow parameters. The calibration and sensitivity
analysis for the flow model is based on the residual sum of squares of observed head minus
computed head. Similarly, the calibration and sensitivity analysis for the transport model could
be based on the residual sum of squares of observed concentration minus computed
concentration.

Preliminary modeling results indicated selenium was the contaminant that took the longest time
to flush from the alluvial aquifer. As a result, the sensitivity analysis for the transport modeling
parameters was completed using selenium as the contaminant. The transport parameters selected
for sensitivity analysis are porosity, bulk density, K longitudinal dispersivity, transverse
dispersivity, and vertical dispersivity. These parameters are associated with layer 1 only since the
high contaminant concentrations are contained within this layer. For the sensitivity analysis, the
transport parameters were simulated at three different values that correspond to the lowest
expected value, the most likely value, and the highest expected value. When completing the
sensitivity analysis for longitudinal dispersivity, the transverse and vertical dispersivity values
were also changed the same percentage. However, when the analyses were completed for the
transverse dispersivity and vertical dispersivity, only those values were changed while the
remaining parameters retained their original value. In this manner, the sensitivity of the
individual parameter could be evaluated.
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Parameter values for the sensitivity analyses are contained in Table 8.
Table 8. Sensitivity Parameter Values
Parameter Lowest Expected Most Likely Highest Expected
Porosity 0.15 0.25 0.35
Bulk Density (g/cc) 1.24 1.55 1.86
Ky (mL/g) 35 7 8.7
Long. Disp. (ft)
(long/transv/vert)a 50/5/05 100/ 10/1 200/20/2
Trans. Disp. (ft)
(Iong/transvlvert)a 100/5/1 100/10/1 100/20/1
Vert. Disp. (ft)
(long / transv / vert)® 100/10/0.5 100/10/1 100/10/2

long / transv / vert represents longitudinal, transverse, and vertical dispersivity estimates, respectively

A quantitative procedure similar to the one described for flow model parameters (Section 4.6)
was also used to determine if the parameter tested is sensitive. As a result, the coefficient of
variation (CV) of the difference in predicted selenium concentration at each selected time
interval (5, 25, 50, 70, 100 years) was calculated. Any parameter resulting in a CV greater than
15 percent between the predicted selenium concentration at any time interval is considered
sensitive and will be treated as stochastic.

The results (Table 9) indicate that the transport model is not sensitive to porosity, bulk density,
transverse dispersivity, or vertical dispersivity. However, the transport model is highly sensitive
to the K, and longitudinal dispersivity.

Table 9. Transport Parameter Coefficient of Variation Analysis

Porosity
YEAR MEAN STDEV ADJ STDEV cv
5 1.3485 0.0003 0.00034 0.00025
25 1.2478 0.0021 0.00237 0.0019
50 1.04087 0.00205 0.00231 0.00222
70 0.94082 0.00197 0.00222 0.00236
100 0.84112 0.00341 0.00385 0.00457
Bulk Density
YEAR MEAN STDEV ADJ STDEV cv
5 1.34467 0.00871 0.00982 0.0073
25 1.23487 0.04832 0.0545 0.04413
50 1.03127 0.04621 0.05212 0.05054
70 0.94241 0.05682 0.06409 0.06801
100 0.83152 0.07139 0.08053 0.09684
DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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Table 9 (continued). Transport Parameter Coefficient of Variation Analysis

YEAR
5
25
50
70
100

Longitudinal Dispersivity
YEAR
5
25
50
70
100

Transverse Dispersivity
YEAR
5
25
50
70
100

Vertical Dispersivity
YEAR

25
50
70
100

5.3 Predictive Results for Contaminants

MEAN
1.34353
1.1904
0.98883
0.88815
0.76325

MEAN
1.35667
1.25643
1.08733
0.95505
0.82375

MEAN
1.3462
1.24287
1.03793
0.94118
0.83838

MEAN
1.34553
1.23577
1.03887
0.85361
0.84268

STDEV
0.01623
0.12685
0.12204
0.15507
0.19476

STDEV
0.12505
0.28055
0.34004
0.32648
0.34268

STDEV
0.01172
0.02477
0.01655
0.01375
0.01638

STDEV
0.09319
0.13804
0.07187
0.06308
0.04687

‘ADJ STDEV
0.01831
0.14308
0.13766
0.17492
0.21969

ADJ STDEV
0.14106
0.31646
0.38356
0.36827
0.38654

ADJ STDEV
0.01322
0.02794
0.01867
0.01551
0.01847

ADJ STDEV
0.10511
0.15571
0.08107
0.07115
0.05287

cv
0.01363
0.1202
0.13921
0.19694
0.28783

cv
0.10397
0.25187
0.35275
0.38561
0.46925

cv
0.00982
0.02248
0.01799
0.01648
0.02203

cv
0.07812
0.12601
0.07804
0.07461
0.06274

A contaminant transport model using MT3DMS, based on the calibrated steady state flow
model, was used for predictive simulations. Simulation results throughout this report are listed
for layer 1 because the highest contaminant concentrations are contained within this layer.
Simulation results were extracted for selected times up to 100 years into the future. These results
are included in Table 10 for the five modeled contaminants. Each is discussed separately.
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Table 10. Predicted Steady State Maximum Concentrations for Nitrate, Manganese, Molybdenum,

Standard (mg/L)
Source

Max Conc @ 5 yrs
Max Conc @ 10 yrs
Max Conc @ 15 yrs
Max Conc @ 25 yrs
Max Conc @ 50 yrs
Max Conc @ 60 yrs
Max Conc @ 70 yrs
Max Conc @ 80 yrs
Max Conc @ 90 yrs
Max Conc @ 100 yrs

5.3.1  Nitrate

Selenium, and Uranium (mg/L)

Modeled Contaminant

Nitrate Manganese Molybdenum Selenium Uranium
44 3.5 0.1 0.18 0.044
UMTRA  Background UMTRA Risk-Based UMTRA
832.8 5.82 0.750 1.22 0.435
412.3 5.50 0.526 0.909 0.171
2449 547 0.369 0.715 0.126
151.6 5.11 0.207 0.505 0.065
67.8 3.60 0.097 0.274 0.035
425 3.03 na 0.225 na
na na na 0.211 na
na na na 0.197 na
na na na 0.181 na
na na na 0.166 na

Figures 30, 31, and 32 present the nitrate concentration distribution after 5, 15, and 25 years. As
indicated by Table 10, the nitrate maximum concentration falls below the UMTRA Project
standard of 44 mg/L between 50 and 60 years. Figure 32 shows that very limited cells containing
nitrate concentrations above the standard remain after 25 years.

Nitrate Conc (m,
ate (mg/L)

Figure 30. Predicted Steady State Nitrate Concentration at 5 Years
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53.2  Manganese

As shown in Table 10, the maximum manganese concentration falls below the maximum
observed background concentration of 3.5 mg/L after 50 years. Figures 33 and 34 present the
manganese distribution after 5 and 15 years, respectively.

Figure 33. Predicted Steady State Manganese Concentration at 5 Years
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Figure 34. Predicted Steady State Manganese Concentration at 15 Years
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53.3  Molybdenum

The results presented in Table 10 indicate the molybdenum concentration falls below the
UMTRA Project standard of 0.1 mg/L prior to 50 years of natural flushing. Figures 35, 36, and
37 present the molybdenum distribution after 5, 10 and 15 years, respectively.

Figure 35. Predicted Steady State Molybdenum Concentration at 5 Years
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534  Selenium

Figures 38, 39, and 40 present the selenium concentration distribution after 5, 50, and 70 years.
After 100 years, the model predicts the maximum concentration will be 0.166 mg/L.

While these plots give a general aerial view of the remaining contamination area, they do not
provide a clear picture of the contaminant decrease with time. The plots in Figures 41 through 43
show the decrease in concentration versus time for monitor well locations 0318, 0508, and 0320,
respectively. As Figure 43 shows, well 0320, which is located just downgradient from the ground
water plume, is not adversely impacted.

Figure 38. Predicted Steady State Selenium Concentration at 5 Years
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Figure 41. Selenium Concentration versus Time for Well 0318
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Figure 42. Selenium Concentration versus Time for Well 0508
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Figure 43. Selenium Concentration versus Time for Well 0320
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5.3.5  Uranium

Predicted uranium concentrations above the UMTRA Project standard of 0.044 mg/L at 5 and
15 years into the future are presented in Figures 44 and 45, respectively. After 25 years, the
maximum concentration is just above the standard at 0.065 mg/L, and is limited to only three

cells. This model predicts that prior to 50 years the maximum uranium concentration present
will be below the 0.044 mg/L standard.

Figure 44. Predicted Steady State Uranium Concentration at 5 Years
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Figure 45. Predicted Steady State Uranium Concentration at 15 Years

6.0 Stochastic Simulations

6.1 Stochastic Parameters

The flow and transport parameters that are treated as uncertain parameters are shown in

Table 11. The distribution type and distribution parameters assigned to each of the stochastic
parameters are specified. Even though the flow model is not sensitive to horizontal hydraulic
conductivity (Section 4.6), it was treated as stochastic because the estimated geometric mean of
the hydraulic conductivity was obtained from a data set having a wide range of data. Likewise,

even though the transport model is not sensitive to porosity, it was treated as stochastic because
the value used for the model input was obtained from the literature.

Table 11. Stochastic Flow and Transport Parameters

Parameter Distribution
Type Minimum Maximum
Kx, Layer 1 Uniform 16 200
Kx, Layer 2 Uniform 0.2 2
Longitudinal Dispersivity, Layer 1 Uniform 50 200
Longitudinal Dispersivity, Layer 2 Uniform 10 40
Kq for Selenium (mL/g) Triangular 3.5 8.7
Recharge (ft/day) Triangular 0.00046 0.00064
Porosity, Layer 1 Uniform 0.15 0.35
Porosity, Layer 2 Uniform 0.1 0.3
DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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Stochastic MT3DMS links the longitudinal, transverse, and vertical dispersivity parameters by
reducing all three by a single factor while completing the simulations. As a result, because the
longitudinal dispersivity is one of the stochastic parameters, the transverse and vertical
dispersivity will also be treated as stochastic.

Non-stochastic flow and transport parameters are shown in Table 12.

Table 12. Non-Stochastic Flow and Transport Parameters

Parameter Value
Ky / Kz, Layer 1 (ft/day) 1217121
Ky / Kz, Layer 2 (ft/day) 1.0/0.1
GHB Conductance (f’/day) 121
Riverbed Conductance (ftzlday) 12.1
Bulk Density (g/mL) 1.55
Initial Se Concentration (mg/L) Feb/Mar 2001 data

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 46 indicates
that the cumulative average residual sum of squares becomes relatively stable at approximately
21.3 fi* after 50 realizations. Therefore, 100 realizations should be adequate to account for the
uncertainty in the stochastic parameters.

Cumulative Average Residual Sum of Squares
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Figure 46. Cumulative Average Residual Sum of Squares versus Realization Number
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Another useful evaluation tool is to look at how the individual realizations compare to the
calibrated flow model results. The plot in Figure 47 shows the residual sum of squares for each
of the 100 realizations. About 12 percent of the realizations are below the calibrated model
residual sum of squares value of 20.8 ft>, which is plotted on the figure.

Residual Sum of Squares - 100 Realizations
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Figure 47. Residual Sum of Squares versus Realization Number

Figure 48 is a plot of the average or mean head field of the 100 realizations. A visual comparison
of Figure 48 with the steady state single realization results in Figure 5 shows that they are almost
identical.

Figure 48. Average Simulated Steady State Stochastic Ground Water Elevations
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6.2 Predictive Results for Selenium

Contaminant transport simulation results for selenium 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 100 computer simulations. Figures 26 and 27 show the initial
concentration plumes for the model layers 1 and 2, respectively. The initial concentration for
Jayers 3 and 4 was set to the background value of 0.0003 mg/L. Predicted selenium distribution
in the alluvial aquifer above the risk-based 0.18 mg/L ground water standard at 5, 10, 25, and
50 years into the future are presented in Figures 49 through 52, respectively. The maximum
average remaining concentration at 5, 10, 25, and 50 years is 0.937, 0.621, 0.326, and

0.194 mg/L, respectively. At 60 years, the concentration is predicted to be below the 0.18 mg/L
human health risk-based standard.

Comparing these concentrations to those generated from the deterministic model, the average
remaining concentration from the stochastic model results are lower. The reason for this
discrepancy is shown in Table 13, which provides the values used for the stochastic parameters
in the deterministic model and the mid-point stochastic values. As previously mentioned, these
parameters have a uniform distribution with the exception of K, and recharge, which have a
triangular distribution (Table 11). For the triangular distributed parameters, the mid-point
stochastic value will produce a faster clean-up time (i.e., a lower maximum concentration). Of
the uniform distributed parameters, the horizontal hydraulic conductivity of layer 2, recharge,
and dispersivity of layers 1 and 2 will result in a faster clean-up time. The horizontal hydraulic
conductivity of layer 1 and porosity of layer 2 will tend to generate a slower clean-up time.

Table 13. Comparison of Deterministic versus Mid-point Stochastic Parameter Values

Parameter (units) Deterministic Value Mld-ponctalsut:chastlc
Horizontal Hydraulic Conductivity (ft/day), Layer 1 121 108.2
Horizontal Hydraulic Conductivity (ft/day), Layer 2 1.0 1.1
Recharge (ft/day) 0.00046 0.000512
Dispersivity (longftransivert), Layer 1 (ft) 100/10/ 1 125/12.5/1.25
Dispersivity (long/transivert), Layer 2 (ft) 20/2/0.2 25/25/0.25
Selenium Ky (mL/g) 7.0 6.52
Porosity, Layer 1 0.25 : 0.25
Porosity, Layer 2 0.15 0.2
DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
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Figure 50. Predicted Stochastic Selenium Concentration at 10 Years

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
September 2001 Page H-44

C 2l




Document Number U0137000 Appendix H

Figure 52. Predicted Stochastic Selenium Concentration at 50 Years
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By varying the value of the uncertain or stochastic parameters during each of the

100 simulations, the variance associated with the mean predicted concentration was used to
calculate the probability that the mean selenium concentration will exceed the selenium standard.
Probability contour maps showing areas within the alluvial aquifer that exceed the selenium
ground water standard at 5, 10, 25, and 50 years into the future are illustrated in Figures 53
through 56, respectively. At 5 and 10 years there is 100 percent probability that the standard will
be exceeded over a sizeable area on and northeast of the UC site. At 50 years there is a

35 percent probability that the standard will be exceeded over a small area of the alluvial aquifer,
and at 100 years there is a 14 percent probability the selenium concentration will exceed

0.18 mg/L.

Figure 53. Probability of Selenium Concentration Exceeding the Standard at 5 Years
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Figure 55. Probability of Selenium Concentration Exceeding the Standard at 25 Years

DOE/Grand Junction Office Site Observational Work Plan for the Slick Rock Site
September 2001 Page H-47

C29




Document Number U0137000 Appendix H

J

Figure 56. Probability of Selenium Concentration Exceeding the Standard at 50 Years

7.0 Summary and Conclusions

A ground water flow and transport model was developed to evaluate if natural processes will
reduce site-related contaminant concentrations to regulatory levels in the alluvial aquifer within
100 years. Contaminants modeled during this investigation include nitrate, manganese,
molybdenum, selenium, and uranium. Two 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 appears to be an acceptable compliance strategy which results
in contaminant concentrations below applicable standards, risk-based standards, or background
concentrations after the 100 year time frame for nitrate, manganese, molybdenum, selenium, and
uranium.

7.1 Qualitative Analysis

Ground water flow patterns predicted by the steady state deterministic flow model (Figure 5) and
the steady state stochastic flow model (Figure 48) closely resemble the ground water gradient
measured in March 2001 (Figure 2). This visual analysis suggests that the calibrated flow model
adequately and accurately predicts the observed water level elevations.
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7.2 Quantitative Analysis

Data presented in Table 3 and Figures 6 and 11 indicate that the calibrated steady state flow
model satisfies the acceptance criteria and calibration objectives established prior to the
modeling process. Calibration results presented in Figure 6 demonstrate that the flow model has
a slight bias of overestimating water levels across the site. However, this bias is not large enough
to influence the modeling results, as shown by a mean residual of —0.625 ft and an absolute mean
residual of 0.709 fi. Results presented in Figure 11 demonstrate that the predicted hydraulic
heads versus the observed heads fall on a straight line, as expected. According to the flow model
results, the total inflow and outflow for the alluvial aquifer (layer 1) of the model is

151,226 ft*/day and 151,194 /day, respectively. These values fall within the range established
by the conceptual water budget.

7.3 Model Predictions
Results of the steady state MT3DMS predictive simulations indicate:

. On average the maximum nitrate concentration in the ground water beneath the Slick Rock
site will decrease to below the UMTRA Project standard for nitrate of 44 mg/L within
60 years (Table 9).

. After 60 years, the maximum predicted manganese concentration is 3.03 mg/L, which is
below the maximum observed background concentration of 3.5 mg/L.

. Molybdenum concentrations drop below the 0.1 mg/L. UMTRA Project standard between
25 and 50 years.

] The maximum predicted selenium concentration after 100 years is 0.166 mg/L, which is
below the risk-based benchmark of 0.18 mg/L.

. Uranium concentrations drop below the UMTRA Project standard of 0.044 mg/L prior to
50 years of natural flushing (Table 10).

The steady state stochastic MT3DMS simulations were completed for selenium only, and
indicate the maximum selenium concentration after 100 years will be 0.131 mg/L, with the
concentration dropping to below the 0.18 mg/L risk-based standard within 60 years. The reason
this maximum concentration is not the same as the maximum concentration predicted by the
deterministic model is discussed in Section 6.2. Average concentrations and the associated
uncertainty at each time period of interest are based on 100 computer simulations.
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Ecological Risk Assessment
1.1 Problem Formulation

The problem formulation phase in this risk assessment is represented in part by the information
presented in the baseline risk assessment (BLRA) (DOE 1995). The BLRA was based on
analytical data collected at the Slick Rock site prior to 1995. These data were reviewed to
determine if concentrations of analytes in ground water, surface water, and sediment may pose a
potential ecological risk. Information on the geologic setting, ground water hydrology,
geochemistry, and habitats of the two sites were incorporated in the BLRA evaluation. Principal
results of the BLRA included an initial screening of chemical analytes as ecological
contaminants of potential concern (E-COPCs) and an assessment of potential risk to biota,
including livestock and irrigated crops. The assessment of potential risk, however, was primarily
qualitative.

Since the completion of the BLRA, additional ground water and surface water samples have
been collected at the Slick Rock site and at upgradient reference areas. These new analytical
data, which include the 2000-2001 sampling efforts, have been included in this update.

1.1.1 Potentially Affected Habitats and Populations

The Slick Rock site is dominated by disturbed grassland, desert shrubland, and riparian
communities along the Dolores River. Surrounding habitats are generally characterized as semi-
arid, influenced by the low to moderate annual precipitation. Flora and fauna of the sites and
surrounding areas were investigated between 1986 and 1994. Detailed information is provided in
The Environmental Assessment of Remedial Action at the Slick Rock Uranium Mill Tailings Sites
Slick Rock, Colorado (DOE 1994) which documents the results of the investigations and lists the
potential ecological receptors, including threatened or endangered species. Ecological
characterization and surveys targeted terrestrial ecological receptors, with an emphasis on
riparian plant communities and associated wildlife along the Dolores River. Mammalian wildlife
such as gray fox, coyote, striped skunk, raccoon, deer, and rodents, including beaver and
muskrat, likely use the riparian habitats for foraging, resting, denning, and other activities. In
addition, 66 species of birds were recorded during these surveys, including both resident and
migratory species. The Dolores River provides a source of drinking water in the area, adding to
its attractiveness to wildlife. Most of the area (including riparian areas) is currently used for
grazing livestock (primarily cattle), which may also use the river for drinking. The river supports
an aquatic community, which includes plants, invertebrates, and vertebrate species. Twelve
species of fish, both native and nonnative, have been documented in river near the Slick Rock
site, including two species of native sucker, roundtail chub, channel catfish, and black bullhead.
The wetland and aquatic habitats of the Dolores River are also used by waterfowl

(e.g., mallards), wetland birds, (e.g., great blue herons), and shorebirds (e.g., spotted sandpipers).

The Biological Assessment for the sites, which is included as part of the environmental
assessment (EA) for the remedial action on the sites (DOE 1994), identified 11 threatened or
endangered species that may occur in the vicinity of the sites. For the four fish species included
on this list (the bonytail chub, humpback chub, razorback sucker, and Colorado pikeminnow),
only the Colorado pikeminnow is known to have historically occurred in the Dolores River, and
since 1960, is only known to occur near its confluence with the Colorado River, approximately
120 miles down stream of the Slick Rock site. Of the remaining seven species, only the bald
eagle and southwestern river otter are known to occur in the vicinity of the Slick Rock site and
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are still listed as threatened or endangered. Wintering bald eagles are occasionally observed
along the river, but are not known to nest along the Dolores. The southwestern river otter occurs
there as a result of a reintroduction program that started in 1988. Finally, suitable habitat for the
recently listed (endangered) southwestern willow flycatcher occurs along the Dolores River;
however, surveys for this species that were conducted at the Slick Rock site in 1990 and 1991
failed to confirm its presence.

1.1.2 Summary of the 1995 Ecological Risk Assessment Results

In the 1995 BLRA (DOE 1995), all ground water constituents were used as a starting point for
identifying E-COPCs in that medium because no upgradient (i.e., background) data were
available. E-COPCs were identified as those constituents that were detected in at least two
ground water samples, or if detected in only one sample, showed a detection that was sufficiently
above the detection limit as to indicate a nonspurious result. In addition, constituents with low
predicted toxicity to ecological receptors (calcium, magnesium, phosphate, potassium, silica, and
sodium) were also not considered as potential constituents of ecological concern. Analytical data
from surface water and sediment samples from the Dolores River were also evaluated for
E-COPCs. Analytes for these samples were limited to cadmium, calcium, copper, magnesium,
molybdenum, nitrate, selenium, uranium, vanadium, and zinc (calcium, magnesium, and nitrate
not being included as analytes in the sediment samples). For these samples, upstream location
SRK-01-0696 was used to identify background conditions. An analyte in surface water or
sediment was identified as E-COPCs if it was detected at a downstream location at a
concentration exceeding the maximum background concentration. Calcium and magnesium were
excluded as being essential nutrients. As shown in Table 1, the BLRA initially identified

26 ground water-based constituents as E-COPCs for further evaluation. In addition, three
E-COPCs (cadmium, uranium, and zinc) were identified for surface water and seven (cadmium,
copper, molybdenum, selenium, uranium, vanadium, and zinc) for sediment.

Based on this information, a screening-level assessment of ecological risks at the site evaluated
potential pathways, receptors, and potential adverse effects related to these constituents and
media. No other contaminated media and subsequent pathways or effects were addressed in the
BLRA. Concentrations of E-COPCs in ground water, surface water, and sediments were then
compared to toxicity standards and guidelines (if available) for various ecological receptors.

Although limited phytotoxicity information was found, the results of the BLRA indicated that the
concentration of molybdenum in the ground water at the Union Carbide (UC) site could pose a
potential risk to deep-rooted plants that may contact it. No risk to deep-rooted plants was found
for the North Continent (NC) site. However, the ground water concentrations at the NC site were
found to exceed water quality standards for freshwater aquatic life for aluminum, chloride, and
iron. At the UC site, these exceedences included aluminum, cadmium, chloride, iron, manganese,
molybdenum, and selenium. In addition, sulfate concentrations in ground water at the NC site
and nitrate, selenium, sulfate, and vanadium concentrations in ground water at the UC site
exceeded drinking water standards for livestock. From these results, it was concluded that the
ground water quality was unacceptable for use as surface water ponds. Further, the ground water
concentrations of manganese and molybdenum at the NC and those for cadmium, iron,
manganese, molybdenum, selenium, and vanadium at the UC site exceeded water quality
standards for irrigation, limiting its use for this purpose as well.
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Table 1. Summary of Ecological Contaminants of Potential Concern in Ground Water, Surface Water,
and Sediments from the Baseline Risk Assessment (DOE 1995)

Contaminant Constituents Detected | Constituents Detected | Constituents Detected
Analyzed in Ground | in Ground Water at the | in Ground Water at the | Above Background in
Water® NC Site” UC Site® the Dolores River®

Aluminum X X
.Ammonium X X

Antimony X

Arsenic

Barium X

Beryllium

Boron X X

Bromide X X

Cadmium X SW, sp°
Chloride X X

Chromium X

Cobalt

Copper sD
Cyanide

Fluoride X X

Iron X X

Lead

Manganese X X

Mercury

Molybdenum X X SD
Nickel X

Nitrate X X

Selenium X Sb
Silver

Strontium X X

Sulfate X X

Sulfide X X

Thallium

Tin

Uranium X X SW, SD
Vanadium X SD
Zinc X SW, SD

Radionuclides

Lead - 210 X X

Polonium — 210 X X

Radium — 226 X X

Thorium — 230 X X

to be of low potential toxicity in the BLRA (DOE 1995).
®Ground water constituents that exceeded the method detection limit in more than one sample.

“Detected constituents that exceeded the maximum upstream (background) concentration. Note that only
cadmium, copper, molybdenum, nitrate (surface water only), selenium, uranium, vanadium, and zinc were included

as analytes in these media.

ISW = surface water
°SD = sediment

Includes all analytes except calcium, magnesium, phosphate, potassium, silica, and sodium, which were considered
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Of the three E-COPCs identified in surface water samples from the Dolores River (cadmium,
uranium, and zinc), none exceeded its corresponding water quality standard for the protection of
aquatic life. Further, the BLRA predicted no ecological risk to aquatic organisms from exposure
to E-COPCs in sediment based on comparison to National Oceanographic and Atmospheric
Administration (NOAA) sediment quality values and U.S. Geological Survey (USGS)
background ranges. Therefore, the BLRA did not predict potential ecological risks associated
with E-COPCs in the Dolores River based on the information available. In the cases of both
surface water and sediments, however, the BLRA acknowledges that these conclusions are based
on limited database.

1.1.3 Update of the 1995 Ecological COPCs

For the current risk assessment, additional data collected and information received subsequent to
the issuance of the BLRA are used to reevaluate the list of E-COPCs that are further assessed for
potential ecological risk. The recent ground water data includes additional radiological
parameters, including gross alpha and gross beta activity, radium-228, uranium-234, and
uranium-238. Also, analyses for volatile organic compounds (VOCs) resulted in detections of the
four “BTEX” compounds (benzene, toluene, ethylbenzene, and xylenes). Ten of the original
nonradiological ground water analytes that were not detected in the previous sampling rounds
were discontinued.

Nine analytes that were identified as E-COPCs in the BLRA were also discontinued as ground
. water analytes. These are aluminum, antimony, boron, fluoride, and sulfide at the NC site, and
aluminum, barium, boron, chromium, fluoride, nickel, sulfide, and zinc at the UC site. It should —
be remembered, however, that because no upgradient well data were available, the identification
of E-COPCs for ground water in the BLRA was based on the analytes’ detection in two or more
samples, not on detected concentrations greater than background. Therefore, it is uncertain —
whether the concentrations of these analytes are site-related or are within background range.
However, of these nine analytes, only aluminum was found to be at concentrations that indicated
potential risk to ecological receptors. For both sites, this potential risk was based on the its
comparison to water quality standards for the protection of aquatic life, and thus, would only
indicate a risk if the ground water was pumped to the surface. For these reasons, these nine
constituents are not further evaluated in this assessment.

Thus, of the 26 nonradiological and radiological analytes for ground water that were identified as

E-COPCs in the BLRA (excluding essential nutrients, phosphate, and silica), 17 have been

continued in recent ground water sampling at these sites, along with five additional radiological

analytes and four organic analytes. “Recent” data was considered to be data from samples

collected in 2000 and 2001. The reevaluation of the ground water constituents as E-COPCs (as -
based on the recent data) is presented in Table 2. Associated with the recent site characterization

data, upgradient data are being collected, and these data are used to screen the site data for

concentrations above background. -

Constituents that are considered to be essential nutrients, and are therefore excluded as E-COPCs
are calcium, magnesium, potassium, and sodium. Among the other constituents that were
excluded from consideration as E-COPCs in the BLRA because of their low potential toxicities,
phosphorus (as phosphate) is still excluded. Sulfate and chloride are also anions of relatively low
potential toxicity in biota. High sulfate in water is known to cause diarrhea in humans and
livestock; however, some evidence indicates that this effect is temporary and the individual will
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Table 2. Summary of Preliminary Ecological Contarninants of Potential Concern in Ground Water at the
Slick Rock Site B.ased on Sampling Data from September 2000 through March 2001

Maximum Concentration in Ground Water Ecological
Constituent Back- NC DNC uc 5 uc COPC? Reason
ground | On-Site g r:c‘ihi,:r-xt On-Site gr:t;’:gr;t (Site)
Nonradiological Inorganic Analytes (mg/L)
Ammonium 1.0 0.33 0.0823 w4180 204 - uc Exceeds background range
Bromide 3.68 1.52 0.293 s A&T 0.231 ucC Exceeds background range
Cadmium 0.00037 | <0.0003 | <0.0003 0.0097 <0.0003 UC | Exceeds background range
Calcium 587 193 111 1,060 133 No Essential nutrient
Chloride 858 4,890 67.4 55,470 58.9 NC, UC Exceeds background range
Iron 19.6 4.07 0.641 32 0.43 uc Exceeds background range
Magnesium 517 229 73.1 349 60.5 No Essential nutrient
Manganese 3.53 0.739 1.44 :12.8 0.547 uc Exceeds background range
Molybdenum 0.0046 | 0.0546: 1 0.0439 - ]" 1.83 .} 00211 NC, UC Exceeds background range
Nitrate 0.756 G ol 3,810 5B NC, UC Exceeds background range
f;’f;%'l‘)”“s 0.0545 0499 | 00924 | No Low toxicity
Potassium 14.7 304 10.1 No Essential nutrient
Selenium 0.0012 w2825 0.00035 NC, UC Exceeds background range
Sodium 1,560 | ' 02,210 104 No Essential nutrient ,
Strontium 8.84 5.50 1.57 118 1.59 uc Exceeds background range
Sulfate 4,580 3,270 934 41600 389 uc Exceeds background range
Uranium 00139 | 131t 4 0.0406: |- 01 | 0.0175- NC, UC Exceeds background range
Vanadium <0.0015 | <0.0015 <0.0015 0.556° | <0.0015 uc Exceeds background range
Radiological Analytes (pCi/L})
Gross Alpha <78.9 |-1,386 28.8 61.6 7.04 NC Exceeds background range
Gross Beta <78.3 355 206 371 14.8 NC Exceeds background range
Lead-210 <1.32 <1.49 <1.3 <1.39 <1.36 No Not detected
Polonium-210 <0.09 <0.09 <0.29 <0.43 <0.32 No Not detected
Radium-226 019 |+0.27:+ 0.18 w3220 0.14 NC, UC Exceeds background range
Radium-228 <1.03 |+1.27 <1.08 4,04 <0.99 NC, UC Exceeds background range
Thorium-230 <1.7 <1.7 <1.7 <1.8 <1.7 No Not detected
Uranium-234 7.5 cicp 14,8000 -35.4 0 - 10.8 NC, UC Exceeds background range
Uranium-238 56 459 p 158 e 40 1 8.3 NC, UC Exceeds background range
Volatile Organic Analytes (mg/L)
Benzene - - - 17.4 - uc Detected at high levels
Ethylbenzene - - -- 0.584 T - uc Detected at high levels
Toluene - - - 13.6 - uc . Detected at high levels
Total Xylenes - - -- 6.54 - uc Detected at high levels

NC = North Continent; UC = Union Carbide.

Text in shaded cells indicates value exceeds the maximum NC site upstream concentration, which is considered to
be background.

acclimate to the high sulfate ingestion without long-term adverse effect (EPA 1999a). Sulfate-
and chloride-based salts are commonly used to test the toxicity of cationic elements, indicating a
general lack of toxic potential of the anions, which would otherwise interfere with the test
results. However, because both sulfate and chloride have State of Colorado water quality
standards for the lower Dolores River, they have not been excluded from consideration as
E-COPCs. Despite the relatively low toxicities of these anions and cations, it is recognized that
at high concentrations in water, they can contribute to adverse ecological effects due to high
osmotic potentials, and some can affect the use of water by wildlife and livestock by imparting
strong tastes to the water. These types of effects, however, are not addressed in this risk
assessment.
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As seen in Table 2, all 13 nonradiological constituents identified as E-COPCs in the BLRA and
continued in the 2000-2001 sampling events were still found to be E-COPCs in the ground water
at the UC site. At the NC site, only chloride, molybdenum, nitrate, selenium, and uranium were
found to exceed the background data range. (Selenium had not been identified as an E-COPC at
this site in the BLRA). Of the four radiological analytes assessed for ground water in the BLRA,
only radium-226 was identified as an E-COPC (at both sites). Among the new radiological
analytes, radium-228, uranium-234, and uranium-238 exceeded their background ranges at both
sites, and gross alpha and gross beta activities were greater than background at the NC site.
Finally, the four BTEX compounds were detected in ground water at the UC site, establishing
them as E-COPCs for ground water.

Table 3 presents the E-COPC selection results for surface water in the Dolores River. For surface
water, only the data from the sampling location upstream of the NC site (location 0696) was
considered as representing background conditions because the location that is upstream of the
UC site (location 0693) is approximately 1 mile downstream of the NC site and may be
influenced by that site. The evaluation of E-COPCs is based on surface water data collected
through March 2001. The number of analytes included in the recent surface water sampling
rounds was greatly expanded over the ten that were used as the basis for the BLRA. Many of
these new analytes, however, were not detected in the surface water samples.

A constituent was considered an E-COPC if its maximum detected concentration at either site
exceeded the maximum concentration from the upstream (background) location. As with ground
water, the essential nutrients calcium, magnesium, potassium, and sodium, as well as phosphorus
(as phosphate) and silica were excluded from the E-COPC selection process due to their low
toxicities. No background data were available for aluminum, fluoride, and nickel; however, these
constituents were not identified as E-COPCs because their concentrations essentially remained
constant across downstream sampling locations, indicating no site-specific influence is
occurring. A similar pattern was also observed for barium and silica; however, these two
constituents had background concentrations, which were exceeded by the downstream
concentrations. In the case of barium, this exceedence was not considered to be significant and
barium was not identified as an E-COPC (also in part due to its absence as an E-COPC in ground
water at both sites). Silica was not identified as an E-COPC because of its low potential toxicity.

Strontium and sulfate were found to exceed the background maximum concentration only at the
UC upstream location (location 0693), and therefore, were not considered to exceed background
at either of the sites.

Of the nine radiological parameters used to characterize the Dolores River surface water
samples, only thorium-230 and uranium-234 did not result in maximum values greater that the
background maximum. Gross alpha, lead-210, radium-226, and uranium-238 exceeded
background at both sites. In addition, gross beta, polonium-210, and radium-228 exceeded
background at the NC site.

Because no additional sediment sampling has taken place on the Dolores River since the 1993
and 1994 samples that were reported in the BLRA (DOE 1995), the E-COPCs for sediment used
in this assessment are unchanged from those of the BLRA. These E-COPCs are presented in
Table 4. All sediment analytes were identified as an E-COPC in either one or both sites. Of note
is that uranium was found to be only slightly above background in the sediments from the

NC site, and within background at the UC site.
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Table 3. Constituents Retained for Evaluation in the Dolores River Surface Water at the Slick Rock Site
Based on Sampling Data through March 2001

c Maximum Concentration in Surface Water Et‘gcl)ogica
onstituent NG Site | UC Site . ucsite | |COPC? Reason
Upstream NC Site Upstream UC Site | pownstream (site)
Nonradiological Analytes (mg/L)
Ammonium 0.0799 0.0569 0.0388 | :0.0906 | 0.0827 . uc Exceeds background range
Aluminum - 0.14 0.14 - 0.13 No (see text)
Antimony -- <0.003 <(.003 -- <0.003 No Not detected
Arsenic - <0.01 <0.01 - <0.01 No Not detected
Barium 0.127 0.2 020 - 02y No (see text)
Beryllium - <0.01 <0.01 -- <0.01 No Not detected
Boron - <0.1 <0.01 - <0.01 No Not detected
Bromide 0.0911 0.0894 0124+ :1::0.0965:- 0.0749 ucC Exceeds background range
Cadmium 0.0003 <0.001 <0.001 <(.0003 <0.001 No Not detected
Calcium 81.2 113 096,97 56.3 840 No Essential nutrient
Chloride 36.2 <049 v 48,200 30.2 . 40,0 NC, UC | Exceeds background range
Chromium - <0.01 <0.01 - <0.01 No Not detected
Cobalt -- <0.05 <0.05 -- <0.05 No Not detected
Copper -- <0.02 <0.02 -- <0.02 No Not detected
Cyanide -- <0.01 <0.01 -- <0.01 No Not detected
Fluoride - 0.2 0.2 - 0.2 No (see text)
iron 0.0241 | 0.0594 | 0.0937 | 2004771 NC,UC | Exceeds background range
Magnesium 36.6 334 47.6. . 33.0 No Essential nutrient
Manganese 0.01 $00.0200 1270.0122.:190.0234 1 0.02 | NC,UC Exceeds background range
Mercury - <0.0002 | <0.0002 - <0.0002 No Not detected
Molybdenum 0.0025 |[:0:02 |- 0.02:.:] 0.0028 | +:0.020 | NC,UC Exceeds background range
Nickel - 0.02 0.03 - 0.03 No (see text)
Nitrate 1.65 1.0 0.766 2.23 3.70 uc Exceeds background range
?ahsoggl‘))ms 0.063 0.0342 <0.1 - <0.1 No Within background range
Potassium 2.82 s @30 1,92 L RET No Essential nutrient
Selenium 0.0059 0.0043 0.0047 0.001 0.0031 No Within background range
Silica 4.84 D9 e R - 8.0 No (see text)
Silver - <0.01 <0.01 -- <0.01 No Not detected
Sodium 87.7 79.2 M8yl 33.4 75.7 No Essential nutrient
Strontium 0.928 0885 i 144 0.637 0.868 No Within background range
Sulfate 335 316 (480000 147 334 No Within background range
Sulfide - <0.1 <0.1 - <0.1 No Not detected
Thallium - <0.01 <0.01 - <0.01 No Not detected
Tin -- <0.005 <0.005 -- <0.005 No Not detected
Uranium 0.0023 +.0.003:412::0.006.. 5] 0.0017 0.0023 NC Exceeds background range
Vanadium <0.01 0.03::¢  0.03 <0.0015 0,035 NC, UC Exceeds background range
Zinc <0.05 <0.05 0.034 - <0.05 No Within background range
Radiological Analytes (pCi/L)
Gross Alpha 0.5 c2.8i i 2.4 <3.75 2.4 NC, UC Exceeds background range
Gross Beta 4.37 526 1 542 <3.97 3.67 NC Exceeds background range
Lead-210 0.3 0.8 -- v 0.9 NC, UC Exceeds background range
;:’ (I)onlum- <0.25 0.2 - 0.0 NC Exceeds background range
Radium-226 0.16 . <0.14 0.3 NC, UC Exceeds background range
Radium-228 1.0 4 1.4 <0.91 0.6 NC Exceeds background range
Thorium-230 <1.7 0.1 1.0 -- 0.1 No Within background range
Uranium-234 0.99 0.77 0.52 0.69 0.66 No Within background range
Uranium-238 0.73 00T 0.77 0.71 20,78 NC, UC | Exceeds background range

NC = North Continent; UC = Union Carbide.
Text in shaded cells indicates value exceed