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NOTE: This volume incorporates by reference Sections D.1., D.2,
D.3, D.6, and D.7 of the February 1988 RAP. It also incorporates
by reference the revised portions of Section D.4, which were pre-
sented in the January 1989 Supplement to Appendix D.
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D.5.1

D.5 GROUNDWATER HYDROLOGY

INTROOUCTION

The U.S. Environmental Protection Agency (EPA) has established
health and environmental protection regulations to correct and prevent
groundwater contamination resulting from processing activities at inac-
tive uranium mill taflings sites (40 CFR 192). The Uranium Mil}
Tailings Radiation Control Act (UMTRCA) of 1978 designated responsibil-
ity to the U.S. Department of Energy (DOE) for assessing the tailings
sites. This assessment includes the following:

o Definition of hydrogeologic characteristics of the environment,
including the hydrostratigraphy, aquifer hydraulic parameters,
areas of aquifer recharge and discharge, potentiometric surface,
and groundwater velocity.

o Comparison of existing water quality with background water qual-
ity and applicable EPA standards. Some discussion of EPA
secondary drinking water quality parameters s included to
define the general quality of the groundwater.

o Definition of physical and chemical characteristics of the
potential contaminant source, 1including concentration and
Jeachability in relation to migration of contaminants in
groundwater and hydraulically connected surface water.

o Description of water resource use, 1including availability,
current and future use, value, and alternative supplies.

o Evaluation of current impacts to the groundwater system
resulting from uranium processing activities.

On January 5, 1983, the EPA promulgated final standards for the
disposal and cleanup of the inactive uranium processing sites under the
UMTRCA (48 FR 590). On September 3, 1985, the groundwater provisions
of the regulations (40 CFR 192.20(a)(2)-(3)) were remanded to the EPA
by the U.S. Tenth Circuit Court of Appeals. On September 24, 1987, the
EPA issued proposed groundwater regulations to replace those set aside
(52 FR 36000). The DOE has commented on the proposed standards.

Water quality at the Green River tailings site was characterized
and compared with the EPA's proposed groundwater standards for inactive
uranium processing sites (Table D.5.1). The constituents listed in
Table D0.5.1 are most commonly associated with uranium mill tailings.
The numerical concentration 1limits associated with the constituents
reflect safe levels for public drinking water and are therefore the
same as maximum concentration limits (MCLs) for EPA primary drinking
water standards. Appendix VIII of the EPA's proposed standards includes
a complete list of hazardous constituents that should be evaluated on a
site-specific basis. These constituents include both organic and inor-
ganic compounds and elements. Section £.3.1.1 of Appendix £ contains
a complete discussion of hazardous constituents that are associated
with the uranium mill tailings at the Green River site.
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D.5.2

The DOE has characterized conditions at the Green River processing
site and does not anticipate that any changes to the remedial action
will be required when the final EPA standards are issued. Upon issuance
of these standards, the DOE will reevaluate the groundwater protection
plan and determine the need for institutional controls on the public
use of groundwater at the site, aquifer restoration, or other measures,
and take appropriate action to comply with the final standards.

The following sections present details of the hydrogeologic charac-
terization at the Green River site. Appendix E presents an assessment
of future impacts to the groundwater system resulting from the proposed
remedial actions, and a strategy for protecting water resources at the
Green River site. Figures and tables are presented at the end of the
text for ease in reading.

SITE CHARACTERIZATION SUMMARY
0.5.2.1 Summary

To comply with EPA standards for remedial actions at
inactive uranium processing sites (40 CFR 192), the DOE has
characterized the hydrogeology, water quality, and water
resources at the Green River, Utah, designated site. Major
points are summarized below, followed by a detailed discussion
of the site characterization.

0 Four distinct hydrostratigraphic units occur within
the upper 200 feet of Quaternary and Cretaceous sedi-
ments beneath the site. In decending order these are:
(1) Brown's Wash alluvium (top hydrostratigraphic
unit); (2) shale and limestone of the Cedar Mountain
Formation (upper-middle hydrostratigraphic unit);
(3) sandstone, siltstone, and conglomerate of the
Cedar Mountain Formation (lower-middle hydrostrati-
graphic unit); and (4) Buckhorn Conglomerate Member of
the Cedar Mountain Formation. The Dakota Sandstone is
present in some areas beneath the proposed disposal
site. These units are underlain by the Jurassic-aged
Morrison Formation.

0 Average hydraulic conductivities of aquifer materials
range from a low of 1.6 feet per day (ft/day) in the
upper-middle shale unit to a high of 25.0 ft/day in
the Brown's Wash alluvium. Average linear groundwater
velocities range from 0.08 ft/day to 1.14 ft/day in
the two units, respectively.

2
o Groundwater flow in the upper- and lower-middle hydro-
stratigraphic units is controlled by connected frac-
tures and joints; strong, upward, vertical hydraulic
gradients; and the attitude (dip) and lateral extent
of the hydrostratigraphic units. Groundwater flow in
the Brown's Wash alluvium and the upper-middie shale
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unit, where 1t 1lies beneath the alluvium, is also
controlled by paleo-erosion of the upper-middle unit
near the present tailings pile by a meandering Brown's
Wash channel, and by the subsequent deposition of the
Brown's Wash alluvium.

Background groundwater quality in all four hydrostrati-
graphic units 1is characterized by concentrations of
total dissolved solids (TDS), sulfate, and chloride
that exceed EPA and state of Utah secondary drinking
water standards. Groundwater in all four units is
classified as Class II based on TDS (TDS greater than
1000 but less than 10,000 milligrams per liter (mg/1)),
but it may be classified as Class III because of the
concentrations of selenium, chromium, nitrate, and
uranium in background samples that exceed proposed EPA
MCLs for these constituents.

Background groundwater quality in the top hydrostrati-
graphic unit {s characterized by concentrations of
chromium, molybdenum, nitrate, and selenium that exceed
proposed EPA MCLs and state of Utah primary drinking
water standards (except for molybdenum, which does not
have a Utah standard).

Background groundwater quality in the upper-middle
hydrostratigraphic unit is characterized by concentra-
tions of nitrate and selenium that exceed proposed EPA
MCLs and state of Utah primary drinking water
standards.

Background groundwater quality in the 1lower-middle
hydrostratigraphic unit is characterized by concentra-
tions of molybdenum, nitrate, selenium, uranium, and
gross alpha activity that exceed proposed EPA MCLs and
state of Utah primary drinking water standards (except
for molybdenum, which does not have a Utah standard).

Background groundwater quality in the bottom hydro-
stratigraphic unit §s characterized by concentrations
of chromium, molybdenum, and selenium that exceed
proposed EPA MCLs and state of Utah primary drinking
water standards (except for molybdenum, which does not
have a Utah standard).

Contamination by tailings seepage is limited to the
Brown's Wash alluvium and the upper-middle shale unit
of the Cedar Mountain Formation beneath the present
tailings pile. Major contaminants introduced by tail-
ings seepage to these units include: molybdenum,
nitrate (chemically reduced, in part due to ammonium),
selenium, uranium, and gross alpha activity.
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o The tailings seepage has been neutralized by the
alluvium and shale bedrock beneath the tailings (the
pH of the groundwater is near 7.0). Uranium concen-
trations in the alluvium and shale have not exceeded
3.11 mg/1 in any of the wells, while concentrations in
the tailings pore water (lysimeter samples) have been
measured as high as 675 mg/1. 0ilution by groundwater
underflow and attenuation, probably as cation exchange
in the alluvium and precipitation in the shale, have
significantly lowered uranium concentrations, as well
as other seepage contaminants, to well below the rela-
tively high concentrations found in the tailings pore
water.

0.5.2.2 Previous investigations

Bibliographies (ONWI, 1985; USGS, 1971-1985, 1972, 1964;
La Pray and Hamblin, 1980; Buss and Geoltz, 1974; Childers and
Smith, 1970; Buss, 1951) were reviewed to identify geological,
hydrological, and hydrogeological investigations of the Green
River site and vicinity. A number of regional studies (USGS,
1964; Howard and Love, 1945; Waring and Knechtel, 1936;
Reeside, 1930, 1923; La Rue, 1916) were identified; however,
much of the information contained in these reports is either
outdated or not sufficient to aid in characterizing the hydro-
geology of the site.

Five reconnaissance studies of the Paradox Basin, which
contains the Green River site, were conducted as part of a
program to evaluate the potential for storage of nuclear waste
in salt deposits (Weir et al., 1983); one of these studies
(Rush et al., 1982) included the area of the Green River
tailings site.

A one-time sampling effort at the Green River tailings
site was conducted by Geochemistry and Environmental Chemistry
Research, Inc. (GECR, 1983). Data from this report are from
sampling and analyses of groundwater and surface water from
background areas, the area adjacent to the site, and the site.
Soils samples were collected and archived, and have not been
analyzed. Because of questionable quality assurance and con-
trol on the water sample analyses from the GECR report, the
data were not used for analyses in this report.

An unpublished report by the DOE (1983) on the Green River
site contains the results of drilling, groundwater sampling,
and aquifer hydraulic testing of eight monitor wells; surface
water sampling of Brown's Wash adjacent to and downstream of
the site; and climatological data for the vicinity. Some of
the data from the DOE (1983) report were used in this report.
An engineering assessment (FBDU, 1981) includes site informa-
tion as well as a summary of the milling operations and a
history of the Green River site.
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D.5.2.3

Hydrogeological data, 1ncluding borehole logs, well
completion records, groundwater elevations, aquifer hydraulic
parameters, and water quality data, were collected at the Green
River tailings site by the DOE during three drilling and test-
ing phases from the fall of 1985 to the fall of 1987. Much of
this information was included in an environmental assessment
of the Green River tailings site (DOE, 1988a). All field
and laboratory procedures and calculations were performed in
accordance with the DOE's Standard Operating Procedures as
contained in the Albuquerque Operations Manual (DOE, 1985).

Five two-inch diameter polyvinyl chloride (PVC) monitor
wells, 28 four-inch diameter PVC monitor wells, and three
two-inch diameter, low-carbon, galvanized steel well points
were installed to characterize the Green River tailings and
proposed disposal sites. The depths of these installations
range from seven to 185 feet. Twelve exploratory geotechnical
boreholes were also drilled, and ranged in depth from 16.5 to
32.5 feet. Lithologic logs were obtained from these boreholes
prior to their abandonment by grouting and bentonite sealing
from total depth to land surface. In addition, three suction
lysimeters were installed in the unsaturated zone within the
present tailings pile to characterize the pore water within
the tailings. Since their installation, only one lysimeter
has worked sufficiently to obtain samples. The locations of
all monitor wells, lysimeters, abandoned boreholes, test pits,
and surface water sampling sites included in this investigation
are shown in Figure D.5.1. Following installation and develop-
ment of the monitor wells, slug injection/withdrawal tests and
short-duration (less than 25 hours) pumping drawdown/recovery
tests were performed to estimate the hydraulic properties of
the aquifer materials within the screened zones of the wells.
The monitor wells were surveyed and static groundwater eleva-
tions in the wells were measured to determine vertical and
horizontal hydraulic gradients and directions of groundwater
flow. Table D.5.2 summarizes monitor well information for the
Green River tailings site.

Geology and hydrostratigraphy

The Green River site is in east-central Utah on the nose
of a shallow, northward plunging anticline that is repeated by
the arcuate east-northeast to west-northwest trending Little
Grand Wash fault, which lies three miles to the south of the
site. Bedrock exposed at the surface in the site area consists
of sedimentary units of Cretaceous and Jurassic age. Rock
units lying beneath the surface range in age from Jurassic to
Pennsylivanian and, at depth, include the salt- and gypsum-
bearing Paradox Member of the Pennsylvanian Hermosa Formation. .

In descending sequence, the geologic units within 200 feet
of the surface in the Green River site area are as follows:
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o Brown's Wash alluvium beneath the present tailings
pile, and alluvial terrace deposits beneath the pro-
posed disposal site (Quaternary age).

0 Tungnk Shale Member of the Mancos Shale (Cretaceous
age).

o Dakota Sandstone (Cretaceous age).
0 Cedar Mountain Formation (Cretaceous age).

The Brown's Wash alluvium consists of a mixture of silt,
sand, gravel, and some small cobbles. The alluvium is 1imited
to an area that extends 300 to 400 feet on either side of
Brown's Wash, and varies in thickness from zero to 35 feet.
The tailings pile directly overlies the Brown's Wash alluvium.
The terrace deposits consist mostly of silt and sand and are
approximately 20 feet thick in the vicinity of the proposed
disposal site.

The Tununk Shale Member of the Mancos Shale consists of
carbonaceous shale interbedded with thin beds of sandstone.
It subcrops beneath the Brown's Wash alluvium in the eastern
half of the site but is mostly eroded away by the channel of

Brown's Wash in the western half of the site area. This unit

is exposed in the east-central section of the site, and forms
the bluff at the south end of the existing tailings pile.
This shale unit forms a wedge that thins toward the south and
disappears completely between the tailings pile and the
proposed disposal site. South of the tailings pile, the
Tununk Shale is between zero and 25 feet thick.

In the site area, the Dakota Sandstone consists of frac-
tured to unfractured, weathered to fresh sandstone, shale, and
conglomerate. It rests unconformably on top of the Cedar
Mountain Formation. This unit varies from zero to 10 feet
thick and extends both east and west of the tailings and
disposal sites. The Dakota 1lies between unconformable con-
tacts with either the Mancos Shale, the Brown's Wash alluvium,
or the alluvial terrace deposits (top contact), and the Cedar
Mountain Formation (bottom contact). Where it has not been
eroded away, the shale and dense, well-cemented sandstone, and
conglomerate of the Dakota Sandstone are either not saturated
or only partly saturated beneath the tailings pile.

The Cedar Mountain Formation consists of mudstone, shale,
1imestone, sandstone, conglomerate, and occasional interbedded
coal. The Cedar Mountain Formation l1ies unconformably beneath
the Dakota Sandstone and in the site area is at least 150 feet
thick. Lithologic units within the Dakota Sandstone and Mancos
Shale can be distinguished from units within the Cedar Mountain
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Formatfon by visual 1inspection. The Dakota and Mancos sand-
stones and shales are generally black (shale) to 1light tan
(sandstone); units within the Cedar Mountain are generally
shades of gray to maroon in color. Fractured and unfractured
sandstone, sandstone conglomerates, and fractured shales or
1imestones within the Cedar Mountain Formation are the primary
water-bearing units.

Figure D.5.1 shows the locations of cross sections (Fig-
ures D.5.2 through D.5.6) that show the hydrostratigraphy at
the Green River tailings site. Figure 0.5.7 is a fence diagram
of the Green River site. The surface topography shown on the
cross sections and fence diagram was developed from a topogra-
phic survey of the site. Subsurface lithologic data were
obtained from borehole logs, visual 1inspection of rock core,
and correlation of subsurface data with surface geology.

Hydrological investigations have shown that horizontal
and vertical fracturing occurs in the Dakota Sandstone and
Cedar Mountain Formation beneath the proposed disposal site.
Core samples from monitor wells 562, 807, 812, 813, 814, 816,
and 818 at the disposal site (see Figure D.5.1) show that
vertical and near-vertical fractures exist in the bedrock and
start at the top of the bedrock section. Fracturing is uniform
and consistent through the Cedar Mountain Formation at 1least
in the upper 60 feet of bedrock. The degree of fracturing
varies from moderate to intense and is typical of the frac-
turing observed in outcrops of the Cedar Mountain Formation in
the vicinity of the disposal site. Fracturing of the bedrock
beneath the present tailings pile is variable. The flowing
monitor well (581), completed in the sandstone unit beneath
the pile, is evidence that the confining unit for the sand-
stone unit at this location (the overlying shale) must be
relatively impermeable. Evidence (aquifer hydraulic conduc-
tivities and water levels) suggests that joints, fractures, or
minor faulting may be controlling groundwater flow in the
shallow bedrock approximately along the alignment of Brown's
Wash.

Within the upper 200 feet of Quaternary and Cretaceous
sediments, four distinct water-bearing units were defined at
the Green River tailings site. These units are described as
follows:

o The top hydrostratigraphic unit is the Brown's Wash
alluvium. Groundwater in this unit is locally perched
by the dense, well-cemented sandstone conglomerate of
the Dakota Sandstone and the shale and 1imestone of the
Cedar Mountain Formation (where these bedrock units are
not fractured). ODirectly beneath the tailings pile, a
paleochannel of Brown's Wash has eroded away the Dakota
Sandstone, and the Brown's Wash alluvium directly over-
1ies shale of the Cedar Mountain Formation.
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0.5.2.4

0 The upper-middle hydrostratigraphic unit is the alter-
nating layers of shale, limestone, and mudstone of the
Cedar Mountain Formation.

0 The lower-middle hydrostratigraphic unit is a rela-
tively thick, but laterally limited, sandstone of the
Cedar Mountain Formation. The unit intertongues with
the upper-middle unit and is beneath the present tail-
ings pile and the proposed disposal site.

o The bottom hydrostratigraphic unit 1is the Buckhorn
Conglomerate Member of the Cedar Mountain Formation.
This basal sandstone and sandstone conglomerate unit
is 15 to 25 feet thick beneath the site area and is
confined by overlying shale and mudstone.

Neither the lower-middle or bottom hydrostratigraphic
units have been adversely affected by seepage through the pre-
sent tailings pile. The lower-middle unit subcrops beneath
the proposed disposal site and is therefore a potentially
affected unit; the bottom unit is protected from any current
or future contamination by strong, vertically upward hydraulic
gradients and a thick, low-hydraulic-conductivity shale that
overlies this unit. The following sections present more
detailed discussfons about the hydraulic characteristics and
flow of groundwater within these units.

Hydraulic characteristics

A summary of the hydraulic characteristics of the top,
upper-middle, 1lower-middle, and bottom hydrostratigraphic
units is presented in Table 0.5.3. A number of methods were
used to calculate values of hydraulic conductivity for the
units. The methods of analyses include the following:

o Ferris-Knowles slug test analysis (Ferris and Knowles,
1963).

o Cooper, Bredehoeft, and Papadopulos slug test analysis
(Cooper et al., 1967).

0 Bouwer-Rice slug test analysis (Bouwer and Rice, 1967).

o Pumping drawdown analyses.

o Pumping recovery analyses.

Slug test data from monitor wells 561, 581, 582, 583, 584,
585, 586, 587, 588, 701, 704, 707, 806, 807, 811, 813, 815, and
818 were analyzed by the Ferris-Knowles method. This method

is best sufted for fully developed wells that are open to the
full thickness of an artesian aquifer of small to moderate
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transmissivity (less than 50,000 gallons per day per foot
(gpd/ft)); 1t 1s also suited to some unconfined aquifers
(Ferris and Knowles, 1963). The Ferris-Knowles equation is as
follows:

¢ - Q8
4usl
where
k = hydraulic conductivity (ft/day).
q = slugged volume (cubic ft).
t = time (days).
s = residual drawdown at time tg (ft).
L = length of interval being tested (ft).

The values of 1/t and s are obtained from a straight-line
fit through the plotted data points. These data are available
from the Albuquerque UMTRA Project Office, Albuquerque, New
Mexico.

Slug test data from monitor wells 561, 582, 583, 584,
585, 586, 587, 588, 701, 704, 707, 806, 807, 811, 813, 815,
and 818 were analyzed using the Cooper, Bredehoeft, and
Papadopulos (Cooper et al., 1967) method, which has require-
ments similar to the Ferris-Knowles method, and is as follows:

2
k=1
where
k = hydraulic conductivity (ft/day).
r = radius of well casing (ft).
t = time for point in "matched-type curve® (days).
L = length of interval being tested (ft).

The value t is obtained by matching data points of residual
drawdown versus time (log scale) to a "type curve" referenced
by Cooper, Bredehoeft, and Papadopulos (Lohman, 1972).

Short-duration aquifer pumping tests were analyzed from
monitor wells 581, 582, 586, 587, 588, and 813 by the single-
well pumping drawdown or recovery method, formally recognized
as the modified Theis nonequilibrium formula (Freeze and
Cherry, 1979). The pumping drawdown or recovery formula is as
follows:
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st

where
k = hydraulic conductivity (gpd/ft?2).

q= ?ver§ge pumping rate for the duration of the test
gpm).

s = drawdown per one log cycle (ft).
L = length of interval being tested (ft).

An aquifer pumping drawdown test was conducted on alluvial
well 702 (DOE, 1983). Also, slug tests were performed and
analyzed from monitor wells 701, 702, 704, 705, 706, and 1707
using the Bouwer-Rice method (DOE, 1983).

Assumptions 1inherent 1in the analyses of the aquifer
hydraulic test data, regardless of the method of analysis, are
as follows:

o The unit being tested is homogeneous and isotropic.

o The radjus of the well is small in comparison to the
extent of the aquifer.

o The removal of the slug and the development of initial,
residual drawdown are instantaneous.

0 The influence of the filter pack is negligible.

To obtain the average hydraulic conductivity values
1isted in Table D.5.3, values from each analysis were summed
and an arithmetic mean was calculated. Wells 701, 704, and
707 were tested in 1983 and 1986. Alluvial wells 702, 705,
and 706 were only tested in 1983. A1l other wells listed in
Table D.5.3 were tested in 1986 and 1987.

Average linear velocities listed in Table D.5.3 were cal-
culated as follows (Freeze and Cherry, 1979):

where
v = average linear velocity (ft/day).

k = average saturated hydraulic conductivity (ft/day).

—e
L]

average hydraulic gradient (ft/ft).

>
]

assumed porosity of aquifer material (dimensionless).
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D.5.2.5

The saturated hydraulic conductivity of the unfractured
bedrock of the Cedar Mountain Formation was measured by the
triaxial backpressure falling head method (Table D.5.4). The
measured conductivity is low, ranging from 2.4 x 10-8 centi-
meters per second (cm/s) to 2.4 x 10-11 cm/s. These values
indicate that flow of groundwater in the bedrock is controlled
by interconnected fractures and joints.

More detailed discussions of the hydraulic characteristics
of the four hydrostratigraphic units are presented in the
following sections. Table D.5.5 presents static groundwater
elevations in the monitor wells for four sampling periods:
June, 1986; September, 1986; March, 1987; and October, 1987.

Groundwater flow

Top hydrostratiqgraphic unit

Shallow, unconfined groundwater is present 1in Brown's
Wash alluvium beneath the present tailings pile. The occur-

rence of this shallow groundwater is limited by the lateral
extent of the alluvium. The top unit is a maximum of 600 feet
wide near the tailings pile. Monitor wells 702, 704, 705,
706, 707, 708, 808, and well points 563, 564, and 821 are
completed in this unit.

A water table contour map of the top hydrostratigraphic
unit is presented in Figure D.5.8. This contour map was
developed from water level data and the surveyed elevations of
the wells in October, 1987 (see Table D.5.5). The depth to
groundwater ranges from nine to 17 feet below the surface in
the top unit. The hydraulic gradient within the top unit
ranges from 0.0029 ft/ft near monitor well 707 to 0.0125 ft/ft
near monitor wells 702 and 808.

Table D.5.6 presents a summary of aquifer hydraulic
characteristics for the top hydrostratigraphic unit. The
calculated geometric mean linear velocity of groundwater in
the top unit is 1.14 ft/day. Groundwater in the top unit is
recharged by flow from the upper-middle shale unit from the
south, and by infiltration of surface runoff and precipitation
in the channel of Brown's Wash. Groundwater discharges from
Brown's Wash alluvium into the channel of Brown's Wash at a
point west of the tailings pile where the site access bridge
crosses Brown's Wash (see Figure D.5.1). From this point west
to the Green River, the Dakota Sandstone and Cedar Mountain
Formation inhibit the downward movement of water in the chan-
nel; however, a portion of this water likely infiltrates into
the bedrock, especially where fractures are present. Water
that flows west in the channel eventually mixes with backwater
from the Green River (at surface-water sampling site 526,
shown on Figure D.5.1). Groundwater also discharges from the
Brown's Wash alluvium into the underlying upper-middle shale
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unit of the Cedar Mountain Formation, to the atmosphere as
evaporation, and to the tamarisk vegetation that lines the
channel of Brown's Wash. The DOE (1988a) measured the base
flow in Brown's Wash channel in November, 1985, at 2.3 gallons
per minute (gpm). The measurement was made immediately west
of the access bridge to the site near well point 564 (see
Figure D.5.1). The remainder of the shallow alluvial ground-
water from beneath the present tailings pile is lost to evapo-
transpiration and vertical downward leakage into the Cedar
Mountain Formation. Since well points 564 and 821 and monitor
well 706 are dry (see Figure 0.5.1), very little flow is
assumed to move downgradient to the alluvium west of monitor
wells 706.

The groundwater flux through the top hydrostratigraphic
unit beneath the present tailings pile can be estimated by
using Darcy's Law (Todd, 1980) as follows:

Q = WOki
where
Q = groundwater flux (ft3/day).

W = saturated width of aquifer perpendicular to ground-
water flow beneath the tailings.

D = saturated height of aquifer beneath the tailings (ft).

k = saturated hydraulic conductivity of the alluvium
(ft/yr).

i = hydraulic gradient (ft/ft).

To calculate the groundwater flux in the alluvium beneath
the tailings, the projected area perpendicular to the flow was
divided into three areas represented by monitor wells 702 and
808 for the eastern area; monitor well 704 for the middle area;
and monitor well 705 for the western area. The groundwater
flux for each of these areas and the total flux in the alluvium
beneath the tailings is summarized in Table D.5.7. The total
flux is estimated to be 9.9 gpm beneath the tailings.

Upper-middle hydrostratigraphic unit

Confined and semiconfined groundwater is present in the
upper-middle unit beneath the Green River tailings site. This
unit consists mostly of limestone and shale of the Cedar Moun-
tain Formation. Beneath the tailings and the proposed disposal
site, the upper-middle unit {is separated into two units by a
sandstone and conglomerate channel deposit. To the west and
east of the tailings and proposed disposal site this sandstone
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and conglomerate is not present or intertongues as thin layers
w13hothe)upper—m1dd1e shale unit (see Figures D.5.2, 0.5.3,
an .5.4).

Beneath the proposed disposal site, fracturing occurs in
the upper- and lower-middle units. A total of six core holes
were drilled beneath and peripheral to the proposed disposal
site. Core from all of these holes shows moderate to intense
vertical and horizontal fracturing and fractures extending from
the upper-middle unit down into the lower-middie unit (DOE,
1987a). Monitor wells completed in the upper-middle unit
ifnclude 583, 584, 585, 701, 806, 807 (completed below the
sandstone and conglomerate channel deposit), 809, 810, 812,
814, 816, 822, and 823. Monitor wells 812, 814, 816, 822,
and 823 were installed at the disposal site; only well 816
encountered groundwater (at a depth of 60 feet). Depth to
groundwater 1in the upper-middle unit beneath the tailings
surface is about 26 feet at monitor well 701.

A potentiometric contour map of the upper-middle hydro-
stratigraphic unit is presented in Figure D.5.9. This contour
map was developed from water level data and the surveved water
elevations in the wells in October, 1987 (see Table D.5.5).
The hydraulic gradient within the upper-middle hydrostratigra-
phic unit ranges from 0.0063 to 0.0083 ft/ft. Groundwater flux
in the upper-middle unit is controlled by fractures, joints,
or minor faulting, which is most evident in the vicinity of
the tailings pile. A "trough" is present in the potentiometric
surface, which trends east-west and fs just south of the chan-
nel of Brown's Wash (see Figure D.5.9). Groundwater flux in
the upper-middle unit is also controlled by vertical recharge
from the overlying alluvial aquifer and the underlying
Tower-middle unit.

Table D.5.8 presents a summary of aquifer hydraulic char-
acteristics for the upper-middie unit. The calculated average
linear velocity of groundwater in the upper-middle unit ranges
between 0.01 and 0.71 ft/day; the geometric mean velocity is
0.08 ftsday. Groundwater flux through the upper-middle unit
beneath the present tailings pile was calculated based on the
calculated hydraulic conductivities and water levels from moni-
tor wells 584 and 701. The method for calculating groundwater
flux was the same as that used to calculate flux through the
top hydrostratigraphic unit. The total flux is estimated to
be 4.9 gpm beneath the tailings in the upper-middle unit
(Table D.5.9).

Lower-middle hvdrostratigraphic unit

The lower-middle hydrostratigraphic unit is the sandstone
and conglomerate channel deposit within the upper-middle geo-
logic unit of the Cedar Mountain Formation. This unit is a
maximum of 30 feet thick and is confined in the area of the
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present tailings pile by overlying shales and limestones of the
upper-middle unit. The lower-middle unit does not appear to
be present, or it intertongues as thin lenses with the 1lime-
stone and shale, east and west of the tailings (see Figures
D.5.2, D0.5.3, and 0.5.4). Monitor well 581 1is drilled and
completed in this unit beneath the tailings, and it flows at
the surface. Monitor wells 561 and 562 are screened in both
the upper-middle and lower-middle units and data collected
from these wells may not represent actual conditions in either
unit. However, monitor well 562 is completed beneath the pro-
posed disposal site and well 561 is west of the disposal site;
because of the fracturing present in the upper-middle and
lower-middle units at the disposal site, these two units are
probably somewhat hydraulically connected, and the screened
jntervals in monitor wells 561 and 562 probably include the
zone of hydraulic connection. Other monitor wells drilled and
completed in the lower-middle unit include 811, 813, and 815.
Background monitor well 811, east of the tafilings pile near
Brown's Wash (see Figure D.5.1), encountered only thin, sepa-
rated lenses of sandstone that are probably of the lower-
middle unit.

A potentiometric contour map of the lower-middle unit is
presented in Figure D.5.10. This map was developed from water
level data for October 1987 (See Table D.5.4) and the surveyed
elevations of the monitor wells. The potentiometric surface
in the lower middle unit is two to three feet above the sur-
face of the tailings at monitor well 581. The depth to water
in this unit s approximately 60 feet at the proposed disposal
site. The hydraulic gradient within the lower-middle unit
ranges from 0.0083 to 0.025 ft/ft.

The flow of groundwater in the lower-middle unit is
strongly influenced by the attitude (dip) of the unit, its
Timited lateral extent to the east and west, and its recharge
by underlying aquifers. Rock cores from monitor wells 562,
807, and 813 indicate this unit is fractured and is probably
hydraulically connected with the overlying upper-middle shale
unit beneath the proposed disposal site; however, the lower-
middle unit is confined by the shale beneath the present tail-
ings. Additionally, monitor well 581, which is drilled and
completed in the lower-middle unit, flows at the surface. The
strong, vertically upward hydraulic gradient between the upper-
middle and lower-middle units’ beneath the tailings pile has
prevented any tailings seepage from moving into the lower-
middle unit.

Table D.5.10 presents a summary of aquifer hydraulic
characteristics for the lower-middle hydrostratigraphic unit.
The calculated average linear velocity of groundwater in the
lower-middle unit ranges between 0.02 and 2.7 ft/day; the
geometric mean is 0.14 ft/day. Groundwater flux through the
Tower-middle unit beneath the tailings was not calculated
since this unit has not been affected by tailings seepage.
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Bottom hvdrostratigqraphic unit

The Buckhorn Conglomerate Member of the Cedar Mountain
Formation has been defined as the bottom hydrostratigraphic
unit. Confined groundwater is present beneath the tailings
site vicinity in this unit. The unit is 15 to 25 feet thick
in the site vicinity and 1s confined by the maroon to gray-
blue shales and mudstones that separate the bottom unit from
the overlying hydrostratigraphic units. Monitor wells 582 and
819, drilled and completed near Brown's Wash west of the tail-
ings, flow at the surface. The other monitor wells completed
in this formation (586, 587, 588, and 818) do not flow because
they are at a higher elevation than the flowing wells. Monitor
well 817, located east of the tailings near Brown's Wash (see
Figure D.5.1), was thought to be drilled and completed in the
bottom unit. Detailed analyses and comparison with other well
data showed that well 817 is probably screened somewhere below
the lower-middle unit (see Figure D.5.3). Because of the
uncertainty associated with the completion of monitor well 817,
data from the well have not been included in hydrogeologic
analyses of any of the units.

A potentiometric contour map of the bottom unit is pre-
sented in Figure 0.5.11. This contour map was developed from
water level data for October 1987 (see Table D.5.4) and the
surveyed elevations of the monitor wells. The potentiometric
surface in the bottom unit is five to 14 feet above land sur-
face in the vicinity of the present tailings, and 56 to 71 feet
below land surface in the vicinity of the proposed disposal
site. The hydraulic gradient within the bottom unit ranges
from 0.040 to 0.044 ft/ft.

Table 0.5.11 presents a summary of aquifer hydraulic
characteristics for the bottom unit. The calculated average
1inear velocity of groundwater in the bottom unit ranges
from 0.072 to 0.17 ft/day; the geometric mean is 0.12 ft/day.
Groundwater flux through the bottom unit beneath the tailings
was not calculated since tailings seepage has not affected
this unit. Because of overlying confining layers and strong,
vertically upward hydraulic gradients between the bottom unit
and the two presently contaminated units, the bottom unit will
not become contaminated from tailings seepage.

Vertical hvydraulic gradients

Strong, vertically upward hydraulic gradients exist
between the bedrock units in the vicinity of the Green River
tailings site. These gradients have prevented the downward
movement of tailings seepage into the lower-middle and bottom
hydrostratigraphic units beneath the present tailings pile.
Beneath the proposed disposal site these gradients may limit
the amount of mixing of any tailings seepage (as a result of
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the proposed remedial action) between the upper-middle and
lower-middle units. Additionally, the strong gradients will
restrict the movement of any tailings seepage into the bottom
unit. Tables 0.5.12 and 0.5.13 summarize the vertical
hydraulic gradients at the present tailings site and the
proposed disposal site, respectively.

Background groundwater quality

Background groundwater quality in the four hydrostrati-
graphic units at the Green River site was determined for the
following constituents l1isted in the proposed EPA standards
(40 CFR 192): chromium; molybdenum; nitrate; selenium; radium-
226 and 228; uranium; and gross alpha activity. The other
constituents listed in the proposed EPA standards (see Table
D.5.1) were found to have levels below detection for the first
two rounds of sampling in June 1986 and September 1986; conse-
quently, these remaining constituents were excluded from sub-
sequent sampling rounds and are not considered to be present
as contamination in groundwater at the Green River tailings
site. Table D.5.14 describes all of the groundwater sampling
locations and Table D.5.15 presents the results of the chemi-
cal analyses for all of the wells and well points. Figure
D.5.12 1s a trilinear plot of the monitor wells at the Green
River site. The trilinear plot shows the general types of
groundwater in the alluvium and Cedar Mountain Formation.

Top hydrostratigraphic unit

The locations of background monitor well 707 and well
point 563 are shown on Figure D0.5.1. These monitoring loca-
tions are upstream and upgradient of the tailings.

A background groundwater quality summary of the top unit
is presented in Table D.5.16. The maximum background concen-
tration of the range exceeds the proposed EPA MCL for all the
constituents in the table except for Ra-226 and 228. Many
other constituents exceed EPA secondary and state of Utah
drinking water MCLs. These include (but are not limited to):
chloride (>250 mg/1), sulfate (>5500 mg/1), and TOS (>9000
mg/1). (See Table D.5.15 for specific concentrations of these
constituents.) The general water type for the top unit is
calcium or sodium sulfate; the water is Class II based on TDS
(greater than 1000 mg/1 TDS but less than 10,000 mg/1), but is
Class IIl based on the high levels of chromium, molybdenum,
nitrate, selenium, and uranium that occur naturally.
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r-middie hvdrostratiqraphic unit

The locations of background monitor wells 816 and 806 are
shown on Figure D.5.1. Monitor well 806 is upgradient of the
tailings, and monitor well 816 is upgradient and updip of the
tailings.

A background groundwater quality summary of the upper-
middle unit is presented in Table D.5.17. The wide range of
background quality reflects the range in concentrations found
at each well. High concentrations of the contaminants listed
in Table D.5.17 are found at well 816, which is located south
(upgradient) of the tailings at the proposed disposal site.
Proposed EPA MCLs for nitrate, selenium, and gross alpha acti-
vity are exceeded in monitor well 816. The measured uranium
concentration is very close to the proposed MCL and chromium
has been measured at levels as high as the MCL. The nature of
the contamination present in this well suggests the source may
be from the surface, as well as from recharge by naturally con-
taminated water from underlying aquifers. The general water
type in background well 806 is sodium bicarbonate. The concen-
trations of both sodium and sulfate are much higher in monitor
well 816 than in monitor well 806, but since alkalinity was
not determined for well 816 (limited sample quantity), well
816 is not plotted on the trilinear plot. The water in the
upper-middle unit is Class II based on TDS, but is Class III
based on the high nitrate and selenium concentrations found in
monitor well 816.

Monitor well 807 is completed in the upper-middie shale
unit below the lower-middle sandstone (see Figure D.5.2). The
screened interval in well 807 is from 78 to 98 feet (see Table
D.5.2). The water quality analysis of a sample taken from this
well in July 1988 (see Table D.5.15) shows that cadmium (0.125
mg/1), chromium (0.06 mg/1), nitrate (1280 mg/1), and selenium
(0.322 mg/1) concentrations exceed proposed EPA and state of
Utah MCLs for these constituents. In addition, the boron con-
centration was measured at 0.84 mg/1, which is slightly greater
than the state of Utah maximum concentration limit for boron
(see Table D.5.1). Finally, total dissolved solids were mea-
sured at 11,700 mg/1, and the sulfate concentration was 6450
mg/1. Since this saturated zone within the Cedar Mountain
Formation is isolated from surface contamination by strong,
vertically upward hydraulic gradients, the source for the
contaminants formed within this unit is from somewhere off the
site, and possibly from below the elevation of the well screen.
It is possible that contaminants were discharged into this
zone by injection, but there is no evidence that this is the
case (Day, 1988).
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Lower-middle hvdrostratigraphic unit

The locations of background monitor wells 562, 811, and
813 are shown on Figure D.5.1. Monitor well 811 is upgradient
of the tailings, and monitor wells 562 and 813 are upgradient
and updip of the tailings.

A background groundwater quality summary of the lower-
middle unit is presented in Table 0.5.18. The background
quality range for this unit is similar to that of the upper-
middle unit. Beneath the proposed disposal area, the upper-
and lower-middle hydrostratigraphic units may be hydraulically
connected by numerous vertical fractures. In the north, away
from the disposal area and toward the present tailings pile,
the vertical fractures are not as intense or abundant and the
lower-middle unit 1is confined by the overlying shales and
limestones of the upper-middlie unit. Background concentra-
tions of chromium, molybdenum, nitrate, selenium, uranium, and
gross alpha activity exceed the proposed EPA MCLs south
(upgradient) of the tailings at the proposed disposal site.
The source of this contamination, 1like that found in the
upper-middle unit, is probably from upgradient sources south
of the disposal area. There is no evidence at the ground
surface that the proposed disposal site is a source of con-
tamination. The general water type in the lower-middle unit
is sodium sulfate; the water is Class II, based on TDS, but is
Class III based on high 1levels of chromium, molybdenum,
nitrate, selenium, uranium, and gross alpha activity.

Bottom hydrostratigraphic unit

The locations of background monitor wells 586, 587, 588,
817, and 818 are shown on Figure D.5.1. These monitor wells
are upgradient and updip of the tailings.

Groundwater in this unit is much better in quality than
the three shallower units; TDS levels are near 2000 mg/1. The
general water type is sodium sulfate and the water is at the
lower end of Class II, based on TDS, but is also Class III
because of high levels of chromium, molybdenum, selenium, and
gross alpha activity.

For the September 1986 and March 1987 rounds of water
sampling, monitor wells 586 and 587 were considered to be
cement grout contaminated since the time the wells were drilled
and completed. The pH of the water samples from these wells
ranged from 9.92 to 11.61 standard units. For the October,
1987, sampling, the pH was measured as 8.10 in monitor well
586 and 9.35 in monitor well 587, indicating the majority of
the grout was removed from the producing intervals during the
purging (sampling) process. The pH values for all of the
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sampling dates for monitor wells 586, 587, and 818 were plotted
versus molybdenum, nitrate, selenium, uranium, and sulfate
concentrations on a linear-linear graph (Figure D0.5.13) to
show the effect of pH on the concentrations of these constit-
uents. A Tlinear regression was done for each constituent,
the coefficient of determination (r2) was calculated, and
Student's "t" statistic (McClave and Dietrich, 1979) was cal-
culated to test the null hypothesis that the slopes of the
best-fit regression lines for each parameter are not different
from zero. The calculated "t" statistics indicate that at a
99 percent level of confidence there does not appear to be
any 1inear relationship between pH and the concentrations of
the constituents tested. Based on these results, values for
these constituents and all other constituents analyzed from
wells 586, 587, and 818 were included in the background water
quality calculations, regardless of the water pH at the time
of sampling.

A background groundwater quality summary of the bottom
unit is presented in Table D.5.19. Concentrations of chromium,
molybdenum, selenium, and gross alpha activity in the bottom
unit are slightly higher than the proposed EPA standards for
these constituents. These levels probably reflect high natural
levels of these constituents, and indicate that the high levels
of these constituents found in the over-lying hydrostratigra-
phic units may also be (at least in part) from natural sources.

Summary

The range of background groundwater quality in the upper-
and lower-middle (Cedar Mountain Formation) hydrostratigraphic
units is wide because background monitor wells are located both
east (upstream) and south (updip) of the tailings. The wells
south of the tailings (at the proposed disposal site) indicate
there is a source of contamination upgradient of the disposal
site that is not related to the milling processes since it
would be outside the boundary of the mill site. If the high
nitrate levels are an indication of the source, it may be from
activities associated with the White Sands Missile Range test
complex (DOE, 1988a). High levels of chromium, molybdenum,
and selenium in the bottom hydrostratigraphic unit indicate
these constituents are from natural sources; because this unit
is confined by a thick shale unit in the vicinity of the
tailings site contamination from the surface is unlikely.
Because the high background levels of nitrate, molybdenum,
chromium, and selenium indicate contamination from natural
sources, groundwater in all four hydrostratigraphic units at
the Green River site may be classified as Class III, according
to 40 CFR 192.21(g), which states that Class III groundwater
includes water that is not a current or potential source of
drinking water because widespread, ambient contamination not
due to activities 4nvolving residual radioactive materials
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from a designated processing site exists that cannot be cleaned
up by using treatment methods reasonably employed in public
water-supply systems.

The town of Green River currently takes water from the
Green River upstream of its confluence with Brown's Wash for
domestic use and irrigation. Because an ample supply of
good-quality surface water is available for domestic use, the
development of groundwater in the potentially affected envi-
ronment of the Green River tailings site is highly unlikely.
See Section D.5.2.10 for a more complete discussion of ground-
water use, value, and alternate supplies at the Green River
tailings site.

Extent of existing contamination

Percolation of tailings seepage 1into the groundwater
system beneath the tailings pile has adversely impacted the
water quality in both the top and upper-middle hydrostrati-
graphic units. The vertical extent of contamination is con-
fined to these two shallow units by strong, vertically upward
hydraulic gradients between the upper-middle unit and the
underlying units. The maximum potential depth of contamina-
tion 1in groundwater beneath the surface of the present
tailings pile is about 65 feet.

Top hydrostratiqraphic unit

Gross alpha activity, molybdenum, nitrate, selenium, and
uranium concentrations exceed background levels and proposed
EPA and state of Utah groundwater MCLs beneath and down-
gradient of the tailings. Table D.5.20 shows the maximum and
minimum observed concentrations of contaminants 1in the top
unit and the proposed EPA maximum concentration limits. The
range in concentrations of contaminants varies widely from
sampling to sampling, probably in response to evaporation and
percolation of rainfall and snowmelt through the tailings;
this type of variation is also seen in the pore water sample
analyses for the same reasons (see Section D.5.3.5). Figures
0.5.14 through D.5.18 show the lateral extent of contami-
nation as gross alpha activity, molybdenum, nitrate, selenium,
and uranium, respectively, in the top unit (Brown's Wash
alluvium) and in the channel of Brown's Wash, based on the
maximum observed concentrations.

The contamination resulting from tailings seepage travels
downgradient through the alluvium toward the northwest and the
channel of Brown's Wash. Once in Brown's Wash, the contami-
nants move west with groundwater flow in the shallow alluvium
or on the surface. Surface water sample analyses from Brown's
Wash (DOE, 1988a) indicate contaminated groundwater discharges
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to Brown's Wash; however, flow in the channel is intermittent
and the concentrations of contaminants (as well as major anions
and catifons) are a function of the evaporation of water in
_the channel (i.e., evaporation causes a relative increase in
concentration of the contaminants). The contaminated water
travels downstream (west) in Brown's Wash and mixes with back-
water from the Green River approximately 400 feet west of sur-
face water sampling station 710 (see Figures D.5.14 through
0.5.18). Water quality analyses from samples of Green River
water upstream and downstream from its confluence with Brown's
Wash show that the discharge of contaminated water from Brown's
Wash to the Green River has no adverse affect on the water
quality of the Green River (DOE, 1988a). This is because the
contaminants are diluted by a factor of 105 to 106 once
they mix with the Green River.

As part of the site characterization, monitor well 705
(on-site and completed 1in the alluvium) was sampled and
analyzed for EPA priority organic pollutants in July 1986.
The analyses measured 13 parts per billion (ppb) of methylene
chloride, but it is noted by the analytical laboratory that
the elevated value may be a result of laboratory contamina-
tion. Two other unknown, semivolatile compounds were tenta-
tively identified by the lab to have concentrations of 100 and
40 ppb. In July. 1988, monitor well 705 together with monitor
wells 561, 562, 583, 806, 807, and 816, and lysimeter 714 (see
Figure D0.5.1 for 1locations) were sampled for volatile and
semi-volatile organic compounds. The analyses showed that the
only compound detected in confirmable concentrations was
methylene chloride; methylene chloride was also detected in
the trip blank for this batch of samples. Based on these
results, methylene chloride is suspected of being present as a
result of contamination by the analytical laboratory. These
analytical results are on file at the UMTRA Project Office in
Albuquerque, New Mexico.

Contamination as ammonium was also identified in the top
unit. Figure D.5.19 shows the extent of ammonium contamina-
tion in Brown's Wash alluvium and the channel of Brown's Wash.
Ammonium was used in the milling process (see Section D.5.2.8)
and may be present in groundwater beneath the tailings by the
reduction of nitrate (NO3~) within the tailings to ammo-
nium (NHg*). The chemical characteristics of the tail-
ings pore fluid are discussed in detail in Section D.5.2.8;
geochemical conditions present in the Green Rjver site area
are discussed in Section D.5.2.9.

Upper-middle hydrostratigraphic unit

Gross alpha activity, molybdenum, nitrate, selenium, and
uranium exceed background levels and proposed EPA and state
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of Utah groundwater standards beneath and downgradient of the
tailings. Table D.5.21 shows the maximum observed concentra-
tions of contaminants in the upper-middle unit and the pro-
posed EPA MCLs. Figures D.5.20 through 0.5.24 show the lateral
extent of contamination as gross alpha activity, molybdenum,
nitrate, selenium, and uranium, respectively, in the upper-
middle hydrostratigraphic unit, based on the maximum observed
concentrations.

Contamination from tajlings seepage in the upper-middle
unit extends northwest from the tailings pile (from monitor
well 701, on the site), roughly following the "trough” shown
by the potentiometric contours (see Figures D.5.20 through
D.5.24). This trough probably is a result of higher secondary
permeability in the shale caused by joints, fractures, or minor
faulting that 1is oriented the same direction as the trough.
Groundwater flow in the upper-middle unit is discussed in more
detail in Section D.5.2.4.

Contamination is also present in monitor well 583 west
of the tailings and Brown's Wash (see Figures D.5.20 through
0.5.24). This contamination {s probably a result of seepage
of contaminated water in Brown's Wash down into the bedrock
channel bottom. As discussed previously, the contaminated
water in Brown's Wash is a result of the discharge of contami-
nated alluvial groundwater into the channel adjacent to and
downgradient of the tailings.

Contamination as ammonium was identified in monitor well
701 on the site; however, the ammonium appears to be limited
to the area directly beneath the tailings because elevated
Tevels of ammonium are not found in any of the off-site monitor
wells. The maximum observed concentration of ammonium observed
in monitor well 701 was 47 mg/1.

Tailings and milling process characterization

Tailings

The tailings pile at the Green River site is eight acres
in area. The tailings are not presently saturated and there
is no evidence of a groundwater mound beneath the tailings.
The depth to groundwater beneath the base of the tailings
ranges from four to ten feet, using the available monitor well
and water level information.

The tailings are a fairly well-sorted, white to pink sand
with some silt. Based on laboratory test data (Table 0.5.22),
the average saturated hydraulic conductivity of compacted
tailings s 1.5 x 104 cm/s. This value is probably repre-
sentative of the tailings since there are no slimes within the
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pile and the tailings are uniform in texture. Under natural,
uncompacted conditions, the vertical hydraulic conductivity is
probably greater than 10-4 cm/s. The horizontal hydraulic
conductivity of the underlying Brown's Wash alluvium (top
hydrostratigraphic unit) 4s near 1 x 10-2 cm/s, based on
average hydraulic conductivities at monitor wells 702, 704,
705, and 708 (see Table D.5.7). Considering that the alluvium
is anfisotropic (Bouwer, 1978), the vertical hydraulic conduc-
t1;1ty is probably in the range of 5 x 10-3 to 1 x 10-3
cm/s.

In an attempt to calculate the current percolation rate
through the present tailings pile, the following mixing rela-
tionship was used:

Cb{(Qr - Q) + CtQt = CrQr
where

Cp = concentration of water quality constituent upgra-
dient (background) of the tailings (mg/1).

Qr = volume flux rate of alluvial groundwater beneath
the taflings (resultant volume flux rate from mixing
the  background groundwater with the fluid
percolating through the tailings) (gpm).

Q¢ = volume flux rate (percolation) through the tailings
(gpm) .

Ct¢ = concentration of water quality constituent in
tailings pore fluid (lysimeter sample) (mg/1).

Cr = concentration of water quality constituent in the
alluvium beneath the tailings (resultant concentra-
tion from mixing background alluvial water with
tailings pore water) (mg/1).

Using Qpr = 9.9 gpm (see Table D.5.8), average pore water con-
centrations from lysimeter GRNO1-714 (Table D.5.23), average
background groundwater concentrations from alluvial monitor
wells 563 and 707, and resultant groundwater concentrations
from alluvial on-site wells 702, 704, and 705, Qi was calcu-
lated to be 0.010 gpm using both uranium and manganese concen-
trations. Other constituents were considered but were not
useful either because their background concentrations were
higher than resultant concentrations or pore water analyses
were not available.

Based on the calculated Qt, the continuous infiltration

rate over the eight-acre area of the tailings is 6.4 x 10-11
feet per second (ft/s) (2.0 x 10-9 cm/s); the average annual
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rate is equal to 0.024 inches. per year (in/yr) (0.06 cm/yr),
or 0.4 percent of the average annual precipitation. While
this method of calculating Qp has inherent uncertainties
(e.g., averages are used and geochemical attenuation is not
considered), it indicates that the percolation of water through
the tailings is very little, and is probably within the range
estimated by Rush et al. (1982). Detailed mixing calculations
to estimate Qp are on file in the UMTRA Project Office,
Albuquerque, New Mexico.

Tailings pore water samples were collected and analyzed
from lysimeter 714 located at the east end of the pile (see
Figure D.5.1) in September 1986 and March 1987 (Table 0.5.23).
Less than 500 milliliters could be obtained from the lysimeter
each time, so only a select number of parameters could be
analyzed. No pore water at all could be collected during
October 1987 and January 1988 samplings. Since radionuclide
analyses require one liter of water or more, radionuclide con-
centrations in the pore water could not be determined. In
addition, since only a select number of constituents were
analyzed, a cation/anion balance could not be accurately
performed and the reliability of the results are uncertain.
Finally, the pore water samples are highly sensitive to
fluctuations in soil moisture content (responses to rainfall
and evaporation); this seems to be reflected by the high
variance in pore water parameters like chloride, potassium,
nitrate, sulfate, TDS, and uranium.

Uranium mill tailings, buffer material, and contaminated
windblown soils samples were collected from representative
stockpiles at the Green River site in March 1989. The stock-
piles for tailings, buffer material, and windblown soils are
located near test pit 544, between monitor wells 588 and 561,
and near test pit 577, respectively (see Figure D.5.1). The
samples were used to determine the mobility of contaminants in
the materials to be placed in the disposal cell. Batch leach
and column extraction tests were conducted on the samples, and
the batch solutions and column feed solutions were analyzed
for all of the hazardous constiutents identified at the site
(see Table D.5.27). Radionuclides were not analyzed because
of the limited quantity of solution from the batch leach and
column extraction tests.

Results show that, for all of the hazardous constiutents
identified at the Green River site, except for uranium and
vanadium, the extract concentrations from batch experiments
using windblown soils are below the interim concentration
1imits proposed by NRC (see Table E.1.1). Concentrations of
vanadium s1ightly exceed the NRC-proposed interim concentration
of 0.09 mg/1, but are well below the observed range of maximum
values from background groundwater samples beneath the disposal
site (0.38 mg/1 maximum). Uranium concentrations from the
windblown extract are above both the interim concentration
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1imit of 0.044 mg/1 (which 1s EPA's established MCL) and the
maximum observed value in groundwater of 0.146 mg/1. However,
the column feed experiments show that uranium s attenuated by
the buffer material to a concentration greater than one order
of magnitude less than the feed concentration (from tailings
solution). Based on the batch and column experiments, it can
be assumed that the windblown soils are "clean® and are
*buffer* material in addition to the clean select-fi11 buffer
material placed in the bottom of the cell. With this assump-
tion, travel of contaminants can be assumed to be from the
base of the tailings (top of the windblown soils) through the
base of the buffer materials.

HilIing‘grocess

The Green River processing plant was operated from March
1958 to January 1961 (FBOU, 1981). Ore from uranium mines at
Temple Mountain, Utah, was upgraded, and the ore concentrate
was :hipped by railroad to Rifle, Colorado, for further pro-
cessing.

The uranium ore was sandstone loosely cemented with clay
and asphaltic material, with part of the uranium intimately
associated with carbonaceous minerals. After crushing and
grinding, the ore was screened, with minus-35 mesh material
going to flotation and the plus-35 mesh material joining the
flotation concentration to form a carbonaceous concentrate.
The flotation tailings were separated into sand and slime
fractions. The sands were Jleached with acid, the leached
slurry washed, and the spent sands discarded to the tailings
area. The recovered slimes and pregnant solution were then
joined with a portion of the initial slime fraction. Any
excess acid was neutralized with ammonia. This mixed product
plus the remainder of the primary slimes were then dewatered
a?d dried for shipment to the Rifle, Colorado, processing
plant.

Geochemical conditions

The presence of pyrite and organic matter in the Cedar
Mountain Formation aquifer of the Green River site indicates
that groundwater at the site 1is relatively reducing (DOE,
1988b). The Cedar Mountain Formation contains mudstones with
occasional thin and discontinuous calcareous beds. Ground-
water flow 1is controlled by fractures, joints, and faults,
which are continuous through the upper middle portion of the
stratum. Fracture surfaces in the unsaturated zone contain
significant quantities of ferric oxyhydroxide, calcite, gypsum,
and oxidized pyrite. The presence and movement of groundwater
beneath the tailings dimpoundment is controlled by connected
fractures. Strong, upward, vertical hydraulic gradients are
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prevalent through the entire saturated hydrostratigraphic
sections.

Results of selected water-quality analyses of the Cedar
Mountain Formation aquifer are provided in Table D.5.24. The
monitor wells were sampled in May 1988 and the water-quality
data collected during this period are representative of the
aquifer. This groundwater generally is a sodium sulfate type
and the TDS content is higher than 4500 mg/1. Monitor wells
562 and 813 are upgradient of the tailings impoundment; how-
ever, groundwater samples from these monitor wells have high
concentrations of nitrate, sulfate, and T0S. Monitor well 700
is completed beneath the tailings impoundment and groundwater
samples from this well are contaminated from tailings leachate.

Concentrations of nitrate, ammonium, selenium, and macro-
solutes are elevated above background. The groundwater remains
buffered by 1imestone lenses within the aquifer.

Monitor wells 581 and 584 are downgradient from the tail-
ings 1impoundment, and groundwater samples from these wells
contain relatively low concentrations of nitrate and most other
macro-solutes. Dissolved hydrogen sulfide occurs in monitor
well 581, where field Eh measurements indicate relatively
reducing conditions. Field alkalinity values recorded at
monitor well 581 are relatively high, which may be the result
of the oxidation of solid organic matter in the presence of
hydrogen sulfide. Sulfate reduction is a bacterial reaction
in which bacteria use the oxygen in 5042‘ to oxidize
organic matter to (02, which contributes to alkalinity,
producing sulfide species. Sulfate reduction is represented
by the following equation with pH values above 7:

$042- + 2Corganic + 2H20 = HS~ + H* + 2HCO3- (1)

Petroiraph1c analyses of core material taken near monitor
well 581 show unoxidized, euhedral pyrite crystals in a matrix
of solid organic matter, calcite, and quartz. Groundwater
chemistry and mineralogy indicate that the Cedar Mountain For-
mation 1{s relatively reducing downgradient of the tailings
impoundment.

Uranium concentrations within the Cedar Mountain Formation
decrease by several orders of magnitude within 600 feet down-
gradient of the tailings pile. For example, the concentration
of uranium in groundwater samples from monitor well 701, com-
pleted beneath the tailings pile, is 2.69 mg/)1, whereas the
concentrations of uranium in groundwater samples from monitor
wells 581 and 584 are below 0.001 mg/1. Figure D.5.24 shows
the distribution of uranium in the upper-middle hydrostrati-
graphic unit at the Green River site.

The Cedar Mountain Formation consists of a Cretaceous
marine limestone with lenses of sandstone and siltstone (see
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Section D.5.2.3). Many secondary minerals are found on the
fracture surfaces in the foundation bedrock beneath the dis-
posal site. These include, but are not limited to, calcite,
gypsum, and iron and magnesium oxides; pyrite is abundant on
the fracture surfaces in the lower-middle sandstone unit.

Core samples collected above the water table contain
fracture coatings consisting of calcite, gypsum, and iron and
manganese oxides. The fractures have a higher permeability
than the matrix permeability.

In general, the core samples collected below the water
table indicate a considerable amount of carbonate is present,
primarily as cement and vein filling, in the siltstones and
sandstones. The sulfide (pyrite) content of the core samples
ranged from 0.1 percent to 1.0 percent; in some cases oxida-
tio? to iron oxides affects the outer surfaces of individual
grains.

The porosity appears to be low in the siltstones and
moderate to low in the sandstones, and increases with in-
creasing grain size. Fracture permeability probably has a
significant role in fluid migration through these rocks. The
fractures observed in the core samples are generally cemented
with carbonate, and contain coatings of iron oxides. Fracture
porosity is variable, but 1in general the existing fractures
have moderate to low porosity.

Geochemical modeling wusing PHREEQE (Parkhurst et al.,
1980) was performed to mix the tailings leachate with the
ambient groundwater. Results of the modeling show that most
heavy metals and trace elements have the potential to adsorb
or precipitate from solution as a result of contact with the
calcite and iron oxides in the aquifer. Where reducing condi-
tions exist in the saturated zone and pyrite is present, the
groundwater 1is predicted to be oversaturated with uraninite
and amorphous UO7, and precipitation of uranium would occur.

The solubility of uranium within the Cedar Mountain Forma-
tion aquifer may be controlled by precipitation of tetravalent
uranium minerals such as uraninite and coffinite, by adsorption
of uranium onto ferric oxyhydroxides and clay minerals, or by
a combination of precipitation and adsorption processes. Cedar
Mountain Formation groundwater is sufficiently reducing down-
gradient of the tailings pile to account for uraninite precipi-
tation. Table 0.5.25 shows the measured field Eh and the
theoretical Eh required for Cedar Mountain Formation ground-
water to be in equilibrium with uraninite. The measured field
Eh value for monitor well 581 is more reducing than the theo-
retical Eh value calculated by the computer code PHREEQE. For
monitor well 584, the measured Eh is approximately 0.02 volts
more oxidizing than the theoretical Eh value required for
uraninite equilibrium. The discrepancy between the field Eh
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and theoretical Eh values may be insignificant with respect to
uraninite precipitation. Uranium concentrations, however, in
groundwater samples from monitor wells 581 and 584 are in the
low microgram/liter range.

Reduction of the uranyl idon (U022+) by aqueous sul-
fide forming poorly crystalline uraninite has been investi-
gated by Mohogheghi and Goldhaber (1982). Their investigation
shows that uranium concentrations greater than 2.75 ppm results
in the precipitation of uraninite within 24 hours. Adsorption
of hexavalent uranium may be necessary prior to chemical reduc-
tion. The partial pressures of hydrogen sulfide and carbon
dioxide during their experiments were 4.3 x 10-2 atmospheres.
Based on their experiments, concentrations of hydrogen sulfide
within the Cedar Mountain Formation should provide conditions
favorable for uraninite precipitation.

Specfation and saturation index calculations by PHREEQE
can be made using either field Eh or calculated Eh values.
Determining the most appropriate redox couple to use for model
simulations is very difficult because internal disequilibrium
exists between the redox couples (Lindberg and Runnells, 1984).
Field Eh values were used as input for the PHREEQE simulations
because they are intermediate to the calculated redox couples.
It must be shown, however, that electron-transfer reactions
taking place between the aqueous species of interest and the
electrode surface are similar to reactions taking place between
the aqueous species and the electron donor/acceptor present in
the Cedar Mountain Formation aquifer. Small uncertainties in
the measured electrode potentials and in the calculated Eh
values from the redox couples may be important for simulating
whether solubility control or adsorption is the major attenua-
tion mechanism for uranium in the Cedar Mountain Formation
aquifer. The Fe3d+/Fe2+ and Sato dissolved oxygen redox
couples appear to be in close agreement with the measured Eh
values for monitor wells 562, 701, and 813 upgradient from the
tailings impoundment, whereas the HS-/Rhombic S redox couple
approximates measured Eh values for monitor wells 581 and 584
downgradient from the tailings impoundment. Berner (1963) has
shown that the HS~/Rhombic § couple {is reversible for marine
sediments and this redox couple is useful for approximating
redox conditions in certain portions of the Cedar Mountain
Formation aquifer where detectable concentrations of aqueous
hydrogen sulfide are present.

The saturation indices for uraninite, coffinite, calcite
gypsum, pyrite, and amorphous Fe(OH)3 with PCO; = 10‘é
atmospheres were computed by PHREEQE from analytical results
(Tables 0D0.5.23 and 0.5.24) obtained from the groundwater
analyses from monitor wells 562, 581, 584, 701, and 813. These
modeling results are shown in Table D.5.26. Groundwater
samples from monitor wells 562, 701, and 813 are undersatu-
rated with respect to uraninite, coffinite, and pyrite and are
oversaturated with respect to gypsum and amorphous Fe(OH)j.
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Cedar Mountain Formation groundwater is in equilibrium with
calcite. Therefore, uranium s likely to be mobile in the
Cedar Mountain Formation aquifer at the proposed disposal site
and downgradient towards the existing tailings pile.

Petrographic analysis has shown the ubiquitous occur-
rence of calcite, gypsum, and ferric oxyhydroxide within the
fractures,. Uranium, stable as U0,(C03) 22~ and
U02(C03)3%~ complexes, 1{s 1likely to be mobile in this
portion of the aquifer. Conversely, groundwater is predicted
to be oversaturated with respect to uraninite and pyrite down-
gradient of the tailings impoundment where uranium concentra-
tions are below 0.001 mg/1. Pyrite occurs as euhedral crystals
with no detectable oxidation coatings, indicating that oxidi-
zing solutions are not presently in contact with the sediments.
The analytical detection 1imit for total uranium is <0.001 mg/1
and the saturation findex values for uraninite and coffinite
are maximum values. If the actual concentrations are less
than 0.001 mg/1, then groundwater samples from monitor wells
581 and 584 could be undersaturated with respect to uraninite
and coffinite. The occurrence of uraninite and coffinite in
this portion of the Cedar Mountain Formation has not been
established by petrographic techniques.

Solubility experiments conducted by Ryan and Rai (1983),
however, show that U(OH)s~ may not be as strong a com-
plex of U(IV) because no evidence for the predominance of
U(OH)s~ was observed under alkaline pH conditions. In
addit?on, thermochemical data (hydrolysis constant) for
U(OH)s~ may be suspect (Bruno et al., 1987) and the
stabjlity fields for dissolved U(IV) species can be much larger
than what are reported in the literature. This implies that
the stability fields for U(IV) species may be much more
restricted in nature.

In 1ight of these concerns, additional speciation calcu-
lations which did not include U(OH)s~ in the database
still show that Cedar Mountain Formation groundwater remains
oversaturated with uraninite using analytical data from moni-
tor well 581. Uranyl tricarbonate becomes the dominant solu-
tion species of wuranium in the absence of U(OH)s~. Input
Eh value is the dominant control, in addition to uranium con-
centrations, for calculating the saturation index of uraninite.

Adsorption of wuranium onto ferric oxyhvdroxides, clay
minerals, and other adsorbents present in the Cedar Mountain
Formation (DOE, 1988b) may partially account for the observed
concentration decrease of uranium. Complete adsorption
of uranium onto ferric oxyhydroxide under relatively oxidiz-
ing conditions, however, is 1inhibited by the formation of
U0,C03%, UD(C03)22-, and UDg(CO3)3%~ complexes (Hsi and
Langmuir, 1985; Tripathy, 1984). Speciation calculations for
uranium show that the hydrolysis species U(OH)s~ is the
dominant uranium species predicted for groundwater samples
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from monitor well 581, whereas U02(C03)3% is the dominant
species in groundwater samples for monitor well 584, Adsorp-
tion of uranium onto minerals such as goethite, amorphous
Fe(OH)3, and hematite may occur to a greater extent where
uranium hydroxo complexes are more abundant than uranyl
carbonato complexes (Hsi and Langmuir, 1985; Tripathy, 1984).

In nature, uranium can become chemically reduced and
concentrated to form an ore deposit. Uranium roll-front
deposits consist of naturally occurring ore-grade uranium and
the geochemical environment of these deposits may be similar
to that of the Cedar Mountain Formation. The ore deposits are
formed by several geochemical processes including dissolution,
chemical reduction, complexation, sorption, and precipitation.
The Eh of groundwater in contact with the ore deposit is rela-
tively reducing (Eh <-0.100 V) and dissolved uranium concen-
trations can vary from 0.001 to 2000 mg/1 (Deutsch and Serne,
1984; Runnells and Lindberg, 1984; Chathan et al., 198]1;
Cowart and Osmond, 1980). Downgradient from the ore deposit,
uranium concentrations are in the low mcg/1 range under
chemically reducing conditions. Uranium rollfront and tabular
deposits are found throughout the world in different geologic
strata. The Cedar Mountain Formation is chemically reducing
and uranium is being attenuated downgradient from the tailings
pile through geochemical processes. Hydrogen sulfide, pyrite,
and solid organic matter occur in the Cedar Mountain Formation
and these materials are chemical reducing agents for uranium
and other metals. Generation of hydrogen sulfide within the
Cedar Mountain Formation has been occurring for millions of
vears. Subsequently, long-term reducing conditions are
established for this formation.

Groundwater use, value, and alternative supplies
Exfsting use and value

There are 15 registered wells in Township 21 South, Range
16 East (State of Utah, 1985). Thirteen of these wells are on
the west side of the Green River; one well is on the east side
of the river one mile northeast of the tailings site (Figure
0.5.25). The final well, the Crystal Geyser well, is in the
southeastern corner of Section 34, Township 21 South, Range 16
East on the east bank of the Green River. Most or all of
these wells, except for Crystal Geyser, are shallow (less than
20 feet deep) and are completed in the Green River alluvium.
Information was obtained regarding 10 of the 15 wells. The
majority of the wells are not being used because of the poor
quality of the water, disrepair of the wells, and the availa-
bility of better-quality water from the city of Green River.
This 1s consistent with Rush et al. (1982) on groundwater use
on a regional basfts.
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The reported past use of water from these wells was for
watering gardens or livestock. Groundwater in the Green River
area is not considered potable (Rush et al., 1982). The city
of Green River provides water to residents on the eastern side
of the Green River. The nearest resident to the tailings site
hauls potable water from a coin-operated outlet in the city of
Green River (Casper, 1985). In summary, there are no known
uses of groundwater within the potentially affected hydrogeo-
logic setting of the tailings site.

It is difficult to assign an absolute value to water re-
sources, especially those of lesser quality. Qualitatively,
it can be stated that the shallow groundwater affected by the
6reen River mill tailings has a very low value due to its
origin in an area affected by the Mancos Shale and other shale
and limestone deposits of the Cedar Mountain Formation. The
Utah Division of Water Resources (DWR, 1975) states, "Water
originating from this [Mancos Shale] formation has 1little
value . . . ."

Future use and value

Future use of shallow groundwater for domestic consump-
tion in the site area is not expected due to the poor natural
quality and low yield of aquifers in the area. Groundwater in
the area of Green River is not considered to be potable (Rush
et al., 1982).

Drill stem tests have indicated that the relative ability
of the shallow groundwater system to yield fluid during test-
ing is small and permeability values are low (Rush et al.,
1982). Other studies in the region also report a lack of
groundwater resources. The water found during oil and gas
drilling corroborates these reports (DWR, 1975):

"Most all wells that were drilled contacted water,
but the quality of this water has been such that it
was not fit to drink."

The detrimental effects of the Mancos Shale on the avail-
ability of good-quality groundwater is one of the main factors
1imiting future development of groundwater in the area (DWR,
1976):

*Groundwater development of fissured or fractured
areas of the Mancos Formation has not been success-
ful because most water located in fissures or by
complete penetration into other strata has been of
poor quality . . . .*

Present development of alluvial groundwater is limited
because of natural and man-made degradation of the water, and
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these conditions will persist. The avafilability of better-
quality water from the municipal supply has caused a decline
in the use of alluvial groundwater. In spite of the poor
water quality in the Brown's Wash alluvium and in the under-
lying shales and limestones of the Cedar Mountain Formation,
water suitable for crop irrigation and 1livestock watering
was located in a sandstone unit of the lower Cedar Mountain
Formation beneath the tailings site (bottom hydrostratigra-
phic unit). The value of this potentially usable source of
groundwater 1{s very difficult to determine; however, an
estimate of the value can be made by comparing the value of
alternate sources of water for irrigation and stock watering.
The city of Green River charges water users outside the city
1imits $23 for the first 6000 gallons per month, and $2 for
each additional 1000 gallons per month (City of Green River,
1984).

The cost of municipally supplied water for users outside
the city's limits is twice that for users within the city's
Timits. While groundwater obtained from the Buckhorn Con-
glomerate member of the Cedar Mountain Formation cannot
replace current domestic supplies unless better-quality water
can be found in this unit elsewhere, the value of municipally
supplied water provides an upper limit for the value of the
water available in these units. The ultimate value of the
water in the Buckhorn Conglomerate will also be dependent
upon the lateral extent of this unit, its recharge capacity,
and the long-term availability of water from this unit.

In summary, the future usage of groundwater will be
Timited by the generally small supply and relatively poor
quality of groundwater in the area, and the availability of a
good quality municipal water supply.

Alternative supplies

The tailings have not affected any groundwater currently
being used. Alternate water supplies include Green River
water as currently supplied by the city of Green River, and
commercial water supply (e.g., delivery by tanker).
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FIGURE D.5.8

POTENTIOMETRIC CONTOUR MAP AND MONITOR WELLS, UPPER - MIDDLE HYDROSTRATIGRAPHIC
UNIT, GREEN RIVER, UTAH, TAILINGS SITE, OCTOBER, 1987
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POTENTIOMETRIC CONTOUR MAP AND MONITOR WELLS, LOWER - MIDDLE HYDROSTRATIGRAPHIC
UNIT, GREEN RIVER , UTAH, TAILINGS SITE, OCTOBER, 1987
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FIGURE D.5.14
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF NITRATE CONTAMINATION IN THE
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FIGURE D.5.15
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF SELENIUM CONTAMINATION IN THE
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FIGURE D.5.16
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF URANIUM CONTAMINATION IN THE

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE
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FIGURE D.5.18
MAXIMUM OBSERVED ACTIVITIES AND ESTIMATED EXTENT OF GROSS ALPHA CONTAMINATION
IN THE UPPER-MIDDLE HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE
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FIGURE D.5.19

MAXIMUM OBSERVED CONCENTRATION AND ESTIMATED EXTENT OF MOLYBDENUM CONTAMINATION
IN THE UPPER-MIDDLE HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE
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FIGURE D.5.20
MAXIMUM OBSERVED CONCENTRATION AND ESTIMATED EXTENT OF NITRATE CONTAMINATION

IN THE UPPER-MIDDLE HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE
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FIGURE D.5.24
DISPOSAL CELL COVER SYSTEM
GREEN RIVER, UTAH, TAILINGS SITE
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Table D.5.1 Water quality standards and maximum concentration limits
applicable to the Green River UMTRA Project sited

Proposed EPA

groundwater
max imum EPA National Drinking State of Utah

concentration Water Standards®_ Orinking Water
Constituent limitsb Primary Secondary Standards
Inorganic
Chemical
Arsenic 0.05 0.05 0.05
Bartum 1.0 1.0 1.0
Boron 0.75
Cadmium 0.010 0.010 0.010
Chloride 250 250
Chromium 0.05 0.05 0.05
Copper 1.0 1.0
Iron 0.3 0.3
Lead 0.05 0.05 0.05
Manganese 0.05 0.05
Mercury 0.002 0.002 0.002
Molybdenum 0.1
Nitrate 44 44 44
Selenium 0.01 0.01 0.01
Silver 0.05 0.05 0.05
Sulfate 250 250
Zinc 5.0 5.0
T0S 500 500
pH (standard units) 6.5-8.5 6.5-8.5
Radionuclides
Ra-226 and 228 5.0 pCiN 5.0 pCiN
U-234 and 238 30 pCi/1 (0.044 mg/1)
6ross alpha 15 pCiN 15 pCi/l

3Concentrations are given in mg/1 except as noted.

dProposed EPA groundwater standards and constituents most commonly asso-
ciated with uranium mill tailings for UMTRA Project sites; 40 CFR 192.
Proposed standards also include a 1ist of hazardous organic constituents,
plus antimony, beryllium, and thallium, that are not normally associated
with uranium mill tailings or are present in very small quantities; these
additional constituents do not have associated maximum concentration
1imits. See Appendix VIII of 40 CFR 261.

CEgA National Orinking Water Standards: Primary, 40 CFR 141; Secondary,
40 CFR 143.
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Table 0.5.2 Monitor well data, Green River, Utah, tailings site

North fast Borehole Well casing Screened Interval
Location coordinate coordinate Elevation Depth? Diameter  Elevation Deptih Diameter depth? Tength
10 (ft) (ft) (ft) (ft) (in) (ft) (ft) (in) (ft) (fe) flow relationship

Formation of completion: Alluvium (top unit)

563 60760.1 60003.5 4079.70 16.0 2.0 4081.10 16.0 2.0 10.0 5.0 Upgradient
564 60917.7 58100.1 4064.60 11.0 2.0 4068.10 11.0 2.0 5.0 5.0 Downgradient
702 60355.8 59295.9 408).80 43.0 8.0 4082.60 26.0 4.0 15.0 8.0 On-site
104 60556.4 58941.0 4080.70 23.0 8.0 4082.10 23.0 4.0 15.0 8.0 On-site
705 60640.1 58665.7 4076.10 20.0 8.0 4078.30 20.0 4.0 14.0 6.0 On-site
706 60779.0 56379.2 4069.80 34.0 8.0 4070.90 168.0 4.0 8.0 6.0 Oowngradient
707 60750.9 60224.0 4081.80 37.0 8.0 4083.10 16.0 4.0 9.0 6.0 Upgradient
108 60605.4 59218.6 4073.10 11.0 8.0 4074.70 11.0 4.0 1.0 4.0 Crossgradient
808 60317.9 59333.8 4082.27 25.0 8.0 4004.27 25.0 4.0 13.0 10.0 On-site
821 60689.9 57916.6 4065.32 7.0 2.0 4068.32 7.0 2.0 2.0 5.0 Oowngradient
Formation of colwletion:b Shale (upper-middle unit, Cedar Mountain Formation)
583 60462.5 57425.9 4065.60 56.5 6.0 4067.10 56.5 2.0 .5 20.0 Downgradient
584 60654.2 58236.8 4072.10 50.0 6.0 4073.60 50.0 2.0 29.5 20.0 Downgradient
585 60925.6 57423.5 4067.60 50.0 6.0 4069.10 50.0 2.0 39.5 10.0 Downgradient
701 60330.9 58929.2 4087.00 571.0 8.0 4087.20 571.0 4.0 30.0 21.0 On-site
806 60839.6 60243.9 4082.00 67.0 8.0 4084 .00 67.0 4.0 55.0 10.0 Upgradient
807 59155.2 58668.8 4139.14 100.0 8.0 414114 100.0 4.0 718.0 20.0 Upgradient
809 60371 .3 58519.2 4080.30 0.0 8.0 4082.50 70.0 4.0 48.0 20.0 Downgradient
810 60011.6 57868.6 4098.76 80.0 8.0 4100.76 80.0 4.0 58.0 20.0 Downgradient
812 59740.3 $9350.1 4142.715 59.0 8.0 4144.75 59.0 4.0 46.0 10.0 Upgradient
214 593117 59412.5 4143.03 60.0 8.0 4145.03 60.0 4.0 48.0 10.0 Upgradient
816 59392.3 59003.8 414).26 60.0 8.0 4143.56 60.0 4.0 48.0 10.0 Upgradient
822 59366.8 59003.0 4140.64 35.0 8.0 414314 35.0 4.0 13.0 20.0 Upgradient
p23 59408.0 58450.5 4132.86 30.0 8.0 4135.06 30.0 4.0 11.0 10.0 Upgradient
Formation of completion: Sandstone and conglomerate (lower-middle unit, Cedar Mountain Formation)
561¢ 59838.7 58028.8 4108.70 143.5 6.0 4111.20 143.5 2.0 m.o 30.0 Crossgradient .
562¢ 59585.9 59014.3 4143.60 130.0 6.0 4147.70 129.5 2.0 81.5 40.0 Upgradient
581 60450.2 568932.9 4083.30 85.0 8.0 4084 .60 85.0 4.0 64.3 20.0 On-site
an 60818.9 60300.0 4082.83 80.0 8.0 4085.33 80.0 4.0 62.5 15.0 Upgradfent
813 59622.2 58669.9 4135.10 99.5 8.0 4136.40 99.5 4.0 77.1 20.0 Upgradient
815 60738.7 58225.6 4071.53 100.0 8.0 4073.53 100.0 4.0 88.0 10.0 Downgradient
Formation of completion: Sandstone (bottom unit, Buckhorn Conglomerate Member of Cedar Mountain Formation)
582 60427.0 57424.8 4065.50 168.5 8.0 4067.00 168.5 4.0 148.0 22.0 Downgradient
586 59171.8 58915.7 4142.40 166.5 8.0 4143.40 166.5 4.0 145.5 20.0 Upgradient
587 59177.2 59540.5 4167.90 185.0 8.0 4169.40 185.0 4.0 164.5 20.0 Upgradient
588 59445.0 57182.17 4112.20 145.0 8.0 4113.50 145.0 4.0 124.3 20.0 Upgradient
817 60794.8 60347.9 4083.3 145.0 8.0 4085.0 145.0 4.0 113.2 30.0 Upgradient
88 59145.1 59189.17 4150.%8 187.0 8.0 4152.58 187.0 4.0 165.0 20.0 Upgradient
819 60583.3 58230.8 4072.170 166.0 8.0 4074.70 166.0 4.0 144.0 20.0 Downgradient

2pepth below land surface.

bExcludes monitor well 703. The bentonite seal breached in this wel) shortly after installation (DOE, 1983) and information from this well has
been excluded from analyses.

CWells 561 and 562 are screened in both the upper-middle and lower-middle hydrostratigraphic units.
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Table 0.5.3 Summary of aquifer hydraulic characteristics, Green River, Utah, tailings site

Average Average
Monitor Tested hydraulic Average 1inear
well Hydrostratigraphic intervg] Test conductivisy transsissivity velocity
numberd unitd (ft) method® (ft/day) (ft</day)® (Ft/day)f
702 Top 15-23.8 PD9,BRY 32.8 289 0.92
704 Top 15-21.2 8RY,FK,CBP 54.6 339 1.5
705 Top 14-18.6 8RY 16.4 75 0.55
706h Top 8-12.5 B8RY 3.3 15 NA
707 Top 9-12.6 BRY,FK,CBP 226.3 815 2.19
808 Top 15.8-23.0 B8R 1.3 79.9 0.92
583 Upper-Middle 33-53 FK,CBP 2.4 48 0.13
584 Upper-Middle 28-48 FK,CBP 2.4 48 0.12
585 Upper-Middie 28-41 FK,CBP 0.5 10 0.03
M Upper-Middle 52-57 FK,CBP,BRY 17.0 85 o.n
806 Upper-Middle 55-65 FK,CBP 0.23 4.6 0.00
807 Upper-Middle 78-98 FK,C8P 0.0068 0.4 ND
561 Lower-Middle 115-145 FK,CBP 0.0055 0.V7 ND
581 Lower-Middle 63-83 FK,PR 21.6 432 2.1
an Lower-Niddle 62.5-71.5 FK,cep 0.22 3.28 0.02
813 Lower-Middle 717.1-9171.17 FX,C8P,PD 4.53 90.8 0.19
815 Lower-Middle 88-98 FX,CBP 0.37 3.7 0.04
582 Bottom 146.5-166.5 FK,C8P,PR 3.6 72 0.072
586 Rottom 144 .5-164.5 FK,C8P,.PR 0.13 2.6 ND
587 Bottom 163-183 FK,CBP,PR 0.076 1.5 ND
588 Bottom 123-143 FK,CBP,PR 5.8 116 0.13
818 Bottom 165-185 FX,CBP 7.6 15) 0.11

3See Figure D.5.1 for locations of monitor wells. Slug tests were unsuccessful for well 708 and no data
are available. Mell 561 is partially screened in the upper-middle unit. Wells 562 and 703 were not
tested. Wells 586 and 587 were grout-contaminated at the time of testing, and hydraulic conductivity values
are not representative of bottom unit. Well 807 is screened in the upper-middle unit below the lower-middle
unit.

bTested interval is in feet below land surface.

CPD 1s pumping drawdown (type-curve) method; PR s pumping recovery (single well) method; BR is Bouwer and
Rice slug test method; FK is Ferris and Knowles slug test method; CBP is Cooper, Bredehoeft, and Papadopulos
slug test method.

darithmetic average of all applied methods of analysis; wells 701, 704, and 707 have been tested twice.

€Average hydraulic conductivity multiplied by tested interval length.

Average linear velocity calculated for silty, gravelly sand (top unit, assumed porosity of 0.30); shale
and limestone (upper-middle unit, assumed porosity of 0.19); sandstone and sandstone conglomerate (lower
middle unit, assumed porosily of 0.20); sandstone/conglomerate (botltom unit, assumed porosity of 0.20)
{(Walton, 1970). NA = not available; ND = not determined.

9Analyses by DOE (1983).

Hydraulic conductivity at well 706 was measured shortly after drilling by DOE (1983), but the well has
been dry for each sampling period thereafter.
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Table D.5.4 Trfaxial hydraulic conductivities of selected rock core from monitor wells 907, 813, 816,

and 818, Green River, Utah, tailings si

te

Moisture Dry
content densitg Saturation
Depth (%) (PCF) (%) Total Hydraulic
Location Sample interval Test pressure conduclivity
f09 10 (FL)0 meth.C Init. Final Init. Final Init. Final head (ft) (cm/s)
807 A S0 (Kcml) X 1.1 3.5 159.3 159.3 31.8 100 97.0 4.7 x 10'10
807 8 80 (Kcmu) ™ 2.4 5.0 153.4 153.4 47.7 100 95.6 2.4 x 0"
813 A 40 (Kcmu) ™ 1.6 14.9 137.8 120.7 89.7 100 95.7 1.3 x 10’9
813 8 65 (Kcml) TX 0.8 4.8 149.2 149.2 17.0 100 4.3 7.0 x 1073
816 A 40 (Kcmu) X 8.5 12.6 133.9 125.0 92.6 100 96.4 3.5 x 10'9
816 8 65 (Kcml) X 1.6 7.0 191.8 141.8 22.8 100 4.4 2.4 x 10'a
818 A 125 (Kcm) X 8.0 14.6 139.2 123.4 90.5 100 95.0 5.0 x 1079
Location/sample ID Depth, ft Unit and visual description

807-A 50 Kem lower-middle ynit: Siltstone, light buff to
gray, moderately well cemented, minor horizontal
fracturing with fron staining.

807-8 80 Kcm upper-middle unit below the lower-middle
sand: Shale, medium gray, moderately well
cemented, minor cemented horizontal fractures,
layering, minor pyrite crystallization.

813-A 40 Kem _upper-middle unit: Shale, dark gray, fissle,
moderately well cemented, secondary mineraliza-
tion in horizonial jointls as calcite or gypsum,
iron staining.

813-8 65 Kem lower-middle unit: Sandstone, silty, very

. fine grained, soft, gray and light brown, minor
fron staining.

816-A 40 Kcm upper-middle unit: Shale and mudstone, light
gray micro-crystalline to dark gray fissle;
secondary mineralization and iron staining on
layered surfaces.

816-8 . 65 Kem lower-middle unit: Sandstone, medium brown
to gray speckled, silty, fine to very fine
grained, minor mud inclusions.

818-A 125-130 Kem confining unit for bottom unit: Shale,

fissle, moderately hard to soft, dark purple and
wedium gray.

d45ee Figure D.5.1 for location of monitor wells.

bxem)

= Jower-middle unit Cedar Mountain Formation;

Kcmu = upper-middle unit of Cedar Mountain Formation;

Kcm = Cedar Mountain Formation between lower-middle and bottom unit.
CTX = Triaxial back pressure fallina head method.
dpcF = pounds per cubic foot (1b/ftd).
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Table D.5.5 Groundwater elevations, Green River, Utah, tailings site

water elevation®

Well Elevation June September March October
number (top of casing) 1986 1986 1987 1987
Top unit

563 4081.1 4069.2 4070.1 4069.2 4069.6
564 4068.1 Dry Ory Dry Destroyed
702 4082.6 4067.3 4068.3 4067.9 4067.1
704 4082.1 4065.2 4065.4 4065.4 Clogged
705 4078.3 4062.9 4063.3 4063.6 4062.7
706 4070.9 Dry Ory Ory Dry
707 4083.1 4070.2 4070.9 4070.8 4069.7
708 4074.7 NS 4065.4 4066.7 Clogged
808 4084.3 NS NS NS 4068.1
821 4068.3 NS NS NS Dry
Upper-middle unit
583 4067.1 NS 4052.4 4051.0 4049.6
584 4073.6 NS 4058.8 4059.5 4058.2
585 4069.1 NS 4054.7 4055.2 4054.17
00 4087.9 4062.8 4062.7 4063.1 4061.3
806 4084.0 NS NS NS 4071.9
807b a1 NS NS NS 4088.4
809 4082.5 NS NS NS 4058.6
810 4100.8 NS NS NS 4063.0
812 4144.8 NS NS | NS Dry
814 4145.0 NS NS NS Ory
816 4143.6 NS NS NS 4083.8
822 4143.) NS NS NS Ory
823 4135.1 NS NS NS Dry
Lower-middie unit
561b 4111.2 4085.8 4084.3 4082.6 4081.0
562b 41417.7 4087.5 4088.3 4088.4 4086.7
581 4084.6 NS Flowing(NM) Flowing(NM) 4087.2
811 4085.3 NS NS NS 4072.3
813 4136.4 NS NS NS 4084.6
815 4073.5. NS NS NS 4068.5




Table D.5.5 Groundwater elevations, Green River, Utah, tailings site

(Concluded)
Water elevation’

Well Elevation June September March October
number (top of casing) 1986 1986 1987 1987
Bottom unit

582 4067.0 NS Flowing(NM) Flowing(NM) 4080.8
586 4143.4 NS 4085.6 4087.6 4086.9
587 4169.4 NS 4086.3 4094.8 4097.9
588 4113.5 NS 4083.1 4086.2 4085.4
817b 4085.3 NS NS NS 4085.7
818 4152.6 NS NS NS 4086.4
819 4074.7 NS NS NS 4080.1

aNS = well was efither not sampled or was not yet 1installed; NM = not
measured; Destroyed = surface casing was destroyed and well could not be
measured; Clogged = well sounder could not be lowered down the casing because
of an obstruction in the well. The potentiometric surface in the flowing
wells was measured by shutting the well in and measuring the shut in pressure
and/or by using a clear plastic riser hose, if possible.
bMonitor wells 561 and 562 partially screen the upper-middle and lower-
middle units; monitor well 807 screens the upper-middle unit below the
lower-middie unit; monitor well 817 probably does not screen the bottom unit
(see text for explanation).
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Table D.5.6 Summary of aquifer hydraulic characteristics for
the top hydrostratigraphic unit, Green River, Utah,
tailings sited

Average

Monitor hydraulic Average

well conductivity transmissivity Average linear
number (ft/day) (ft2/day) velocity (ft/day)

702 32.8 289 0.92b

704 54.6 339 1.5

705 16.4 15 0.55

706¢ 33 15 NA

707 226.3 815 2.19

808 11.1 80 0.92b
meand 25.0 139 1.14

8L inear velocity is a function of an assumed porosity of 0.30 for silty,
gravelly sand (Walton, 1970); NA = not available (see Footnote <¢);
hydraulic gradient is calculated at each well from October 1987 water levels.

DAverage of monitor wells 702 and 808. .

CHydraulic conductivity at monitor well 706 was measured shortly after
drilling by DOE (1983), but the well has been dry for each sampling period
thereafter.

dgeometric mean.

Table D.5.7 Groundwater flux within the top hydrostratigraphic
unit beneath the present tailings, Green River, Utah,
tailings site

Flux Monitor wells Monitor well Monitor well

component 702 and 808 704 705

v (ft/day)d 0.28 0.45 0.17
W (ft)b 300 275 425

0 (ft)€ 9.7 6.3 4.4

Q (ftdss)d 0.0094 0.0090 0.0036
Q (gpm)d 4.2 4.1 1.6

Total flux = 4.2 + 4.1 + 1.6 = 9.9 gpm

3Groundwater velocity.

bwidth perpendicular to groundwater flow beneath the tailings pile repre-
sented by the respective well(s).

CDepth of flow represented by the depth of water in the respective well(s).

dGrtlnimdwater flux for 1incremental area represented by the respective
well(s).
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Table D.5.8 Summary of aqdifer hydraulic characteristics for the
upper-middle hydrostratigraphic unit, Green River,
Utah, tailings sited

Average
Monitor hydraulic Average
well conductivity transmissivity Average linear
number | (ft/day) (ft2/day) velocity (ft/day)
583 2.4 48 0.13
584 2.4 48 0.12
585 0.5 10 0.03
101 17.0 85 0.Mn
806 0.2 5 0.0
meanb 1.6 25 0.08

3 inear velocity is a function of an assumed porosity of 0.15 for shale and
1imestone (Walton, 1970); hydraulic gradient is calculated at each well from

October 1987 water levels.

bGeometric mean.

Table 0.5.9 Groundwater flux within the upper-middie hydrostratigraphic
unit beneath the present tailings, Green River, Utah,
tailings site

Flux Monitor well Monitor well Average of monitor
component 584 701 wells 584 and 701
v (ft/day)? 0.018 0.107 0.063
W (ft)b 450 450 450
D (ft)cC 34.6 31 : 32.9
Q (ft3/s)d 0.0
Q (gpm)d : : 4.9

aGroundwater velocity.

bwidth perpendicular to groundwater flow beneath the tailings pile.

CDepth of flow represented by the depth of water in the respective well(s).
dTota) groundwater flux.
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Table D.5.10 Summary of aquifer hydraulic characteristics for the
Tower-middle hydrostratigraphic unit, Green River,
Utah, tailings sited

Average
Monitor hydraulic Average
well conductivity transmissivity Average linear
number (ft/day) (ft2/day) velocity (ft/day)
581 21.6 432 2.70
R 0.2 3 0.02
813 4.5 91 0.19
815 0.4 4 0.04
meanb 1.7 26 0.14

3Linear velocity is a function of an assumed porosity of 0.20 for sandstone
and conglomerate (Waliton, 1970); hydraulic gradient is calculated at each
well from October 1987 water levels.

bGeometric mean.

Table 0.5.11 Summary of aquifer hydraulic characteristics for the
bottom hydrostratigraphic unit, Green River, Utah,
tailings sited

Average
Monitor hydraulic Average
well conductivity transmissivity Average linear
number (ft/day) (ft2/day) velocity (ft/day)
582 3.6 72 0.07
588 5.8 116 0.13
818 1.6 151 0.17
meanb 5.3 103 0.12

ALinear velocity is a function of an assumed porosity of 0.20 for sandstone

and conglomerate (Walton, 1970); hydraulic gradient is calculated at each
well from October 1987 water levels.
bGeometric mean.
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Table 0.5.12 Summary of vertical hydraulic gradients beneath the
present tailings pile, Green River, Utah, tailings

sited
Upper-middle Lower-middle
Top unit unit unit Bottom unit
Top unit - ‘ 0.12 0.38 o.Nn
downward upward upward
Upper-middle - - 0.87 0.16
unit upward upward
Lower-middle - - - 0.07
unit downward

dGradient values are in foot per foot. Gradients were calculated using
October 1987 water levels at the areal center of the tailings pile; the
vertical distance between units was measured from cross section B-B' on
Figure D.5.3.

Table 0.5.13 Summary of vertical hydraulic gradients beneath the
proposed disposal site, Green River, Utah, tailings

sited
Upper-middle Lower-middle
Top unit unit unit Bottom unit
Top unit (The top unit is not present at the disposal site)b
Upper-middle - - 0.55 0.03
unit upward upward
Lower-middie - - - 0.02
unit . downward

3gradient values are in foot per foot. Gradients were calculated using
October 1987 water levels at the areal center of the disposal site; the
vertical distance between units was measured from cross section C-C' in
Figure D.5.4. :

bGroundwater is first encountered at a depth of about 60 feet beneath the

proposed disposal site (near the contact of the upper-middle unit with the
- lower-middle unit).
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Table D.5.14 Description of groundwater samples, Green River, Utah,

tailings site
Sample Hydrostratigraphic
number unit Description of sample location
563 Top Well point, north side of Brown's Wash,
approximately 250 feet  upgradient from
tailings.
702 Top Well, on-site.
704 Top Well, on-site.
705 Top Well, west edge of tailings, on-site.
707 Top Well, south side of Brown's Wash approxi-
mately 900 feet upgradient from tailings.
708 Top Well, between Brown's Wash and tailings,
crossgradient. ,
808 Top Well, 60 feet east of well 702, on-site.
583 Upper-middie Well, north side of Brown's Wash, approxi-
mately 1000 feet downgradient from tailings.
584 Upper-middle Well, south side of Brown's Wash, approxi-
mately 200 feet downgradient from tailings.
585 Upper-middle Well, north side of Brown's Wash, approxi-
mately 1100 feet downgradient from tailings.
701 Upper-middle Well, on-site. '
806 Upper-middle Well, upgradient, approximately 75 feet north
of well 707.
809 Upper-middle Well, downgradient, north of mill yard.
810 Upper-middle Well, downgradient, in retention structure
west of mill vard.
816 Upper-middle Well, upgradient, center of disposal site.
561 Lower-middle Well, approximately 100 feet southwest of

mill site, west side of road and cross-
gradient from tailings.
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Table D.5.14 Description of groundwater samples, Green River, Utah,
tailings site (Concluded)

Sample Hydrostratigraphic
number unit Description of sample location

562 Lower-middle Well, approximately 600 feet south (upgra-
dient) from tailings, and 1000 feet east of
well 561, located on proposed disposal site.

581 Lower-middle ;30w1ng well, on-site, between wells 701 and

4.

811 Lower-middle Well, upgradient, approximately 60 feet east
of well 808.

813 Lower-middle Well, upgradient near disposal site, 100
feet south of water tower.

815 Lower-middle Well, downgradient, west of tailings.

582 Bottom Flowing well, north of Brown's Wash,
adjacent to well 583 and downgradient from
tailings.

586 Bottom Well, approximately 1100 feet south of and
upgradient from tailings, located on SOS
disposal site.

587 Bottom Well, approximately 120 feet southeast of
tailings and 650 feet east of well 586, and
upgradient from tailings.

588 Bottom Well, approximately 1200 feet southwest of
mill site and 1200 feet west of well site
and upgradient from tailings.

818 Bottom Well, between wells 587 and 586, upgradient
from tailings.

819 Bottom Well, downgradient, west of tailings.
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site

t ORMATION OF COMPIETION: URANTUM MIIL (ALl INGS
HYDRAULIL FLOW RELATIONGHIP: UN-LITE

- s o mmm e mmmm e e e LOCAVION D = SARFILE ID AND LOG DATF ——=mmmmmm oo e

PARAML TLR
VAL Ul +/ -UNLERTALNTY

/44-04 04712797 744-04 0V/44/164

UNIE UF PARAME TER PARAMETER PARAGME TER PARAME LER
PARAME TER HEASURE VALUL +/-UNCLRTALINYY VAL Uk +/-UNCERTAIMTY VAL UE +/-UNCERIAINTY VALUE+/~-UNCERVATINIY
Al UM INUM MG/L 6300. 1840.
AMMUNTUN Mt /L 14. 11.
ANTIMONY MG/ ' - ( 0.003
ARGENTL HG/L - 0.03
BARIUM ML/ - < 0.4
HURON nG/L 0.5 < 0.4
canpMiun MG/ - 0.0372
CatciuM nG/L 457. .
CHL ORI DE MG/L 443. 2900,
CHROMIUNM MG/L 2.64 1. 44
COHAL L RG/L - 30.9
COPPER ML/L - 45.8
FiUoRIDE M/ < 0.4 0.2
LRON HG/L 2200. 267 .
LFaD MG/ - 0.02
MALNE S1LUM HG/L 2640. 1090.
MANGANL bE no/L. 360. 122.
M RCURY Hu/L - 0.
FMOL YHDE NUM LIV 0.2 0.10
NICKEL MG/L - iy 2%.3
HITRATL MG/ 4500. 2.
NLTRIIE Mu/L - < 0.4
PHUSPHNIE MG/L - ( 0.1
PUIASS UM MG/L 0.149 16.0
SHLEMNTUR MG/ 0.092 0.208
S ICA nG/L - 60.
SILVER "L/ - ({ 0.04
HON UM MG/l 8y.2 144
GTRONTIUNM G/t - 0.4
HSULEATL MG/L $6200. 16000.
TIN MG/ - < 0.00%
Toial SOLIDS MG/L HoB00. 26100.
URAN UM HG/L &75. 271,
VANAD LHN ML/ - /8.

ZINC nG/tL - %9,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMAIEON OF COMPIETTION: At HVIUH
HYDRAIL 1€ FLOW RELAVTIONSHIP: UP GRADIEHT

PAKAME TER
ALEALINIY
Al URTNUN
AMMUNTUM
AN LHONY
ARSEHIC
HALANCE
DARTIIM
HICARBUNATE
BORON
CADMILUM
caLecium
CHLORILDE
CHROMTUM
CUBALT
CONDULC TANCE
LOPPER

HL VORI DF
GROLY ALPHA
GROSS BLEIA
IRON

tHAD

MAGN S 1LUM
HANGNANE HE

Mk RCURY

MOI YBDE NUM
NICKIL
NiITRAIF
NLTRTYE
ORG. CAKHON
Py 240

FH
PHOSPHATE
PO -214¢0
PUTASS LUN
RA-276

RA 278
SEHEENITUM

G111 LON
HUIEICA
HILVER
HNHIUM
HSIRUNT UM
SHIFATE

U RE

1t Ml A TURE
TH-230

UNIT OF
MEASURE
MG/L. CACO3
MG/L
MG/

MG/L
nG/L
z

MG/L
Mi/L.
MG/L
MG/L
MG/t
MG/L
MG/L
HG/L
UMHO/CH
ML/l
MG /L
PCI/L
PCI/L
MG/L
MG/L
Mz
MG/L
MG/l
MG/L
MG/7L
MG /1
Mu/L
M/
PCL/ZL
St
Mzl
PCI/N
M/
FLCIN
Pzl
ML/t
Mzt
i/t
P /L
M/
LIVA N
M /0
M/t
- DFve b
Pzt

----------------------------------- POPALION TD — SANFLE TD AND LUG DATE = == - == o o o i e e

463-04 06/704/86 543-04 0Y/70/7/784 H6I-04 02/2/7/897 H63-04 40702787 Y43-04 04/40/88
PARAMETER PARAME TLR PARAMEIFR PARAMETER PARAME (ER
VALUE +/-UNCFRTALNIY VAL UF +/-UNCERTAIMVY VAL UF +/-lINLERVALNTY VALUE +/-UNUERTAINTY VAL U +/ UNLERTAINLY
45/ . 162. 430. 16S. 462.
. 0.3 < 0.1 4 0.4 0.3
¢ 0.1 4 0.1 ( 0.1 0.4 0.1
< 0.003 < 0.003 - - -
(4 0.01 ¢ 0.014 - 0.01 0.04
0.16 0.06 - - -
0.2 0.2 - - -
0.3 0.5 0.2¢ 0.4 0.48
< 0.0014 4 0.001% - - -
4440 . 4H00. 377. 440, 447 .
342, 240. 342. 290. 310.
0.05 0.02 0.00 ( 0.014 0.03
V.09 0.0/ - - -
8500. 4240, 6500. 8300. 4530.
0.05 0.04 - - -
0.6 0.7 0.448 0.6 0.48
- - - 0.0 43. 44. J8.
- - - 4ib. 48. 1. 27.
0.40 0.20 0.59 0.79 4.23
(¢ 0.04 < 0.04 - - -
364. J67. 34/. 340. 337.
0.04 0.0 0.01 ¢ 0.04 0.06
< 0.0002 ( 0.0002 - - -
0.1% 0.14 [{ 0.1 < 0.014 0.20
0.09 < 0.04 - - -
14. 414. £4.0 34. 23.9
(4 0.4 < 0.1 - - -
- - - { 4. 37.8
7.49 7.5% 7.5 7.7Y 7.5
< 0.1 ¢ 0.1 - - -
i4.4 P2.6 12.6 16./ 7.4
- - - 0.3 0.2 C. 0.
- - - 1.4 1.0 0.4 0.
{ 0.00% { 0.00% L0.0n 0.42 0.320
4. 7. , - .
( 0.014 ( 0.01 - - -
1680, 4840, 18140. 1600, 1900¢.
7.2 V. b - - -
HWhi40. L960. H490. S5HL00. H/740.
419. 9.4 174 9.9

/.
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION UF Combl ETION: ALLUVIUM
HYDRaUL IC FLOU RELATIONSHIP: UP GRADIENI

----------------------------------- FOEALIAN TD ~ SANPIE 3D AND LOR DATE = -mmmmmemmmmmm ccmiee eieee oo

863-01 04/04/8646 L6301 0Y/0//06 H63-04 02727787 b63-04  10/02/87 %63 04 04710788

UNLT OF PARAME TER PARARE IH R PARAME TER PARNMLTER PARAMF VLR
PARAME TER MLASURE VAL UE +/-UNCFRIAINTY Val th +/7-UNCERTAINTY VAl UE+/7-lINLERTALINY VALUK +/ -UNCERTAINTY VAL U +/~-UNCERIAINIY
1IN MG/IL < 0.00% ( 0.00% - - ~
HOTAL SULLDS HG/L 9230. 3800. 9240. v/40. 9080.
UIRAN1UR Fi/d 0.04214 0.0404 0.0405 0.043 0.0405
UnNan 1N MG/L 0.32 0.22 - < 0.04 0.07
ZINL Mo/t 0.026 0.4314 - 0.026 0.04%



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPIETTON: A1 UVILUN
HYDRAUL 1C HLOW RELATIONSHIP: UP GRADTEN)Y

i e e LOCATION 1D = SANPLE 1D AND LUB DATF === mmm oo e
707-04  0//49/R2 707-04 09/ 44702 707-04  44/20/82 707-04 06/04/86 /0/-04  09/07/86

o o = o o e o rm b = m m tm e = e e % e e tm v ma e e oem s e e e = e e amee em e % ek e 4 % n m A = e e e e e e em o et e G (e e e e S o et e T b v M s e i ems o b e o o o i

66-0

PARAMF TER

UNTI OF
HEASURE

PARANLILR

VAL UF +/~UNLERTATHTY

PARAMF TFR
VALUF +/ -UNCERTAINTY

PARANME TER
VAL U +/-1NCFRTAINTY

PARAMETER

VAl UE+/-UNCERIAINTY

L Y

PARAMETER

VAl Ut +/-UNLERTAINTY

ALKEAL INITY MG/l CALD3 480.00 490.00 254.00 340. 476.

AL UHINDN MG/L 0.143 < 0.04 0.023 0.4 0.2

AMMON LM MG/L - - - < 0.4 2.4

ANT LMONT M/t - - - < 0.003 < 0.003

AKSENLC MHG/L ( 0.04 ( 0.04 0.006 < 0.04 < 0.04

HOLANCE b4 - - - -4.20 0.18

HAR UM [ (V] < 0.40 0.014% < 0.0% 0.3 ( 0.4
BICARBUNATE  MG/I 220.00 232.00 306.00 - -

BORON MG/) - - - 0.6 0.4

CAMLUN MG/ < 0.04 < 0.04 < 0.008 < 0.0014 ¢ 0.004

CALLLTUN "G/1 450.00 470.00 460.00 4An8. H©20.

CHI ORLDE MG/ 430.00 345.00 S64.00 342, %90.

CHROMIUM MG/t < 0.04 < 0.04 < 0.00% 0.0% 0.02

LUBALT Hi/A - - - 0.09 0.07
CONDUECTANCE  HmHO/EM 8640.00 9450.00 9440.00 4900. 46200.

COPPER ML 0.057 0.024 ¢ 0.00% 0.05 0.04

1 UORIDE MG/ 4.00 < 1.00 < 4.00 0.6 0.7

GROSS ALPHA PUL/L 200.00 - 230.00 - -

OGROSS BETA  PCI/ZL - - - - -

LRON Mi/L ( 0.0% < 0.0% < 0.05 0.18 0.04

1tap MG/L. < 0.014 < 0.04 < 0.00% < 0.04 ( 0.014
MAGNESTUN MG/L 340.00 225.00 361.00 d68. 388.

HANGANE HE MG/L - - - 0.04 0.01

M- RCURY MG/L < 0.002 < 0.002 ( 0.002 ( 0.0002 < 0.0002

MOI YHDE NUM  MG/L < 0.0% < 0.0% < 0.0% 0.140 0.06

NILKFL MG/I - - - 0.09 0.08

NTTRATE MG/ 4.00 14.00 < 5.00 14. 420.

HUIRLMIE Must - - - < 0.1 { 0.4

ORG. CAKBUN MG/ - - - - 44.

PB-240 PCL/L - - - - 0.0 4.3
Pi s 7.10 7.12 6.93 7.68 7.%6
PHOYPHATE MG /L. - - - ( 0.4 ¢ 0.4

ro-240 PCIN - - - - 0.0 0.6
PO LALGSIUN MG /L 41.00 24.00 13.00 9.3 26.4

RA- 276 PC1/ 4.00 ¢ 2.00 ¢ 2.00 0.? 0.? 0.2 0.7
nA 208 PLL/L H.00 < 2.00 - 1.4 0.9 0.0 0.4
HSELENIUM HG /A 0.14 0.104 0.124 ¢ 0.005% 0.0469

S1ECON MG/ .40 6.70 65.70 - -

Sl ira MG /) - - 4. f.

S1LVIR s 0.014 ¢ 0.014 < 0.60% ( 0.01 ¢ 0.04

SOD UM Hu/t 1060 .00 1945 .00 1790.00 1600, 2660.

STRONT UM /) - - /.4 .

S EOTE MG /i 030,00 bW 17 .00 6240.09 (MISTT HGSG.

UL E ADE /1 - - - - K
THMPERATURE € - b GREL 21.00 22.00 16.00 1. 9.

1H-230 YL/l < 0. 40 < 0.10 < 0. 40 - 2.0 1.6
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FURMATION OF COMPLETION: A1 UVLUM
HYDRAIL JC FLOW RELATTIONSHIP: UP GRADIENT

o e me e e LOCATLON TD - SAMPEE TD AMD LOG DATE == omemm e mmmm e s e

707-04 0//44/82 707-04 09/ 44/74u7 707-04  41/723/82 707 04 06/704/86 707-04 0vY/0//88
UNLT UF PARAMETER PARAMFTER PARANE IER PARAMETER PARAMF (ER

PARAME TER MEASURE VALUE +/-UNCERTAINTY VAL UE +/-UNCERTAITNIY VAL UF +/ -URCERVAIML Y VAL Ut +/ -UNCERTATNTY VALUL +/-UNLERTAINLY
1IN Hi:/L - - - < 0.00% < 0.005
1071AL St TDS Mu/L 20841.00 B84830.00 9%60.00 9420. 2480,
URANTUH MG/L 0.046 0.0% 0.03 0.042% 0.0090
VANAD 1 UM Mi/L < V.05 < 0.05 < 0.04 0.29 0.16
LINL 74 - - - 0.023 0.023
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORHATION OF COMPIETIUN: Al LUVIIN
HYDRAULIC FLOW KELATIONGHIP: UP GRADIFNI

----------------------------------- LOLAITON 1D = SAMPEE ID AMD LUB DATF ~—=mm e om o o e o e e

70/7-04 09/43/87 707-04  40/702/87 707-01% 01/49/84 70/-04 0//749/84
. UNLE OF PARAME ILR PARAME TR PoARAMFIER PARAME fER PARAME IR
PARAMETFR Mt ASURE VALUE + /~UNCFRIAINIY VAL Ut +/-UNCERTAITNIY Val UF ¢/ -1l RIAINLY VALUL +/ -UNCERTAINTY VAL UL 4 /-UNCERTAINTY
ALKAL INYTTY M/t CACO3 264. 159. 160. 1646.
AL UM LINUN ML 0.2 (4 0.1 0.4 0.20
AMMONLUM /L < 0.4 0.1 < 0.1 4 0.4
AN LMONY M3 /L. - - - -
ARSINIC M /L - [{ 0.04 0.014 0.07%
BAL ANCE ¥4 - - - -
BAR 1M MG/ - - - { 0.04
HLCARBONATE  Mu/L - - - -
BORNN NG/l 0.6 0.4 0.51 0.5
CAnTtLUN MG/L - - - 0.006
Aty 1UM MG /L 474 . 440. H09. 407 .
CHI VRLDE Mi/L 29%. 300, 310. 330.
LHRUMIUM MG/L 0.03 4 0.01 < 0.04 0.14
1O8ALT MG/L - - - -
LONDUCTANCE UMHO/CHM 4400. 8%00. 7480. &400.
CUPPER M/l - - - 0.01
FLUORIDL NG/L 0.% 0.6 0.47 0.%
GROSS AILPHA PCI/ZL - 0.0 S54. 7. a8. 0. 77 .
GROGS BEITA PCI/ZL - 0.0 44, 17. 26. 32. 44,
IRUN MG/L 0.0 4 0.03 0.2 0.10
LLAD MG/L - - - 4 0.04
MaGME STUN L4 3%%. 80, 416. 334.
HANGANE SE L (YV4 R 0.0? 4 0.014 0.03 0.07
Mt RUURY M/l - - - (4 0.0002
MOl YHDE NUM ML /L < 0.4 < 0.014 0.20 0.08
NICKEL L VAR - - - -
NITKRATE MG/ZL 140. J6. 8.7 25.
NLIRITF A/ - - - -
ORG. CARBON MG/ - 4, Ihh 44,4
PH-240 PLL/L - - - -
PH S0 7.77 7.4 7.5 7.h06
PHUSPHATE MG /L - - - -
PO-240 PCI/L - - - B
POFAGSLUN 14 34.2 7.2 6.9 22.2
RA- /7’4 PCIN - 0.7 0.4 0. 0. 0.0 0.4
RA-2.8 PerZL - 1.5 4.0 0. 0. 0.0 0.7
SHEL e UM MG/t 0.0 0.47 0.3,4 0.2414
SIHUVOUN VAR - - - -
S ira MR/ - - -
SHVER LUTAR - 4 0.014
SO 1A M/t 1920. 4790. 4600 . 18 10.
STRONITLUN [ V41 - - - -
S FEALE M/t Ui 0. H%200. Stiru, 5/ 0.,
SE ing Mis/1. - - - [{ 0.4
IEFIPERAIVDRF € - DEGREE 14.0 17 .0 43.7 1/ .49

IH 230

PELZL
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATIUN OF COMPLETLON: Al LUVIIN
HYDRAUI 1C FLOW RELATIONSHIP: UP GRADIFHT

e e FOCATION 1D ~ SAMPEE 1D AND LOG DAIE = =m== o= mcmmm e

707-04 03/43/87 707-04  10/ul/u7 /97-04  04/10/08 79/-04 0//44/84
UNL] UF PARAMF TER PARARME 1+ R PARNME THR PARAMETER

PARAME TR MEASURE VAL It +/7-UNLERIATNIY VAl UL +/7-UHLERTAINTY VAl Lt #/-UNCERTATNITY VAI Ut +/ -UNCERTAINITY
TIN MiG/L - - - -
ToTAL 501.I0S MG/L 9430. v000. 7090. 3780.
URAN I UM MG/I1 0.0409 0.046 0.0147 0.00814
VANAD 1 UM MG/L - ( 0.04 0.07 0.07
ZING MG/ - ( 0.00% 0.0u/ { 0.00%
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site {Continued)

FUORMATION OF ovOMPIETION: Al LUVIUM
HYDRAUL IC FLOW REYATIONGHIP: ON-SITE

e mme e e POCATION AD = SAHELE 1D AND | 00 DATE = e oo e o o e e s e
702-04 0//44/82 702-01 09/ 14742 702-04  06/0/784 702-04 09/0//86 202-02  09/0//86

o o - v e tm e em = e o o m o s = s e e an n mm w Mmoo m s m m e e amee tm M e e e A g s e e i e e e et e W N v e s e s e

PARAME THR

UNII UF PARANL It R PARAME TER PARANE TER PARAM TFR
PARAMF TR M+ ASURE VALUF+/-UNLERTAIHIY VAL U +/-URCERIAINIY  VALEE /7 1ICERTAIMIY  VALUE 0/ -UNLFRIAINIY  VALUE+/-UNLERIALHD Y
ALEALINILIY  MG/L CACO3 24%.00 270.00 23/, 24%. 24%.
Al IMLNUR MG/L ¢ 0.10 0.04 - 0.3 0.3
AMHUN 1 Mzt - - 214. ?4. 24.
AN T LMUNY MG /L - - - < 0.003 < 0.003
ARSENTE HG/L ¢ 0.04 < 0.04 0.04 < 0.04 ¢ 0.04
B ANCE % - - 0. 42 0.08 0.08
BAICIUM MG /1 ¢ 0.40 0.07 - < 0.4 < 0.1
HICARBUNATE  HG/L 262 .00 329.00 - - -
BOWON He/L - - - 0.4 0.4
CADMTUN M /L ¢ 0.04 < 0.04 - ¢ 0.004 ¢ 0.004
CAlLLTUM P/l 470.00 - 499, %20, 520.
CHlDRINE MG /L 120.00 104.00 V3. 100. 100.
CHROMTUM ML < 0.04 < 0.04 - 0.0? 0.0?
vonnt 1 ML - - - ¢ 0.05 ¢ 0.05
CONDUCTANCE  UMHO/LH 4900.00 LH40.00 3400. 3900. 3900.
LOPPI R rG/L 0.027 0.044 - 0.0J 0.03
L UURLDOF Fb /L 2.00 2.00 0.8 0.9 0.9
GROGSS AIPHA  PEE/L 700.00 - - - -
GROLS BETA  PCI/L - - - - -
TRON NG/L < 0.05 < 0.0% 0.0/ < 0.03 < 0.03
LEAD MG/ ¢ 0.04 < 0.04 - < 0.01 < 0.04
MAGNE S 1UN ne/L 160.00 150.00 422, 174, 175.
MAMLANE S MG/ - - 0. 0.4/ 0.47
Pt 10 HIRY nei/L < 0.002 ¢ 0.002 - < 0.0002 < 0.0002
HOL YHDE NN MG/L ¢ 0.0% ¢ 0.0% 0.27 0.0v 0. 10
NiLLEL MG/ - - - 0.05 0.0S
NTIRATE MG/L. 2.00 14.00 3. 440. 440.
NVIRLTE M /L - - - < 0.4 < 0.1
OG. CARBON MG/ - - 70. 70.
P 240 PCL/L - - - 4.4 1.6 .4 1.6
PI sU 7.20 6.9% 7.74 6.04 6.84
PHISPHATE MG /L - - - < 0.1 < 0.1
PO 240 PCI/L - - - 0.4 0./ 0.2 0.7
POEASS LUN Mi/L 14.00 14.00 14,7 14.4 14.8
RO 06 PCI/L < 2.00 « 2.00 0. 0.1 0.1 0.2 0.4 0.2
wo #?8 PLL/L < %. 00 < 2.00 0. 0.9 0.0 1.0 0.1 1.0
SU1ERIuM MG/ 0.24% 0.08: 0.00% 0. 100 0.09Y
SO ON MG /L 10.60 - - -
GTLIA V) - - 9. 9.
SHONR M/t 0.04 < 0.014 - ¢ .04 ( 0.014
HOL 1L MG/L B30, 00 Y0400 794, BON, f00.
SIEONTIUN Mii /L - A Hobh
SN AL M/ 326000 Ay, 00 1070. 29, R
SO0 IOF MG/t - . - -
WA AR € - DLGRI} 26 .00 1400 I U 20,
H 2350 PeL/ ( 9. 19 < V.40 - bt 1.1 1.4 0.4
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETTON: ALLUVIUM
HYDKAUL IC FLOW RELAIIONSHIP: UN-S1TF

et B L P LOCATION 1D ~ SAMPLE JD AND LOG DAIE ~===--momem o meieae e oo oo

702-04 07/744/82 702-04  0O9/146/42 702-04 06/70//96 702-04 0v/07/864 70202 0%/0//786
UNII OF PARAMLTER PARANE (IR PAROME TFR PARAME TER PARAMLTLR

PARAME TER Mt ASURE VAL UL +/-UNCERIATNYY VAL IF +/-UNCERIAINTY VAL U +/ -LIFCERIAINLY VALUL +/-UNCERTAINI ¥ VAL Ut ¢/ -UNLERTAINIY
TIN Ml /L - - - { 0.00% < 0.00%
TUTALL SOLTDS MG/L 4990.00 4870.00 5050. L0%0. ©100.
URAN1LIH HG/L 0.90 0.70 0.7.19 1.49 1.49
VANAD 1 UN Mi/L < 0.05 < 0.0% - 0.24 -
ZINL HG/L - - - 0.023 0.023
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

t ORMATTON OF COMPLETION: AL DV
HYDRAUL IC FLOW RELATIONSHIP: ON-SIIE

cm e e e mm e e = LOCALTON ID = SAMPLE 1D AND LUG DATE === == o= mm mmorm e e o e

70203 0v/0//86 702-04 0OY/0//86 702-0% O%/0//86 702-04 03/743/7497 702 02 03/44/87
UNII OF PARAMETER PARAME TFR PARAMETER PARAMETER PARAMEIER
PARAMF Tt R M AGURE VALUE+/-UNCFRTAINTY VAL UE ¢ /-UNLF RTAINTY VALUI +/-UNCFRTALINTY VALUE+/-UNLERTAINTY VALUF +/-UNGCERTAINTY
ALKAL INTTY MG/1 LACOI 244, 245, 245, 27 1. 2/14.
AL IIMENUM MG/L 0.3 0.3 0.3 0.1 0.2
AMMONTUN M/t 24. 24, 24, 18. 19.
AN LMONY ML { 0.003 < 0.0043 ( 0.003 - -
ARGLNIL MG/L ( 0.04 < 0.04 < 0.01 - -
HAL ANCE. x 0.04 0.08 0.08 - -
BAKR UM M6/t < 0.4 < 0.1 < 0.4 - -
BLUAHBONATE  MG/L - - - - -
BORON MG/ 0.4 0.4 0.4 0.7 0.7
CAnMLUM M/ < 0.004 ¢ 0.004 < 0.0014 - -
calcium L 74} 520. 620. »20. 474, 47%5.
LHORIDE MG/ 400. 100. 100. 76. 76.
CHROMTUM MG/L 0.07 0.02 0.02 ¢.02 0.02
cosa T MiiszL ( 0.05 ( 0.0%5 < 0.05 - -
CONDUL TANCE  UMHU/LM 3900. 3700. 3900. 2650. 2650.
LOPPER MG/1 0.03 0.03 0.03 - -

Fl HURTDE MG/L. 0.9 0.9 0.y 0.7 0./
GROSS Al PHA  PCL/L - - - - -
GROSS BLTA PCI/L - - - -

LRON MG/L ( 0.03 ( 0.03 < 0.03 0.05 0.04

LEAD Mis/1 ¢ 0.04 < 0.04 ¢ 0.04 - -
HAUNE STUN MG/L 7%, 175. i7%. §90. 450.
AHANGANE GE MG /L 0.4/ 0.4/ 0.47 0.43 0.42
M} HLURY nisL ¢ 0.0002 ¢ 0.0002 < 0.0002 - -
MOLYRDENUM MG/ 0.0Y 0.10 0.40 ¢ 0.4 ¢ 0.4
NICKEL mei /1. 0.0% 0.05 0.05 - -
NTIRATL MG/ 440. 440. 440. 147, 142,
NTIRLIE Ms/L < 0.4 ¢ 0.4 < 0.4 - -
ORG. CARHON MG/L 70, 70. 70. - -
g 2140 PeL/L 4.0 1.4 4.2 1.9 5.2 §.7 - -
rit s 6.684 6.64 6.84 6.H6 6.86
PHUSPHATE MG/L ¢ 0.4 ¢ 0.4 < 0.4 - -
PO 240 PC1/L 0.2 4.2 0.0 0.6 0.9 0./ - -
POIASS LUN ML i4.98 15.8 14.8 12.4 12.9
RA- 276 pCI/A ¢ 0.4 0.2 0.4 0.2 0.? 0.2 - -
Ha 270 FeL/L 0.0 1.0 0.0 V.8 0.0 0.8 - -
SHLENTUM ni/t 0.09Y 0. 400 0. 400 0.04Y 0.050
Sl LON M /L - - - - -
S1LICA MG/ 9. 9. 9. - -
S0 Ut R /L < V.04 < V.01 ¢ 0.01 - -
SOD UM ML/ 800. BOO. BOO. 767. 767.
SEROND VUM M/t Hoh 4.5 5.5 - -
S EALE MG/ 2940 2960 . ¥v00. 2940, 2950.
ShlE LD Mz - B -
THPPE RATURE € - DEGREE M0 0. 20. 14.0 14.0

m 210 PCL/L 1.6 0.8 1.9 0.9 2.8 1.0
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: AL UVIDH
HYDRAULIC FLUW RELAVIONSHEP: ON-STTF

mmmm e = e e s LOGCAVAON ID = SAHPLE 1D AND LUG DATE === mmmm e o o e

702-03 0v/0//86 702-04 0%/0//86 702-0% 09707786 702-04 03713787 702-02 04743787
UNLY OF PARAME TER PARAME IFR PARAMF IER PARAGME TER PARAMI TER

PARAMETER MEAHURE VAL UE+/~-UNCERTAINTY VALUF +/-UNCFRTAINTY VAL UF +/-LINCERIAINTY VAL UF+/-UNCE RIAINTY VAL UL +/-UNLCERITAINTY
TIN MG/t < 0.005 < 0.00% ( 0.00% - -
101AL SHLTDY HG/L 5090. 5400, HOY0. 4860. 4U360.
URANIUM MG/L 4.22 4. 40 1. 16 1.96 4.90
VANAD [UM Hi/sL 0.24 0.24 0.24 - -
Z1INL MG/L. 0.023 0.023 0.074 - -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

tORMATION OF COMPLETTON: A1 IV ITUN
HYDRAW IC FLOW RLLATTONSHTP: ON-SIF

PARAMH TER
ALKAL IN1TY
AL UM LNUIN
AMMONT U
ANT LAUNY
ARSENTC

Al ANCE
RAR 1 UM

B TUARBUNATE
BORON
CADMIUN

CAl CTUIH
CHEOR LOF
CHROM UM
CodALT
CONDUC TANCE
COPPER
FLUORIDF
GRUSS Al PHA
GROSS BE TA
LRON

LFAD

NAGNE STUM
MANGANE HE
MERCURY

OL YRDE NUM
NECKE L
NITRALF
NLIRITE
ORG. (.AKBON
PH-240

PH
PHOSPHATE
PO-240
POIASS UM
RA- 226

HA- 278
SELENIUR
HIECON
SILICA
SUEUER

HUD UM

S ERONY LU
SULL Ak

SN EIOE
THRPT RATURE
TH 270

INLE OF
Mt ASURE
mG/L. LALU3
HG/L
MG/L
Mzl
MG/L
F4
MG/
MG/L
MG/1
Mi/L
MG /1L
M /L
MG /L.
MG/
UMHO/CH
MG/
MG/L
PCL/7L
PCI/L
MG/L
MG/
MG/
MG/
 [$74]
MG/
MG/t
MG/
MG/
Mti/t
PLL/L
Su
MG/L
PCT/L
1/t
rC1/1
rPeL/L
MG/
MG/L
M/t
Must
MGzt
ni/t
Mi/i
HuzL
(. -~ DFGREL
PCL/L

m o s e e e e o e e e LBGATTON D - GAMPLE B0 AND L Ob DATE — - e s e e e e

702-03 03/ 43/87 702-04 O3/ 44787 /702 05 03/ 43787 702-04  10/06/867 702 04 Oi/1/48
PARAME TFR PARAME TER ParamE TER P ARAMF IER PARAME TER

VALUF +/-UNCERTAINTY VAL UL +/-UNCERTALTNTY VALUE+/ -UNCERTAINTY VAL Ut +/-UNCERTALNTY

2714. 274. 2714. 264, 247.
V.2 0.2 0.2 $ 0.4 0.9
19. 18. 19. 42. 24 .4
- - - ¢ 0.04 < 0.014
0.7 0.7 0./ 0.4 0.44
474, 4/74, 47%. 440. 449,
76. 76. /6. 110, Hé.
0.02 0.0 0.03 ( 0.04 0.02
2650, 2650. 2450. 4800. 4090.
0.7 0.7 0.7 0.8 0.76
- - - 450. v0. 4H90. 60.
- - - 14/ . 44. 340. 20.
V.04 0.03 0.04 4 0.03 0.24
150. i514. 450. 440. 126,
0.414 0.47 0.42 0.27 0.28
< 0.4 4 0.4 < 0.1 4 0.04 0.10
142, 442. 442. 50. 97.5
- - 8. 79 .4
b.H6 6.86 6.6 6.90 6.5
12.5 12.5 12.% 2.7 10.4
- - - 0.4 0.2 0. 0.1
- - - 2.8 1.0 0.3 0.7
0.04Y 0.04Y 0.04%Y 0.040 G.349
7483, /67 . 764. 0o, 06 .
29%0. 29%0. 29%0. 3400. 2900,
14.0 14.0 44,0 6.0 A4,/
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FURMATION tF CorPEt 1TON: AL LUV LIM
HILGRAUL 1L FLOW REVATIUNSIHIP: ON-LIVE

e e e e LGCALTON SD = SAHPEE 1D AND LOG DATE =~ cmmmcmmmmmmmme ee e e -

702-03 03/13/87 702-04 0V 43/47 702-05% 0i/43/87 /702-04 107067867 /702-04  04/12/498
UHIT BF PARAME TER PARAME 11 R PARAM TER PARAME TFR PARAMF TER

PARAME TER MEASURE VAL UF #/ -UNCLRTAINTY VAL UE+/~UNCERTATHTY Vil UE +/7 -UNLERTATNILY VALUE +/ -UNCERITAINTY Vel U +/7-UNCERTAINTY

TIN nG /A

HOTAL SULLDS MGr/L 44640. H60. 4060. H/00. 4820.
URANT UM MG/L 2.0/ 2.45 2.20 079 1.0%
VANAD LUN MG/L - - - ¢ 0.04 0.0/
ZINL MG/L - - - 0.00v 0.006
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FORMAITON OF COMPLETION:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

Al HVIUA

HYDRAUL IC FLOW RELATLIONSHIP: ON-S11¢

PARAMFIER
Al KAL TNITY
ALURINUM
AMMUNT UM
AN tMUNY
ARGE NI

Al ANCE
BARIUM

B ICARBOUNATE
BORUN
cannion

cal M

CHI ORTDE
CHROMLIUM
CNBALT
CONDU(.TANCE
COPPLR

FI UORTDE
GROSS AL PHA
GROSS BLEIA
1RON

| FAD
MAUGNESITUN
MANGANE SF
MERLURY

M YBDL NUM
NICKEL
NITRALIF
NITRITE
NDRG. ( AKBON
PH-2140

VH
PHUSPHAIE
PO-240
POTASSILUN
RA-226

A 278
SELENIUR
S CON
SILICA

S VER
SODTUM
HIRONT UMY
HIN AL

LI DE
THHMPE RAVURE
1H-230

e e e e | OCALTON T = SAMPEE LD AND LOG DATE —==mwmmmm s mm e e o e
704-01 0//44/82 704-04  04/04/86 704-0% 09/0//86 704-04 04743767 704-04 01/42/v4

- = e e m Mg e e dm e e mem R MR e M N Gm st tm S Am e e b e e ek mh e G e e e e e Ememe e G e e e G e S M e e S N e T W e M e O e S T Seed Ce e e e e W M SmA S S S S e e R et e e e

{INIT UF PARAMI TLR PARAME (LR PHRAME TER PARAME tER PARGME TLR
M ALURLE VALUE+/ -UNCFRIAINTY VAL UF +/-UNCERTATNTY VAl UF+/-UNCEFRTATNTY VAl Ut +/-UNCFRTAINTY VAL Ut +/-UNGLERTALNTY
MiG/L. CACO3 400.00 J64. 390. 3’76. 350.
MG/L < 0.40 - 0.3 0.2 0.37
nG/L - 414. d. 36. 32.3
L [FVA - - 0.9003 - -~
MG/L ( 0.014 0.04 0.01 - 0.04
% - -0.21 -0.09 - -
Miu/t - - 0.1 - -
MG/ 488.00 - - - -
[ [74} - - 0.4 0.5 0.b5
ri/sL - - 0.001 - -
MG /L 450.00 413, Hid. 433, 449,
M/t 300.00 258, 440, a2 . 220.
MG/ - - 0.02 0.02 0.02
/L - - 0.04 - -
UrHOL/CM 8460.00 2850. 6400. 404%0. 46780,
Mu/L - - 0.04 - -
MG /L. 2.00 1.4 1.2 4.1 4.09
POL/L - 200, 140. - - 190. 40,
PLI/ - 41860. &0, - - 4150. 30.
MG /L (¢ 0.0 0.09 0.03 0.08 0.2
MG /L. - -~ 0.04 - -
MG/ 280.00 231, 24/. 220. 205.
MG/ - 0.98 0.4 0.52 0.34
MusL - - 0.0002 - -
MG/ 4 0.0% 0.2% 0.14 0.4 0.17
Mi/L - - 0.05 - -
ML/ 4.00 20. 350. 467 . 5/7.
L IFYA R - - 0.4 - -
HG/L - 404. 70. - 442.
PCL/ZL - 1. 0.9 1.5 1.7 - -
“U 7.90 7.46 /.14 7.45 7.0
MG/L - - 0.4 - -
PCI/ - 0.4 ¢.6 0.0 0.6 - -
HiG/L 14.00 i0./7 20.90 32.0 1.1.8
ri.1/1 4 2.00 - 0.0 0.7 - 0. 0.4
PCL/L - - 0.0 1.4 0.1 0.7
MG /L. 0.042 0.00¢ 0.092 ¢.00? ¢.22723
MG/L - - - -
MG/ - 0. . .
Mzl - 0.01 - -
Mi/0 ALH0. 00 1290. 2040. 4040. 1690.
Mzl - - b.b -
MG/ AL0U0 .00 4,00. " 290. Hi40. 4040.
Mis/i - - - -
€ - DEGRF¥ 24.00 L PP, 14.4 13.7
PLL/L 0. 0.2 1.4 0.7 -



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

URMATION OF COMPLE 1 HON: Al LUVTUN
HYDRAULIC FLOW REL ATIONGHTIP: ON-S1IE

e e e s e eme m e cee LOCATHON D~ SAMPLE 1D AND LUB DATF == - s e o mmmos ocom s ool

704-04 0/7/14/82 704-04  Q6/04/86 704-04 OY/V//86 704-01  03/43/497 704-04 01/42/88
UNLE OF PARAME TER PARAME TER PARAME TER PARAML 1ER PARANME 1ER
PARAMFTER it ASURE VAL UE+/-UNCERTAINTY VAL UE+/ -UNCERTAINTY VAL UE+/7-UNLERTAINTY VAL LE+/-UNCERTATINTY VALUL +/-UNCERTALNTY
TIN MG/ - - < 0.004 - -
TUTAL SOLIDS MusL 7420.00 BLHO. 3490. 8090. 7840.
URANLUM HG/L 0.70 0.48/ 0. 204 0.2b4 0.444
VANAD (UM LUTAR < 0.05 - 0.274 - 0.0/

ZINC MG/L - - 0.0 - 0.042



11i-a

FORMATION OF CUMPYE 1 LONs
HYDRAULIC FLOU RELATIONSHIP:

PARAMETER
ALKALINITY
AL M ENUN
AMMONILIM
AN 1IMONY
ARSENIL

BAl ANCE
BARTUM
BICARBONATE
BURON
cADMIUN

CAat CTUM

CHI ORIDE
CHROMIUM
COBALT
CONDUCTANCE
EOPPER
FLUORLDE
GRILGY ALPHA
GRUSS BETA
1RON

1 +AD

MAGNES (UM
HANGANE GE.
Mt RUURY

MOt YBDE NUM
NICKEL

NI IRALE
HLIRITE
ORG. CARBON
Py 240

PH
PHNSPHAYE
0 240
POTASGS1UM
RA 226
RA-7278
OGELENTUNR
SILECON
GILIra

G VLR
SOD1UM
HIROUNTTHM
S LAt

LU IDE
THEMI'E RATURF
1H-2730

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

UNIT OUF
MEASURE
MG/ CACOLS
MG/L
MG
MG/L
MG/L
/4
MG/L
LA
MG/
Mu/L
[ (IY4
MG/L
MG/L
Mu/L
UAHG/CM
MG/L
MG/0
reCL/L
PL.I/L
Mu/L.
MG/L
MG/L
MG/L
MG/L
MG/t
MG/
MG /L
MG/t
MG/L
Prl/L
SU
MG/L
PCI/L
Mu/L
PLI/L
PCl/sL
MG/1
MG/L
Mi/L
MG/L
MG/
MG/l
MG/
MG/L
C - bDEGRIE
PCL/I

AL HVIUN

ON-SITF
e e e e m e o= LUCALTON 1D = SAMPLE 1D AND LUB DATF mmmmmm = e o o e e e e e
705-04 07/4%/82 /70H-04  OY/16/H2 705-04 06/04/86 /05-04 0¥/07/84 705-04 02/24/87
PARAME (ER PARNME (ER PARAME TER PARAMETER PARAMLTER
VALUE+/-UNCFRTAINTY VALUE +/-lLINCERTALNTY VAL UF+/ -UNCERTFAINTY VAL UF +/-UNCERTALNTY VALUE+/ -UNGERTALNTY
250.00 244.00 294. 299. 346.
0.27 { 0.04 - 0.4 4 0.1
- - 27. 44, 8.0
- - - 4 0.003 -
< 0.04 4 0.04 { 0.01 { 0.04 -
- - -0.09 -0.04 -
- 0.044 - ( 0.4 -
305.00 298.00 - - -
- - ~- 0.6 0.35
- < 0.04 - < 0.004 -
450.00 490.006 454. 483. 443.
400.00 324.00 J21. 440 . 369.
- 4 0.014 - 0.02 0.04
_ - - 0.08 -
45400.00 89460.0C0 4900. 6200. 4700.
- 0.04 - 0.04 z
4.00 < 4.00 0.4 0.8 0.463
< 0.05 ( 0.0% 0.07 0.06 0.08
- { 0.04 - { 0.04 -
280.00 330.00 248, 346. 34b.
- - 0.02 0.03 0.03
- (¢ 0.002 - { 0.0002 -
(4 0.0% ¢ 0.0% 0.724 0.46 ¢ 0.4
- - - 0.40 -
4.00 6.00 5. 22, 8.9
- - - < 0.4 -
7.20 7.43 7.46 7.34 7.34
. - - 4 0.4 -
44.00 48.00 19.4 20.4 /.0
[{ 2.00 { 2.00 - - -
- < 2.00 - - -
0.073 0.014 4 0.004L 4 0.005 0.414
- h.70 - - -
- — ,. -
- 4 0.04 -~ { 0.014 -
4680.00 1840.00 2400. 209?.6 24450 .
- - - 1 X3
$440.00 S024.00 LY20. 6H420. &40,
18.00 49.00 5. 10. 4.
- § 0. 10 - - -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

tORMATTUON OF COMPIE (TON2 Al T UVIUN
HYDRAUI IC HLOW RELATIONSHIP: ON-811TE

mmm e s mmmm e mme s emmmm e e e LOCALION D - SAMPIE 1D AND LUG DATF --=- et —

705-04 07/45/82 705-04  09/14/652 705-04  04/06/86 705-01 09/07/86 705-04 0,/24/86/7
UNII OF PARARF IER PARAHE IF R PARAKE FER PARAME TER PARAME LR

PARANE TER  ME ASURL VALUE+/~-UNCERTAINTY VAL UE+/-UNCERTATNTY  VALUE +/-UNGCERIAINTY VAL UE +/-UNCERTAINTY VAL UE+/~UNLERTAINTY

TIN HG/L - - - ¢ 0.00% -

10TAL SULIDS MG/L H3%0.00 H480.00 Y870, 9730. 10400.

URANTUM MG/L 0.0Y 0. 118 0.0449 0.0465 0.05/8

VANAD LUN MG /L ¢ 0.0b ¢ 0.0% - 0.24 -

ZINC nG/L - - - 0.027 -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPILE ITON: Al TUVIUN
HYDRAU 1C FLOW RELATIONGHIP: ON-SITE

PARAMETER
Al KAl INITY
ALUMLNUM
AMMON T UM
ANT EMONY
ARSENIL,

BAl ANCE

AR UM
BICARBONAIE
BOROUN

ADM UM

cal CTUn
LHLORIDE
CHROMIUIM
COBALT
CUNDUC 1 ANCE
CUPPLR
FLUORIE
BROYS Al PHA
GROSS Bt TA
LRUN

L FAD

MAGNES LUM
MANGANF LE
Mt RCURY

MO YEOE NUM
NI1CKEL
NITRAIG
NLIRTIE
ORG. GCARHUN
Py -2410

PH
PHOSPHAIE
PO-210
POTASHLIIN
RA-276
RA-278
SELENTUN
S CON
SiLita

S VIR

S0D M
SIRONT VM
amran

SUE L

T MPF RATURE
IH 230

N OF
MFEALURE
MG/1L CACO.
MG/L
MG/

L VAN
HG/L
YA
MG/L
MG/L
Mt /L
MisL
HK/L
MG/L.
ni /L
mG/L
UrMHO/CH
ML
Mr/L
PLizL
PLI/ZL
MG/L
MG/L
LY
MG /L.
MuzL
Mti /L
MG/L
MG/L.
MG/L
HG/)
PCL/L
s
MG/l
PCI/L
MG/
PEI/L
PUIz
MG/
LYV
MG/
ML
MG/
ML/
Mt /¢
Misz\
(- DIGREE
IR YY)

me mmmemmem e e LOCATTON 1D = SAMPIE 1D AND LOG DAIF == - o oo oo e e e

704-04 40/06/87 705-04 04/ 12/848 705-04 0/7/21/88 flou-04  40/23/87 808-02 10/23/747
PARAMETER PARAME IFR PARAIME TFR PARAME TER PARAMH (FR
VALUE +/-UNLERIALNTY VAL UE+/ -LINCERVATRTY VAL Ut +/-UNCERVAINTY VAl UE+/-UNCERTAINTY VALUE+/ -UNCE KTAINTY
302. 344, 26/. 270. 2/70.
0.1 0..07 0. 49 < 0.4 ¢ 0.1
42. J6.4 3%. 19. 4 8.7
(¢ 0.04 0.0 0.048 (¢ 0.04 ¢ 0.04
- - [ 0.04 - -
0.4 0.5%% 0.4/ 0.4 0.4
- - 0.0/2 - -
420. 475, J66. 530. 520.
3460. 370. A9, 4014. 400,
< 0.04 0.027 0.43 ( 0.04 (4 0.014
2800. 9070. 6400, 4500. 4500.
- - 0.04 - -
0.8 0.64 0.7 0.6 0.7
11%. 68. 59. 45. 0. 73. 280. 470, ?90. 430.
76. 5/7. ?3. J3. 26. 40. 340. H6. 450. a6.
< 0.03 0.22 0.09 < 0.03 ( 0.03
- - < 0.04 - -
310. J15. 248, 165 . 161.
¢ 0.04 0.0+ 0.67 0.54 0.45
- - ( 0.0002 - -
0.03 0.214 0.0y ( 0.04 < 0.04
44.5 3.5 1.9 137. 443.
5. 97.3 /4.6 412. 413.
7.2 7.15 /.26 6.8 6.8
46.3 7.7 19.7 10.5 10.5
0.% 0.3 ¢.1 G.14 0.0 0.4 0.0 G 0.2 0.1
1.2 0.9 0.1 0. 0.5 0.7 0.1 0.9 0.2 1.0
< 0.00% 0.3/ 0.43/ 0.32 0.4
- 0.0 - -
2 100, PLH40. 1920, 7:0. /00.
Ll HHYO ., S94L0. 3000, 30G0.
- < 0.1 - -
4a.hH 17 .0

1.0 46.0 4/.0



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

t ORMATION OF CORPIE TTON: ALLUVIINA
HYDRAUL 1C FLOW RELATIUNSHIP: ON-LITE

mmmm e e e e == LOCATION 1D - SARPLE ID AND LUG DATE - === mmwmmmm e s e s s

/705-04 40/06/87 70504 04742708 705-04 0/7/7724/88 808-01 10723787 8o8 0?7
UNLL OF PARAMETER PARAKE 1F R ParnnF (ER PARAMLTER PAROMLIER

PARAME TER MEASURF VALUE+/-UNUERTAINTY VAL UL #/-UNCERIALNTY VAI UE+/ -UNCERTALNTY VAL UL +/-UNCFR1ALINTY VAL UL +/-UNCERTAINTY
TIN MG/t - - - - -
10TAL $0LIDS MG/L 10400. 40100. 2230. 4980. 4960.
URANITUM G/ 0.0t4 0.0647 0.04H214 4.34 1.64
UNNADTUN nG/L ( 0.014 0.07 V.07 < 0.04 < 0.01
ZINC HG/L ( 0.005 0.007 { 0.00% 0.036 0.042
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETTUON: AHIUVIUN
HYDRAULIC FLOU KELATIONSHIP: UN S1TE

e tmmmmm e e [ (CATTON 1D = SAMPEF ID AND L 0b DATE ~=—mmmmm e e s oo e o

a04-03  40/23/87 BoB-04 10/2.0/H7 800-05  10/23/8/ Hou-04 04/44/68 BON-02 01/44/7688
UNIC OF PARAME IER PARAOHE TF R raRRAME TR PARAME TER PARAME VER
PARAMETFR MEASURE VALUE+/ -UNCERITAINTY VAL UF+/-UNCERTAINIY  VALUF +/-UNLERTAINTY  VALUE +/-UNLERTAINTY  VALUE +/-UNLERTALNTY
ALKALINITY  MG/L CACO3 270. 270. 270. 226. P26.
Al UMINUN MG/L ( 0.4 ¢ 0.1 < 04 0.38 0.39
AMPONTUM MG/ i68.7 168.9 .Y 19.4 18.6
ANT I MONY MG/L - - - - z
ARSENS MG/L < 0.01 < 0.014 < 0.04 0.04 < 0.04
HALANCE 2 - - - - -
BARIUM MG/L - - - - -
BICARBUNATE  NG/L - - - - -
BORDN M6/t 0.4 0.3 0.4 0.47 0.45
LADNIUM MG/L - - - - -
CalCIuM MG/L 510. 440. 490. 4460. 457,
CHI DR IDE MG/L 99. 98. 402, 83. /8.
CHROMIUM HG/L < 0.04 < 0.04 < 0.04 0.04 0.014
cogaL T MG/L - - - - -
CONDUCTANCE  UMHU/CH 4500. 4500. 4500. 4020. 4020.
COPPER MG/l - - - - -
Fi UORTDE MG/L 0.7 0.7 0.8 0.77 0.73
HRUSS ALPHA PO1/L 700. 145, 1020. 1460 . 840. 410. 950. 60. Y00. 60.
GROSS BETA  PLI/ZL AS50. 75. 440. 14H0. 3/0. 59. 480. 20. $©00. 20.
tRUN MG/L < 0.03 < 0.03 < 0.03 0.2 0.2
LFAD MG/t - - - - -
MAGNE S LUM MG /1 157. 156. 450. 433. 130.
MANGANE SE MG/L 0.46 0.4% 0.4y 0.56 0.55
Mt RCHURY MG/L - - - - -
HMOLYBDENUM  MG/L ( 0.014 < 0.04 < 0.04 0. 10 0.11
NICKFL MG/L - - - - -
NT IRATF MG/L 429. 142, 444. 70. &Y.
NTTRITE MG/L - - - - -
ORG. LARBON MG/L 42. 42. . 76. 77.2
Pi-240 PCL/L - - - - -
PH 54 6.0 b.4 6.8 7.0 7.0
MINSPHATE Mu/L - - - - -
P(- 240 eI - - - - -
POIAGS UM MG /L. 10.5 10.%5 10.% 10.5 10.5
RA-276 PC1/1 0.1 0.4 0.0 0.7 0.0 0.1 0. 0.1 0. 0.4
RA- 778 PUL/L 0.0 0.9 7.5 1.6 0.0 0.9 0.4 0.8 V.4 0.8
SELENIUM MG/L ¢.3% 0.30 0.94 0.%0? 0.428
S LON MG/L - - - -
511 TCA MG /L - - - - -
S VER ME /L - - -
SOLTUM MG/t 690. 670. 660. 700, W99,
SIRONT TUM Mzt - - i
SHEL AT MO/t 3000. 3000. 3000. 2450, 2L,40.
NTRRL S M5/ - i )
TEMPTRAITURE - DEGREF 4.0 17.0 47.0 14. 1 14.4

TH 230 Pz - - -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMAITON OF CoMPIE I LONS

Al 1 BULUIS

HYDRAUL 1C FLOW RE)ATTOUNSHIP s UN-HITF

UNLT OF
PARAMETER Mt ASURE
TIN L (1741
TOTAL SULIDS MG/L
URANIIM HG/1.
VANAD [UN Mt /L
ZINC MG/L

i i e e e e e e | (QCALTON AD = SAMPLE 1D AND | 06 DATE =w====mmmmmmemmae ot e

g08-03 10/?23/87

PARAMK (LR
VALUF +/~-UNCER TATINTY

4970.
1.73
< 0.04
0.029

VALUF+/-UNCFRIATNIY

608-04

PARAME TER

<

4990.
1.67
0.014
0.078

107 23/87

.t e o M e S W G o e e Sm = e e e AR e M % S me & - b e ms e e NE e  cmmmoee fm e e e e e e N R s e m e e e e e e e e R G W A e R M e e e e e

(

B8OB-0% 40/23/97

PARAMETER

4940 .
1.67
0.04
0.035

808 04 04/44/08

PARAMETER
VALLUL +/-UNLERFAINTY

4610.

1.67
0.06

0.046

Bu-02 01/44/84

PARAMI TLR
VAI Uk +/-UNCLILIAINTY

44640.

1.80
0.06

0.044
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tORMATLON OF COMPHETION:
HYORAWN 1C FLOW RELAVIUNSHEP: ON-S1TE

PARAMF IR
Al KAl INITY
AL UIMINUN
AMMON UM
AN IMONY
ARGENTL

tat ANCE
BARTUNM

A ICARHUNATE
BORON
cADMULN

CAIL CTUM
CHLORTDE
CHROMTUM
CosALT
CONDUC TANCE
COPPLR

Fi HORTDE
GROSGYS Al PHA
GRUSS BEIA
LRUN

LEAD

HAGNES TUN
MANGANE HE
MFRCURY

FU YHDE NUM
NICELL
NIIRAIF
NITRITE
ORG. CARBUN
PH-240

PH
PHOSPHATE
PO-2410
POTASSIUN
RA-2264
RA-220
SFLENIUM
S LON
SILICA
SHLVIR

SOD UM
STHUNIT UM
SULEAIG
SULEHIDE
TEHMPT RATURE
TH-2730

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tatlings site (Continued)

UNIT OF
MEALURE
MG/l CACO3
HG/L

MG /L
LIVA S
MG/L

%z
nG/L
LIEV4
MG/t
Mzl

M /L.
MG/L
MG/L.
/L
UrMHO/ZCM
L VAR
MG/L
rCL/L
rCIN
MG /L
HG/L
MG/L
MG/L
MG/L
MG/L
M/
MG/L
ML/L
MG/L
rCLA
LU
rG/L
PCTI/ZL
Hii /L
PLIZL
N V4
MG/
[IFVA N
ML/t
m/L
i/
MG/

[ 1XV4]
iz

t - bl URFE
PeLsL

Al LIIVTUNM

e e e e e ee LOCATHON TD = SAMPLE ID AND LOG DANE === emmm o e e
BOB-03 01/41/88

VAL UF+/-UNCERIAINTY

- o e = . —

276.
0.4
8.6
0.04
0.43
Abtt,
74.
0.04

4020,

0.72
920.
490.

0.2
132.

0.54

0.15
4.
76.6

7.0

10.6
0.
0.
0.444

707,
H/70.

14.14

60.
20.

G.1

£O8-04%

PORGHE TER
VAI UF+/-UNCERIAINT )

0.4
455.
78,

0.04

4020.

0.7
940,
490.

0.149

134.

0.54

0.14

63.

76.5

7.0

10.2

0.2
0.

0.760

699.
2H60.

14.14

04744708

PARAME TER

60.
20.

BOH-0%

0.45
4%4.
8.

0.04

4020.

0.7
1209.
530.
0.2
132.
0.54

0.140

67.
75.5
7.0

0.3
0.
0.

0.77%

6914.
25/0.

4.1

04/ 14/48

N e o e e s e ik e e e e o o v o M 0 4 WD e ceer e e T hed T G S St 4 e ey o o e S

PARAMLTER
VAL UF +/-UNCERTALNTY

100.
20.

PARAME TER
VAL UE +/~-UNGCERIALNTY
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPILE ITON: altyuiun
HYDRAUL IC FLOU RELATIONSHIPS UN-SJIF

e e e mr e e e mm e e = (AT IOM 1D - SAMPLE 1D AND LOG DATE mrmm s e e e e e e
808-04 04/44/u8 Bub-0% 04744780 BOB-05 01/44/80
UNIT OF PARAME TER PARAME 1ER PARAME TER

PARAME TR Mk ALURE VAL UE +/ -UNCERTAINTY VAL LE+/-UINCERTAIMI Y VALUE +/-UNLERTALNTY
TIN MG/L. - - -
TOTAL S (DS MG/L 4640. 4620. 4640.
URANIUH ne/L 1.72 4.00 1.69
VANAD TUN HG/L 0.07 0.06 0.06
ZInG n6/L 0.0144 0.042 0.044

MAPPER DATA FILE NAME: GRNO 4x1JDPHWW 102183
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATIUN OF COMPLETIUN: A LlJUlUi‘l
HYDRAUI 1C FLOW RELATIUNSHIP: LROSS GRADIENT

—————————— e e e e = e = s mm e = L QCATIUON D ~ SAMPLF 1D AND LUB DATE =~ - e e e i e e e v i im e e e
708-04 09/1H/82 /708-04  44/43/782 708-04 OV/0//06 708-04 02/2%/97 708-0% 04/44/64
UNLT OF PARAM: TER PARAME TER PARAMK IER PARAMETER PARAML TER
PARAMFTER MEASURL VALUF+/-UNCERTAINTY VALUEF +/-UINCERTAINTY VAL UE +/-UNCERTAINTY VALUF+/~-UNCERTAINTY VALUE ¢ /-UNCERIAINTY
Al KALTHN)TY MG/L CACO3 272.00 264.00 283. 243. 206.
Al MINUN MG/L. 0.014 0.047 0.7 ¢ 0.4 0.35%
AMMON SN MG/L. - - 4 0.4 8.2 ( 0.1
ANT IMONY Mi/7L - - < 0.003 - -
ARSENIC MG/\. < 0.04 0.007 (¢ 0.04 - 0.04
HAl ANLE y 4 - - 0.014 - -
HARTUM MG /1. 0.024 - < 0.4 - -
BICARBUNATE HG/L 332.00 318.00 - - -
BORDN MG/L. - - 0.4 0.23 0.36
CaNMIUM MG/ < 0.04 - < 0.004 - -
LALCIIM MG/L 440.00 349.00 512, 363. 405.
CHILURLDE Mi/zL 343.00 592.00 150. 358. 320.
CHROMIUM HG/L < 0.04 - T 0.03 0.04 0.04
cosaLT MG/L - - 0.09 - -
CONDUCIANCE UMHO/CH 40400.00 24/0.00 6750. 44650. 4700.
COPPER MG/L 0.033 - 0.03 - -
FI UORIDY MG/L (¢ 41.00 ( 4.00 0.7 0.50 0.5
GROYSS ALPHA PCI/ZL - - - - 31. 37.
GROSS BL1A PCI/L - - - - 7. 27/ .
LRUN Mu/L (¢ 0.05 - 0.06 0.0 0.2
LEAD MG/t ( 0.04 - < 0.04 - -
MAGNES UM M/ 325.00 B} 349.00 3720. 313. 190.
MANGANL SE MG/L - - 0.0 0.03 G.02
MERCURY Mu/L 4 0.002 - ( 0.0002 - -
MOL YBDENUM MG /L. { 0.0% ( 0.04% 0.414 ( 0.1 0.43
NICKFL MG/L - - 0.06 - -
NTIRAIE MG/L 2.00 (< 5.00 9. 1.6 4.3
NIIRIIE LEY4 - - < 0.1 - -
ORG. CARHON MG/L - - - - 55.9
PH sU &.97 b6.97 7.74 7.64 7.4
PHOSPHATE MG/L - - { 0.4 - -
POTASS (UM ML/t 24.00 48.00 22.1 44.6 2.9
RA- 276 eIz < 2.00 [{ 2.00 - - 0.4 0.4
RA- /428 PCL/L (< 2.00 - - - 0.0 0.8
Steleinm MG/ 0.043 0.014 ( 0.00% 0.40 0.284
S1LGUN MG/L A.70 - - - -
SILICA MG/L - - 7. - -
GBI VIR MG/L [4 0.014 - ¢ 0.04 - -
SO0 UM MG/L 222H.00 2400.00 4980, 23720. 47640.
GIRONTIUN M/ - - 0.4 - -
O LAy MG/ B469 .00 L4684 .00 L4860, &280. 4400,
(EMPERAIVRE LU - DI GRIE 21.00 43.00 20. 0.0 3.2
TH-230 PCY/L ( 0. 40 - - - -
TIN Mi/L. - - ¢ 0.00% - -
10TAL SOLIDS MG/ 8940.00 2490.00 ?2340. 1040w Ju0u.

HRAR O Fiti /) 0.027 0.034% 9.0040 0.0027 0.047%
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

+ORMATION OF CUMPIETION: Al UVIUN
HYDRAUL IC FLOW REI ATIUNSHIP: CROSH GRADIENI

---------------------------------- POCALION (D - SAMPEE 1D AND E06 DAIE === = oo mmm e e e

708-04 09/44/42 708-04 44/7210/82 704-04  09/0//86 708-04  02/25/867 708 04 O4/44/068
UNLI OF PARAFMFTER PARAME TER PARAME TER PARAMLTER PARAM LFR
PARAMETER MEASURE VAL UE+/-UNLERTATNIY VAL UE +/~-UNLERTALINITY VAl Uk +/ HUMCERIATHTY VALUE+/-UNGERTAINIY VAl Ut +/ -UNLERTALINTY
VANADIUNM HG/L L 0.0% < 0.0% 0.2/, - 0.06
Z1INC MG/L - - 0.074% - 0.046
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JORMATIDN 0OF COMPLFTION:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

SHALE

HYDRAUL 1L FLOW REVLATIONSHIP: P GRADTE NG

PARANMF IFR
AL KAl INTY
ALUMINIIN
AMMONTUM
ANGENIC
BARIUIM
HURON
CALMTUM
CAalCTUM

CHE ORIDE
CHROMTUN
CONDUCTANLE
LOPYLR
FLLuor10k
GRI)SYG N PHA
GROLS BEH 1A
1RON

LFAD
MAGNFSIUM
MANGANESE
i ROCHRY

MOl YBD NUM
NIIRATL
ORG. LARBON
]
POTASSTUN
RA-74
RA-220
GFLIENTUM
SIHHVIR
SODILUM

S INIF

S IDE
TEHEE RATIRF
10161 SO 1Ny
HRANMNIUM
VANAD LLIM
71

IINIT OF
MEASGURE
MG/
Mi/L
MG /L.
M /L.
HG/t
MG/l
MG/t
M/
MG/
M/t
UMHO/CH
MizL
MG/L
retrsi.
PCI/L
Ms/L0
Mii/Zt
L 74
M/l
MG/L
MG/7L
M/

MG/L.
su

MG /L
puisL
PCI/L
Hi/L
MG/L
izl
MG /Y.
HuzL
C ~ DEGIUF
MG/
MG /A
szt
M/

LArn2

e e e e m e s LOCATTOM D = GAMPIE 1D AND L OB DATF === === = mmre = o o o e e e -

BOA-04
PARAMITFR

107 23/07

N T S e

VALUF+/-IINLERTAINTY

?08.
( 0.1
0.2
< 0.04

0.9
4.9
180.
( 0.04
2750.

-~
I~ R-X
]
[=]
=

21
i

(
(

¢

HOA-0 1

0174078
PARNHI TFR

VAL HIF o/ I RIATHNTY

96/,
n.14
G.1
.01

0.19
H. 0
4160 .

0.0¢

2470,
1.97%
e 1.
2.0
[} 2R V'

1.54
0.014
0.0
0.1

0.040

n7y.
770.

14.4
AH00 .

00000

0.01%

¢
¢

80A-04 07724/ BO/-04  10/704/07 80/7-04 01/07/00
PARAMFTER PARAME TER PARAMETER
VAL I +/-UNCERIATHNTY VALUE+/ -UINCFRIAINTY VALUE +/-UNLERININTY
4. 6?27. 643,
0.04 ( 0.4 0.4
0.4 0.4 0.4
0.007 ( 0.04 0.0214
0.04 - -
0.9 0.8 0.84
0.076 - -
4.73 Ha. 437.
200. 100. 400.
0.04 ( 0.04 0.02
2000, 8000. 8HA0.
0.04 - -
3.5 1.9 1.24
0. i?. 0.0 a4, 34. 32.
. 1. 0.0 an. 49. 3hH.
0.04 ( 0.03 0. 44
0.04 - -
.37 45. 54.7
0.04 0.04 ¢.05
0.0002 - -
0.0 0.07 0.44
0.3 670, 974 .
87, 19. 476.
a.07 7.65 7.4
1.6 4.4 b.h
0.0 0.1 .5 0.4 0. 0.1
0.4 0.8 1.4 0.8 0.4 0.9
0.022 0.47 0.75
0.04 - ~
HYER 7760, 2450,
onz. 4000. 4460.
0.4 - -
47.0 7.5 4.0
V290, 7%50. 9540.
0.0003 0.00% 0.060%3
0.04 ( 0.04 0.02
¢.00% 4 0.00% G.043

.04y
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FORMATLON tF COMPLF TTNN:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

SHAL F

HYDRAWE T ELOW RLLAYTTONGHIP: U GRADIFHT

PARAMF TER
ALKAI INT1Y
ALUMTNUM
AMMONTUM
NRSHNTC
BARTUN
HORKON
CADMIUM
caLeuim
CHLORIDE
CHROMIUM
CONDUC | ANCE
COPPFR
FLUORIDE
GRUOSS ALPHA
LROGYS BEIA
IRON

LEAD
MAGNESTUM
MANGANF St
MFRCURY

MOL YBDE NUM
NLIRATE
ORG. CARBUN
PH
POTASS1HNM
HA-226
RA-270
GELFNIUN
GTIVIR

SN LM
SULEAME
SULFIDE

1E M RATURE
1OTAL S0 LGS
URANTIIM
VANA LUM

S INCG,

MAPPER DALA

UNIt OF
MEASURE
HG/L CACOS
M6/t
nG/l
Mi/L
MG/L
Mii/7L

Mt /L
MG/L
MG/
/L
HIMHO/CH
M /L
MG/
reizL
PCIN
MG/

MG /L.
M/
MGt
M/t
nii/L.
Must.
MG/t

s0

MG/,
Pt/
PCI/I
MG/
/L
MG/L
MG

L, }74 N

€ - DFGRLF
MG/
MG/0
Mfi/|
MG/

Ly NamMi :

mm e mtmm s e e LUCATION 1D = SAMPEE ID AND LOG DATF m==—m-mmmmeomamom o S

HO/-04 07/21/88 H44-04 10723787 Bi4-01 0470/7/0'8
PARAMFTFR PARAME TLR PARAMETER PARANE TER PARAMETER
VALUE +/-UINLFRTAINTY UNL UF £/ DHCLRIAINTY VAL UE +/ -UNCERTATMNTY VAL UF+/-UNLERTAINTY VAL UE +/-UINCERTAINTY
b16. - 4Hh .
0.07 0.9 0.4
( C.1 1.4 ¢ 0.4
0.043 ¢ 0.04 0.014
0.04 - -
0.84 0.6 0.52
0.42% - -
1475. 410. 4364.
130. 165. 340.
0.06 ( 0.04 0.0%
40500. azoen. L2 40.
( 0.04 - -
1.3 0.4 0.57
0. h7. - 24, 5.
0. . - 40. 27.
0.04 0.43 0.4
0.07 - -
AL 300. H42.
0.0/ 0.24 0.4
< 0.0002 - -
0.0/ 0.0 0.0%
1280. LI ?3.
154, - ni.7
7 . 4% 7.4 7.2
7.2 P4 ?27.5
0.0 0.1 - 0.4 0.4
0.8 0.7 - “./7 0.8
0. 1422 V.72 2.5
( 0.04 - -
3240. 770. 707.
6450, JAOG, a94n.,
< 0.1 - -
47.5 4.0 40.3
11700. AP0, /300,
0.00%4 ¢.031 ¢.0074
0.04 ( 0.1 0.08
0.00/ 0044 G.0460

GRNO $ e GUN 102 194
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

tORMATION OF COMPIETION: SHNM €
HYDRAWL 1C HIOU RELAITTONSHIP: ON-&)ITF

e e s e e | (CATTON ID — SAMPEF ID AND LOG DATF s e e e e e e e

7N4-04 O/71A4/02 704-04 04704784 /704-02 OA/06/06 /704-03 06/04/86 704-04 06/706/84

UNIT OF PARAMETER PavAM TER PARAMF IER PARAMEIER PARAMETER
PARAMITER ME AGURF VAL UF +/-UNLERTATNTY VAL U/ -UNCTF RIATHTY UNALUIF ¢ /-UMLERIATNTY VAL UF+/-UNCFRTATNTY VALUE +/-UNCERVAINTY
Al KAL INITY MG/L LACOY 330.00 447, 447, 447, 442,
Nl HENUM MG/L ( 0.140 - - - -
AMMUONTUM MG/ - U4, 30. 30. 30.
AN ITMONY MG/ - - - - -
AMSFNIC MG/L. 4 0.01 { 0.C4 ( 0.01 ({ 0.04 4 0.014
A ANCE z - 4.40 -0.07 -0.02 -0.02
naniiM MG/L - - - - -
HICARBONAIF  MG/L 401,00 - - - -
RORON MG/L - - - - -
LADMTHM MG/L - - - - -
CalLCTHM MG/t 320.00 S44. 510. 540. 510.
CHEORIDE MG/ 100.00 10/ . 110. 110. 110.
CHROMIUM MG/t - - - - -
LOBALT MG/L - - - - -
CONDULTANLE  UMHO/CH 7440.00 5000. S000. 5000. S000.
GCOPPER LR - - - - -
FLUORIDE HG/L ?2.00 0.9 0.9 0.9 0.9
GROSS ALPHA  PLI/LL - - - -
6ROSS RETA PCI/N - - - - -
IR(IN MG/t { 0.0% 0.08 0.08 0.08 0.08
LFAD MG/ - - - - -
HAGNE S TUN MG/L 140.00 190. 190. 490. 190.
MANGANE SF MG/L - .27 ?.4 2.3 2.3
MFRCURY M/l - - - - -
MO YRDHENUM MG/L < .05 0.2 0.148 0.2 0.2
NITCKFL MG/ - - - - -
MIIRAIF MG/t 20.00 4370, 1490. 4490. 41490.
NLIRITE MG/L. - - - - -
ORG. CARNION  MG/L - - - - -
'8-2 10 rPeizi - - - - -
PH Su 7.00 7 .67 7.47 7.67 7.67
PHOSPHATF Mu/L - - - - -
PO-240 rcI/zi - - - - -
POFASSIUN Ly [}72] 11.00 11.9 1.1 13.3 11.3
RA-?76 PCI/I (4 72.00 0.0 G.? - - -
o /0 PG/ - 0.b6 0.9 - -
S HIUN Mi; /0 0.6 0.09 0.01 0.04 0.01
SILAICA VIR - - - -
sHvr M/ - - - -
SOD M M6/l 4473000 fien, 1170, 4470. £4/70.
STRONT UM Mt/ - - - -
sSHEAIY M/ 164, 00 UL 0. 1020. 3020.
oD Mes 4| - - -
(RN TRRITY AT E) N GRIT 00 V. V7. 17. i7.
TH 210 ret o - - - - -

TN

btz - - - -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATTON U COMPIFTTION: SHAIE
HYDRAUL 10 FLOW KT ATIONSHIP: UN-ST1IF

e s e mm e = s me e = LOCATTON D - GAMPLF ID AND UG DAIF meeem e e S s ——— -
701-04  W//4A/49 701 08 OA/04/704 /704-02 06/706/006 704 03 04/04/104 704-04 04/704/06
UNLT OF PARAME TFR PARNMITIER PORAMETER PARAMETER PARAMETER
PARAME IFR MFASURE VALUE +/-UNCERTATMTY VAL UF +/-UINCE RIATHTY VAL UF #/7~-UMLERTATINTY VALIIF+/-UNCERTATNTY VALUE+/-UNCERIAINTY
TOTAL S0L DS MG/ 40410.00 7110, 7440. 7400. 7420.
HRAHIUM Mu/L §.40 .44 P.YY 2.99 2.98
VANADI UM MG/L < 0.0% - - - -
Z1NC ML/l - - - - -



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

TORMATION 'fF COMPITTINN: SHAI F
HYDRAWY IC FLOW REDAVIOMSHIP: ON-STTF

gzi-d

o e R o 2 o LOFAYINN 1D ~ SAMPLE 1D AND LOG DATF e o e s e i i o
704-0% 06704710 704- 04 0920//704 /94-04  0./713/87 704-04 40704797 704-04 O4/12/08
HUNTL OF PARAME TE R PARAME TR PARAME TR PARAMETER PARAMETER
PARAMFTIR ME AGIIRF VAL UE «/=UHLERTATNTY  VALUN /7 UINCERIATHTY  VALIN +/-UNCERTATNTY  VALUF+/—-UNCFRTAINTY  VALUF +/-UNCERTAINTY
AL EALITHITY  MG/ZL CACD3 A47. ayh. A0/. 398. 253.
M UMTNUN MG/L - 0.3 0.2 ¢ 0.4 0.4
AMMITNTUM MG/L. 30. 30. ar. 47. A7.7
ANT EHONY MG/L - ¢ 0.003 - - -
ARSTNIC MG/L. 0.01 ( 0.04 - < 0.04 ( 0.04
#Al ANCE 2 -0.02 0.09 - - -
naRIuUNM MG/L - .14 - - -
BLUARBUNATE MG/l - - - - -
BORON MG/L - 0.6 0.6 0.6 0.69
CADMTHM MG/L - ( 0.004 - - -
CAl T MG/L 540. . 46, ano. 407.
CHI DR TOF MG/L 140. 100. "6, Vhe 9.
CHROMTUM MG /L. - ¢.0% 0.03 ¢ 0.04 0.02
conat T M/t - 0.09 - - -
CONDUCTANLE  UMHOZCH %000. 500. 4100. 6200. 5450,
COPPER MG /L - 0.01 - - -
£LUORINE MG/L 0.9 1.0 1.0 4.0 0.v2
GROSS ALPHA  PCI/L - - - 970. 120. 1400. 100.
HRNSS RETA PCIANL - - - 270. 56. 620. 40.
TRON MG/ 0.08 0.n5 0.12 < 0.03 0.25
LFAD MG/ - ( G.04 - - -
MAGNES TN MG/). 190. A9, 160. 180. 476.
MANGANT GF MG/L. 7.2 4.0 4.4/0 4.65 4.04
M REDRY MG/L - < 0.0007 - - -
MOI YRODENUR MG/ 0.7 ¢.173 0.4 0.04 0. 14
NTLKIL MG /L. - 0.06 - - -
NTIRALF MG/t 41190. /0. PAU0. 4470. 4020.
NILIRITE Mzt - < 0.1 - - -
ORfe. (ARRON MG/t - 4. - A4, 440.
PR- 240 reI - . . - - -
PH ] 7.67 7.A0 pAR Y] 6.85 6.48
PHORPHATE MG /L - ¢ 9.1 - - -
PO-240 PLIA - A4 0.8 - - -
POIASSTUM Mzt 13.3 te. s 10.0 9.6 10.4
RA-2264 PCI/Z) - G.h 0.3 - 0.8 0.3 0.4 0.4
na »78 rest - N 1.0 - 1.0 0.8 0.0 0.7
SELTNIUM M/ 0.04 G474 0.150 0.47 0.5%46
HIR Y mn/l. - i, - -
STV R MG A - ¢ Y] - - -
SORYUN M/t 1470, §400 1000, 1.100. 1490.
SINONT UM i/ - P . - -
S AIF Mzl hoen, TR 1o, HELUN 2000,
S0 Mty - - -
e RatuURrE M 17. §7.0 4. 14.0 14.6
T 20 rersl 1. 0.l - - -
TIN 040 ( o Lenh - -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site {Continued)

FORMATION OF COMPIFTEION: SHALE
HYDRAULIC FLOYU RLLATIONGHIP : ON-STTE

e i e e n e e e LOCATION 1D = GAMPLE ID AND LUG DATF oo e e e e e e e e e
704-0%  0A/04/R4 7O4-04 ON/0//004 704-04  03/13/07 704-04  40/046/97 704-04 04742749
UNLT OF PARAME TER PARAKE TER PARANF 1ER PARAME TFR PARAMETER
PARAMFTFR MEASURE VALUE+/-UNCERTATNTY  VALUF +/-1UINCFRTAINTY  VALUE +/-UNCERTATNTY  VALUE+/-UNCFRIAINTY  VALUE+/-UNCERTAINTY
TOTAL SOLIDS MG/L 7420. HN50. 7070. 4440, 4430,
HRAN UM MG/L 3.05 1.4 41.59 .74 2.23
VANAD 1 UM MG/L - 0. 4 - { 0.04 0.07
ZINC MG/L - 0.047 - 0.038 0.044
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMCIETION: SHAIE
HYDRAM FC FLOW REVATIONSHIP: ON-SITF

PARAMFTER
ALKALINITY
ALTIMTNUM
AMMONTUN
AN TMONY
ARGEMIC
PALANCE
BARIUM
HICARRONATE
BORON
CADMIUN

Cal CIUM
CHLORIDE
CHROMTUM
CORM.T
CONDUCTANCE
COPPER
FLUORI DY
GROSS ALPHA
GROBS BETA
TRUN

LFAD

MAGNFS TN
MANGANE W
MFRCURY
MOLYBODT NUM
HICKEL,
NTTRATF
NITRUIE
DRG. CARBON
r-240

PH
PHOSPHATE
PO-740
POIASHTHM
RA-226

A 7R
GELERIUM

11 10A
sTrvrn
GONIINM
GIRONT TN
aHtEnIr
asmrem
1M RATIHIRE
TH 200

LEN

UNYT OF
MIFASHRE
MG/ CAcn:
MG/1
Mti/L.
MG/L
MG/L
p 4
MG/L
ML
nG/L
MG /L
MG/L
Mzt
MG/L
MG/
lIMHO/CH

" MG/

MG/L
PCI/L
PCI/L
Ms/L
MG /L
MG/L.
MG/L
MG/L
HG/L.
mG/L.
MG/1.
Mi/L.
MG /L.
PCL/L
5U
M/,
PCI/L
MG /L.
rPCIN
reLzi
MG /L.
MG/I
MG/
LUTAR

[ ¥4
Mtz
MG/

i - DEGRFE
PCI/L
6 /1.

e e mm e m e e e e ee LOCATTON 1D - SAMPLE 1D AND LUG DATF —==---—n
05/ 41/90

PARAMY TFR
VALUE +/-UNCFRIAINTY

(

704-04

407 .
0.23
51.

0.015
0.04

0.71
0.003
520.
?4.
0.15
0.0%
5440,
2.02
0.77

0. 146
0.02
197.
2,40
0.001?
0.09
0.014
47390.

6.61
0.3
0.5
0.549
4.0
A4%0.

ARV

7O,

(LR
16.9

PARAMITER
VAL I /7-UriLFRTAINT Y

PARAME TER
VAL U +/-UNCFRIAINTY

- e o o ——— - o - - -

PARANETFR
VALUE+/-UNCFKRTAINTY

et " S - 1ot

PARANETER
VAL UE+/-UNCERTAINTY

o e e o s g g e S B e e e e o e
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Table D.5.15 Chemical analyses of groundwater, Greep River, Utah, tailings site (Continued)

FORMATION OF CUNMPI ETION:

SHALE

HYDRAUL I1C F1.0W RLI AT1ONSHLIP: ON-STTF

UNIT OF
PARAMFTER ME ASURF

ITAL SOLIDG Mu/L

URANTUM MG/
VANADLUN MG/L
7T [ {E74

MAPPER DAIA FIILE NAME:

A e et e s e s oo LLATTON 1D — SAMPIF
704~04 05/ 41/8R

. ottt s e e = o e e e i o we kM Rt & 4 R ke ke ey e e W s W4 W e e e e e A e e A e 0o W S e e e

PARNMF T} R
VALUF +/-1MLE RIATNTY

6410,
2.99
0.08
0.048

GRNO 1 xUNPGUN 402 490

ID AND LOG DATE

e > o S P s e o e e e e A i

- - oo e m o  an e

-y 24 e et e e 1ot o o T i S o i A o o
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FORMATINN OF CNMPLFTION:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

HYDRAWN IC FLOW R ATIONSHIP: DOUN GRADYIMT

PARAME TFR
AL KAL TNTTY
ALUM INUM
AMMUNTUR
ANTTHONY
ARGENIC
HAl ANCE
BARTUM
HORNON
canMiumM
naLCTUN

CHI ORIDE
CHROMIUN
CORALY
CONDUCTANCE
CNPPER
FilHork (DE
GROSS ALPHA
GROSY BETA
TRON

| FAD

PAGNE GTUM
MANGANLSE
Ht RCURY
ML YBOE NHIM
NICKILI
NLIRATE
NTIRITF
ORG. CMINON
PH-2 10

PH
PHOSPHATE
PO -2 40
POTAGSTIM
RA~-226
RA-2200
CFHINIUM
ST 10N
HILVIER
sonThn
SIRONEINN
G EATE
SHUE T
TEHPE R TUR)
2030

1IN

TOEAE sl 1y

UNT [ OF
MF ASURE
MG/L. CACODA
MG/L
MG /L.
M/

MG /1.
Z

MG /L
Mi3/L
M /L
Mf/7L
MG /L
MG/L
MG/L
UMHO/CH
MG/
Hi/L
PCT/L
PCI/L
MG /L.
Mt /L.
MG/t
Mzl
MG /L.
Mz
MG /L.
L VA
MG /L
Mu/L.
PETZE
su
MG/L.
PCL/L
[ [2¥4]
’ersa
PCIN
[y [}V N
M/t
riG /N
M/
Mzl
Mfi/\

[ RVA N
¢ - DLe)
rea s
i
LIeya]

SHAL E
e = e i e os i e e e LICATION TD ~ SAMPEE D AND LDOB DATF —emm e e e e e e e - e
SHI-04 09/ 47/114 GA3-01 O/ 1/87 HYAJ-04  40/02/87 HA3-04 04/744/08 5083-04 07/?24/08
PARAMF T R PARAKME (FR PARAME TER PARAMETER PARAMETER
VAI UF +7 -LIMGERTATHTY VAL UE +7 -UNLERIATHLY UALHE +/-UMCFRTAINYY VALUF +/-UNCERTATNIY VAL +/-UNCERTAINIY
4193. 670. 4010, 42720, 1563.
0.3 < 0.4 ¢ 0.4 - 0.06
1.1 0.4 0.4 0.3 0.4
{ 0.003 - - - -
( 0.04 - < 0.04 ( 0.04 0.0145
0.14 - - - -
0.? - - - 0.04
0.4 1.0 1.2 1.23 .2
¢ 0.0014 - - - 0.048
303. 127 . 210, 240. 186.
7 40. 9%, 0:10. 900. 1420.
0.02 0.0? < 0.014 0.03 0.07
( 0.05 - - - -
4500. 7000, 7000. 4270. 6750.
0.03 - - - 0.04
1.2 0.4 0.2 0.36 0.4
- - 0.8 64. 4. 27. 0. 54,
- - 0.0 an. 0. 19. 15. 2Y.
( 0.0 ¢.03 0.46 0.56 0.22
< 0.04 - - - 0.02
127. 1164, 142, 87.7 74.2
0.07 0.09 0.02 0.07 0.06
[ ¢.0007 - - - 0.0002
0.40 ( 0.4 < 0.014 0.09 0.0
0.04 - - - -
1%. 74. 40. 40.3 4.4
¢ 0.1 - - - ~
120, - 2. 279. 404.
0.0 1.4 - - - ~
H. 40 6.79 A.60 6.7 7.10
¢ 0.1 - - - -
0.0 0.6 - - - -
40.2 10.7 b.6 4.68 6.8
0.7 .1 - 1.1 0.1 0.7 0.2 1.0 0.3
0.4 1.2 - ?.6 1.2 ’. 1. 1.4 0.7
0.444 0.00% 0.019 0.104 0.062
"'_ - - - e
( 0.014 - - - 0.04
1270, 0. 14970, 1870. 040,
5.5 - - -
PhH, Ao, HAN. 27270, 1440.
- - : 0.4
7.0 14. 16.0 10,0 4.0
0.7 D.bh - - - -
< 0. 00 - - - .-
LWIRAD AY00, Lt A2Q0. 6190,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATTON UF COMPIFTENN: SIHAEF
HYDRAUL 1C FLOW RELATIONSHIP: DOUN GRADTFNT

s e e e i e e = o= L ACATTON ID - SAMPLE 1D AND LOG DATE —~-e—meme e cer e cm e e c oo
583-0¢ O0V/ 42714 H3-04 01/ 13/747 HH3-04  40/04/87 H83-014 04/44/88 SR3-04 07/24/48
UNLI 0OF PARAME TER PARGHITER PARANF IR PARAMF TER PARAMETFR
PARAMFTER MEASURF VAL UE+/7-UNLERTAINTY VAL LIE+ /-UINCFRTATMTY VAL LE +/ -UNCERTAINTY VAl UF+/-UNCERIAINTY  VALUE+/-UNCERTATINTY
URANIUM MG/L 0.0042 0.0409 0.0144 0.040% 0.00446
VANAD LUN Mu/sL 0.23 - ( V.04 0.03 0.03
ZINC (174 0.05%4 - 0.00% 0.043 0.007



1e1-a

FOMHATION OF CORPELETUON:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

SHAL

HYDRAU AL HLOU RELATIONGHIP: DOUN GRADIEHT

PARAMF IER

Al KALINITY
M UMENUN
AMMONTUM
AN { IMONY
ARSENTL
BALANCE
BARIUM
BURON
CADMIUM
LALCTUN
CHI ORIDF
CHROMTUN
cosaLt
CONDUCTANCE
COPPFR
FILUOR [DE
GRUSH ALPHA
HROSS BETA
T1RON

I FAD
HAGNESTUM
MANGANF SE
ME RCUNY
HOLYRDE NUN
NICKH)
HITHATS
NITRTIF
MG. CORNVNN
PR-2 40

PH
PHOSPINF
') 20
FrotaLSTUN
nwh 06
RA-221
SEHENINN
STLIeA
SHVER
Snpin
GIROMIIUM
GHETATT

SN F Ve
TFHMET A 1Hng
"t 200

TIN

UNLT OF
MEALURF

MG/L CACO4
HG/L
Mis/L
LIT4A N
MG/
X
MnG/L
ML/
MG/L
ML
MG/L
MG/L
Mti/L
Mty /CH
MG/1
MG/L
Py /L
PGz
Mi/L
Mo/l
M /L
Mt/
ne/A
M/
MH/L
M/
M/t
MG/
PCI/ZL
SU

M /L
peL/L
MG/
Pe/e
LT/
Mo
M
M/t
L
Mt/
Fit: 11
MG

1. pEop
[N
[ [}

EDTAE SOEINY it

e m e e e e e e e = LICATTUN ID = SAMPIE TD AND ) 06 DATE
SHA-01 09/ 14/86

LHY9-04 OV 1/0/ A% 04

10/04/87

3404

0i/1//88

1 o o S o ot S T P S Y = S o Y S e e

504-04 05/ 44708

o ap e o oaa s > e et e et e e e W A iwe e WL N lem = e e En m m e Gm e T @ e N W gmm e b S 4 e o o SR S e e o S S e S Y (R e S e S e Sris W  We  T E e P fes S S 00 S T A S S = S e b o o e s

PARAME TTR
VAL +/7-UNLERYATMTY

1.0
< 0.003
( 0.04
-0. 3
0.2
0.3
( 0.004
%7.5
530,
0.07
¢ 0.0%
AH00.
< 0.0?
1.9

< 0.03
.03
15.2
.02
4 0.000
0. 10
0.04
Se
( 0.4
LY
1.5
?.08
4 0.1
0.0
4./8
0.2
0.0
0.093
L
< 0.01%
iNnna,
R |
140,

17.0
N.h
( 0,00
Ao,

PORAME (FR
VALIN 3 /- UINCERTATNTY

?(‘7.
0.2
0.9

K 0,002

16 40.
IO,

.0
N4 -

PARAMF IFR
VAL UE ¢/ -INCFRIATNTY

Via{Y
0.4
0.7

¢.01

0.4

47.
120.
.01

4620
1.9
0.0

0.0
0.08

44.7
.92

0.04

5.8

.7
a.n
r.8
0,005

1490.
J100.

4.1t

5040,

40.
29.

PARAMETER
VALUE +/-IIMCFRTATNTY

263.
0.47

0.5
0.04

0.67

37.4
140.
0.02

5100.

1.764
15.

6.

0.72

2.9
0.03

0.04

0.1

30.
8.0

2.94
0.1
0.7
0.249

4510,
2540,

14.0

4930,

<
19.
3.
<
0.4
0.7
(

PARAMETER

VALUF+/-UNUCERTATHIY

0.008

0.04

0.65

0.003
A&7

130.
0.02

0.04
5100.

0.04
1.73

0.06
9.0
13.4
97.01
0.0002
0.04

0.02
1.0

7.96
¢.3

.77

0.442
9.7

1630.
31.50
J160.
9.1

th.Y

§930.
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF CamMPLETTUN: CHALF
HYDRAUE 1 FLOW RELATIONSHIP : DOU GRAD (I NT

e e e e e m e = e e eee LOCATTOM 1D - SAMPIE ID AND LOG DATF -
04/42/08

584-04 0L/ 44/08

SU4-01 09/744/R4 HSH4-04 04/ 4./107 HH4-04  10/06/87 LH4-04
UNLT OF raARAME IFR PARNMITER PARAMF TER PARAME TFR PARAME TT.R
PARAMF IV R Mt ASURE VALUF+/ -\IMCERVALNTY VALUF+/-UINCERTATINTY VALUE +/-UNCERTAINTY VALUE +/-UNCERTAINTY  VAI UF+/-UNCFRTAINIY
URANTUM MG/L < 0.000% < 0.0003 0.003 0.0009 0.000?7
VANAD tUN MG/L 0.27 - < 0.04 0.02 .04
2INC MG/ 0.043 - 0.024 0.007 < 0.005
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tallings site (Continued)

FURMATION OF COMPILITTON: SHALE
HYDRALH 10 FLOW RFLAITIONSHTE: DOUM GRADTENT

e m ot s e e e e eme e [ OCATTON D~ SAMPLE 1D AND LOR DATE ~e-e oot e e e -
OA-04  O7/744/708 58% 01 0¥/42/1h HHLY-04 0V 4/87 56504  10/02/67 585%-04 04/40/88
DNT! OF PARAME JF R PARAME JTER PARAMF IER PARAMETER PARAMETER
PARAME TER MEASURE VAL UF +/7-UNCFRIAINTY VALUE+/-LINCERTAINTY VAL UE +/-UNCERTATINTY VALUF +/-1INCEFRTAINTY VALUE ¢+/-UNCERTALNTY
Al KALINI Y Mi/1 CALLT ?59. 100/. yan. BAR. 766.
ALUMTNUM MG/t 0.02 0.3 9.3 0.1 0.4
AMMONT UM HG/L 0.2 1.0 2.0 4.3 0.7
ANTYMONY MG/L - £ 0.003 - - -
ARGLENTC MG/, 0.040 ( 0.04 ~ { 0.04 0.04
16l HNCE X - -0.33 - - -
BariM HG/1 ¢.04 0.1 - - -
BURNN MG/ 0.6H4 1. 0.8 i.4 i.14
caApMItUM MG/L 0.004 < .004 - - -
CAaLCIUN M/ 46.3 7.6 5.0 40. 36.8
CH DRIDE M5 /L 430. 4200. Hi7. 750. 740.
CHROMIUN Mzl 0.02 0.0? 0.03 ( 0.04 0.07
copal T MG/L - < ¢.0% - - -
CONDUCTANCE  VINHO/CH 4650. 4900. 6500. 7000. 5940.
CuPPLR MG/L 0.04 0.03 - - -
FLUNRIDE MG/L 1.7 0.4 0.5 0.2 0.32
GRUSS ALFHA  PCI/L 0. ao. - - 0.0 S6. 7. an.
BROGS BETA PeI/zL 7. 17. - - 2.0 464. 16. 4.
IRUN HG/L 0.44 0.05 0.03 ( 0.03 0.35
1 FAD MG/L. 0.04 ¢ 0.04 - - -
MAGHFSTIIM MG/L 14.7 4.4 7.57 8.8 H.65
MANGANEGE ML 0.0/7 9.04 0.04 0.04 0.03
MIRLURY MG/1. 0.000?2 ( ©.000? - ~ -
MHOLYHOF NUM M /L. 0.04 0.09 0.1 ( 0.01 0.02
NICKH] MG /1 ~ 0.04 - - -
NI IRATF MG/ i1. < 1. 0.4 ( 1.0 0.4
MITRETE MG/ - { 0.4 - - -
ORG. CARBON M/t 67.2 140, - S. 36.2
PB-2140 PCTI/ZL - 0.6 1.3 - - -
PH 4 H.0% /.10 B.H2 7.40 6.9
PHOSPHATF Mi/1. - ( 0.1 - - -
PO-210 pPCL/L - 0.0 0.5 - - -
POTALSHTUM MG/L a.n h.714 B.64 3.6 3.59
RA-2106 PeI/ZL 0.7 0.7 O.h 0.3 - 0.3 0 0.3 0.4
RA-220 PCIN 0.7 0.4 0.6 1.0 - 1.8 4 0.9 0.9
GHEPHTUN MG/ 0.009 0019 0.007 ( 0.005 0.15%
A MG/t - 1. - - -
SR Mt/ 0.014 4 no04 - - -
tHEDARLL MG /1 LLTION PLAN, 1940, iv00. 1926.
SIRONETUN MiG/ZL - t. 4 - - -
SN Mi/4 1440. U0, 2470. 2490. 2400.
SMEnr i/t 0.1 - - -
TR RARE € - DPEGRI A5.0 170 5.0 6.0 14.3
H /30 L M 4 - 0.4 Db - -
LRIL 74 - ( .00 - - -
TOFTAE sl s MG/ VA0 . (VYO SAS0. “W4r0. 5659,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF CUMPLEFTINN: SHAM €
HYDRAUL IC 1 LOU RELATIONGSHIP: DOUN GRADTENT

m——— it e r et m e e v - w = LOCATHON ID ~ SAMPLE 1D AND LUG DATF -~ - e hdaa b Ll L R
LH4-04 0//46/88 LALHL-04 09/742/046 LUS-04  03/743/87 %8%-04 10/02/47 585%5-04 04/10/44
UNTT OF PARAME 1ER PARAME TFR PARAMETER PARAMETER PARANE TFR
PARAMFTER MEASURF VAl UE+/-UNLERTATNTY UAL UF+/7-Utl FRTATHTY VALUF+/-UNCERTAINTY  VALUF+/~-UNCFRTAINTY  VALUE +/-UNLFRIATHTY
LIRANTIM MG/L ( 0.0003 ( 0.G00 < 0.0003 ( 0.003 { 0.0003
VANADIUN MG/ ( 0.014 0.2% ~ < 0.04 < 0.04
Z7INC MG/L L 0.005 0.04Y - < 0.00% 0.02%



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION ™ COMPLETENN: SHALE
HYDRAWUL 1€ 1LOU KETATTONSHIP: DUUN GRADTFNTY

e e e e == LOLATTON ID - SAMPLE 1D AND LOG OATE -—-

gel-a

HYHL-04 077 41/88 HHL-02 077 41/00 BHL-03 07748708 LH5-04 07/748/88 585-05  07/14/88

UNTT OF PARAMETFR PARAME TFR PARAMETER PARAME IER PARAMETER
PARAMETER MEASURF VALUF +/-UNCERITAINTY  VALUE+/~UNCFRIAINTY  VALUE +#/-UNCERTAINTY  VALUF+/-UNCFRTAINTY  VALUE+/-UNCERTAINTY
Al KALINITY  MG/L LACD3 073. a73. B73. 873, 873.
ALUMTNUN MG/L 0.02 ¢ 0.01 . . ¢ .
AMMONTUM MG /L 4.2 4.2 4.2 1.2 1.2
ANTTMONY MG /L - - - - -
ARSENTC MG/L 0.000 0.044 0.044 0.044 0.007
HALANCE Z - - - - -
RARIUM MG/L 0.01 0.04 0.04 0.04 0.04
BORON M /L 1.4 £.4 .7 1.2 1.4
CADMI UM MG/L 0.003 0.004 0.005 0.004 0.005
calLCIum M /L 44.9 44.3 44,1 A2.5 44.9
CHLORTNE MG /L a10. a20. 110, a30. B40.
CHROMTUM MG /L 0.02 < 0.014 0.04 ( 0.04 ¢ 0.04
cuRaLT MG/ - - ~ - -
CUNDUGTANCE  UMMI/CN %000. 5000. “000. 5000, 5000.
COPPER MG /L ¢ 0.04 < 0.04 0.04 < 0.04 ¢ 0.04
FLUORTDE /L 0.4 0.4 0.4 0.4 0.4
GROSS ALPHA  PU1/L 0. 49. 0. 45. o. Af. 8. 38. 0. 47,
urNSs BETA  PUI/ZL 27. . 4. 5. 14, 26. 1. 25. 12, 26.
TRON MG/L 0.0% 0.0% 0.7 0.0% 0.05
| FAD MG /L 0.04 0.04 0.0? 0.02 ¢ 0.04
MAGNFSTUM MG/L 9.67 9.49 9.59 9.78 9.57
MANGANE SE ne/L 0.02 0.0? 0.02 0.02 0.02
MFRCURY MG /L ¢ 0.000? < 0.000% 0.000? ¢ 0.0007 < 0.0002
MULYRDENUM MG/ < 0.04 0.02 0.04 < 0.04 0.04
N1CKEL MG/ - - - - -
NV IRATE ML A4 S.h 4.7 5.6 5.4
NITRI it MG/ - ~ - - -
ORG. LARHON  MG/L ?32. P29. 240, 223, P24,
PU-240 PCI/L - - - - - .
PH sU 7.22 7.02 /.22 7.22 7.22
PHUSPHAIL MG/L - - - - -
PO-240 PCL/L - - - - -
POIASSI M M /L 4.7 4.0 4.3 4.4 4.4
RA-274 PCL/L 0.4 0.? 0.3 0.7 0.3 0.7 0.4 0.2 0.3 0.7
RA-27R PCI/L 0.4 0.7 0.6 0.7 0.2 0.9 0.4 0.? 0.3 0.9
GELENTUN M /L 0.074 0.0%6 0.049 0.054 0.054
STLICA M3/ - - - - -
STLUFR MG /L ¢ 0.04 ¢ 0.04 0.04 ¢ 0.04 ¢ 0.04
SUDTUN MG 20 4900, 1940. 4960, 19250 1920.
GSTIONT TUM Mzl - - - - -
GULT AL ML 2770, 210, 2450, 2950, 2370.
SULL FDF M /L 0.7 0.1 o.? 0.4 0.?
HMPFRATURF € - DEGRIF 16.5 16.5 14.5 14.5 14.%
1H- 2710 P - - - - _
TiHH Miis) - - - - -
TNTAY St Ny Mg LA LWHAQD. LAAD . Lo, “WATN.
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Table D.5.15 Chemica) analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: SHAIE
HYDRAWH 1C FLOW RETATIONSHIP : DUUN GRADTENT

- o e i o mmemm —em e e [ CATTON ID ~ SAMPLE 1D AND LOG DATF —o v e e e e e e e e
HH5%-04 07/ 14748 LG -02 077411701 =h-03  07/741R/88 LWih-04 07/718/80 584%-0% 0774”7608
IINIT OF . PARAMFE.TER PORAME TER PARAMETER PARAMETER PARAMETER
PARAMF TER MEASURF VALUE+/-UNCERTAINTY VAL UF +/-UINCFRTAINTY VAL UK +/-UNCFRIAINTY VALUE+/-UNCERTATNTY VALUF+/-UNCERTATNTY
HIRANTHIM MG/L < 0.0003 ¢ 0.06003 ¢ 0.0003 0.0002 ( 0.0003
UARADTUN MuG/L ( 0.04 < 0.04 ( 0.04 ( 0.014 ( 0.04
Z1NHC MG/L ( 0.005% ({ 0.004 0.048 ( 0.00% ( 0.005
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FORMAT ION OF COMPYI FITINN:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

SHA) E

HYDRAWUL S FLOUW RELAIVTONSHIP : DOUM GRADIENT

PARAME TFR
Al KAL INITY
AL UMINOM
AMMONTUM
AN IMUNY
ARSEMNIC
HALLANCE
RAR1UM
HHRON
CADMIUM
caLcium
CHLORIDY
CHROMIUM
COBALT
CONDUC FANCE
COPPER
FLUORIDE
GRUSS Al PHA
GROSY BETA
TRON

| £.A0
MAGNESTUM
MANGANE SE
HFRCURY
MOLYBNE NUN
NICKF)
NLIRAIE
NITRIIE
ORG. CARBON
PR-240

PH
PHOSPHALE
PO-240
POTASSTIIM
RA-226
RA-278
SELENTUM
S ICA

SH VIR
SOP1UN
SIRONTTIIM
GINFATF
SILFLIDF
TFAPEFRATURE
TH- 230

TIN

(OTAL S01 DY

HNIT OF
Mt ASURE
MG/L CALD3
M/ L
M/
PitizL
MG /L.

4
MG/L
ML/l
MG/L
MG/L
L (1741
Mis/7L
HG /0
UrH)/CH
MG/
MG/L
PCI/L
PCI/L
MG/t
MG /L.
MG/
MG/
MG/L
M/l
MG/t
nG/L
MG/L
MG/L.
PCI/L
54

MG /L.
PELZL
MG /L.
PCLZL
PCIAN
M3/
MG/|\
MG/
Mti/)
M/t
ML/l
LItVA
L - MuRky
rers
Mt/

4 [474]

e e et et i e e e LOCATTON ID - SAMPIF 1D AND LOG DATE —m e e e e i o o
Ho9-04 10/ /87 B309-01 04707780 n40-04  10/246/707 f40-04 04/0//88 840-04 0//46/788
PARAHE TR FORANMF FER PARAMLTE R PARAME IFR PARAMEIFR
VALUIF #/-UMLFRTAINTY VAL LIF+/ -UNCFRIATNTY VAL U #/ -Uel.F RTATNTY VALUFE +/-UNCEFRTAINTY VALUF +/~UNCERI1ALNTY

_—— o ———— s o e em e e s b ame e e e o e e e e e e e e - e e e g e v s 2 o= ot S 2o e 2 e e g S i s o

530. ane, 469. 23, 406.
¢ 0.4 ( 0.1 ¢ 0.4 ¢ 0.4 0.09
0.6 0.7 0.3 0. ¢ 0.4
( 0.04 0.014 ¢ 0.04 0.04 0.042
- - - - 0.04
0.5 0.64 0.6 0.59 0.74
- - - - 0.003
3. 27.7 7.7 7.4 2/7.9
92. 100. L50. 150. 150.
¢ 0.04 0.0? ¢ 0.04 0.07 ¢ 0.04
5500. H740. 4700. 4440, 5000.
- - - - 0.02
1.9 1.v3 5.4 3.77 2.7
0.0 . 0.1t 1.4 0.0 78. 10. 10 0. 25.
0.0 a1. 0. 1.7 0.0 23. 19. An. 0. 15.
¢ 0.03 0. 4u ( 0.0 0.42 0.04
- : - - 0.04
16. 1.y 1.70 6.4 3.7
0.04 0.09 ¢ 0.04 0.24 0.08
- - - - ¢ 0.0002
¢ 0.04 0.04 ¢ 0.04 0.04 0.03
( 1.0 ¢ 0.1 1.0 < 0.1 11.
3. 110, 3. 99.6 104.
8.2 . .3 8.05 H.72
4.1 2,44 A0t 2.5 3.8
0.4 0.7 0.7 0.2 0.1 0.7 0.7 0.7 0.4 0.2
0.5 1.0 0.9 0.v 4.0 1.4 1.3 0.9 0.5 0.7
( 0.005 0.124 ¢ 0.00% 0.043 0.074
- - - - ¢ 0.04
1670. noo. H10. 12R0. 1420,
D140, a0, b0 2440, 2790.
: - " ¢ 0.1
9.0 14.4 16.0 441 ?4.0
Y140 5 100. »740. 70, A700.
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLE TINN: SHALF
HYDRAUI IC FLOW RELALIONSHTP 2 DOWN GRADIFNT

i e st e e L UCATTUN 1D - SAMPLE 1D AND LOG DATE —-=--nw -~ - -

B09-04 40/72:3/67 g09-04 04/70//88 840-04  10/26/47 840-04 04/0//88 #40-04 07/146/88
UNILT OF PARANMF TER PARNMETER PARAMETER PARAMETER PARANETER
PARAME TFR Mt ASLIRE VALUE +/-UINCFRTATHTY Val UF+/-UNCERTATNTY VAL IV +/~-UNCERTAINTY VAL UE+/-UNCERTAINTY VALUE +/-UNCFRTAINTY
URANIUM MG/ < 0.003 0.0014 0.00% 0.004 0.0042
VANAD (UM LIVAR ¢ 0.04 0.014 < 0.01 ( 0.04 ¢ 0.04

ZTNC MG/ ( 0.005 0.009 < 0.00% 0.427 0.043

MAPPFR DATA FUILE NAME: GRNO 4x1INPGUW 102 189
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FURMATTON NP COMPILETTAN: CONG NNFRATE
HYDRAUL 16 110U RELATTONGHTP: I GRADTEN)

e s e e e e e e = LACATTON ID - GAMPLF 1D AND LUG DATF —-- -——

s 1 o o v o o o o

G42-041  04/0%/04 G42-00 Q47047004 LWAZ-00  04/70%/86 L62-04  0A/0%/786 562-05 04/0L,/864

UNTT OF PARAME TER PARAMF IFR PARAMF TFR PARAMETFR PARAMETFR
PARAMFTFR MEASURF VALUIF +/-UNCFRTIATHIY  VALIE +/-UHCFRTATNTY VAL U +/-UMCERTAINTY  VALUF+/-UNCFRIAINTY  VALUE+/-UNCERTAINTY
Al KALTNI Y  MG/ZL LANOS &00. 400, 400, 600. 400.
AlLUMEINUH Ms/L 0.7 0.2 0.2 0.2 0.2
AMMONT UM MG/ 0.4 ¢ 0.1 4 0.4 4 0.4 ( 0.4
ANT IMONY M /L. ( 0.003 < 0.003 ( 0.003 < 0.003 < 0.003
ARSENIL. MG/L < 0.04 ( 0.01 < 0.04 < 0.04 < 0.04
HALANCE y 4 0.722 0.2% 0.2% 0.26 0.23
BARI UM MG/t 0.4 0.2 0.2 0.2 0.2
HORUN LA 0.9 0.4 0.4 0.5 0.4
capMIUM MG/L. ( 0.004 ¢ 0.004 < 0.004 < 0.004 < 0.004
CALCIUM Mi /L 1469. 3460, 78 368. q4H.
CHLORTDM MG/L 4126. 42/. 427, 427. 427.
CHROMIUM Mii/zL 0.04 0.04 0.04 0.04 0.04
cosaL r MG /L 0.43 0.1 0.4 0.4 0.4
CONDIC IANCE  UMHU)/ZCH 4000, 4000. 4£000. 4000. 6000.
COPPLR ni /1. 0.0% 0.04 0.04 0.04 0.04
FLUNRINE i/, . 0.v 0.9 0.9 0.v
GROSS Al PHA  PC1/L - - - - -
GROSY B Ta  PCIL/L - - - - -
1RON NG/) 0.04 0.04 0.01 0.08 0.084
LEND ML < 0.01 < 0.01% ¢ 0.04 < 0.04 < 0.01
MAGNE STUM MG/L 150. 4144, 1414, 4144. 1414.
MANANE SEC ML/l 0.3 0.19 0.:39 0.39 0.39
MFRCURY MG /L. ( 0.0007 ( 0.0007 ( 0.0007 < 0.0007 < 0.0002
MOLYBDENUN MG/ .14 0.114 0. 114 0.44 0.14
NICKFL MG /L 0.0y 0.0 0.09 0.09 0.09
NIIRATE Mi/L Ay, bh. bb. &b, 68.
NITRT It MG/ ( 0.1 ( 0.1 ¢ 0.4 < 0.1 ( 0.4
ORG. CARBUN  Mi/L - - - - -
PH (S]] 7.3 7.1 7.3 7.3 7.3
PHUSPHATF M /L ¢ 0.4 < 0.4 ( 0.4 < 0.4 ¢ 0.4
POTASS TN MO/ 0.41 n.ot n.63 B.84 8.43
RA-PP6 reisL - - = - -
rA-270 reisi - - - - -
SETENTUM MG/L ( 0.005 ¢ 0.00% ( 0.00% ( 0.005 ( 0.905
TR IV MG/ 4. A. 4. 4, 4.
S VER M/t ( 0.0% < Y ( 0.04 < 0.01 < 0.04
LT " /1 4740. A0, AR10. 4839. 4030,
STRONT LR /1 10.0 11.7 14.2 14.2 14.2
G ATE MG/} A0, XYY L4460, 4440, 4460.
G M /L - - - ~
HPERATLRE (- DGR A0. i1, n, A4, .
1IN M/ ¢ 0.00% < ). A, | 0.00% < 9.00% ¢ 0.00S
LA SIL DY H /L 7a00, T650. 7980, 7970, 7900,
URAN )11 iz IS RGE IO Y T 0.029%4% N0 1.93%
VANADTUM Mt /) oL 0.4 0.44 0.4 0.42
/TN (7] 0.015 0,014 0.047 0.014 0.014
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Corntinued)

FORMATTOH OF vOMPLETION: CONGIL DM RATE
HYDHAUL1C FLOU RELAITONSHIP: UP GRADIENT

PARAME THR
Al KAL TNT Y
ALHIM INUM
AMMONTUM
ANTIMONY
ARSFNIC
HALANCE
BARIUN
ARORUN
CADMTUM
cCALCTIUM
CHLORTOLE
CHROM UM
osat |
CUNDUCTANCE
COPPER
FLUORIDE
GROSS Al PHA
GROSS BLTA
JRON

I +AD
MAGNESTUM
MANGANESH
MF RCHRY
MOLYIROF NUN
NICKF?
NUIRATE
MITRITF
ORG. CARBON
PH

PHUSPHA (K
POTASS TN
RA-226
RA-226
SELENTUN
SIL1CA

S VER
HODTUM
GIRONTINN
SULEAIF
SHEE DY
TEMPERA VNG
HIN

HTAL Sy
HRAN M
VANAR 1IN

7 LNC

UNTT OF
MF ALURE
MG/L LACOI
Mt/
"G/L.
MG/l
MG/L.

4

MG/L
ML/l
MG/t
MG /L.
MG /L.
Mu/t.
MG/L.
HrHD/CN
MGi/L.
Mt/
PCI/L
PeL/L
MG /1.
HMi/L
MG/L
M/l
MG/L
MG/L
MG/L

L EVA N

M /7L
izl
S0
izt
MG /1.
PCL/L
PCIN
izl
MG/
M/

[ VAN
M/
MG/
Mt
G- DGR
[EES
M)
hisd
Pl
s

HA2-014

VAL +/-DNLERIEATNTY

09797 /14

PARAMETER

7014.
0.2 <
0.3 <
0.003
0.04
-0. 16
0.2
0.9
0.004
124.
60.
0.014
0.04
L 00,
0.03
1.0

0.37
0.014
144.
0.41
0.0007
0.1 <
0.0
130.
0.1
7.00
0.1
.44

0.00%
4,
0.014
1900.
0.8
4400,
imn.n
1) niy
S Ahe
0.0 %4
Q.0n
0.0

H42-04

PaRAME [ER
VALUE ¢/ -LICERTAINT Y

74%.
0.1
0.4

0.5y

?910.
140.
0.02

457%.

0.73

0.08

150.
0.09

0.1

b0
Ha 40

0. 12

12 40.

4540,

16.4

R (UM
H.NVAAY

<
<

<

H462-04

L T ]

40.
29.

HAZ-04 40702707 H%462-04 04704748
PARAMITIFR PARANETFR
UAL 1 v/ -UMCERIAINTY VAL U +/-UNCERIAINTY
Wild, 435.
0.4 0.2
0.4 ¢ 0.4
0.01 (4 0.004
0.7 0.74
300. 270.
1729. 120.
0.04 0.04
7900. 4700.
0.9 0.01
f8r. 74. 100.
0.0 A0. a9.
0.04 0.49
147 . 123.
0.49 0.49
0.02 0.12
173. 42.
25. 237.
6.9 6.9
7.2 4.29
1.3 0.3 0.2
1.8 1.0 0.9
0.020 0. 164
1740, 1470.
A4H00 anso.
16. % 15.9
7440, 7070.
0. 146 0.0792
0.01 0.04
0.072 0.007

e e e m e cmm e e e [OCALION TD = GAMPLE D AND LOG DATF ==~ s cm e ot cmm o
02/27/87

P e e e B

0.04
0.42
0.004%
3.
150.
0.02
6240.

0.04
0.H4%

-
N

QOO CHTO

L] t ]

-
173

0.140
9./
1070.
1.83
47110,
0.1
16.5

7490.
0.0402
0.04
0.006

05/712/784%

- e bt e r e = -

PARAMETER
VALUF +/--UNLERTAINIY



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tatlings site (Continued)

FORMATTON OF COMPIETIONz CONGEOMERATE
HYDRALI 11 1 OU RELATINNSHIP: O GHRADIENT

y1-0

e e e e e e s LACALTOM TP« GAMPLE XD AMD 1 OB DAIF e m e i et e e =
g814-04  10/29/07 Hi4 0F O/ 41/09 Hi4-04 07/724/04 H1)-04  40/046/87 843-04 04/0//u0
UNT! OF PORAME TFR PARAME 1§ PARAMETER PARAMETER PARAMETFR
PARAME TER MEASHRE VALUE /- UNGEFRTAINTY  VALUF &/ -URCERTAINIY VAL o /=UNCFRIATMIY VAL UL +/-UNCERTAINTY  VALUF ¢ /-tNCERTAINITY
ALEALINTIY MG/t CACKY 1049. 97, 992, 470, 6514,
ALUMLNUN M/l 0.4 ¢ v.1 ¢ 0.014 < 0.4 0.2
AMMOMT UM MG/I 0.3 < 0.1 4 0.1 0.2 < 0.4
ANTTHINY MG/ - - - - -
ARSENTE MG/ < 0.014 ¢ 0.04 0.00% 0.04 0.023
#01 ANCE 2 - - - - -
fARIUM MG/ - .- 0. 40 - -
HORUN M3 /0. 0.7 0.4 0.8 0.9 0.7
CADMTHM MG /) - - 0.07% - -
CALCLUM M /1. 4.4 4,17 4.60 240. 242,
CHLORI DI n; /0 199. 450. 470. 146. 440.
CHROM UK /L ¢ 0.04 0.0/ ¢ 0.01 ( 0.04 0.014
cuBal T MG\ - - - - -
CONDUCTANCE.  UIMHN/CM 2700. 2440, ?77%. 7000. 6540.
COPPER nG/L - - ( 0.01 - -
F1 BURTDE MG/L 2.3 2. 49 2.5 1.0 0.6
GROSYS A PHA  PCI/L ?7. 7. 4.7 9.7 A4, 19. Y 47. 1%0. %0.
BROYSY BLEIA  PCI/L a9. . 3.5 ho7 2. a. 34, 48. 57. 32,
1RON M /0 ¢ 0.02 0. 0.07 < 0.03 0.19
LLab MG/L. - - ¢ 0.014 - -
MAGNE S TN MG/L 4.03 1.24 4.00 427, 144.
MANLANY it HG/L 0.014 0.N2 0.07? 0.47 0.145
HrRCURY MiG/L. - - ( 0.0002 - -
MOLYHOE NN MG/L < 0.014 0.02 0.02 0.07 0.22
MICKFL MG/, - - - -
NTIRATE 2 ¢ 1.0 ¢ 0.4 2.7 &7, A2,
NITRIIF M3 /1 - - - - -
URG. CARBON  Mi/L ¢ i. 209, P4Y. 5. 277.
PH (] 0.0 fi.4 0.05% 6.90 6.9
PHOSPHAT} Hi/t - - - - -
POIAGS TN MG/ 1.96 1.4Y 4.0 6.3 6.468
RA- 2204 UN VIR 0.1 0.4 0.1 0.4 0.1 0.2 7.6 0.% 0.1 0.2
itn -2 PeI/ 2.4 .1 0. 0.0 0.0 0.9 1.3 0.1 1.4 0.9
SHEENIIM ;z) < 0.008 0.043 0.077 0.007 0.478
SHOICA My /1 - - - - -
SHUER Mtz - - ¢ 0.01% - -
S0P 1M M1/} 740. 784 109, 1660, in70.
SIRONT THN Mzt - - - -
SINEalt Miy /1 ALY NN, 417, A900. 4140,
G M/ - ( 0.1 - -
TFHPLIOTURE € - DGk o 4401 2.4 47.0 ./
1IN ] - -~ -
INTAL GiY (DS M/ PO 24PN, 2490, ANP0. &4270.
AN 1 MG < DL} ¢ 0.0003 9.0003 0.070 0.0707
vAaMAb 11 M ¢ 0.04 ¢ 0.04 ( 0.014 ¢ 0.014 ¢.00
ZINL, L2 V.004 3,009 < 9.00% 0.01% 0.024



Zvi-a

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF 20MPIETTON: CONGI OMERATE
HYDHAUL 1€ (1O REEATIONSHIP s UIP GRADLFNT

PARAMFTE R
AL KAL IN1Y
Al HMINUN
AMMONTUM
ANT IMUNY
ARGFNTL

HAlI ANCE
BARTUM
HURUN
CADMIIM
caLcim
CHLORIDF
CHRUM UM
CORAI'T
CONDICTANCE
COPPER

1L UORIDE
GROSS Al PHA
GROSS BF 1A
1RON

LEAD

MARGNE STUM
FANGANE SF
MFRCURY

MON YO NN
NICKF L
NLIRATE
NITRITF
ORG. CARBON
PH
PHOSPHAITF
POTAHYSIUM
RA-226
RA-776
GEFFNTUN
GTLICA

GH VIR
HONITIM
STRONITUM
G ntl
SHETnF
THAPERATHIRE
1IN

T0TAL S npas
HitaN] M
UnANAR Lhin
ZING

NI OF
MIrASLURF
MG/t LACH
MG /L.
MG/t
MG/L.
nG/|0
4
MG/).
ML/
MG/L
Mu/L
M6/
M/
MG/t
tMHI/CM
/L
LTYAR
PCI/ZL
pPCL/L
MG/I
MG/L.
MG/

M3 /L.
rMG/)
Mzt
MG /)
(3741
neG/\
miG/l
su
HMG/I.
MG/I
[ V4]
PC1/I
Mzt
MG/
MG/
Mis/)
(3 [§74]
M
s
G- DFGREY
Mt
MG/
riisi
MG/
MG/

- e -

e e = e s oo e e o LACATTON TD ~ SAMPIE 1D AND LOG DAIF -
H43-01 05740760
PARAME 1§ R
VAL UE+/ - UNEERTATNTY
674.
0.149
¢ 0.4

PORAMETFR
VAL 1 /7-Ur ERTAINIDY

e o TS S D U T S e P O P WD - R T G R Y A R B S04 Fo S bt GRS G e e e <

PARAMF TFR PARAMETER PARANME IER
VAL T +/-UNGCERTAINTY VALIIF+/-UNCERTATHTY VAL LR +/-UNCERIATHIY

. - - oo . 1 e e Sy 2 40 P o o e i v W S i - -

0.046
0.04
0.43
0.00%
254,
430.
0.08
0.07
AS520.
0.04
0.95

0.00
0.02
4144,
0.47
4 0.0002
0.43
0.0%

S6.

0.4134
9.2

419 410.
.05
A0
4 0.1
17.5
4920,
9.017%0
G, 0O
(AT
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FORMATION OF COMPIETION:

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

CONGEHOMFRATE

HYDRAUL 1 H1OW REVATTONGHIP: ON-GTIF

PARAMF TFR
ALKAI INTTY
A UMTNUR
AMMONIUM
AN THONY
ARSEFNTC

HAL ANCE
AARTUM
RORDON
CaDMIUM
CAlLCTUM
CHLOR]DH
CHROMLUN
cosal T
CONDUCTANCE
COPPFR
FIHURIDE
GROSS ALPHA
GRUSS BE TA
1RON

Lt AD

MAGNES 1UNM
MANGANF SF
MFRLURY
MOLYBDF NUM
NICKFL
N1IRATE
NIIRITF
ORG. CHARBON
PR-240

PH
PHOSPHAF
P1)-240
POTASSIIM
RA-226
RA-2200
SELENLUM
ST 1A
SR

SOD UM
GIRONT THH
SIHFATE
SUEEIRF
FEMPE Ry Loner
TH A

(R

THIAL Skl by

UNLI OF
MEASHRE
MG/t Cacol
Mu/7L0
MiG/L
MG/L
MG/L
4
MG/L
MG/
MG/L
MG/L
MG/L.
M/
MG/L
IMHU/CH
MG/L.
MG/
PCI1/L
pPCIL/L
MG/t
MG/1.
MG/7L
MG/L
MG/L
MG/L
MG/L
Mi/L
MG/
MG/L
PCI/ZL
st
MG/
PCI/L
MG/t
PCL/L
PN
Mu/L
MG/
Mis/L.
M/t
MG /1
L [}74]
M7
G- Gt
reLz
MG/
LYW

e e e e e s L OCATLON 1D - SAMPIF
09/ 44/84

- o = e e et e i s e G S e e e A S Nt e e o e e e T S e v e i 4 e e e e SE G T G e e e e Tl e W e R S e e B S e v S e Tt e Sy e

PARAME TER

%3 4-04

VAL I +/-UNCFRININIY

1024.
0.3
P.4
( 0.003
< 0.04
-0.214
0.4
0.9
< 0.004
2792.0
100.
0.04
< 0.0%
5000.
< 0.02
1.3

0.0%

< 0.01
10.3
0.02

( 0.0002
0.0y

( 0.04

170.

4400,
2.4
PLNO,
47 .
1,4
[{ O, 0
4770

1.7

H5H4-014

PARAMF IFR
VAL UF 4/ (I ERIATNITY

1047.
0.2
0.0

0.7
2.5
2% 4

0.04

4400,

1.2

0.04

P.414
0.043

( 0.4

0.4

41.8u

( 0. 00?7

1h4n,
2U00.

6.5

47900,

¥/ 19/87

4

ID AND LOG DANF e e e cr e e e rca— e v —
GHA-04  40/70%/97 584-04 04/42/88 584-01 05/744/80
PARAMETFR PARAM TER PARAMETER
UNALUE +/-UNGCERTAINTY VALUE+/-UNLI RTAINTY VALUF +/~UNLERTAINTY
973. 964. 97Y.
0.1 0.09 0.04
0.6 0.5 0.8
0.01 0.03 0.049

- - ( 0.04
0.8 0.83 0.86

- - 0.005
iH.14 70.0 22. 14

209, 130. 4180.
0.014 0.02 0.04
- - ( 0.014
%500, 4900. 4970.

- - [{ 0.04
1.2 4.43 41.42
0.0 az. 7. 21. -

V.9 Ji. 12, i6. -
0.0 0.42 ¢ 0.04

- - 0.09
9.3 9.74 .03
0.04 0.014 0.04

- - 0.0027
0.014 0.014 0.02

- - ( 0.04
1.0 0.4 { 0.1
Ye 218. -

7.7 7.4 7.7%

- - 0.6
2.764 2.2% 2.514
0.7 0.? 0.3 0.1 -

2.7 0.9 0.3 0.8 -
0.00% 0.157 0.095
- - 8.8
120, 46 40. 44680,
- - 2.460
Dt 2470, 2440,

- - 4%. 4

6.0 14.0 ./
4420, A630. ALDD .




tv1-a

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATIUON OF CHOMPLFTION: CONGLOMEFRATE
HYDRAUL 1L HLOW RELATIUNSHIP: ON-S1TF

mm et e e [ORALTIME TD = GAMPLF TD AND 106 DATE =m-m mm = o e cme e

LWHi-04  0Y/11/84 “Hi-04 OV /07 HH4-04  40/704%/87 S34-04 01742708 SH4-04  05/744/780
UNTT OF PARAMF TFR PARAMETER PARAMETER PARANE TER PARAMETER
PARAMETFR MEASURE VALUF+/-UNCERIATNIY VAL UF +/7 UNCERTATNLY VALt +/7-UNGERTAINTY VAL HE+/-UNCERTAINTY  VALUF +/-UNCFRTATHIY
URANI UM MiG/L ( 0.000% { 0.000% ( 0.003 0.0010 < 0.0003
JLUANAD TUN MisL 0.2? - < 0.04 ( 0.01¢ ( 0.04
ZINL MG/L 0.010 - 0.007 0.006 0.047

HAPPER DATA + TLE NANE: GRNO4*UOPGUI4102187
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATLON OF COMPYI ETINN: CONGI OMCRATE
HYDRANL 11, FLOW REPATIONSHIP: CROSS GRADIENT

e e e e e eemee e LUCALTON TD ~ SAMPIE TD AND LOG DATF -- .- ——
H64-014  0A/0A/H4 SA1-01  09/07/1% L6 4-01  02/27/87 H64-04  40/01/87 564-01 04/40/08

- > W U o o e e ot B T A S B4 R % % R W we e it G W Bt MR = AR MR E W w4 e e e ey G Sw S e G e D WD e R e = e T . O i s S D A iy ) S Ve . . =

UNTI OF PARAME 1R PARAME (1R PARAME TFR PARAMITER PARAMETER
PARAMETFR AEASURE VAL UF /-0 RTATHTY  UALUE #/-UNCER TAIHTY VAL UF+/-UNCERIAINTY  VALUE+/~UNCERTAINTY VAL UE+/-UNLER IAINTY
Al KAL INLTY  WG/ZL CACO3 74AS. 707. 790. 606. 606.
ALUMINUN M/l 3.4 5.4 . ¢ 0.4 .
AMMONT LM HG/L 4.2 o.n 0.6 0.2 0.7
ANT IMONY nG/L ¢ 0.003 < 0.003 - - z
ARSENIC nG/L ¢ 0.04 ¢ 0.04 - 0.02 0.01
NALANCE 3 -1.92 1.0% - - -
BARTUN MEs /L 0.4 0.3 - - -
HORON MG/L 0.4 0.9 0.76 0.7 0.74
CADMIUN MG /L ¢ 0.004 ¢ 0.004 - - -
CALL (UM MG/L 104. .4 4.94 4.4 4.40
CHLORIDE MG /L 190. 430, 1944, 226. 240.
CHRUMIUM ML 0.04 0.04 0.04 < 0.014 0.02
conatLl MG/L 0.09 ¢ 0.0% - - -
CONDUCTANCE  [IMHI/CN 2700. 2200, 1925. 2310. 2330.
LUPPFR M/t 0.04 ¢ 0.07 - - -
FILUURIDE MG/L 2.9 9.7 2.92 2.7 2.87
GROSH ALPHA  PCI/L - - - 0.0 43. 0. 41.
GRUSY BFTA  PCI/L - - - 2.9 12. 0. 1.
TRON ML 9.54 AN 0.16 ¢ 0.03 0.32
| £AD M/ ¢ 0.01 ¢ 0.014 - - -
MAGHE STIIM MG/, 2.2 3.04 4.32 0.90 4.03
MANIANE GE. ni;/L 0.07 0.12 0.02 < 0.04 ¢ 0.04
MERE Y M/l < 0.0007 ¢ 0.0007 - - -
MOl YHBENUM  MG/L 0.41 0.1% 0.4 < 0.04 ¢ 0.04
MICKFL /L 0.0 ¢ .04 - - -
NITRATE neG/L 0.1 < 1. 0.4 ¢ 1.0 ¢ 0.4
NITRITE MG /L < 0.1 ¢ 6.1 - - -
ORG. CARHDN  MG/L - - - 5. 136.
PH SU 0. 16 n.2u 8.44 8.145 8.5
PHASPHATE Mi/L 0.4 ¢ 0.1 - - -
POTASHTUM MG/ h.94 ?.40 4.60 0.92 1.44
RA-PPh PCL/L - - - 0.4 0.4 0.4 0.4
RA-2,0 PCIN - - - .7 0.9 0.3 0.8
SELEMTUN M/l < 0.005 ( 0.00% 0.144 < 0.005 0.054
G1000A M/ A, 4. - - -
SUVER /1. < 0.01 ¢ 0.014 - - -
sSOn1Um MG/ 5% a10. 700, 4no. 666.
GIRONTIUN Y20 0.% 0.2 - - -
SULEALT MG/ 700, A4, 670, 650, 640,
HMPHRATURE € — DFGRFF 19. 19.% 17.90 7.0 1.5
LIN "G/ ¢ 0.00% < 0.004 - - -
TOIAL 201 1D MG/ 1949, pe, P00, M70. 1900.
URANTIIR MG /1 00004 ¢ 00002 0,001 ¢ 0.003 ¢ 0.0003
VANAN 1 1HH M/t 0.1 0. 40 - < 0.01 < 0.04
71NC rt /1 0.n4p ¢.0/0 - 0.00Y% 0.042

MAPER DA IEA

FiLE WA 2

GRNO 410 GUN 40 1Y
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FORMATEON OF C0OMPLF | ION: CONGI OMFRATE

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

HYDRAULTE FLOU RELATIONSHIP: DOUN GRADTENT

PARAMI TER
AL KAL TNITY
AN UNINUN
AMMON UM
ARSENIC
BARTUM
BORON
CADMIUM
CALCTUN
CHLORIDF
CHRUNIUN
CONDUGTANLE
COPPER
FLUORIDE
HROSS ALPHA
GROSS BLTA
TRON

I FAD

MAGNF S 1M
MANGANI LE
M RCURY

MOL YBIN MUM
NLTRAYF
ORG. CARBON
PH
POTASSTIM
HA-P26
RA-22728
SHILENTUN

S11 VFR
SubDLUM

G0 HANF
SN+ IDE
IEHPERAVURF
1OTAL st DS
tRaMItIn
VAMAD TUIN
Z1HL,

UNIT OF
MEASURE
MG/L CACO3
MuE/sL
MG/L
LIV4
MG/L
NG/L
MG/
ML
MG/L
MG/L
UMHO/CH
MG/L
MG/7L
PCL/L
PCI/1
L V4 W
HG/L
MG/L
MG/
Mu/L
MG/L
MG/L
MG/t
(1)

MG/I
rCLsL
PCIN
MG/L
MG/L
VAN
MG/1
MG/L.
€ - DEGRFF
nG/L.
M/
VAR
ML/l

46.
9.

DN

845-00 0//14/08

PARAMECTER

VAI UE+/-UNCERTAINTY

- e o - o

-~

24.
11.

————— - mmrm e mm e = mme e — e = | (CATTON ID ~ SAMPIF ID AND LOR DAMF ~-m - cmrrmc e rmm cm e rme cr e -
4H-04 10/7246/87 H45-04 0 4/04/M) 845-04 O//14/88 845-02 0//446/88
PARAMF TER PARAMF LER PARAMETIR PARAMITER
VAL UF +/-UNCERIAINYTY VAL UE +/ -UNGERTAINLY VAL ¢7-UCERITATNIY VAN UF+/-UNE FRTATNTY
477. H44. 437, 432.
< 0.4 ( 0.4 < 0.014 (¢ 0.014
0.3 0.3 (< 0.1 < 0.1
< 0.04 0.002 0.00% 0.003
- - 0.0% 0.05
0.6 0.97 0.69 0.67
- - 0.002 0.003
7.4 .48 7.94 /.72
910. 2%0. 930. 4020,
{ V.04 0.04 ( 0.04 ( 0.014
3annLo. 3760. A4H0. 3650,
- - ¢ 0.04 4 0.04
a.? .24 3.3 3.3
0.0 3. 4. 16. 0. 29. 9.
0.0 8. 46. 19. 2. 19. 14,
( 0.03 0.414 ( 0.04 ¢ 0.04
- - 0.07 (¢ 0.04
.74 ?.64 2.H% 72.9
4 0.04 ( 0.014 ( 0.04 ( 0.04
- -~ < 0.0002 (¢ 0.0002
0.014 0.0% 0.03 0.04
1.0 ( 0.4 2. 44.
10. 442, 143. 440.
.45 H.20 H.27 H.27
4.44 4.5% 1.4 4.5
0.3 0.2 0.4 0.7 0.1 0.2 0.4
0.0 4.7 0. 0.6 0.1 0.8 0.2
4 0.00% 0.0727 0.024 0.029
- - ( 0.04 < 0.04
?240. 1070, 1050. 4050.
4010 . W7 W9, 653,
- < 0.4 ¢ 0.4
1h.h 4.4 46.0 46.0
2840 . Y30, 1800. 2030.
( 0.003 ( 0000 < 0.0507 < 0.0003
< 0.01 [{ 0.01% [{ 0.014 < 0.01
0.042 G000 < 0.00% < 0.005%
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATTION OF COMPIFTION: CONGI OMFRATF
HYDRAIE 1T 1LOW RELANIONSHIP: DUUN GRADITHT

PARAMFTFR

AL KALINITY
N_UMTNIM
AMMONTUM
ANSFNIC
nARIUM
HORON
CADMTUM
CALLTHN

CHI GRIDE
CHROMTUM
CONDUC TANCF
COPPER

i UORTDE
GROSS ALPHA
GROSS BETA
TRON

tfnb
MAGNFSTHM
HANGANE SF
M- RCURY
MOLYBRDE NIIM
NTITRAIE
NRG. CARPON
rH
POTASSIUM
RA-274
RA-270
SELENLIN
STLVER
SU01HM
smemir

INLE N1
TFHPI RA VN
10TAL S0 NS
HRANTIIM
VANAD TN
FAL R

UNIT OF
MEASHIRE

MG/t CALD3I
MG/L
MG/L
MG /L
M /0
MG/t
MG/L
MG/,
Mn/L
LETAN
UMHO/ZCH
M/t
MG/l
prr/L
PCTI/L
M/t
Mi5/0
MG/L
LMVAR
MG/
MG/L
M/
nG/L
50
M/
rPeLsL
PET/L
M/t
MG/
Mo/L
MG /L
ML
C - DFCRFF
MG/7L
MG/t
M1/l
M./

MAPTY IR DATA FITE MAMF

e ——————— - m o e~ e wemem e | (CALTOM T( -~ SAMPEE TD AND LOG DATE - - -
BAL%-04 077 16/00 HAN-0% 077446/t
PARAMF I R PORAMETER PARAMETIR PARAMETER PARAME TER
VAL UF+/7-UNCEP I1AMTY VAL U /7 UMCERTATHTY UNAL T o /=Lt EFRIATM Y UALUE +/-UNLFRTAINTY VALK +/-UNLERTAINTY
437, N
0.01 ( 0.04
( 0.1 ( 0.4
0.004 0.003
0.0% 0.0%
0.67 0.A7
0.007 ¢.000
7.70 7.71
?69. P60 .
( 0.04 ¢ 0.04
3650, Jann,
4 0.04 ( 0.014
a.a a.s
0. 49. 0. P4,
0. 10. 0. 12
( 0.014 ( 0.01
(4 0.04 (4 .04
2.44 2. hb
¢ 0.01 (4 0.04
( 0.0002 ( 0.0nH2
0.0 0.0
i1. i7.
444, 440.
a.77 n.?27
4.7 1.7
0.1 0.7 0.4 0.1
0.3 0.7 0.1 0.7
0.074 0.979
4 0.014 < 0.01
1030, 10%0.
!14". !1'|/| -
4 0.1 [¢ 0.1
16.0 6.0
170, 71140,
( 0.0001 < O, 0007
0.014 o.ne
( 0.00% 0. 00

GRND {21 ) 40 0 00
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATINN M COMPLETION: SANDSTONE
HYDRAW_IC FLOU RFLATIONSHIP: UP GRADTENT

PARAMFTER
ALKALINIY
ALUMINUN
AMMONT UM
ANT THONY
ARSENIC
HALANCE

AR UM
HURON
CADHIUM
cal iy
CHLORTDE
CHROMIUN
(.OHALT
CONDUCTANCE
(.LOPPER
HLUORIDE
IROSS Al PHA
BROSS BETA
1RON

1 £AD
MAGNFSINM
HANGANE GE
MF RCURY
MOLYRD NUIN
NICKH)
NUIRATE
HITRIIF
MG, CARBON
PH
PHISPHATE
POIAGSTUM
NA-274
RA-220

LT NTUN
G LA
SHVER

HOD 11U
SIRONT THH
St At

St EOE

1T HMPEATUNE
1H-730

11N

1NTAlL s Thy
HRAM M
VANAD L UIN

INET DF
MEASURE

e e e e e LUGATTON D~ GAMELF ID AND LI DATE

SAA-04 OV/41/84

- —— o = e S e -

PARAMETI R
VALUF+/-UNCFRIATNTY

Mt/t. CACU3
MG/L
MnG/L
L BVA
MG/,
2

MG /L.
MG/L
i/t
VAR
MG /L.
MG/L
MG/L.
HIMHO/ZCN
MG/L
M/
PCI/L
LI/
MG/
MG/
M /L
M/
MG/L
MG/L
M/
MG/
Mis/1.
Mmi/u
sH

L VAN
MG /L
pPeAszL
PCizl
LI R
MG/
Mii/L.
MGi/L.
M/l
M/t
LA
ro- DEGREF
AN IR
M0
LIV
MG/
LIV

720.
0.5
1.0
¢ 0.003
( 0.01
-2.79
( 0.4
0.6
¢ 0.004
H.20
140,
0.03
< 0.0%
2500.
¢ 0.02
2.7

0.07
0.04
J.AH
0.04

( 0.0007
0. 14

S4-01 03/ 4/07
PARAMI TER
VAL UF &/ 0061 IUEATNTY
424,
0.4
P4

0.7

hJAD?
447,
0.06

2300.

3.0

P.AA
(LI |

< 0.n0?

A4t

7o,

LI
(LI ]

1980,
Q.0004

<

SA7-04

8.7

10

(-~
- - S

WNA-04  40/04/07 514-04 01/0/7/08
PARANFTIR PARNME TFR
VAL UL +/7-UIMGCERTATHIY VALUE+/-UINGERITATNTY
%469. HR6.
0.4 ( 0.4
0.? 0.4
0.04 0.03
0.6 0.4%
2.3 12.5
1831, 1R0.
0.04 0.07
2400. 2290.
2.6 0.84
0.0 20. 2.5
0.0 14, 9.
0.04 0.4
4.4 J.4%
0.04 ( 0.04
0.04 ©0.02
1.0 < 0.4
h. 117,
f.4 8.0%
4.04 4.394
0.4 0.4 0.
4.7 o.n 0.3
0.00% 0.0214
hAn, 687,
H90, 707.
2.0 46.0
hl.!(): 4170,
0.003 0.0n42
.04 < 0.01

-~~~

BAP.
0.8
1.0
0.003
0.04
~2.08
0.4
0.4
0.004
3.9
190.
0.04
0.0%
3500.
.04
3.0

0.04
0.04
0.0144
0.03
0.0002
0.09
0.04
‘.

0.4

0.106
13.
0.04

730.
0.1

Q44.

- m s b

ov/44/04

i s e e e me e e e S e e o o o o e %0 T S O e M S e e R g et e D el P D S AR A S o e 48 P o G —— s o o

PARAMETER
UALUE +/-1INCERIAINTY
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPI ETION: SANDSTONLC
HYDRAULIC FLOW RELAITTONSHIP: UP GRADIENI

e e e e e e e L OCALTOM ID = GAMPLE ID AND LOG DAIF - --- ——- -- R
HHA-04  OV/11/04 WG D1 0N 487 WA-04  10/0%/07 GN4-04  01707/88 587-04  09/14/06

S e e m o e m e e m e e e e am b e R e T e W s e e e @ P GRS T M W e G e e B e e e e W S o S S S e o o

UNTT OF PARAME TFR rARARF TFR PARAMETER PARAMF IER PARAMETFR
PARAMFTER MF ALURE VALUF +/-UNE RIAINTY VAL UE ¢/ UNCERTATNTY VALIIE 1 /-HINCERTALINTY VAl UE+/-UMCERIAINTY VALUF+/-UNCERIAINTY

ZINC nG/L. 0.04% - 0.007 0.042 ( 0.00%
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FOURMATION OF COMPIETUON: “ANDSGTONE
HYDRAIIL € HLOU RELATTONSHTE 2 UP GRADTEMI

e e e s S LOLATION TD — SAMPIF 1D AND | 06 DATF —--vm=mmmmcmeee - —e--
GSH7-04 04/ 407 SN7-01  40/04%/87 HWZ-04 04/ 10780 SAH-04  OY/41/86 SAR-04  04/1.0/87

. eme o . WA mmim e W e e m o em MR ee ot em o m m dm te e n e imsemems WM mn e W A e = e s e W e Mmoo S e e e R S m e e - e e e M e v - -

UNEL OF PARAMF 1R PARANE 1ER PARAMFTFR PARAME TER PARAML FER
PARAMETFR MLASURE VAL UE 4/ -UNGCERTAINTY VAL /7 IIMGCERTAINIY  VALUL +/7-URCERTATNIY VAL UE ¢/~UNCERIAINTY  VALUL +/-UNCERTATNITY
ALKAL INITY  MG/L CACO3 S4h. 449. Hyl. 54%. 444,
N UM INUN Mt/ 4.1 ¢ 0.4 0.4 0.3 0.3
AMMONTUM HG/L 1.0 0.2 0.1 0.9 0.6
ANT [MONY MG/ - - - 0.003 -
ARSENIC MG /L - 0.014 0.006 0.04 -
BOALANCE 2 - - - ~1.87 -
DARTUM HG/L - - - 0.4 -
HORON MG/L 0.9 0.4 0.78 0.6 0.6
LADMIUN MG/l - - - 0.004 -
CALLIUN HG/L 7.8 d.f 4.78 9.96 5.49
CHI ORTDE He/t 79.4 9. /6. 240. 349.
CHRUMLUM M0 0.04 ( 0.914 0.03 0.06 0.02
LonAl T MG/L. - - 0.0% -
CONDUCTANCE  UMHU)/CH 3000. 2700. PHA0. 2350. 2500.
LOPPFR MG/L - - - 0.04 -
FLOORLDE M /1. 5.5 S .4 3.2 3.4
GROYG ALPHA  PCI/ZL 1. 43. 0.9 5.9 4. 42, - 1. 13.
GROSS BL1A  PCL/L 13. . 0.0 16. 0. 10. - 0.0 9.4
IRON MG /L. 0.04 < 0.0 0.49 0.4 0.04
| EAD M/l - - - 0.04 -
MAGNFSTUM M/t 0.0 0.78 4.73 1.78 1.30
MANGANE SE M1 0.04 ¢ 0.04 ¢ 0.01 0.02 0.0
MF RECUIY MG/I - - - 0.0007 -
MOLYODOF NUIM  Mi5/L 0.1 0.04 0.07 0.0v 0.4
NICKF) M /L - - - 0.04 -
NYIRATE nG/L 0.8 ¢ 1.0 ( 0.4 3. 0.4
NITRTIF HO/L - - - 0.1 -
ORG. CARNON M/t - 7. m. - -
PH sH 14.414 9.0 9.0 f.64 8.30
PHOSPHATE AR - - - 0.4 -
POTASGIUIN MG/ 4.09 4.2/ 4.79 444 1.214
RO-e2b R/t 0.0 9.2 0.1 0.1 0.4 0.4 - 0.2 0.7
RA-2PR 1IN - 2.9 4.0 0. 0.8 - -
SHLENLUM ms/sL 0.007? < 0.0 0.043 0.0964 0.002
sura MG /L - - a. -
S VER MG/L - - - 0.01 -
LOD UM Mt/ a03. 740, Na4. &77. 734.
HSIRON 1M MG /). - - 0.4 -
S AN MG /) 1470. T £49.0, 64Y., &%,
g /L - - N -
HMPERGIIE € - DEGRE Y 5.0 A6.0 16.4 19. 11.0
1H1- 72 FeE/AL 0.0 0.4 - - 0.4 0.5
1IN MG/ - 0.00% -
TOIAL vl 13 ML P40 2100 410, 2000, 2470.
URAN 1IN M/ 0.0044 GO0y 00077 0.00n0) 0.00140
Vit 104 1/t - ¢ 0.0 ¢ 0.04 0.2 -
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: SANDSTNNE
HYDRANLIE FLOU RELATIONSHIP: UP GRADIFDT

e i e i i mm e e L (GATTON TD ~ SANPLE 1D AND LOG DATE -- .- - Y
SH7-04  03/43/A7 SH7-01 10/05/017 WI7-04 047407680 HOH-04  09/44/84 S86-04  03/13/07
UNLE OF PARAME (ER PARANE TFR PARAMETFR PARAMETER PARAME TER

VAt UF +/-UNCFRTAINTY VALUF +/--0HCERTATNTY VALIF +/-UNCERTAINTY VALUE +/-tIMCFRTATHTY VALUL+/-IINCERTALNTY

- -t > o e - — - - - — - e e o "

PARAMFTFR MEASURF.

- - o - —

7INC MG/L - 0.00% ( 0.004 0.040 -

. o o o S o o - - e o e e e et ot o et s o e B -t e v —— s e e i
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETTNN:

SANNSTHMNK

HYDRAUH 1C FLOUW RELATIONSHIP: UP GRADTINT

PARAMFIER
Al Kal THTTY
ALUM ENUM
AMAONTUM
ANT TMUONY
ARGENIC

BAL ANLCE
BARIUN
HURON
CADMTIIM
CALLLIUN
CHLURIDE
CHROMLUN
cCoBAal
CUNIC T ANCE
COPPER

FI DORIDE
GROGYE AL PHA
HRNWS HE A
TRON

I FaD

MAGHE STUN
MANGANE S
Ml RCURY
MOLYBDE NUN
HICKFL
NITHAITE
NITRITF
ORuG. CARBUN
PH
PHNSPHATE
POTASSTUM
RA- 276

RA 220
GELENLUN
SI 1A
SILVER
SODLUN
GTROUNT THN
LU AL

St e
TEMPERATURF
I 230

1M

10010/ SOLEDY
URAN UM
VAHAND 1 HN

UNIT OF
MFASURE
NG/l CACOS
MG/L
MG/
MG/
HG/L
4
MG /L
Mi/L
MG/L
niG/L
MG/L
Mu/L
MG/L
UMHO/CH
L T4
M/
PCI/L
PCL/L
MG/L
M/
MG/L
ML/
Mh/0
MG/
(74
/L
MG/t
MG/
sy
His/7L
M/
LT/
PCI/L
MG /1.

M /L
MtizL
MG/t
PG /L
MG/
izt
(¢ DFGIEF
Pzt
M /0
M /L
MG/
Misl.

H0R-04

PARAMF IR
VALUF +/-UNLERTA

—— - - " -

6455,
( 0.4
0.7

0.04

0.7
4.2
2720.
( 0.04

2390.

3

Q2 SO0

-?0
04

< 0.014

< 1.0

4.
f.14

~
CO OODON

0.92
0.4
.4
0.007

&470 .

&HAO .
46.0
1130,

< 0001
( Q.09

1W0/702/87

o o - e A e m S e e et s e

INTY

?22?.
20.

S-04

PARAME TFR
VAl Ik v/ LM A

H4% .
¢ 0.4
¢ 0.4
0.04

0.49

4.43
PAD .

0.02

A4L0.

r.h7
0.
0.
€. 4
0.09

< 0.04

0.02

L 0.1

14.0
0.7
0.9/
0.3
0.4
V.024/

HNn,

YR
|
1910,

{ [EATAN]
4 .04

01/740/00

My

17,
Y

~

Hi-04

PARAMF TER

0.014
0.014
1.44
0.04
0.0007
0.014

0.4

»1.30.
0.0004
0.0¢

VAL Ul +/-Uth .} RTAINTY

- o o o~ -~

20.
43.

o LUCATTON 1D - SAMFIE 1D AND LOG DAIF ~- -
07724748

e e b . A o e @b W A - e e e B S mm e W e R S e S Y P G e MR SR e Gm M T G e T e P M i S R S D o S S S e P S et e e et e S

Hi7-04

PARAMY TR
VALUF +/-1Ni} R A

- e e - -

4556,
< 0.4

0.2
( 0.04

0.6

-~

2.7
320.
( 0.014

4950,

5.6
ao.
25,

{ 0.03

0.74
0.02

0.03

< 0.04

A0/ 22/07

INTY

22.
7.

- -

B1/-02
PARAMETER

10/22/97

VALUF v/ UNCERTAINTY

- o = =

649G,
< 0.1
0.2
< 0.04

-

1490,
( 0.009
( 0.04

20,

5.
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tatlings site (Continued)

FORMATTON OF CONPILFTTON: SANDSTONE
HYDRADILIC FINU REVATTONGHIP 2 UP GRADIFMI

e et e e e < == [ OCATION ID = SAMPLE TD AND LOG DATF == = e o o e e e e e
WIN-01  40/02/M7 SAN 04 04740/ SA-04  07/21/68 #17-04  10/20/87 047-02  40/22/087
UNET OF PARAMF IER PAROME TER PARANF TER PARAME TFR FARANF I FR

PARAMI IR M asU VAL HE +/-LINLERIATHTY VAL UL /- RTATHY Y VAL UF +/-UMLE RTAITNTY VA UE+/-UNCERTAINTY VAN UIF s /- UNCERTAINT Y

Z1NC MG/L ( 0.00% 0.6/ < 0.00b < 0.00% ( 0.00%
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FORMATTON 0OF COUMPLETION:

Table

D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

SANDSTONE

HYDRAIN 11, 10U RELAVIONSHTP: UP GRADIEMID

PARAME IFR
M EALTHITY
ALUNRINUN
AMMON (UM
ANT IMUNY
ARGENTC
BALANCE
BARTUM
HUORUN
GULBEE

Col LN

CHI ORIDE
CHROMLUN
CORALY
CONDUC TANCE
CnPrER

I LUOR LDE
GROSS At PHA
BRNSS BETA
TRON

LEAD
MAGHNESHTUM
MANGANISE
HERCURY

HOL YBOF NUNM
NICKE?
NITRAIE
NITRITF
ORG. CARBON
Pl
PHOSPHATE
POTASG N
RA-226

RA -221
SELENTUN
SHIcA
SILVER
UL
STROND UM
SULEat
HULEIRF
TEHPTRA VLR
T 230

TIN

TOTAL 0t 110
AN 11k
UANANT I

INIT OF
MFASURE
MG/I CACU3
MG/
Mii/l.
LSVA R
MG/L
4
MG/L.
MG/L
MG/L
M/l
MG/L.
Mi/L
MG /L
UHHU/CH
nG/L
Mu/0L
PCI/L
PCL/L
MG /1.
MG/
MG/L
MG/L
[ 1741
MG/

MG /1
M/
MG/
Mzt
s
MG/L
MG/
PeIzLL
PeY /L
Mt/
M/
M/t
MG
[AIV4]
M/t
Mzt
- DEGREY
Pzl
M/
[LIAP4 ]
Mo
LRV

- e s e e W e vy dm W n e -

c== = LOGCATTON 1D = SAHPLE TD AND LOG DATE —---=mem o e e e

147-03  0/2/0/87 A47-04% 49/272/0) A17-0% 40/22/8) Ht/-04 04/7410/684 847~-02 04/740/88
PARAMFIFR PARAMI IFR PARAMFTFR PARAMF 1ER PARAMETER
VAL UF +/-UHLFRIATNTY VAL HF o/ TIHGEPINATHTY UALLH 1 /-UNCE RTAINTY VALUF #/-UNCERIATNTY VALUF +/-UNCFRTATHNIY
655, A, H4W'h 488, 480,
0.4 { 0.1 < 0.4 < 0.4 0.2
0.7 0.» 0.? < 0.4 4 0.4
4 0.04 ( 0.01 ( 0.04 4 0.04 4 0.04
0.4 0.7 0.7 0.73 0.77
2.7 2.4 2.7 2.5%7 2.58
320. a720. aro. J40. 3720.
{ 0.04 (4 0.04 ( 0.04 0.03 0.03
1990, 1950. 1990, 4940, 1940.
4.3 d.4 3.0 4.94 S.14
0.0 20. 0.0 1%, 0.0 17 . 0. b.6 Ye 2.
0.0 15. 0.0 10. 2. 415. 0. 4.9 2.2 8.
( 0.0 ( 0.04 ( 0.04 0. 1% 0. 4%
0./ 0.74 ©0./3 0.64 0.64
0.0°2 004 0.04 ¢ 0.04 < 0.014
0.04 0.04 0.04 0.06 0.07
< 1.0 ( .9 [{ 1.0 (¢ 0.4 4 0.1
L4 1. 4 1. ?. 154. 1514.
R.?2 n.» fn.2? RB.4 B.4
4.0% 1.0/ 41.04 0.8/ 0.84
0.1 0.4 0.9 0.1 0.0 0.4 0.4 0.2 0.4 0.2
0.4 1.4 [(PAN .1 0.4 1.8 0. 0.8 0. 0.u
{ 0. 005 ( L. 00% (4 V.. 00% 0.007 0.00v
HYo. W L, %7, Hhh.
440, 43R, 112, 437. 437.
7.0 7.6 L0 4H.4 LY
1400, 1470, 14830, 300, 1500,
0000 ( Q.00 < 0.003 { 0.000% (4 0.0003
( 0.01 (4 .09 [{ 0.04 ( 0.014 4 0.01
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPIEETTON: SANDS TONE
HYDRAIN 6 FLOW REVATIONSHIP: LIP GRADTE Y

et e e s e e POUCALINH TR = GAMPLE T AMD 106 DATF = e e e o e e e e
BA7-03  AW/P0/487 iz 04 40722/97 NA/-0%  40/22/87 M4/-04 01/40/84 H47-02 01/10/88
UNIT OF PARAM TFR PARAM IFR PARAMF IFR PARAMF 1¥R PARANFE I FR

PARAMF IFR MFASURE VALUF /7 -UIHGCE RTATNTY VALUF /-t I RTAINTY Uak 1t o/ -UNCERIAITNNY VAl UE +/-UINCERTAINTY UM UF ¢/ -UNCERIATNIY

e e e o s o e . . S o o — e N e mm e h N v R Wt e e . m e e e e - e e -~ - - ————— - e - e o - ot o —

ZINC MG/ < 0.00% ¢ 0.0006 ( 0.00% 0.009 0.0414
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLFTT0ON: SANDSIONC
HYDRAUI IC FLOUW REVAITONGHIP: UP GRADLF R

PARAME IFR
ALKAL TNTTY
O UM INUR
AMMUNT U
ANT THON
ARSFNIC

HAL ANCE
PARIUN
BIHON
CADHIUN
CALCTUM
LHLORIDE
CHROMIUN
CORALT
CONDUC | ANCE
COPPER
FLUORIDE
GROSS AL PHA
GROSS BETA
IRON

| £AD
MALNFSTUM
MANGANE SE
HERCURY
MILYBDF NUM
N1 CKF)
NETRATF
NITRIIF
ORG. CANHON
PH
PHOSPHATE
POTASSTUN
RA-276
RA-270
SELENTUN
S1110A

511 VER
SODpTIN
5TRNNT (1R
ST AL
004 LOF
THRPERAVURE
H 230

Tin

FITAL S0 10
AN LUK
YORAD 1M

UNTF OF
MEASURF

MG/L. CACO3
mG/t. 4
MG/L. <
M/t

MG/I. <
£

MG/t

MG/

(674

MG/

M/

M/l

MG/

UMHI/ZCH

nG/L

MG/L.

PCTI/L

PCI/L

MG/

MG/

nG/L

M /L. (
MG/L.

L VAN

nG/1

LA (<
HG/L

MG/

Hi)

MG/L

Mt/

P/

PCI A

MG/

M+ /1

Misz|

M /)

L [}72]

MG/

b}

C - DEAREF
Pl

Mi;

5[V

i/t [{
PG/ <

817-03
PARAMETE R
VAL UE +/-UINCERIAINTY

——————— e ——— - —— = . = e

684,
0.1
0.4
0.04
0.77
2.54

310,
0.04

1960.

156,
.4
0.0%
0.

(L |

0.008
Y
139.

1.5

1490,
00000
0.014

04/ 10/08

BA7-04

01/40/088

B4/-0%

= POCALTON T ~ SAMPEE T AND LOG DATE —— ==~ oo o e e e e - o - -

01/10/84 0/20/07

e i oy e e m e e e tm e m e At tm R s e AR Me = B e mmekm e e = - me S e e e D o e SR " b W T e e N e T ey e e v e o v e o e

roraME TFR
VAL LIF s/ el RTAINTY

AHN .
( 0.4
( 0.4

( ¢.04

0.79

2.54
320.

0.03

1960.

L. 464
11. ALh
H.6 41.

0. 45

0.62
( 0.04

0.07

< 0.4

6.4,
B.4

(U (A1
0.4 0.
0.9 0.

0 00

héo,

.
1.

4% %

1440,
[{ GO0
(¢ )04

PARAMFTFR

HnA.
( 0.1
< 0.4

< 0.04

0.9

2.514
a30.

0.03
19460,

5.72

9.3 3. 10.
9. 5.3 9.4

0.15

0.64
( 0.04

0.07

< 0.4

160.
H.4

0.46

) 0.1 0

0 0. 0
0.007

“an.

iy,

1490,
< ¢.0003
¢ 0.04

VAL U +/ -UHCFRTALNTY

PARAMETER
VA UF+/-UNCERTALNTY

H47-04 07/748/84 844-0 4
PARAME TFR
VALUE+/-UNCFRIAINIY
bb7. 544.
0.04 [{ 0.1
( 0.4 0.7
0.002 0.04
0.43 -
0.8 0.7
0.002 -
2.47 b.4
360. 450.
(¢ 0.04 (¢ 0.04
2000. 2900.
( 0.04 -
b.14 2.4
0. 46. 0.0
9. 44. 0.2
( 0.04 (¢ 0.03
0.04 -
0.53 4.39
( 0.014 0.03
4 0.0002 -
0.0% < 0.04
< 0.1 < 1.0
165. 6.
H.39 8.3
2.4 4.414
0.4 0.2 0.)
0.0 0.7 0.6
0.008 0.007
( 0.04 -
589. 040.
43%. 420,
( 0.4 -
42.0 461.0
L1440, 2170.
( ¢.0003 0.00%
( 0.4 { 0.4

- o
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATTON 0OF COMPLFTION: SAMDSTONF
HYDRAULIC HEOU l)EEATTONGHTP: UP GRADTEMI

s i e == L ICATTON 1D~ SAMPEE 1D AND LUG DATE - -
Wi1/-00  04710/00 R17-04  01/40/08 147-05 01740784 B47-04  07/748/88 #40-04  10/20/87

e . L . e e e e o om e B e e e e m et e e e e e e e e G W e A MR P T e A e e S e et e e e i -hed S S T S St s e % W o o s e o

UNTT OF PARAMF TER PORAME TTR PARAMr TER PARAMETFR PANARMETER
PARAMF TR MEASURF VAL UF+/-1INCERTATHTY VAL U+ /7-UIMLERTATNTY VAL UF ¢ /-UNCERTAINTY VAL UE+/-1UINCFRTATNTY VALUE +/-{UNCFRTAINTY

g U T e R R e e o e e s e e s e . 1 o= e b e - 8t s o oe = e - —— e o e s o o e 0 o0

ZINC ni/) ¢ 0.00% ( 0¢.00% 0.0046 ( 0.00% ¢.005



gal-u

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tallings site (Continued)

tORMATION OF COMPEETTON: SAMDSTONT
HYDRAUL 16 FLOW RILATTOMGHIP: UP GRADIFNT

e e mm = e e e e | (JUATTOM 1D~ SAMPIF ID AND LUG DATE —-memem v s v v mm e et e e s e
B4-02 A10/70/107 a4 O 1/ 20/87 HiB-04 10720/97 H48-0% 407207807 946804 04/0%/88
UNLT OF PARAME IR potamt HER PARAMYTER PARAMETER PARAMETER
PARANMF [T R Mt ASURF VALUF+/~-UMNCFRTATHTY VALUF+/ UMCTHIAINTY VALUF 1 /-UNCFRTAINTY VAL UF+/~-UNCFRTAINTY VALUE +/-UNCERTATNTY
Al KALINEILY MG/L LACOD H4A4. S5414. HA1. 541. S46.
Al LI TNUM MG/L { 0.1 4 J. 4 (4 H.4 { 0.4 ( 0.4
AMMONT 1M Mo/L 0.2 0.2 0.7 0.2 0.3
AN THONY ML/L - - - - -
ARSFHIC MG/ 0.014 0.04 0.04 0.04 0.04
HALANCE Z - - - - -
BAKIUM MG/L. - - - - -
HBURON MizL. 0.7 0./ 0.7 0.6 0.614
capMitin MG/L. - - - - -
CALETUM MG/L hoh b.4 ) 6.4 8.59
CHI ORIDF nGsi 450. 400, 400. 440. 400,
CHROMTEM MG/L < 0.014 < 0.014 < 0.04 ( 0.04 0.03
copat MG/ - - - - -
CONDUCIANCE  UMHY/CH 2900. 2700, 2900, 2900. 3460.
COPPER MG/L - ~ - - -
FLUORIDE Mi/L 2.4 2.4 2.7 2.7 2.9
OGROSS Al PHA PCIAN 0.0 20. 0.0 7. 2. 9. 0.0 23. ?. 414,
GROSS 8ETA PLI/L Yt 7. Bt 23, 2.0 4. 0.0 24. 23. 46.
IRON M5 /14 4 0.03 [ 4 0.08 4 0.03 ¢ 0.03 0.45
LFAD M1 - - - - -
MAGNESTUM MG/L 4.40 4.40 1.43 1.44 1.6%
HAMIANE GF. MG/ 0.04 0.04 0.04 0.04 0.02
M RCURY M/ - - - - -
Mot YRne NiiM Pt /L < 0.04 4 Q.01 4 0.014 L4 0.04 0.04
MNICKIY M/t - - - -
NUIRAIE L VA ¢ 1.0 ( 1.9 4 4.0 (4 4.0 { 0.4
HTTRTIF M /| - - - - -
NRG. CARBUN MG/ 0. 4 i. 4 f. 1. 146.
PH s 8.3 8.3 8.3 8.3 8.3%
PHNSPHATE Mii/L - - - - -
POTASLTUM Mti/0L 4.40 1.40 1.40 1.47 2.4
RA-27P4 PeL/L 0.7 0.4 9.1 0.4 0.7 0.4 0.4 0. 0.4 0.4
na 276 PLTA/ 0.4 1.4 1.0 4.3 4.5 2.4 4.5 4. 0.8 0.8
SHLENUIN ML ¢ 0.00% ( 0005 ( 0.00% ¢ 0.00% 0.018
GHICA M /1 ~ - - - -
SHVER 1197] - - - - -
SOPIIM rii/n 760, 90, noo, 730, 9204.
STRONTUN Mzl - - - -
SN ATE M /) L90, HP0. OIn, 590. 599,
SR Pt - - - z
TEMP) AL DEGRET .0 in. e ) AR, 16.7
tHi 239 ezt - - - -
TIN My A - - -
10181 SO0 e M4, P60, FIEUN PLIY, 2470, 200,
URANI M ] 0003 0000 0.004 0.00% 0.0044
AN LM M0 ( D0y < AN R ( V.04 < 0.014 < 0.01
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Contirued)

FORMATTON o COMPEETINNE SAMDSTHHF
HYDRAU 16 11 OU REEATTONSHIP: UP GRADTEMI

e e e eee =« LOCATTON 1D~ SAMPEF 1D AND LUG DATF == c===em e eee —————
f48-02  10/20/87 #4060 A0/ 200/ HAN-04  40/20/07 H18-05  10/,0/87 818-04 04/04/nY
UNTY OF PARAME TFR PARAMI TER PARAME TER PARAME IFR PARAMETER

PARAMI TFR MIFATURE VAL LIF+/ -LINCFRIATNTY VAL 1/ Ul RTATNTY VALUE +/7-UMCE RTATNTY VALUE+/-UNCERIAINTY VALUE +/7-UNCERTAINTY

7INC M/t ( 0.005 ( 0.004% ( 0.00% ( 0.005 < 0.00%
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Table

D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF CDMPLETION: SAMDSINNE

HYDRAUL 1€ FILOUW REFATIONSHIP 2

PAKAME TFR
AL KAL THINY
M UMINUN
AFMONTHIM
ANT THONY
ARGFNIC
BALLANCE
BARIUM
BURON
.ADMIIIM
CALCTUNM

CHL ORIDE
LHRUMLUN
Copal
CONDUCTANCE
COPPER
HUORTIDE
GROSS AL PHA
GROSYH BETA
TRON

1 EAD
MAGNESTUM
MANGANF SE
MFRCURY
MOLYNDENUN
NICKFI
NITRATE
NITRITFH
ORG. CARBON
PH
PHISPHALF
POTASSIUM
RA-2764
RA-270
SrEENLIIN
S 1ea

ST VER
GANYM
SIRONTETUM
G A

e Tnr
T1LHMPT AN}
H 230

1IN

TOTAL S Ly
HRAN {1
ANAY NN

UP GRADTFNT
mamm e mmm e e+ emmm e = me s [ (ATTOM 1D = SAMPEF 1D AND LOG DATE v e = e e e o+ = o

Hal-02  04/64H/88 Hi-01 01705740 R19-04 04/04H/08 a4-0% 04/05/80 Hi8-04 07/44/08
IINTT OF PARANMF TFR PORAME TFR PARAMF 1ER PARANF TER PARNMETFER
HF ASURLE VALUL +/-UNCFRTATINTY VAL UE ¢/ -UNCFRIATNTY VAL UL +/~-UNCERIAINTY VAL UE+/ -UMCERTAINTY VALUF +/-UNCERTAINTY
MG/L LALOD S46. H44. H46. 544. S43.
LA R < 0.4 < 0.4 < 0.4 < 0.4 0.04
MG/ 0.1 0.1 0.1 0.2 (4 0.4
MG/L - - - - -
MG/L. 0.04 .04 0.04 0.007 0.454
% - - - - -
nG/L - - - - 0.03
M /L 0.61 0.49 0.614 0.64 0.69
MG/ - - - - (¢ 0.004
MG/L H.54 8.47 B.72 H.54 2.5
MG /L. &H00. 640. 640, 640, ano.
MG/L 0.01 .03 0.03 0.03 ¢ 0.014
MG/l - - - - -
UMiN/CH 3460. 3160, 3460, 3140. 3800.
[ (741 - - - - ( 0.014
nG/L ?2.98 2.92 ;.93 2.94 2.9
PCI/L ?. 47 . 2. 413. 0. 4. 19. 46. 0. 27.
PCL/L 7. . 0. . 15, 1. a. 14. 0. LITN
M. /L. 0.14% 0.4% 0.45 0.145 0.014
MG/L - - - - 0.47
MG/ 1.67 1.61 4.65 4.42 2.34
M/ 0.0 0.2 0.02 0.02 0.02
MG/t - -~ - - ( 0.0002
M/t 0.04 0.09 0.08 0.09 0.014
MG/L - - - - -
Mt/ (¢ 0.1 4 0.1 ¢ 0.4 < 0.1 6.3
MG/L - - - - -
L V4R 1446, 194, 115, 147. 420.
su f1.3a4y% 8.3% B.45 8.35 8.45
MG/L - - - - -
MG/1 1.47 1.3% 1.564 2.01 2.4
peIzL 0.2 0.2 0.2 0.2 0.4 0.2 0.9 0.3 0.2 0.2
PCi1/L G.b 1.0 0. 0.9 0.5 0.9 0.4 0.8 0.5 0.8
Mii/N. 0.018 0.014 0.0147 0.044 (¢ 0.004
MG/ - - - - -
MG/ - - - - < 0.04
MG/L. 204. 200. 904, 202. 1040.
MGzl - - -
MG/\ 519, HY4, A04, 400. 835.
Mt/ - - - 4.
€ - DMGRET 16.7 46.7 16.7 46.7 48.0
1rerszL - - - - -
MG - - - -
M/t A Vil 2420, AR LN 440, 2800,
nG/i G.0042 0.004 0.0042 0.0043 0.0003
i/l 4 HD.04 (4 (G.04 4 0.04 [ 0.04 < .01
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION oy CRMPITTINN: SAMDSTIINE
HYDRAULIE FLOW REDALIONSHIP: I GRADITNT

e s e e = LOUCATINN 1D - GAMPLE TR AND 1 UG DATF - ——————
niN-02  01/0%/08 HiB-90 0 1/708/60 NI-04  01/0%/00 H4H-0%  01/05/08 HAN-04 07/ 16/88
unLT oF PARAMFTER PARAME 11 R PARAMF TER PARAME TER PARAME IR
PARAMFTIR  ME A% VN UES/-UINCERIATHEY  UALUE S/ -0 ERTATNTY  UAL I 17 -UNCERTAINTY VAL IIF+/-UMCFRIAINTY VAL UF +/-UNCF RTATNTY
71NC MG /L 0.00Y 0.00/ ¢ 0.00% 0.005 ¢ 0.005

MAPPER DATA FII K NAMF: GIINO 121)PHU0 102192
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FONMATTON OF CoMPi ETHUN: SANDSTONE
HYDRAUL.IL FLOW RELATIONSHIP: DOUN GRAD I T

mmmmmmmmmmmmmemmmcemm e e mm s oo o= | (LATIH 1D ~ GAMPLE TD AND LOG DATF -- — -

SHE-04 09/ 4°/N4 GSHA-08 DI/ V07 LU0 A0/02/87 HA2-04 04/740/08 502-04  0/7740/08

UINTT OF PARANT TR PORAME 1T R PATIAME TER PARAMETER PARAMETER
PARAMFTF R MEASIRE VALUFS/-UNCFRIATHTY  UAL TN/ Sc g RIATHTY VAL UT +/-UMLERTATNIY  VALUE +/7-LINCFRIAINTY  VALUF +/-UNCERTAINTY
ALEALINTTY  MG/L CACDH 530. Hao. “Wrd. 571, 579,
N UM INUN M /L 0.3 0./ ¢ 0.4 ¢ 0.4 ¢ 0.0¢
L] MG /L 0.7 0. 0.3 ( 0.4 ¢ 0.4
ANT TMONY /0. ¢ 0.003 - - - -
ARSFNE MG/ ¢ 0.04 - ¢ 0.04 < 0.04 0.022
1A ANGE 4 -0.1¢ - - - -
HARTIM MG/L 0.2 - - - ¢ 0.04
HURON M /L 0.0 0.5 0.7 0.7 0./
r.ADMIUIM MG /L. < 0.004 - - - 0.004
CAlCTIN i/ 7.2 4.13 4.4 4.54 $.96
CHLORIDF (L (1741 640, a07. 1300, 300. 540,
CHROWLUM M /L 0.014 ¢ 0.01 ¢ 0.04 0.02 ¢ 0.04
conaLT Mt/ < 0.0% - - - -
CUONDHCTANCE Ut /CH 2500. 2550. 2500, 2400, 2900.
COPPER M/t ( 0.0? - - - < 0.04
1 R 1or /L 4.4 4.1 4.2 .69 4.3
GROGS ALPHA  PLI/LL - - 0.0 1n. ?. 13, 0. 27,
GROSS BELTA PLI/L - - 1.9 15. 0. 11, 5. 14,
TRON T < 0.0 0.0% ¢ 0.03 0.42 < 0.04
1 FaD /L ( 0.04 - - - 0. 140
MAGNE S1UM M/t 1.20 0.9% 0.94 0.680 4.43
MONLANE SE /L 0.0/ 0.04 ¢ 0.04 < 0.04 ( 0.04
M RGIRY (748 < 0.0002 - - - ( 0.0002
MOLYRDENUM MG/ 0.10 ( 0.1 < 0.04 0.02 ¢ 0.04
HICKE) /L ¢ 0.04 - - - -
HITRATE M /0. S.h 0.4 ¢ 1.0 { 0.4 2.4
HITRIFE /L ( 0.4 - - - -
HRG. CARNON  ms/L 47, - ¢ 1. 425. 74.0
rn-240 rcizi 0.0 1.7 - - - -
]} 1 M. 14 .34 8.0 0.4 8.24
PHOSPHATE MG/ ¢ 0.1 - - - -
P1O-2140 (NN IR 0.0 0.5 - - - =
POTAGSTUM M1 /) P.01 0.90 0.97 41.02 4.4
RA-24 eI/l 0.4 0.4 - 0.4 n.? 0.3 0.1 0.% 0.1
nn-22n rC1/L 0.0 1.4 - 1.7 1.0 0. 0.9 0.0 0./
SELYNEUN ML 0.0764 ¢ 0.00/ < 0.00% 0.077 0.007
LILLA MG/ G - - - -
STLVER Miiz). ¢ 0.014 - - - ¢ 0.014
aonIIM M/t 2. 747, 700, 690, A4,
STRONT F1IM M A1 0.6 - - - -
SMmeEarr M H19. 61, 610, APA. 7.
SULFIDE Mtish. - - z Z 9.9
PRI € - DI GRS 0, 6. 16.0 4.4 16.%
1mn 210 M PIR 0. AR - - - -
11N M./l ¢ 0.00% -

AL S IDY MG/l 7009, #1310, 17:30. 49230. 2210,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

(IRMATION i COMPLETION: SANDSTOME
HYDRALLIE FLOW RFLATIONSHIP : DIRI GRADIFHT

——emme et m s m e e e cma e [ CATION TD - GAMPLE ID AND 1LO6G DATE —cemcem e ceea ———
SN2-04 09/747/14 SU7-04 0/ VW w201 10/702/107 HH2-04  Of/40/00) S12-04 07/740/848
HHYT 0¥ PARAML_TFR rARGME TFR PARAMFTER PARAMETER PARAMETER
VARAMETER MEASIIG VAL UF+/-UNEER IATHTY VAL UF+/7-- 10 REATHTY val it +/7-UMCERIIATNTY VAL UF +/-UINLERTAINTY VALUF +/-UNCERTAINTY
(IRANTIN MG/L ( 0.0004 0.0076 ( 0.00% ¢ 0.0004 ! 0.0003
VANAD LN ne/L 0.19 - ¢ 2.01 ( 0.04 < 0.04%
7INC MG/L 0.004 - ( 0.00% 0.014 { 0.005%
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLET NNz SANDSTIINE
HYDRAMN )G FLOW RELATIONSHIP: DOUN GRADTT MY

—- - —————mmmem e LOCATTUN YD - SAMPLE ID AND LOG DATE -- ——— -

4904  10/76/107 HiY- 04  0O1/0%/781)
HUNIT DF PARAMETER PARAM TFR PARAMETER PARAMETER PORAMETER
PARAME TFR MrAsUnt VALUF +/-UNCFRIATNTY VAL UF &7 -1 RTAINTY VAL IR +/7-1IHLEFRTAINTY VALLUE4/7-UNCERTAINTY VAL ¢ /-UNCFRTAINTY
ALEA MY M/l CACL3 500. H47.
Ot UINTNUN MG/L ( 0.4 ¢ 0.4
AMMONTUM MG/L. 0.4 0.0
ANTTHINY Myi/L - -
ARSEMIC ne/L ¢ 0.04 0.002
HALANCE 4 - -
BaRTUM MG/L - -
BORON Mmi/L 0.5 0.42
caADMIIMN Mi/ZL ~ -
CALCTUM HG/L 24, 4.63
CHLORIDF HG/L 446. 630,
CHROM UM Ms/zL ¢ 0.04 0.02
coBnl v MG/L - -
CONOUCTANCE  Unth)/CH 3300. 3450,
COPPFR MG/L - -
FLIJURTDE Mi/L 2.9 %.5%0
GROSG ALPHA  PCT/L 0.0 10, (L 9.
GROSS BLTA PRI/ 0.0 9. 0. 14.
JRON U4 L 0.03 0. 44
10D MG/L - -
HAGNFSTIM L4 11.4 4.7
HOANGANESE Hi/L L 0.04 0.014
MERCURY MG/ - -
HOLYBOENUIM Mi/L 0.04 0.04
NICEFI. HG/7L - -
NYIRATE Mi/0 6.5 ( 0.4
NITRITE MG/ - -
NRG. CANBON  Msi/L 42, 108.
rR-240 rPCI/ZL - -
PH il n.o H.2
PHOSPHATE MG/t - -
rP0-21490 . PLI/ZL - -
POTALSTIM Mt/0. 2.4 1.0
RA-274 PETA, 0.3 n.2 a.7 0.2
RA-7N0 rcizn. e.0 4.1 0.4 0.9
SEEENTIN M/l ( 0.005 0.0149
S1LITA MG/0 - -
SI.IER M/l - -
SN 1M LUV 1160. 04,
GSINONI TUN LOVAR - -
SN ATY M. P20, HY4 LN
S FInr M/, - -
e eaIunE ¢ - birsett 4.0 14,0
111--2.30 . reyzn. -
ViHn M - -

FOTAL S 16O M/l L0, a0,
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings

FORMATION 0OF COMP!I FTTON: SANDSTONE
HYDRAULIC FLOU RFLAVIONSHIP: DOUN GRADIENT

e mm e oo e o oo o= [ UCATION 1D - SAMPLE 1D AND | DG DATF --

site (Concluded)

A4Y-04  40/24/87 4y 04 04/70%/08
UNIT OF PARAMF. TER PARAMFTER
PARAMFTER MEASURE VAL UE+/-IINCFRTATNTY VAL UF +/~-UMLERTAINTY
LIRAN1 UM MG/L, 0.00vy { 0.0003
VANAD IUM ML { 0.014 < 0.014
ZINC MG/L < 0.00% 0.02

MAPPER DATA FILE NAME: GRNOA®UNDPGUQ 402492
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Table D.5.16 Background groundwater quality summary for the top hydrostratigraphic unit, Green River,
Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituent? analyses mean (X) x2 (2s) range (X+2s) range groundwater MCL
Chromium (mg/1) n 0.04 0.07 <0.01-0.M1 0.03-0.14 0.05
Molybdenum (mg/1) n 0.1 0.13 <0.01-0.24 <0.01-0.20 0.10
Nitrate (NO3) (mg/1) N 45 84 <1-129 9-140 44
Selenium (mg/1) n 0.147 0.272 <0.005-0.419 <0.005-0.380 0.010
Radium-226 6 0.9 1.4 0.0-2.3 0.0-1.7 5.0

and 228 (pci/l) ‘
Uranium-234 n 0.0118 0.005) 0.0067-0.0169 0.0081-0.0167 0.0440

and 238 (mg/1)
Gross alpha (pCi/1) 5 9.6 31.8 0.0-41.4 0.0-41.0 15

aan .constituents listed are included in the proposed EPA groundwater standards (40 CFR 142) and have
EPA National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum, which does

not have a maximum concentration limit in Utah.

Arsenic, barium, cadmium, lead, mercury, and silver are also

included in the proposed EPA groundwater standards, and the EPA National and State of Utah Primary Drinking

Water Standards. However, because these constituents were found to be below detection limits for the first
two rounds of water sampling in June, 1986, and September, 1986, they were excluded from subsequent sampling

rounds and are not considered to be present as contamination at the Green River site.
bThe background wells included in the analyses are GRNO1-563 and 1707.

from one or more of the following rounds of sampling:

depending on if the well(s) were in existence at the time of sampling.

6/86; 9/86; 3/87;

The analyses may include the results
10/87; 1/88; 5/88; and 7/88;
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Table D.5.17 Background groundwater quality summary for the upper-middle hydrostratigraphic unit,
G6reen River, Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituent? analysesb .meant (X) x2€(2s) range€(X#2s) range groundwater MCL
Chromium (mg/1) 5 0.02 0.03 <0.01-0.05 <0.01-0.05 0.05
Molybdenum (mg/1) 5 0.02 0.03 <0.01-0.05 <0.01-0.05 0.1
Nitrate (NO3) (mg/1) 5 36 86 <1-122 <1-93 44
Selenium (mg/1) 5 0.66 1.92 <0.005-2.58 <0.005-2.50 0.00
Radium-226 - 4 ND ND ND 0.1-0.8 5.0

and 228 (pCi/l)
Uranium-234 5 0.0109 0.0274 <0.003-0.0383 <0.003-0.0380 0.044

and 238 (mg/1)
Gross alpha (pCi/Zl) 4 ND ND NO 0.0-21.0 15

A1) constituents listed are included in the proposed EPA groundwater standards (40 CFR 192) and have
EPA National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum, which
does not have a maximum concentration limit in Utah. Arsenic, barium, cadmium, lead, mercury, and silver
are also included in the proposed EPA groundwater standards, and the EPA National and State of Utah Primary
Drinking Water Standards. However, because these constituents were found to be below detection limits for
the first two rounds of water sampling in June, 1986, and September, 1986, they were excluded from subsequent
sampling rounds and are not considered to be present as contamination at the Green River site.

bThe background wells included in the analyses are GRNO1-816 and B06. The analyses may include the results
from one or more of the following rounds of sampling: 6/86; 9/86; 3/87; 10/87; 1/88; 5/88; and 17/88;
depending on if the well(s) were in existence at the time of sampling. If less than five analyses were
available, a statistical analysis was not performed.

CND = not determined because number of analyses s less than five.

ducLs are the same for EPA National and State of Utah Primary Drinking Water Standards.
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Table D.5.18 Background groundwater quality summary for the lower-middle hydrostratigraphic unit,
Green River, Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituent? analysesb mean (X) x2 (2s) range (X+2s) range groundwater MCLC
Chromium (mg/1) 12 0.03 0.06 <0.01-0.09 <0.01-0.09 0.05
Molybdenum (mg/1) 12 0.10 0.14 <0.01-0.24 <0.01-0.22 0.1
Nitrate (NO3) (mg/1) 12 68 116 <1-184 1-173 44
Selenium (mg/1) 12 0.088 0.196 <0.005-0.284 <0.005-0.320 0.0
Radium-226 1 1.1 2.6 0.0-4.3 0.1-3.9 5.0

and 228 (pCi/l)
Uranium-234 12 0.046 0.080 <0.003-0.126 <0.003-0.146 0.044

and 238 (mg/1)
Gross alpha (pCi/Z1) 17 10 110 0-180 4-150 15

3A)1) constituents listed are included in the proposed EPA groundwater standards (CFR 40 192) and have EPA
National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum, which does
not have a maximum concentration 1imit in Utah. Arsenic, barium, cadmium, lead, mercury, and silver are also
included in the proposed EPA groundwater standards, and the EPA National and State of Utah Primary Drinking
Water Standards. However, because these constituents were found to be below detection limits for the first
two rounds of water sampling in June, 1986, and September, 1986, they were excluded from subsequent sampling
rounds and are not considered to be present as contamination at the Green River site.

bThe background wells included in the analyses are GRNO1-562, 811, and 813. The analyses may include the
results from one or more of the following rounds of sampling: 6/86; 9/86; 3/87; 10/87; 1/88; 5/88; and
71/88; depending on if the well(s) were in existence at the time of sampling.

CMCLs are the same for EPA National and State of Utah Primary Drinking Water Standards.
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Table D.5.19 Background groundwater quality summary for the bottom hydrostratigraphic unit,
Green River, Utah, tailings site

Standard Statistical Observed
Number of Arithmetic deviation concentration concentration Proposed EPA

Constituent? analysesb mean (X) x2 (2s) range (X+2s) range groundwater MCLC
Chromium (mg/1) 19 0.03 0.04 <0.01-0.07 <0.01-0.07 0.05
Molybdenum (mg/1) 19 0.05 0.08 <0.01-0.13 <0.01-0.14 0.1
Nitrate (NO3) (mg/1) 19 1 2 <1-3 <1-6 44
Selenium (mg/1) 19 0.022 0.060 <0.005-0.082 <0.005-0.106 0.01
Radium-226 16 0.7 1.5 0.0-2.2 0.0-3.0 5.0

and 228 (pCi/l)
Uranium-234 19 0.0019 0.0032 <0.003-0.0051 <0.003-0.0049 0.044

and 238 (mg/1)
Gross alpha (pCi/1) 16 3.7 16.8 0.0-20.5 0.0-30.0 15

3A11 constituents listed are included in the proposed EPA groundwater standards (UMTRA, 52 FR36000) and
have EPA National and State of Utah Primary Drinking Water Standards, with the exception of molybdenum,
which does not have a maximum concentration limit in Utah. Arsenic, barium, cadmium, lead, mercury, and
silver are also included in the proposed EPA groundwater standards, and the EPA National and State of Utah
Primary Orinking Water Standards. However, because these constituents were found to be below detection
limits for the first two rounds of water sampling in June, 1986, and September, 1986, they were excluded
from subsequent sampling rounds and are not considered to be present as contamination at the Green River
site.

byhe background wells included in the analyses are GRNO1-586, 587, 588, 817, and B818. The analyses may
include the results from one or more of the following rounds of sampling: 6/86; 9/86; 3/87; 10/87; 1/88;
5/88; and 7/88; depending on if the well(s) were in existence at the time of sampling.

CMCLs are the same for EPA National and State of Utah Primary Drinking Water Standards.



Table D.5.20 Summary of maximum and minimum observed concentrations
in the top hydrostratigraphic unit from tailings
seepage, Green River, Utah, tailings site

Constituent analysess  maximm  minimm  seandard
Chromium (mg/1) 12 0.040 0.005 0.050
Molybdenum (mg/1) 17 0.270 0.005 0.100
Nitrate (NO3) (mg/1) 17 440 1 44
Selenium (mg/1) 17 0.410 0.001 0.010
Radium-226 and 228 (pCi/1) n 3.8 0.0 5.0
Uranium-234 and 238 (mg/1) 17 2.23 0.0419 0.0440
Gross alpha (pCi/l) 5 950 20 15

2qIncludes analyses from on-site monitor wells 702, 704, 705, and 808.

Table 0.5.21 Summary of maximum and minimum observed concentrations
in the upper-middle hydrostratigraphic unit from
tailings seepage, Green River, Utah, tailings site

Number of Observed Observed Proposed EPA
Constituent analysesd max imum minimum standard
Chromium (mg/1) 5 0.050 0.005 0.050
Molybdenum (mg/1) 8 0.200 0.010 0.100
Nitrate (NO3) (mg/1) 8 2480 2 44
Selenium (mg/1) 8 0.370 0.0025 0.010
Radium-226 and 228 (pCi/1) 7 2.0 0.9 5.0
Uranium-234 and 238 (mg/1) 8 3.110 0.437 0.044
Gross alpha (pCi/1) ] 980 980 15

4Includes analyses from on site monitor well 701.

D-170



Table D.5.22 Permeability test results and physical properties from
tailings samples, Green River, Utah, tailings sited

Test pit In situ Saturated
or Sample moisture Ory hydraulic Type
borehole interval Uscs Tailings content density conductivity of
number (feet) classb type (percent) (pcf)¢ (cm/s) test
542 0.5-1.5  SP-SM Sand - - 58x10% cd
572 3.5-4.5 SP-SC Sand 1.6 - - —
6.5-7.5 SP-SC Sand 4.0 - - -
9.5-10.5 SP-SM Sand 5.6 - -- -
12.8-13.5 SP-SM Sand 15.5 - - -
574 2.5-3.5 SP-SM Sand 1.2 103.6 -- -
7.0-7.5 SP-SM Sand 4.7 86.7 -- -
575 2.5-3.0 SP-SM Sand 7.3 97.6 - -
7.0-8.0 SM Sand 4.7 - - -
13.0-14.0 SP-SM Sand 5.0 - - -
578 2.5-3.0 SP-SM Sand 2.2 90.1 -- -
5.5-6.5 SP-SM Sand 3.4 -~ -—- -
7.0-8.0 SM Sand 6.1 - - —
10.0-11.0 sC Sand 5.3 -~ - -
T-01 - SP-SM Sand - - 2.7 x 105 T®
T-02 - SP-SM sand - - 2.8 x 1074 T
T-03 - SP-SM sand - -~ 1.3 x 1074 T

3Borehole locations are shown on Figure 0.5.1. Blanks indicate the properties
were not determined.

byunified Soil Classification System; SP is poorly graded sands, gravelly sands;
SM is silty sands, sand-silt mixtures; SC is clayey sands, sand-clay mixtures.

Cpcf = pounds per cubic foot.

C = constant-head test; the sample was remolded to average 92 percent of standard
Proctor density.

eT = triaxial permeability tests; sample was remolded to 95 percent of standard
Proctor density.
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Table D.5.23 Chemica) analyses for lysimeter GRNO1-7142

Parameter 9/11/86 3/12/817
Aluminum 6300 1840
Ammon i um 14 11
Antimony - 0.003
Arsenic - 0.03
Barium - 0.1
Boron 0.5 0.1
Cadmium - 0.032
Calcium 457 385
Chloride 113 2900
Chromium 2.61 1.14
Cobait - 30.9
Copper - 45.8
Fluoride 0.1 0.2
Iron 2200 267
Lead - 0.02
Magnesium 2640 1090
Manganese 360 122
Mercury - 0.
Molybdenum 0.2 0.10
Nickel - 25.3
Nitrate 4500 2
Nitrite - 0.1
Phosphate - 0.1
Potassium 0.19 16.0
Selenium 0.092 0.208
Silica - 60
Silver - 0.01
Sodium 89.2 1M
Strontium - 0.1
Sulfate 56200 16000
Tin - 0.005
Total dissolved

solids 80800 26100
Uranium 675 221
Vanadium - 178
Zinc - 259

2A11 values in mg/1. See Figure D.5.1 for the location of lysimeter 714.
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Table D.5.24 Analyses of Cedar Mountain Formation groundwater,
Green River, Utahad

Species and Monitor Monitor Monitor Monitor Monitor
parameter well 562 well 581 well 584 well 701 well 813
Magnesium 124 883 134 197 114
Calcium 328 221 467 520 253
Sodium 1870 1680 1680 1115 1910
Potassium 7.39 2.51 3.27 20.50 7.24
Sulfate 4330 2460 3160 2870 4200
Chlorine 150 180 130 94 130
Alkalinity

(as calcium

carbonate) 660 979 266 407 671
Silica 9.70 8.8 9.2 18.0 9.2
Sulphur <0.10 45.4 <0.1 <0.1 <0.1
Iron2+ <0.03 <0.03 <0.03 <0.03 <0.03
Iron3+ 0.045 <0.01 0.045 0.045 0.040
Nitrate 103 0.2 0.2 1570 22.1
Ammon ium <0.1 0.8 0.6 45.2 <0.1
Nitrite 0.66 <0.03 <0.03 0.07 1.48
Molybdenum 0.07 0.02 0.01 0.09 0.13
Selenium 0.16 0.09 0.1 0.55 0.13
Arsenic 0.01 0.02 0.01 0.02 0.02
Total dissolved

solids 7190 4630 4930 6680 6920
Temperature(°C) 16.5 15.7 15.9 16.5 17.5
pH 6.88 7.25 7.96 6.68 6.88
Eh (field, V) +0.274 -0.133 -0.080 +0.272 +0.274
aA11 concentrations are in mg/1 unless noted otherwise. °C = degrees

Celsius; V = volts.
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Table 0.5.25 Field measured and theoretical redox potentials (Eh)
controlling uraninite precipitation within the Cedar
Mountain Formation, Green River, Utah

Monitor Field Eh Uraninite Calculated Uraninite Log

well pH (voits) s.I.a Eh (volts) s.1.2 PCOy
581 1.25 -0.133 2.19 -0.107 0 -2.0
584 7.96 -0.080 0.02 -0.106 0 -2.0

Speciation of dissolved uranium (mg/1)

Total U  U(OH)5- U0,C040 U0(C03) 22~ uos(co3)34-
581  0.001 0.0007 6.14 x 10-7 0.0001 0.0001
584  0.001 0.001 2.04 x 10-6 0.003 0.0005

as.[. refers to saturation index. S.I. = Log 10 -activity product
solubility product
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Table D.5.26 Field pH, field Eh, total uranium, and saturation indices for Cedar Mountain Formation, Green River, Utah?

Tota) Saturation index
Well Field field uranium Amorphous
number pH th (volts) (mg/1) Dominant form Uraninite Coffinite Calcite Gypsum Pyrite Fe(OH) 3 co,
584 1.96 -0.080 <0.00 002(603)34' +0.02 -0.89 -0.02 -0.85 +0.01 -0.68 -2.0
U(OH) 5~

581 1.25 -0.133 <0.001 U(on)s' +1.83 +1.34 -0.42 -4.63 +0.00 -3.82 -2.0
701 6.68 +0.272 2.690 002(003)22’ -5.75 -6.08 +0.03 +0.28 -94.60 +2.1M -2.0
562 6.88 +0.274 0.076 uog(c03)34- -8.85 -9.43 +0.06 +0.35 -98.20 +3/65 -2.0
813 6.88 +0.274 0.079 UOg(c03)34‘ -8.76 -9.26 +0.06 +0.13 -98.50 +3/62 -2.0

2Calculated by PHREEQE Model (Parkhurst et al., 1980). Saturation indices = log (1AP/Ky).
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PARAMETER
ALUMINUR
AMFONTUN
ANTIMONY
ARSENIC
BARIUN
BERYLLIUN
CADNIUM
CALCTUN
CHLORIDE
CHRONIUN
COBALT
COPPER
FLUORIDE
IRON

LEAD
MAGNESIUN
MANGANESE
MERCURY
MOL YBDENUN
NICKEL
NITRATE
POTASSIUN
SELENTUR
SILICA
SODIUN
STRONTIUN
SULFATE
THALLIUN
TIN

TOTAL SOLIDS
URANTUM
VAHADIUN
ZINC

ical analysis of batch leach and column.extraction solutioqs from
Table D.5.27 Egﬁnggs, buf¥er material, and windblown soil samples, Green River, Utah

LOCATIUN 1D - SAMPLE 1D AND LOG DATE ~——~coco oo e

825-01 04/10/89 (a) B26-01 0471089 (4) 827-04 04/10/89 (a) 828-01 04/10/89 ()
UNIT OF PARANETER PARANETER PARAMETER PARANETER
MEASURE VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/~ UNCERTAINTY
nG/L - 0.04 ¢ 0.05 ¢ 0.05
nG/L 0.25 0.22 0.09 0.47
nG/L 0.009 0.004 0.002 0.040
MG/L 0.033 0.043 0.040 0.032
nG/L 0.04 0.07 0.08 0.06
nG/L ¢ 0.005 ¢ 0.005 ¢ 0.005 ¢ 0.005
nG/L 0.0030 ¢ 0.0004 ¢ 0.0004 ¢ 0.0004
nG/L 74, 57. 59. 60.
nG/L 8. 7. 7. 6.
nG/L ¢ 0.04 ¢ 0.04 ¢ 0.04 ¢ 0.04
nG/L ¢ 0.02 ¢ 0.02 < 0.02 ¢ 0.02
MG/L 0.04 0.02 0.04 0.06
NG/L 0.4 0.3 0.3 0.4
NG/L 0.02 0.03 ¢ 0.02 ¢ 0.02
nG/L 0.003 ¢ 0.004 ¢ 0.001 ¢ 0.004
NG/L 9. 8. 8. a.
nG/L < 0.04 < 0.04 ¢ 0.04 ¢ 0.04
nG/L ¢ 0.0004 ¢ 0.0004 ¢ 0.0004 ¢ 0.000+4
ne/L 0.007 0.004 0.003 0.002
nG/L < 0.02 ¢ 0.02 ¢ 0.02 < 0.02
nG/L 1.8 0.2 0.3 2.0
nG/L 8. 7. 8. 7.
MG/L 0.044 0.010 0.009 0.044
nG/L 43.3 11.4 14.7 1.4
nG/L 29. 24. 23. 22,
nG/L 0.74 0.40 0.62 0.43
nG/L 187. 152. 1564. 169,
MG/L ¢ 0.004 ¢ 0.004 ¢ 0.004 ¢ 0.004
nG/L < 0.004 ¢ 0.004 ¢ 0.004 0.004
nG/L 3es. 302. 295, ass.
nG/L 0.482 0.477 0. 148 0.472
nG/L 0.24 0.25 0.24 0.22
nG/L 0.02 0.02 ¢ 0.01 0.02
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PARAMETER

Table D.5.27 Chemical analysis of batch leach and column extraction solutions from
tailings, buffer material, and windblown soil samples. Green River, Utah

UNIT OF
MEASURE

——————————————————————————————————— LOCATION ID -

PARAMETER
VALUE +/- UNCERTAINTY

- e m e v m e e = > = " i

ALUMTHNUR
ARNMONIUN
ANTINONY
ARSENIC
BARIUM
BERYLLIUM
caDMIUN
CALCIUN
CHLORIDE
CHROMIUM
COBALY
COPPER
FLUORIDE
IRON

LEAD
NAGNESTUN
HANGANESE
MERCURY
MOL YBDENUNM
NICKEL
NITRATE
POTASSIUN
SELENTUM
SILICA
soodIUn
STRONTIUN
SULFATE
THALLIUN
TIN

TOTAL SOLIDS
URANTURM
VANADIUN
ZINC

830-04 04/28/89 (C

PARAMETER
VALUE +/- UNCERTAINTY

PARAMETER

s o

VALUE +/- UNCERTAINTY

0.04

PARAMETER
VALUE +/- UNCERTAINTY

- - - T " - —— — e — -



D.5.27 Chemical analysis of batch leach and column extraction solutions from
Table tailings, buffer material, and windblown soil samples, Green River, Utah

833-04 05/708/89 (d) 834-01 05/708/49 (.d) 835-01 05/08/89 (_d) 834-01 0S/08/89 (bl

UNIT OF PARAMETER PARARMETER PARAMETER PARAMETER
PARAMETER MEASURE VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY
ALURINUM nG/L < 0.05 { 0.0% 3 0.05 { 0.05
AMMONTUN nG/L 0.57 0.22 0.62 0.30
ANTINONY HG/L 0.008 0.002 0.009 0.008
ARSENIC nG/L 0.042 0.02 0.005 0.002
BARIUN nG/L 0.02 0.02 0.02 0.04
BERYLL IUN MG/L < 0.005 < 0.005 ( 0.00% ( 0.00S
CADRIUM nG/L 0.0031 0.0033 0.0028 < 0.0001
CaLCIuN nG/L 607. 654, 45S. 13S.
CHLORIDE nG/L S. 5. S. 4.
CHROMIUN MG/7L < 0.04 ( 0.04 ( 0.04 ( 0.014
COBALT nG/L < 0.02 ( 0.02 < 0.02 < 0.02
COPPER nG/L 0.03 0.02 0.03 0.03
FLUORIDE MG/L 0.6 0.6 0.7 1.0
IRON nG/L ( 0.02 < 0.02 < 0.02 ( 0.02
LEAD nG/L { 0.0014 < 0.004 < 0.0014 ( 0.0014
MAGNESIUN nG/L 32. 32. ’ 26. 22.
MANGANESE nG/L 0.02 0.014 0.04 < 0.014
MERCURY NG/L 4 0.00014 < 0.0004 ( 0.0004 < 0.00014
MOLYBDENUM  MG/L 0.083 0.0€8 0.094 0.004
HICKEL nG/L < 0.02 < 0.02 < 0.02 [ 0.02
NITRATE MG/L 14.7 16.2 16.5 0.4
POTASSIUNM NG/t 4. 4. 4. 1.
SELENTUN nG/L 0.1467 0.1483 0.187 0.00S
SILICA RG/L 7.0 6.9 8.5 8.9
SOoTIUNM MG/t 20. 22. 24. 34,
STRONTIURN nG/L 0.99 4.00 1.09 1.97
SULFATE nG/L 165S. 4712. 1742. S21.
THALLIUR nG/L ¢ 0.0014 < 0.004 < 0.004 < 0.004
TIN nG/L 0.047 0.04% 0.048 0.007
TOTAL SOLIDS MG/L 2325. 2305. 2350. 750.
URAHTUM nG/L 0.296 0.306 0.316 0.010
VANADIUN nG/L 0.07 0.07 0.07 0.014

JINC MG/L 0.04 0.02 0.02 0.014
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Table D.5.27 Chemical analysis of batch leach and column extraction solutions from

UNIT OF
?ARAMETER HEASURE
ALUMINUN nG/L
ANAMONTUR MG/L
ANT IMONY nG/L
ARSENIC nG/L
BARIUNM MG/L
BERYLL IUN nG/L
CADMIUNM MG/L
CALCIUN HG/L
CHLORIDE nG/L
CHROMIUN MG/L
cosALT MG/L
COPPER nG/L
FLUORIDE HG/L
TRON MG/L
LEAD nG/L

MAGNESTUN MG/L
MANGANESE MG/L

MERCURY nG/L
MOLYBDENUM FG/L
HICKEL nG/L
NITRATE nG/L
POTASSIUN MG/L
SELENIUN nG/L
SILICA MG/L
SODIUM HG/L
STRONTIUN nG/L
EULFATE MG/L
THALL IUN nG/L
TiH ne/t
TOTAL SOLIDS MG/L
URANIUM MG/L
VANADIUN MG/L
Z1HC nG/L

tailings, buffer material, and windblown soil samples, Green River, Utah

837-01 05/08/89 (b) 838-01 05/08/8%9 gb)
PARAMETER PARAMETER PARAMETER PARAMETER
VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY VALUE +/- UNCERTAINTY
0.26 (¢ 0.05
0.39 0.214
0.0014 0.007
0.002 0.003
0.046 0.04
0.005 ( 0.005%
0.0004 ( 0.0001
139. 127.
9. 6.
0.04 ( 0.014
0.02 ( 0.02
0.04 0.02
1.4 4.1
0.18 ¢ 0.02
0.004 ( 0.004
2S. 22.
0.014 { 0.01
0.0001 < 0.00014
0.003 0.005
0.02 < 0.02
0.4 0.3
1. ( 1.
0.004 0.004
9.4 9.5
38. 31.
2.10 1.94
s42. 480.
0.0014 ( 0.0014
+0.006 0.007
70S. 675.
0.0460 0.0410
0.014 0.014
0.02 < 0.01

MAPPER DATA FILE NAME: GRHO 1*UDPSUB 400236

4825-828: batch leach solution, windblown soils

b

829, 836-838: batch leach soclution, tailings

€830-832: column extract solution, buffer material; feed solution frcm 829
d833-838: batch leach solution, buffer material



D-180



REFERENCES

Berner, R. A., 1963. "tlectrode Studies of Hydrogen Sulfide in Marine Sedi-
ments,* Geochim. Cosmochim. Acta., Vol. 27, pp. 563-575.

Bouwer, H., 1978. Groundwater Hvdrology, McGraw-Hil11 Book Company, New York,
New York.

Bouwer, H., and R. C. Rice, 1967. "A Slug Test for Determining Hydraulic Con-
ductivity of Unconfined Aquifers with Completely or Partially Penetrating

Wells," in Water Resources Research, Vol. 12.

Bruno et al. (J. Bruno, I. Casas, B. Lagerman, and M. Munoz), 1987. *“The
Determination of the Solubility of Amorphous UOz(s) and the Mononuclear
Hydrolysis Constants of Uranium (IV) at 25 °C." In Scientific Basis for
Nuclear Waste Management X, Materials Research Society Symposia Pro-
ceedings, Vol. 84, eds. J. K. Bates and W. B. Seefeldt, pp. 153-160,
Materials Research Society, Pittsburgh, Pennsylvania.

Buss, W. R., 1951. *"Bibliography of Utah Geology to December 31, 1950," in
Bulletin 40, Utah Geological and Mineral Survey, Salt Lake City, Utah.

Buss, W. R., and N. S. Goeltz, 1974. *"Bibliography of Utah Geology, 1950 to
1?70.' in Bulletin 103, Utah Geological and Mineral Survey, Salt Lake
City, Utah.

Casper, C., 1985. Personal communication with John B. Price, Sergent, Hauskins
& Beckwith, Technical Assistance Contractor to U.S. Department of Energy,
UMTRA Project Office, Albuguerque Operations Office, Albuquerque, New
Mexico, dated November 7, 1985. :

Chatham et al. (J. R. Chatham, R. B. Wanty, and D. Langmuir), 1981. "Ground-
water Prospecting for Sandstone-Type Uranium Deposits: The Merits of
Mineral - Solution Equilibria Versus Single Element Tracer Methods,"
Report No. GJBX - 129 (81) U.S. Department of Energy: Grand Junction
Office, Colorado.

Childers, B. S., and B. Y. Smith, 1970. "Abstracts of Theses Concerning the
Geology of Utah to 1966," in Bulletin 86, Utah Geology and Mineral Survey,
Salt Lake City, Utah.

City of Green River, 1984. “Notice of Motion to Raise Water Rates," Green
River, Utah.

Cooper et al. (H. H. Cooper, Jr., J. D. Bredehoeft, and I. S. Papadopulos),
1967. “Response of a Finite-Diameter Well to an Instantaneous Charge of
Water," in Water Resources Research, Vol. 3.

Cowart, J. B. and J. K. Osmond, 1980. “Uranium Isotopes in Groundwater as a
Prospecting Technique," Report No. GJBX - 119 (80); U.S. Department of
Energy: Grand Junction Office, Colorado.

D-181



Day, Mark, 1988. Personal correspondence between Mark Day, Utah Department
of Health, Salt Lake City, Utah, and public affairs officer, White Sands
Missile Range, Alamogordo, New Mexico, November 1988.

Deutsch, W. J. and R. J. Serne, 1984. “Uranium Mobility in the Natural Envi-
ronment, Evidence from Sedimentary Roll1-Front Deposits: Geochemical
Behavior of Disposed Radioactive Waste," American Chemical Society
Symposium Series 246, pp. 287-302.

DOE (U.S. Department of Energy), 1988a. Environmental Assessment of Remedial
Action at the Green River Uranium Mill Tallings Site, Green River, Utah,
DOEiuMTRA Project Office, Albuquerque Operations Office, Albuquerque, New
Mexico.

DOE (U.S. Department of Energy), 1988b. “"Redox State of the Cedar Mountain
Formation Aquifer, Green River UMTRA Site, Utah,® UMTRA-DOE/AL-400641,
DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque, New
Mexico.

DOE (U.S. Department of Energy), 1987a. Geochemical Modeling and Dilution

Estimates for the Proposed Disposal Area, Green River, Utah, Tajlings
Site, summary report, prepared by DOE UMTRA Project Office, Albuquerque

Operations Office, Albuquerque, New Mexico.

DOE (U.S. Department of Energy), 1987b. Albuquerque Operations Manual, DOE
UMTRA Project Office, Albuquerque Operations Office, Albuquerque, New -
Mexico.

DOt (U.S. Department of Energy), 1985. Albuquerque Operations Manual, prepared
by DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque,
New Mexico.

DOE (U.S. Department of Energy), 1983. Unpublished report, Environmental
Assessment prepared by Ford, Bacon, and Davis Utah, Salt Lake City, Utah,
and Sandia National Laboratories, Albuquerque, New Mexico, for the DOE
UMT?A Project Office, Albuquerque Operations Office, Albuquerque, New
Mexico.

DWR (Division of Water Resources), 1976. “"Hydrologic Inventory of the San
Rafael River Basin," Utah Department of Natural Resources, Salt Lake
City, Utah.

OWR (Division of Water Resources), 1975. "Hydrologic Inventory of the Price
River Basin," Utah State Department of Natural Resources, Salt Lake City,
Utah.

F8OU (Ford, Bacon & Davis Utah Inc.), 1981. Engineering Assessment of Inactive
Uranifum Mi11 Tailings, Green River Site, Green River, Utah, DOE/UMT-0114,
FBOU 360-14, UC-70, prepared by FBDU, Salt Lake City, Utah, for the U.S.
Department of Energy, UMTRA Project Office, Albuquerque Operations Office,
Albuquerque, New Mexico.

0-182



Ferris, J. G., and D. B. Knowles, 1963. "The Slug-Injection Test of Estimating
the Coefficient of Transmissibility of an Aquifer," in Methods of Deter-
mining Permeability, Transmissibility and Orawdown, U.S. Geological
Survey Water Supply Paper 1536-I.

Freeze, R. A., and T. A. Cherry, 1979. Ground Water, Prentice-Hall, Inc.,
Englewood C1iffs, New Jersey.

GECR (Geochemistry and Environmental Chemistry Research, Inc.), 1983. Data
for the Geochemical Investigation of UMTRA Designated Site at Green River,
Utah, UMTRA-DOE/AL-0244, prepared by GECR, Rapid City, South Dakota, for
the U.S. Department of Energy, UMTRA Project Office, Albuquerque Opera-
tions Office, Albuquerque, New Mexico.

Howard, C. S., and S. K. Love, 1945. Quality of Surface Waters of the United
States, 1943, with a Summary of Analyses of Streams in Colorado River,

Pecos River, and Rio Grande Basins, 1925 to 1943, U.S. Geological Survey
Water Supply Paper 970.

Hst, D. and D. Langmuir, 1985. “Adsorption of uranyl ion onto ferric oxyhy-
droxide: application of the surface complexation site - binding model,*
Geochim. Cosmochim. Acta., V.49, No. 9, pp. 1931-1941.

La Pray, B. A. and L. S. Hamblin, 1980. Bibliography of U.S. Geological Sur-
vey Water-Resource Reports for Utah, Information Bulletin No. 27, Utah
Department of Natural Resources, Salt Lake City, Utah.

La Rue, E. C., 1916. Colorado River and Its Utilization, U.S. Geological Sur-
vey Water Supply Paper 395.

Lindberg, R. D., and D. D. Runnells, 1984. *“Groundwater Redox Reactions: An
Analysis of Equilibrium State Applied to Eh Measurements and Geochemical
Modeling," Science, V. 225, pp. 925-927.

Lohman, S. W., 1972. Groundwater Hvdraulics, U.S. Geological Survey Profes-
sional Paper 708.

McClave, J. T. and F. H. Dietrich, II, 1979. Statistics, Dellen Publishing
Company, San Francisco, California.

Mohogheghi, A. and M. B. Goldhaber, 1982. “"Kinetics of Uranyl Ion Reduction
by Aqueous Sulfide,® abstract 95/Annual Meeting of Geological Society of
America, New Orleans, Louisiana, October 17-21, 1982.

ONWI (Office of Nuclear Waste Isolation), 1985. Bibliography of Studies for

the Salt Repository Project Office of the Civilian Radioactive Waste

Management Program, April 1978-September 1984, prepared by Battelle
Project Management Division, Office of Nuclear Waste Isolation, Battelle

Memorial Institute, Columbus, Ohio, for the U.S. Department of Energy,
Washington, D.C.

D-183



Parkhurst et al. (D. L. Parkhurst, D. C. Thorstenson, and L. N. Plummer),
1980. "PHREEQE-A Computer Program for Geochemical Calculations," USGS
Water Resources Investigations 80-96, Washington, D.C., 210 p.

Reeside, J. B., Jr., 1930. Descriptive Geology of the Green River Valley

Between Green River, Wyoming, and Green River, Utah, USGS Water Supply
Paper 618.

Reeside, J. B., Jr., 1923. Notes on the Geology of the Green River Valley

Between Green River, Wyoming, and Green River, Utah, USGS Professional
Paper 132-C.

Runnells, D. D. and R. 0. Lindberg, 1981. “Hydrogeochemical Exploration for
Uranium Ore Deposits, Use of the Computer Model WATEQFC,"* Journal of
Geochemical Expl. V. 15, pp. 37-50.

Rush et al. (F. E. Rush, M. S. Whitfield, and I. M. Hart), 1982. Regional
Hydrology of the Green River-Moab Area, Northwestern Paradox Basin, Utah,
U.S. Geological Survey Open File Report 82-107, Denver, Colorado.

Ryan, J. L. and D. Raf, 1983. "The Solubility of Uranium (IV) Hydrous Oxide
in Sodium Hydroxide Solutions under Reducing Conditions," Polyhedron,
2:947-952.

State of Utah, 1985. Letter report on water rights, Department of National
Resources, Water Rights, Price, Utah, available from UMTRA Project Docu-
ment Control Center, POCC File No. 10.19.2.5, U.S. Department of Energy,
Albuquerque Operations Office, Albuquerque, New Mexico.

Todd, D. K., 1980. Groundwater Hydrology, John Wiley and Sons, Inc., New
York, New York.

Tripathy, V. J., 1984. “*Uranium (VI) Transport Modeling: Geochemical Data
and Submodels,® Ph.D. Dissertation, Stanford University, Stanford, Cali-
fornia.

USGS (U.S. Geological Survey), 1972. Publications of the U.S. Geological
Survey, 1962-1970.

USGS (U.S. Geological Survey), 1971 - 1985 (serial publication). Publications
of the U.S. Geological Survey.

USGS (U.S. Geological Survey), 1964. Publications of the U.S. Geological
Survey 1879-1961.

Waring, G. R., and M. M. Knechtel, 1936. "Groundwater in Part of Southeastern
and Southwestern Colorado," U.S. Geological unpublished report.

Weir et al. (J. E. Weir, Jr., E. B. Maxfield, and E. A. Zimmerman), 1983.

Regional Hvdrology of the Dolores River Basin, Eastern Paradox Basin,
Colorado and Utah, Water Resources Investigations Report 83-4217.

Waiton, W. C., 1970. Groundwater Resource Evaluation, McGraw-Hill Book
Company, New York, New York.

D-184



APPENDIX E
WATER RESOURCES PROTECTION STRATEGY






TABLE OF CONTENTS

Section
E.1  WATER RESOURCES PROTECTION STRATEGY SUMMARY . . . . . . . . . . .
E.1.1 Design considerations. . . . . . . . . . . . . .. « e e .
€.1.2 Groundwater protection standards for disposal. . . . . . .
E.1.3 Performance assessment . . . . . ¢ ¢ ¢ v ¢ ¢ o o o s o o .
E.1.4 Closure performance assessment . . . . e e e e e e
£.1.5 Groundwater performance monitoring program e e e e e e
E.1.6 Corrective action plan . . . . . . ¢« ¢ ¢ ¢ ¢ ¢ o ¢ & o .
€.1.7 Cleanup and control of existing contamination .......
€E.2 DISPOSAL CELL FEATURES TO PROTECT WATER RESOURCES . . . . . . . .
£.2.1 Design consideratifons. . . . . . . e e e e e e e e e
E.2.1.7 Climate . . . & ¢ ¢ ¢ ¢« ¢ ¢ ¢ o o o 0 o s o o s .

E.3

REFERENCES FOR

E.2.1.2 Drainage of surface runoff and tailings water . .
E.2.2 Disposal cell design . . . . . ¢ ¢ ¢ ¢ ¢ ¢ v o ¢ e 0 s e
£€.2.2.1 Cell components . . . . e e e e e e e e e e e
€.2.2.2 Disposal cell longevity e e e e e e e e e e

DISPOSAL AND CONTROL OF RADIOCACTIVE MATERIALS AND
NONRADIOACTIVE CONTAMINANTS . . . . & v ¢ ¢ ¢ ¢ ¢ o o ¢ o o o o &
E.3.1 Groundwater protection standards for disposal .......
£.3.1.1 Hazardous constituents. . . . . . . . . . . . ..
£.3.1.2 Proposed concentration limits . . . . . . . . . .
£.3.1.3 Point of compliance . . . . . . « . . « ¢ ¢« . . .
£.3.2 Performance assessment . . . . . . . . 4 e 4 s 4 e s e .
£.3.2.1 Conceptual model and assessment . . . . . . . . .
2.2 Impacts SUMMErY . . . ¢ ¢ ¢ « ¢ « « ¢ o o o o o o
ure performance assessment . . . . . . . . . . .« . . .
undwater performance monitoring program . . . . . . . .
4.1 Disposal cell moisture monitoring . . . . . . . .
4.2 Saturated zone monitoring . . . . . . . . . . ..
rective actifon plan . . . . . . . ¢ . o c e v o e e .
n
.6
6.

mm
w W
P
oW

3.
0s
ou
rr

3.
ea

mm
. .

ww
o wn

o
leanup and control of existing contamination. . . . . . .
1 Decoupling. . & & & v ¢ v ¢ v ¢ e ¢ 0 4 e e o e
2 Potential restoration methods . . . . . . . . . .

mmnnmmmnm

3.
3
.3.
APPENDIX E . . . . . . . . . .. e e e e e e e e e e e

E-i

E

Mf"‘fﬂl"l'\f'\l‘ﬂl‘ﬂm
AN EL BN -



Figure
E.2.1

£.2.2

E.3.]

£.3.2
€.3.3

£.3.1
£.3.2

€.3.3

LIST OF FIGURES

Page

Diagrammatic cross section of proposed disposal cell

and foundation, Green River, Utah, tailings site . . . . . . E-10
Disposal cell cover system, Green River, Utah

tailings site . . . . . e e e e s e e e e e s e e e e e e E-N

Plan view of point of compliance and related disposal
cell and compijance monitoring features, Green River, Utah,

UMTRA Project disposal site . . . . . . . o e o . « o o+« E-29
Cross section of point of compliance, Green River, Utah
UMTRA Project disposal site . . . . . . . . . . ¢« ¢ o o o o £-30

Locations of wells and surface water sites to be
sampled during remedial actions at the Green River, Utah,
UMTRA Project site . . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢« 4 ¢ e o o o o & E-38

LIST OF TABLES

Proposed concentration 1imits at the Green River, UMTRA
Project disposal sfte. . . . . . . ¢« ¢ ¢ v ¢ i 0t e d e e . £E-3

Summary of hazardous constituents within uranium mill

tailings at Green River, Utah . . . . . . . . . . . .« . .. £-22
Descriptive statistical parameters for background water

quality at the Green River UMTRA Project disposal site,

Green River, Utah . . . . . ¢ & ¢« ¢ ¢ ¢ ¢ ¢ o 4 e o o o o o s £-25
Hydrologic properties and parameters of the van Genuchten

retention function used to describe the disposal cell soils,

Green River UMTRA Project site . . . . . . . . . . o . « .. £E-33

E-i9



E.1 WATER RESOURCES PROTECTION STRATEGY SUMMARY

The U.S. Department of Energy (DOE) must demonstrate compliance with the
U.S. Environmental Protection Agency (EPA) standards for groundwater protec-
tion at inactive uranium mill tailings sites. These standards are contained
in proposed revisions to Subparts A through C of 40 CFR 192 under Title I of
the Uranfum Mil1l Tailings Radiation Control Act of 1978 (UMTRCA), as amended.
Remedial action taken by the DOE must comply with the proposed standards until
EPA promulgates them in final form (UMTRCA, Section 108). This section
summarizes the water resources protection strategy for the Uranium Mill
Tailings Remedial Action (UMTRA) Project site in Green River, Utah, and the
elements of the strategy that demonstrate compliance with the proposed
groundwater protection standards. Details of the water resources protection
strategy are presented in Sections E.2 and €.3. Characterization of
groundwater and hydrogeology at the Green River site is presented in detail in
Section 0.5 of Appendix D, and is summarized in Section 3.5 of the text of
this remedial action plan.

The DOE will comply with the disposal standard (40 CFR 192.02(a)(3)) by
constructing a disposal cell that will prevent any tailings leachate from
mixing with groundwater within the required 1000-year design 1l1ife of the
cell. Specifically, either designated maximum concentration limits (MCLs) or
background concentrations (whichever 1is greater) will not be exceeded in the
uppermost aquifer (the upper- and lower-middle hydrostratigraphic units of the
Cedar Mountain Formation) at the point of compliance (POC). The POC is the
downgradient edges of the engineered disposal unit.

The following sections summarize the major elements of the groundwater
protection strategy.

E.1.1 DESIGN CONSIDERATIONS

The tailings will be placed in a mostly below-grade cell. The
base of the excavation will be at an elevation of about 4098 feet,
which is nearly 40 feet below existing grade. Groundwater is 10 to 12
feet below the base of the excavation. The bottom six feet of the cell
will be filled with a compacted, select clean fill soil to retard the
movement of contaminants to groundwater from the overlying contaminated
materials. Above the buffer will be a laver of compacted windblown
tailings (which will be mixed with clean soils) and a layer of
compacted tailings.

A cover system will be constructed over the tailings. From bottom
to top, the cover system will consist of three feet of compacted radon
barrier, six inches of clean, compacted filter bedding, and one foot of
rock for erosion protection. Collectively, the cover layers will limit
infiltration of precipitation to 2 x 10-8 cubic centimeters per
square centimeters per second (cm3/cm?s) or less, will protect from
catastrophic erosion by the Probable Maximum Flood (PMF), and will con-
trol the release of radon from the cell. Degradation of the infiltra-
tion/radon barrier from freezing (via reduced density) will not occur
because it 1is expected that the barrier will never be saturated.
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However, approximately 15 inches of the infiltration/radon barrier will
1ife beneath the calculated frost depth of 39 inches.

The disposal cell components (buffer, windblown materials, and
tailings) will be placed at a moisture content that will result in an
unsatuated hydraulic conductivity of 8 x 10~9 centimeters per second
(cm2/s), which is less than the calculated saturated hydraulic conduc-
tivity (2 x 10-8 cml/s) of the infiltration/radon barrier. By mini-
mizing the amount of water used for compaction and dust control during
construction, drainage of excess water from the cell will not be a
concern (see Section £.2.1.2).

In terms of groundwater protection, the proposed disposal cell and
protection strategy at the Green River site make maximum use of the
following favorable natural conditions:

o An arid climate (average annual precipitation is six inches per
year; estimated ratio of yearly precipitation to actual evapo-
transpiration is one).

o Consistent, uniform fracturing of the foundation bedrock to
prevent any perching of water in the cell and to promote drain-
age of runoff from the toe of the cell.

o Abundant, desirable secondary minerals on the fracture faces to
attenuate any tailings seepage (although tailings seepage into
the bedrock is not expected).

o Strong, upward vertical hydraulic gradients in the saturated
bedrock downgradient of the disposal site to minimize the down-
ward migration of contamination (although contamination of the
groundwater by tailings seepage is not expected).

o A flow direction of groundwater beneath the disposal site
toward the existing contamination from the old tailings pile.

In addition, the mostly below-grade disposal will maximize surface
runof f and minimize infiltration into the disposal cell.

GROUNDWATER PROTECTION STANDARDS FOR DISPOSAL

There are three basic requirements for complying with the ground-
water protection standard (40 CFR 192.02): (1) identification of the
hazardous constituents within the disposal cell; (2) proposal of a con-
centration limit for each hazardous constituent; and (3) specification
of the point of compliance.

Ten hazardous constituents (from Appendix IX of 40 CFR 264) within
the tailings at the Green River site were identified from analyses of
tailings pore water. These are cadmium, chromium, molybdenum, nickel,
nitrate, selenium, uranium, vanadium, radium-226 and -228, and gross
alpha activity. The proposed concentration 1imits for the ten hazardous
constituents are listed in Table E.1.1, along with the U.S. Nuclear
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Table E.1.1

Hazardous constituents and concentratiog Timits for
disposal at the Green River UMTRAP site

Constituent DOE proposed limits Interim concentration limits

Arsenic - 0.05 (MCL)
Cadmium 0.01 (MCL) 0.01 (MCL)
Chromium 0.09 (Background) 0.05 (MCL)

Lead - 0.05 (MCL)
Methylene chloride - 0.005 (Background)
Molybdenum 0.24 (Background) 0.1 (MCL)
Nickel 0.09 (Background) 0.06 (Background)
Nitrate 180 (Background) 60 (Background)
Selenium 2.50 (Background) 0.66 (Background)
Uranium-234/238 0.146 (Background) 0.044 (MCL)

Vanadium pentoxide 0.38 (Background) 0.09 (Background)
Radium-226/228 5.0 pCi/1 (MCL) 5.0 pCi/1 (MCL)

Gross alpha

(excluding uranium

and radon) 195 pCi/1 (Background) 24.5 pCi/1 (Background)

Aunits are in milligrams per liter unless noted otherwise; pCi/1 = pico-

curies per liter.

Regulatory Commission's (NRC) proposed interim concentration 1imits for
hazardous constituents at the disposal site. Also, three additional
hazardous constituents were included in the DOE's and NRC's 1ist of con-
stituents for the disposal unit. These constituents are arsenic, lead,
and methylene chloride.

The concentration 1imits proposed by the DOE reflect the natural
variability of the contaminant concentrations in background water qual-
ity samples from beneath the new disposal site. They are equal to one
of the following: (1) the MCL for that constituent (established by the
EPA); or (2) the maximum observed or statistical maximum background con-
centration for that constituent. The NRC's proposed interim concentra-
tion 1imits (see Table E.1.1) are statistical mean values rather than
maximum values. The proposed interim concentration 1limits do not
account for natural variability of the constituents as they presently
occur in groundwater.

Natural variability in groundwater must be accounted for when
sampling and analyzing for construction and performance monitoring, and
in an assessment of what threshold concentration constitutes an excur-
sion and subsequent corrective action. Therefore, the DOE will collect
and analyze representative samples of groundwater from all monitor wells
on a quarterly basis during construction of the disposal unit and col-
lect and analyze representative samples of groundwater from the monitor
wells and new wells at the point of compliance and background locations
on a quarterly basis for two years after completion of the disposal
unit. An’'excursion will therefore not be considered until the two years
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of quarterly monitoring have been completed. The details of the moni-
toring program will be presented in the surveillance and maintenance
(S&M) plan or another appropriate document upon NRC concurrence with
the S&M plan or other document.

The point of compliance at the Green River site will be the entire
northwest and northeast edges of the engineered cell. Approximately 60
feet of rock riprap and select fill material will lie between the com-
pacted tailings and the point of compliance.

PERFORMANCE ASSESSMENT

The proposed disposal cell design is intended to prevent the intro-
duction of contaminants into groundwater by providing for leachate
travel times from the base of the contaminated soil to groundwater in
excess of the design 1ife (1000 years) of the cell.

The NRC UNSAT2 computer model (NRC, 1983) was used to estimate the
redistribution of moisture within the disposal cell with time. Examina-
tion of the moisture distribution with time allows conclusions to be
drawn regarding the steady state moisture conditions within the disposal
cell, the travel time of contaminants through the disposal cell, and the
flux at the bottom of the disposal cell. Based on the modeling, the
travel time for contaminants exiting the bottom of the disposal cell is
over 1100 years. (A more detailed discussion of the disposal cell per-
formance is presented in Section E.3.2.) Because leachate percolating
from the disposal cell §s not expected to reach groundwater within the
design 1ife of the cell, no degradation of groundwater quality as a
result of the remedial action is anticipated.

CLOSURE PERFORMANCE ASSESSMENT

The DOE must demonstrate compliance with the closure performance
standard (40 CFR 192.02(a)(4)) by showing that the need for further
maintenance of the disposal site and cell has been minimized and that
the disposal unit minimizes or eliminates releases of hazardous con-
stituents to groundwater.

Natural, durable materials will be used to construct the cell so
that long-term performance is ensured. Safety factors and conservative
design assumptions have been considered in the design so that the cell
should operate for longer than the required 1000-year design 1life.

The previous section (E.1.3) discussed how the disposal cell will
prevent the release of hazardous constituents from affecting ground-
water at the Green River site.

GROUNDWATER PERFORMANCE MONITORING PROGRAM

The DOE {s required to describe an integrated monitoring program
to be conducted before, during, and after completion of the remedial
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action to demonstrate that the initial performance of the cell complies
with the groundwater protection standard and the closure performance
standards.

The DOE will present a detailed groundwater monitoring program in
the S&M plan for the Green River site. The main features of the
monitoring program will include moisture monitoring in the tailings,
windblown material and buffer layers, and saturated zone monitoring at
the point of compliance. There 1is nothing that would physically
preclude this program from being implemented.

An array of four neutron access holes for neutron logging will be
used to monitor moisture within the tailings at different depths. The
time-integrated moisture versus depth data will be used to estimate the
unsaturated hydraulic conductivity of the tailings and the operative
flux of moisture through the cell. The neutron access holes will also
penetrate the windblown material and buffer layers. The schedule for
neutron logging will be included in the Green River Surveillance and
Maintenance Plan.

The compliance monitoring wells will be sampled quarterly during
the first year following completion of the remedial action, semiannual-
ly for years two through six, and annually thereafter until the end of
the performance monitoring period. Monitoring during the remedial
action will take place semi-annually using wells placed during site
characterization. The constituents to be analyzed from monitor wel)
samples shall finclude all of the hazardous constituents presented in
Section £.1.2, major anions and cations, and the standard suite of field
parameters (alkalinity, pH, temperature, and specific conductance).

CORRECTIVE ACTION PLAN

The DOE is required to evaluate alternative corrective actions that
could be implemented if the disposal monitoring program indicates that
the disposal cell is not performing adequately (40 CFR 192.02(c)). The
DOE should consider reasonable failure scenarios of the disposal cell
and demonstrate that corrective actions could be implemented no later
than 18 months after finding an exceedance of the groundwater protection
standards.

The DOE has demonstrated that the disposal cell at Green River has
been designed (and will be constructed) to perform for the mandated de-
sign 1ife of 1000 years (see Section £.2.2.2). The design has {incorpo-
rated standard safety factors and should therefore perform for at least
1000 years with minimal maintenance. There is therefore no “reason-
able" failure scenario that would be related to catastrophic structural
failure.

A potential "fajlure® of the cover system, in terms of groundwater
protection, would be if the infiltration/radon barrier was not 1imiting
infiltration to the design flux rate of 2 x 10-8 cm3/cm2s. The
best-case corrective action for this condition at Green River would be
first to assess the potential impacts to groundwater at the flux rate,
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and then to assess the risks to human health and the environment should
there be a potential impact. A preliminary risk assessment conducted
for the Green River site (DOE, 1989a) indicated minimal pathways for
human exposure to the potentially affected aquifers because of already
poor quality groundwater within the aquifers. It is unlikely that any
corrective action would be required at the Green River site such as
reconstructing the cover system or active restoration of the affected
aquifer(s) because of the minimal risk to human health or the environ-
ment. To finalize the preliminary risk assessment to include a specific
failure scenario would take only a few months; this plus any other
necessary corrective action (applying for alternate concentration limits
(ACLs) for any hazardous constituents predicted to exceed the proposed
concentrations 1imits) could be done within the 18-month action time
frame. The worst-case corrective action scenario would require removal
and replacement of the cover and possible groundwater cleanup.

An exceedance of the proposed concentration l1imit for any hazard-
ous constituent at the point of compliance (as determined from saturated
zone monitoring during the early stages of performance monitoring) would
1ikely be a result of drainage of construction water. This would be
verified by examining the moisture monitoring system in the tailings to
be sure that excess moisture is not passing through the cell barrier.
Since every effort will be made during construction of the cell to limit
the amount of water added for compaction (per specific construction
specifications) and dust suppression, an excursion at the point of com-
pliance is considered highly unlikely, particularly when travel time of
any contaminants through the bottom six feet of buffer (and foundation
bedrock) is considered. Any excursion at the point of compliance de-
tected by saturated zone monitoring would result in resampling and
analysis at least once to verify the excursion. Details of these
procedures will be presented in the S&M plan for Green River.

CLEANUP AND CONTROL OF EXISTING CONTAMINATION

The DOE and NRC consider that evaluation of groundwater cleanup of
existing contamination (Subpart B of 40 CFR 192) at the Green River
processing site should be deferred until after the EPA promulgates
final groundwater protection standards, provided the DOt demonstrates
that disposal may proceed independently of cleanup (Subpart B of the
standards can be "decoupled” from Subpart A).

By defining existing and background water quality at both the pro-
cessing and disposal sites, the DOE has demonstrated that the present
water quality i§s distinguishable and any adverse impacts from the reme-
dfal action can be identified. In addition, construction of the dispo-
sal cell in no way precludes any future aquifer restoration activities
from taking place, should active restoration be deemed necessary.
Finally, because the period of construction is relatively short at
Green River and the extent of existing contamination is almost entirely
within the site boundaries (land owned by the State of Utah), there is
very little or no risk that human health or the environment could be
impacted by leaving the contamination in place during the interim
period between remedial action and evaluation of groundwater cleanup.



There are several methods of restoring the affected aquifers at
the Green River processing site if it ever becomes necessary to do so.
Because the source of contamination will be removed when the tailings
are placed and stabilized at the disposal site, and background quality
of groundwater in the affected aquifers is poor, the most appropriate
method of restoring the aquifers is probably to allow the contamination
to flush naturally and disperse downgradient from the site. Natural
flushing may be used as the sole method for restoration, or it may be
used in conjunction with any of a number of active restoration methods.
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E.2 DISPOSAL CELL FEATURES TO PROTECT WATER RESOURCES

This section discusses natural site features and design considerations

important in the performance of a disposal cell for protecting water resources
at Green River. Details of the proposed disposal cell cover are presented in
Section £.2.2. Design details and specifications are presented in Appendix F.

£.2.1

DESIGN CONSIDERATIONS

The disposal site 1s in a topographically high area 600 to 1200
feet south of the present tailings pile (see Figure D.5.1 of Appendix
D). The present tailings surface is in the floodplain of Brown's Wash
(elevation 4080 feet) and the proposed disposal site is 4140 feet in
elevation at the existing grade. The tailings will be placed in a
mostly below-grade disposal cell; the base of the excavation will be at
an elevation of about 4098 feet. The disposal cell foundation
(unsaturated bedrock) consists of moderately to highly fractured shale,
mudstone, and limestone of the upper Cedar Mountain Formation to a
depth of about 15 feet below the base of the excavation. Below this
depth, the Cedar Mountain Formation is saturated and it consists of an
additional 10 to 40 feet of moderately to highly fractured silty
sandstone and sandstone conglomerate. A diagrammatic cross section of
the proposed disposal cell and foundation is shown on Figure E.2.1.
Figure £.2.2 shows the components of the cover system.

In terms of groundwater protection, the cell design makes maximum
use of favorable natural conditions at the site. Some of the design
and disposal site features and considerations include the following:

0 Mostly below-grade disposal of the tailings to limit the
exposed area of the pile, and thereby minimize percolation of
precipitation through the tailings.

o Consistent, uniform, vertical fracturing of the foundation
bedrock to prevent ponding ("bathtubbing”) in the tailings, and
promote drainage of runoff water from the toe of the cell.

o Abundant, desirable, secondary minerals on the foundation
fracture surfaces to attenuate tailings seepage in the unlikely
event that seepage leaves the cell.

(] Stronj. upward, vertical hydraulic gradients in the saturated
bedrock downgradient of the disposal site to inhibit downward
migration of contamination.

o Flow direction in the shallow groundwater beneath the disposal
site that {is toward the present tailings pile and existing
contamination.

o Inclusion of a buffer layer to absorb contamination exiting the
contaminated material and to separate contaminants further from
groundwater.
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Limiting the placement moisture content of the contaminated
materials in order to prevent drainage of construction water.

Placement of a tight clay cap and surface drainage layers that
promote runoff and 1imit infiltration.

The following sections describe in more detail the site-specific

natural

features and design considerations important in the optimum

performance of the proposed cell design to protect groundwater.

£.2.1.

Climate

Climate is an important design consideration because of
its effects on the quantity of water available to percolate
through the tailings and potentially move contaminants to
groundwater. The Green River site is semiarid and is there-
fore well-suited for tailings disposal.

Climate at the Green River site is discussed in detail in
the environmental assessment (DOE, 1988c). The average annual
precipitation at Green River was six inches for the period
1951 through 1980. Other climatological data as excerpted
from the environmental assessment are: the average annual pan
evaporation (60 inches per year); the average annual tempera-
ture (52°F); and the average snowfall (10 inches per year).

C. W. Thornthwaite Associates (1964) and the DOE (1983)
have calculated the net infiltration of annual precipitation
to groundwater (deep percolation) for Green River, Utah. Both
studies independently calculated the ratio of yearly precipi-
tation to yearly actual evapotranspiration to be unity; that
s, no water percolates to the groundwater from precipita-
tion. In reality, there is some very small discrete quantity
of water that reaches the groundwater system when climate
conditions allow deep percolation (i.e., sustained rainfalls
or meiting snow cover; Walton, 1970). This natural recharge
occurs 1in topographically 1low areas where soils remain
saturated for long periods (Freeze and Cherry, 1979).

Rush et al. (1982) estimated that one percent or less of
the average annual precipitation in the Green River, Utah,
area recharges the upper groundwater system. Rush et al.
(1982) note that the recharge estimate is conservatively high
because all of the soils within the study area were assumed to
be coarse-textured and, therefore, to have a high potential
for deep percolation. In addition, this nominal recharge was
estimated to occur in low-lying areas within the basin,
principally in drainages. One percent of the average annual
precipitation at Green River is equal to 1.4 x 10-9 inch
per second (4.8 x 10-9 centimeters per second, or cm/s).

The consumptive use of precipitation by vegetation is
nominal in the Green River area because of the lack of rain-
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fall and consequent lack of vegetation. For this reason, the
rock cover proposed for the Green River disposal cell fis
appropriate. It is reasonable to believe that the disposal
cell will 1imit Infiitration through the tailings to a rate
that s equal to or less than the conservative estimate of
basin recharge by Rush et al. (1982). Additional discussion
regarding cover infiltration and performance is presented in
Section E.3.2.

Drainage of surface runoff and tailings water
Drainage of surface runoff

Precipitation that falls directly on the disposal cell
will either evaporate, infiltrate into the tailings, or run
off the cell through the rock riprap or filter bedding. The
disposal cell and foundation must act to prevent leachate
generation by the runoff water that could potentially accumu-
late at the contact of the disposal cell cover with the
foundation embankment.

A conservative estimate of the quantity of runoff Ffrom
the disposal cell cover system is 15.2 centimeters per year
(cm/yr) (equal to the average annual precipitation) multiplied
by the total area of the cell (4.4 acres; 1.8 x 108 cm?).
Theoretically, this runoff could create a ring of ponding
(below-grade) around the toe of the pile (see Figure E.2.1).
Should ponding occur, the minimum infiltration (drainage) rate
will be proportional to the vertical hydraulic conductivity of
the bedrock, under a gradient of unity. For drainage con-
siderations, a value of 0.2 foot/day (7.1 x 10-5 cm/s) was
chosen to be a conservative value of the bulk (fractured)
vertical hydraulic conductivity of the fractured foundation
bedrock beneath the disposal site. This value is equal to the
lowest calculated bulk horizontal hydraulic conductivity of
the upper-middle hydrostratigraphic unit (see Table D.5.8 of
Appendix D). Therefore, the minimum drainage rate would equal
7.1 x 1079 cm/s. Making allowances for the geometry of the
cell and the porosity of the bedding layer (assumed to be
0.25), the maximum potential ponding depth around the
periphery of the cell would equal 74 cm (29 inches), or about
23 inches (maximum) ponding into the Type A riprap. The width
of this ponding ring around the perimeter of the cell is very
small (approximately one percent of the area of the tailings)
and thus the ponding would have no affect on infiltration or
Jeachate generation.

This estimate of maximum potential ponding is very
conservative because 1t assumes (1) the buffer layer beneath
the tailings is non-existent, when in reality the buffer layer
will help drain any runoff from the toe of the cell and
prevent preferential flow paths from developing; (2) a minimum
calculated bedrock hydraulic conductivity; (3) no evaporation;



and (4) no infiltration. A more likely condition is that a
significant portion of the precipitation that falls on the
cell will evaporate back to the atmosphere or infiltrate into
the foundation rock and/or surrounding soil.

Drainage of tajlings construction water

Tailings materials and windblown and other contaminated
materials will be placed in the disposal cell in as dry of a
moisture condition as practicable in order to minimize the po-
tential impact of drainage of construction water. The discus-
sion of analyses presented in Section E.3.2 shows that the
actual placement moisture content of these materials will com-
pare to the residual moisture contents determined from labora-
tory capillary retention data. Therefore, the drainage of
tailings construction water has been considered in the overall
groundwater compliance strategy.

€.2.2 DISPOSAL CELL DESIGN

The Green River disposal cell cover will consist of a series of
layers on top of the compacted contaminated materials. Prior to place-
ment of contaminated material, a layer of uncontaminated silty to clayey
sand will be placed to cover the fractured bedrock surface of the exca-
vation. The various layers, including the windblown and other contami-
nated materials and the unsaturated bedrock below the disposal cell,
will act as a system that prevents contamination of the uppermost aqui-
fer. The system s designed to 1imit the movement of moisture through
the disposal embankment to less than the saturated hydraulic conductivi-
ty of the infiltration/radon barrier operating under a unit gradient.

In addition, the cover components prevent erosion of the disposa)
cell by stormwater runoff, l1imit the radon emanation into the atmos-
phere, and prevent ponding of water on the disposal cell surface by
promoting rapid runoff of precipitation.

Figure E.2.1 shows a cross section of the tailings disposal cell.
Details of the cover are shown in Figure £.2.2. The reasons for incor-
porating the individual components of the disposal cell and the design
specification for each are discussed in this section. The performance
of each component and the system are described in Section £.2.2.2.

£.2.2.1 Cell components
Cell geometry

The disposal cell surface area has been minimized by
providing the deepest burial depth (below-grade) without
compromising the depth from contaminated material to
groundwater. Also, the steepest sideslope geometry that
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optimizes rock sizes for erosion control has been used. The
topslope area has been minimized to the extent allowed by
conventional construction equipment. A1l of this results in
an optimized pile geometry that will minimize the amount of
time that precipitation remains on the cell.

Erosion barrier (riprap)

The rock riprap will protect the disposal cell from
erosion up to Probable Maximum Precipitation (PMP) surface
water flows. No other design feature except possibly
vegetated earthen covers can perform this task. At Green
River the amount of rainfall i{s insufficient to support a
vegetated cover (see Section E.2.1.1). The riprap will also
serve the following functions:

0 To prevent deep drying of the underlying infiltration/
radon barrier and thus potential cracking.

o To limit the amount of vegetation that can establish
itself on the pile.

o To provide frost protection to the underlying layers.

The quality of rock specified will meet NUREG/CR-4620
(Nelson et al., 1986) for durability and the layer will be
sufficiently thick (12 1inches) to provide adegquate erosion
protection (DOE, 1988b). Specifications for rock quality
placement criteria and placement details are contained in
Section 2278 of the Final Design, Appendix F.

Bedding laver

The bedding layer will consist of six inches of clean
sand and gravel. It will perform in three ways: (1) by
acting as a separator between the infiltration/radon barrier
and the rock riprap during construction; (2) by allowing rapid
runoff of surface water from rainfall over the radon barrier;
and (3) by providing frost protection for the underlying
layers. The material will have a design hydraulic conduc-
tivity of greater than one cm/s and be specified to meet
NUREG/CR-4620 (Nelson, et al., 1986) durability criteria.
Specifications for grading and placement are contained in
Section 2278 of the Final Design in Appendix F.

Infiltration/radon barrier
The infiltration/radon barrier will consist of three feet

of bentonite-amended, compacted clay soil obtained from the
Elgin borrow source. The soils will be modified with six
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percent sodium bentonite and placed so that a minimum labora-
tory saturated hydraulic conductivity of 2 X 10-8 cm/s will
be obtained. The upper portion of the infiltration/radon
barrier along with the riprap and bedding material will act as
frost protection to the lower portion. At least one foot of
the infiltration/radon barrier will be maintained below the
design frost depth. Specifications and details of the radon
barrier processing, placement, and compaction are presented in
Section 2200 of the Final Design, Appendix F.

Jailings

Tailings placed in the disposal cell will be compacted at
a moisture content that is near the specific retention moisture
content of the material. Compaction and environmental (dust
control) water will be controlled so that the final in-place
moisture content of the tailings is as near or below this value
as practicable. The Final Design, Appendix F, provides speci-
fications in Section 2200 for placement, compaction, and mois-
ture control of contaminated materials.

Windblown and other contaminated material

The windblown and other contaminated material will be
placed and compacted at a moisture content as near to the spe-
cific retention moisture content as practicable. These mater-
fals contain minor radioactive contamination but, as indicated
by the laboratory batch and column leach tests, they do not
provide significant contamination to the percolating water.

Buffer laver

Particle gradation of the buffer layer will be finer (as
measured by the percent passsing the No. 200 sieve) than the
tailings. The upper eight to ten feet of disposal cell exca-
vation is considered a suitable source for this buffer layer.
The moisture content at placement for this layer is 11 to 17
percent, which is also the predicted long-term steady state
mofsture content. Placement and compaction specifications are
contained in Section 2200 of the Final Design, Appendix F.

Disposal cell longevity

The EPA standards (40 CFR 192) require that the disposal
cell be designed for 1000 years where reasonably achievable,
and in any case for at least 200 years. Natural, stable mater-
jals will be used in construction so that the long-term per-
formance is ensured. ODesign techniques will be used that are
suitable for periods much Tonger than the 1000 years required.

E-16



Rock erosion protection has been sized and suitable,
durable material selected that will perform adequately over
the design 1ife of the disposal cell. Bedding material has
been selected using the same durability criteria as that of
the rock. The material is sized to drain water rapidly, and
oversizing is employed to provide a margin of safety from
plugging by wind-blown silts. Also, the bedding is bounded on
top by larger diameter riprap; should some plugging occur, it
will enhance runoff in the rock riprap layer.

The radon barrier clays will be protected from erosion by
the rock erosion protection and the bedding layer. Uniformity
of hydraulic conductivity will be ensured by the addition of a
small percentage of sodium montmoriilonite (bentonite). All
material placement and compaction has been specified to ensure
that the disposal cell will be constructed as designed.

The final Remedial Action Plan (RAP), construction docu-
ments, and associated calculations are all prepared as docu-
mentation of the disposal cell performance. The effect of
freezing and thawing was not documented in these supporting
calculations. The following discussion demonstrates that the
disposal cell cover will provide adequate protection from
freezing and thawing cycles. A separate calculation has been
performed to support this discussion and is retained at the
DOE UMTRA Project Office, Albuquerque Operations Office,
Albuquerque, New Mexico.

In order to determine the effect of frost penetration
upon the cover design, it is necessary to determine the depth
of frost penetration for the site and cover materials. Data
necessary to determine depth of freezing include the minimum
and maximum temperatures at the site, the geometry of the
cover (specifically the thickness of each component), the dry
density of each component, and the moisture content(s) at
which the cover is performing.

Weather data

Historical weather data are available for Green River,
Utah, from the National Oceanographic and Atmospheric Adminis-
tration (NOAA). The Green River weather station is 1.5 miles
west-northwest of the disposal site and at 4070 feet above mean
sea level. The original grade at the site is 4154 feet above
mean sea level. Based on the topography of the area, it is
reasonable to assume that the site and the weather reporting
station are in similar climatic areas and are not influenced
by microclimatic (topographic) effects. Thirty-eight years of
temperature data are avajlable, of which 20 years provide
sufficient annual data to be usable for analysis.
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Cover geometry and materjal properties

The cover geometry analyzed was presented in Section
£.2.2.1. The 12-inch-thick erosion protection layer has a dry
density of 140 pounds per cubic foot, and being free-draining,
will have a low moisture content estimated at five percent.
The sand and gravel bedding material is also free-draining.
The estimated dry density is 130 pounds per cubic foot and the
moisture content is five percent. Since these are estimates
based on typfcal values for sofl and rock, sensitivity analy-
ses are performed to observe the effect of cover geometry and
material properties on frost depth. The infiltration/radon
barrier will be placed at a dry density of not less than 110
pounds per cubic foot and will operate unsaturated near the
optimum moisture content of 15 percent. Since some variation
in the long-term moisture content of this material is antici-
pated, sensitivity analyses are performed varying the moisture
content of the radon barrier materfial. Since the cover will
be designed to maintain at least one foot of radon barrier
below the calculated frost depth, no other soil properties are
required for the analysis.

Analytical techniques

Published 1literature on frost depth provides various
regional frost depth maps of the United States. One such map
shows a frost depth of 32 inches for the Green River vicinity
(U.S. Navy, 1982). Discussions with the Green River city
engineer indicate that foundations and pipes are typically
buried 36 inches below ground. For detailed analyses of the
disposal cell cover design, a computer program developed by
the U.S. Army Corps of Engineers Cold Regions Research and
Engineering Laboratory was used. -The program listing, along
with the methodology employed in performing the analyses, is
presented in "The Effect of Freezing and Thawing on UMTRA
Covers" (DOE, 1988b). Results of the analyses are on file at
the UMTRA Project office in Albuquerque, New Mexico.

Statistical curve-fitting techniques were wused to
extrapolate the historic recorded temperatures to obtain a
200-year return interval for the required weather data. The
least squares linear regression was used because it provides a
good "fit* for the data. This resulted in a predicted
nonexceedance freezing index value of 1080 degree days, a
:7.5'F mean annual temperature, and a 137-day duration of

reeze.

Additional conservatism was added to the analyses by
assuming that the coldest and longest freezing period occurs
simyltaneously with a dry period. Thus, insulating factors
such as snow and ice accumulations in riprap were ignored.



Results

Based upon the information and data presented in the
previous sections, a frost depth of 38.7 inches was calculated
for the Green River site. Variations of material properties
for the rock riprap, bedding, and infiltration/radon barrier
layers resulted in less than seven percent variance in the
depth of freezing. Variations in climatic conditions as input
parameters also resulted in less than seven percent variance
in the depth of freezing.

The value selected for the depth of freezing is deeper
than that used by local building officials and is considered a
reasonable and conservative value for use at the Green River
site. Although weather data are extrapolated for only 200
years, the calculated frost depth will have a longer return
interval than 200 years since the insulating effect of snow
was conservatively ignored.
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€.3 DISPOSAL AND CONTROL OF RADIOACTIVE MATERIALS AND NONRADIOACTIVE
CONTAMINANTS

£.3.17 GROUNDWATER PROTECTION STANDARD FOR DISPOSAL

For the Green River disposal site, three basic factors for
complying with the groundwater protection standards are required (40
CFR 192.02). These are (1) determination of hazardous constituents
within the disposal cell, (2) proposal of a concentration 1limit for
each hazardous constituent, and (3) specification of the point of
compliance. The following sections discuss these requirements.

£.3.1.1 Hazardous constituents

Appendix IX of 40 CFR 264 1s a 1ist of hazardous
compounds and elements used in screening suspected contami-
nation at land-based hazardous waste treatment, storage, and
disposal facilities under the EPA's Resource Conservation and
Recovery Act (RCRA) Program. The list in Appendix IX is also
used to screen for contamination due to uranium mill tailings
and ore processing. However, most of the hazardous compounds
in Appendix IX are not normally associated with uranium mill
tailings because they were intended primarily for screening
RCRA hazardous waste sites. The proposed EPA groundwater
standards for uranium mill tailings disposal at jnactive sites
(40 CFR 192) 1incorporate Appendix VIII of 40 CFR 264 by
reference; Appendix VIII has been superseded by Appendix IX.
In addition to the Appendix IX suite, molybdenum, nitrate,
radium 226 and 228, uranium 234 and 238, and gross alpha
activity are potentially hazardous constituents within uranium
mill tailings, and should be considered during characterization
(40 CFR 192.02(3)(1,11)).

The hazardous constituents within the Green River tail-
ings are related to both the uranium ore and the chemicals
used in the milling process. Section D.5.2.8 of Appendix D,
Site Characterization, discusses the milling process at Green
River and the physical and chemical characteristics of the
tailings. The following discussion of hazardous constituents
within the Green River tailings is subdivided into inorganic
and organic components. Table £.3.1 is a summary of the
hazardous constituents identified within the Green River
tailings.

Inorganic constituents

The inorganic constituents within the tailings at Green
River are mostly metal and metalloid elements assocjated with
the uranium ore. Those elements that should be considered
include antimony, arsenic, barium, beryllium, cadmium,
chromium, lead, mercury, selenium, silver, thallium, tin, and
vanadium (40 CFR 264, Appendix IX). Of these elements, only
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Table E.3.1 Summary of hazardous constituents within uranium mill
tailings at Green River, Utaha

Concentration Concentration Detection EPA

Constituent pore waterd subpilec 1imitd McLe Standardf
Cadmium 0.032 <0.001 0.001 0.010 Title 1
Chromium 1.88 0.03 0.01 0.05 Title 1
Molybdenum 0.15 0.27 0.01 0.1 Title 1
Nickel 25.3 0.05 0.04 none Title I
Nitrate 2251 _ 440 1 44 Title I
Selenium 0.15 0.76 0.005 0.01 Title I
Uranium 448.0 2.23 0.003 0.044 Title I
Yanadium 178.0 0.24 0.01 none Title I
Radfum-226

and -228 NM 7.5 pCiN 2.0 pCi/1 5.0 pCi/1 Title I
Gross alpha NM 1200.0 pCi/ 0.2 pCi/1 15.0 pCi/1 Title I

3A11 concentrations are in mg/1 unless noted otherwise.

bpata from lysimeter 714 (see Figure D.5.1 and Table D.5.22 of Appendix D).
Values are arithmetic mean where two analyses are reported in Table D.5.22.
"NM" means not measured.

CMaximum reported value from Table 0.5.14 of Appendix D for on-site alluvial
monitor wells 702 and 808.

diaboratory method detection limit.

€"None" means there is no MCL for that constituent.

f*Title I* refers to EPA proposed standards for remedial action at inactive
(Title I) uranium processing sites (40 CFR 192). The MCLs established by 40
CFR 143 are the same as those in the State of Utah Drinking Water Standards
for community water systems.
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arsenic (0.05 milligrams per 1liter, or mg/1), barium (1.0
mg/1), cadmium (0.01 mg/1), chromium (0.05 mg/1), lead (0.05
mg/1), mercury (0.002 mg/1), and selenium (0.01 mg/1) have
associated MCLs (see Table D.5.1). Other inorganic elements
and associated MCLs include: (from 40 CFR 192.02(3)(i,ii))
molybdenum (0.10 mg/1); nitrate as NO3 (44 mg/1); radium-226
and -228 activity (5.0 picocuries per 1liter, or pCi/l);
uranium-234 and -238 (30 pCi/1 activity or 0.044 mg/1); and
gross alpha activity (15 pCi/i1). Based on acidic (Jow pH)
pore water samples of the Green River tailings (see Table
D.5.22 of Appendix D), values of the following inorganic
hazardous constituents are higher than the proposed MCLs (see
Table E.3.1):

Cadmium.
Chromium.
Molybdenum.
Nitrate.
Selenium.
Uranium.

00000

Concentrations for the following inorganic hazardous
constituents without MCLs are higher than laboratory method
detection limits (see Table E.3.1):

0 Nickel.
0 Vanadium.

Originally, beryllium and thallium were not analyzed for
in groundwater, tailings, windblown soils, or buffer materials
at the Green River site. Both of these elements exist in
trace quantities in nature. However, recently the DOE has
evaluated whether beryliium and thallium are hazardous
constituents in the contaminated materials (see Table D.5.27
of Appendix D). Representative samples of tailings, windblown
soils, and buffer materials were collected and analyzed for
these constituents. Laboratory analyses indicate that neither
beryllium nor thallium s present in the contaminated
materials. Consequently, these two constituents will not be
1?c10ded in the list of hazardous constituents at the disposal
site.

Ammonium contamination was identified in the top hydro-
stratigraphic unit beneath the present tailings pile (see
Section D.5.2.7 of Appendix D). Ammonium was used in the
milling process (see Section D.5.2.8 of Appendix D) and may be
present in the groundwater beneath the tailings by the chemi-
cal reduction of nitrate within the tailings to ammonium.
Ammonium is present in much Tlower concentrations within the
- tajlings pore fluid (see Table D.5.22 of Appendix D) than in
concentrations presently in groundwater beneath the tailings
(see Figure D.5.19 of Appendix D). Ammonium is not considered
a hazardous constituent per Appendix IX of 40 CFR 264 or 40
CFR 143 and it has no associated MCL.
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Organic constituents

Any organic compounds within the tailings would be present
from processing activities. As discussed in Section D.5.2.8
of Appendix D, the sand tailings at Green River were leached
with acid, and excess acid was neutralized with ammonia.

As discussed in detail in Section D.5.2.7 of Appendix 0,
a priority organic pollutant scan and analyses specifically
for volatile and semi-volatile organic compounds were con-
ducted on a sample from a lysimeter and several monitor wells
at the tailings site. The analytical results showed no com-
pounds to be present in confirmable concentrations (TAC,
1988). However, methylene chloride will be included in the
hazardous constituents 1ist because it {is the breakdown
product of several organic compounds, and has the potential to
exist at the disposal site. Therefore, the DOE has added
methylene chloride to the hazardous constituents 1ist. The
priority pollutant scan results and the other organic analyses
are on file in the DOE UMTRA Project Office in Albuquerque,
New Mexico.

Proposed concentration limits

The DOE 1intends to comply with the proposed EPA ground-
water standards by meeting MCLs or background concentrations
for those constituents identified in Section £.3.1.1 and
summarized in Table E.3.1. Specifically, the proposed
concentrations are as shown in Table E.1.1. Section E.3.2
will demonstrate that the disposal «cell will perform
adequately to prevent any Jlong-term adverse impacts to
groundwater beneath, or peripheral to, the disposal site.

Arsenic and lead have not been identified as hazardous
constituents of concern at the Green River site, but they can
be derived from the uranium milling process and have been
evident at other UMTRA Project sites in excess of their
respective MCLs. Consequently, the DOE will 1include these
elements on the hazardous constituents list.

The proposed concentrations listed in Table E.1.1 were
selected with consideration of the distribution of constit-
uents in the upper-middle and lower-middle hydrostratigraphic
units, both of which subcrop beneath the proposed disposal site
(see Sections D.5.2.3 and D.5.2.5 of Appendix D). The quality
of water in these two units beneath the disposal area is simi-
lar (see Section D.5.2.6 of Appendix D). Table E.3.2 is a
summary of the descriptive statistical parameters for the back-
ground water quality at the disposal site. Monitor wells used
to define the background water quality beneath the disposal
site include 816 in the upper-middle unit and 562 and 813 in
the lower-middle unit (see Figure D0.5.1 of Appendix D for
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Table £.3.2 Descriptive statistical parameters for background water

quality at the Green River UMTRA Project disposal site,
Green River, Utahd

Number Arithmetic - b Observed
Constituent of samples, n mean, X X + 2s max imum Skewness
Cadmium 4 0.003 0.007 0.005 0
Chromium N 0.03 0.09 0.09 1.057
Molybdenum N 0.1 0.24 0.22 0.290
Nickel 4 0.06 0.09 0.09 1.155
Nitrate 1 90 180 173 0.161
Selenium 11 0.383 1.779 2.50 2.478
Uranium n 0.0538 0.1252 0.1460 1.303
Vanadium 10 0.08 0.30 0.38 2.326
Radium-226 5 2.1 pCil 4.5 pCiNn 3.9 pCi/1 0.438
and -228
6ross alpha 5 89 pCiN 195 pCi/1 150 pCi/l 0.041

3A11 concentrations are in mg/1 unless noted otherwise.
proposed concentration limits.

See Table E.1.1 for
Samples include water quality analyses from

monitor wells 562, 813, and 816 from sample rounds 6/86; 9/86; 2/87; 10/87;
1/88; 5/88; and 7/88. See Figure D.5.1 of Appendix D for location of wells.
bMean value plus two standard deviations from the mean.

locations of the monitor wells). The following are detailed
explanations of how the proposed concentration limits were
determined.

Arsenic

The DOE does not propose a concentration 1limit for
arsenic. Instead, the NRC's proposed interim concentration
Jimit of 0.05 mg/1 (MCL) will be utilized. This interim limit
may be revised based on new monitoring data to be collected
during and following construction of the disposal unit.

Cadmium
The DOE proposes an MCL of 0.01 mg/1 for cadmium. Cadmium

has been measured three times in monitor well 562, and once in
well 813. The concentrations ranged from <0.001 to 0.005 mg/1.

Chromium

The DOE proposes a concentration of 0.09 mg/1 for chro-
mium. Chromium has been measured twice in the upper-middle
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unit and nine times in the lower-middle unit. The observed
concentration range was <0.01 to 0.09 mg/1.The mean was 0.03
mg/1. The value of the mean plus two standard deviations from
the mean was 0.09 mg/1.

Lead

The DOE does not propose a concentration 1imit for lead.
Instead, the NRC's proposed interim concentration 1limit of
0.05 mg/1 (MCL) will be utilized. This interim limit may be
revised based on new monitoring data to be collected during
and following construction of the disposal unit.

Methylene chloride

The DOE does not propose a concentration 1limit for
methylene chloride. Instead, the NRC's proposed interim
concentration 1imit of 0.005 mg/1 (background) will be
utilized. This finterim 1imit may be revised based on new
monitoring data to be collected during and following
construction of the disposal unit.

Molybdenum

The DOE proposes a concentration of 0.24 mg/1 for molybde-
num, which is the mean concentration of 11 analyses plus two
standard deviations from the mean. Molybdenum has been mea-
sured twice in the upper-middle unit and nine times 1in the
lower-middle unit. The observed concentration range for these
was 0.02 to 0.22 mg/1.

Nickel

Nickel has neither a proposed MCL (per 40 CFR 192), an
EPA secondary drinking water 1limit, nor a state of Utah
drinking water maximum concentration 1imit. Nickel has been
measured three times in monitor well 562 and once in well
813. The arithmetic mean of the four values was 0.06 mg/1.
The observed values ranged from 0.05 to 0.09 mg/1. The DOE
proposes a concentration of 0.09 mg/1 for nickel, which is the
mean value plus two standard deviations from the mean; it is
also the maximum observed value from the four analyses.

Nitrate

Nitrate has been measured twice in the upper-middle unit
and nine times in the lower-middlie unit. The observed con-
centration range for these analyses was 12 to 173 mg/1. The
arithmetic mean of the eleven analyses was 90 mg/1. The DOE
proposes a concentration of 180 mg/1 for nitrate, which is the
mean value plus two standard deviations from the mean.
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Selenfum

Selenium has been measured twice in the upper-middle unit
and nine times in the lower-middle unit. Selenium concentra-
tions have been highly variable in both of the units; the
observed concentration range for the available analyses was
<0.005 to 2.5 mg/1. The arithmetic mean of the eleven analyses
was 0.383 mg/1. The DOE proposes a concentration of 2.5 mg/1
for selenium, which is the maximum observed value from the 11
analyses.

Uranium

Uranium has been measured twice in the upper-middle unit
and nine times in the lower-middle unit. The observed concen-
tration range for the available analyses was 0.0074 to 0.146
mg/1. The arithmetic mean of the eleven analyses was 0.0538
mg/1. The mean value plus two standard deviations from the
mean was equal to 0.125 mg/]l. The DOE proposes a
concentration for uranium of 0.1460 mg/1, which is the maximum
observed concentration for wuranium in the 11 background
analyses.

Vanadium

Vanadium has been measured twice in the upper-middle unit
and efight times in the lower-middle unit. The range of the
available analyses was <0.01 to 0.38 mg/1. The arithmetic
mean of the analyses was 0.08 mg/1. The mean value plus two
standard deviations from the mean was equal to 0.30 mg/1. The
DOE proposes a concentration for vanadium of 0.38 mg/1, which
js the maximum observed concentratijon of the 10 background
analyses.

Radium-226 and -228

The DOE proposes an MCL of 5.0 pCi/1 for radium -226 and
-228. Radium activity has been measured once in the upper-
middle unit and four times in the lower-middle unit. The
observed activity range for radium was 0.8 to 3.9 pCi/1 for
the five analyses.

Gross alpha

Gross alpha activity has been measured once in the upper-
middle unit and four times in the lower-middle unit. Gross
alpha activity ranged from 21.0 to 150.0 pCi/1 for the five
analyses. The arithmetic mean value of the analyses was 89.0
pCi/1. The DOE proposes an activity of 195 pCi/1 for gross
alpha, which is the mean value plus two standard deviations
from the mean.
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Natural variation

The DOE-proposed concentration 1imits and NRC-proposed
interim concentration limits discussed in this section will be
reviewed and updated following the two-year interim monitoring
period following completion of the remedial action as necessary
to reflect the additional background data. The measured
concentrations have a natural variability associated with them
and must be adequately assessed for planning purposes.
Construction and performance monitoring will be discussed in
more detail 1in Section E£.3.4. A corrective action plan for
the disposal site will be discussed briefly in Section E.3.5.
Final details of performance monitoring and corrective actfon
plans will be presented in a separate document (surveillance
and maintenance plan) for the Green River site.

€.3.1.3 Point of compliance

The point of compliance at the Green River disposal site
will be the entire northwest and northeast edges of the
engineered cell as shown in Figures E.3.1 (plan view) and
€.3.2 (cross section). Details of the number of monitor wells
at this Jocation and the frequency of sampling will be
discussed briefly in Section E.3.4 and in detail in the
forthcoming surveillance and maintenance plan for the Green
River disposal site.

€.3.2 PERFORMANCE ASSESSMENT

The proposed disposal cell design as described in Section £.2 will
prevent the 1introduction of contaminants into the groundwater by
providing for leachate travel times from the base of tailings to the
bottom of the disposal cell of between 450 to in excess of 1100 years.
Due to the lack of understanding of the behavior of seepage in the
vadose zone below rock-covered areas, as well as Jlimitations of
currently available groundwater (infiltration) models, a conservative
approach to evaluating the pile performance was taken.

Travel time was estimated from the base of the tailings through
the windblown and other contaminated material, and through the buffer
layer. Credit for travel through the windblown and other contaminated
material was taken because laboratory batch and column leaching tests
on these materials indicate that they contain no significant leachable
contamination (see the set of calculations accompanying this RAP).
Travel time through the foundation bedrock cannot be accurately esti-
mated due to fracturing. Because any leachate percolating through the
tailings is not expected to reach groundwater within the design life of
this cell, no degradation of groundwater quality as a result of

remedial action is anticipated.
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This section describes the analyses performed to evaluate seepage
through the disposal cell and summarizes the impacts on disposal cell
performance. The calculations performed for these analyses are
retained in the DOE UMTRA Project Office, in Albuquerque, New Mexico.

£.3.2.1 Conceptual model assessment

In order to estimate the travel time of contaminated
water to the groundwater and to evaluate the sensitivity of
these analyses and associated assumptions, several approaches
were used to predict the cell performance. Analyses of the
redistribution of moisture through the cell were performed
using UNSAT2 computer code (NRC, 1983). In addition, simpli-
fying assumptions were made by assuming that the steady state
travel time will be controlled by the least permeable layer
(in this case the cover) and that the materials will operate
at a flux equivalent to this saturated hydraulic conductivity
under a unit gradient.

System geometry and boundary conditions

Figures E.2.1 and E.2.2 are diagrammatic cross sections
depicting the cell cover, tailings, windblown, and other
contaminated material, buffer layer, and foundation soils and
bedrock. Detailed information about each of those components
is provided in Section £.2.2 and D.4 of Appendix D.

It is assumed that moisture redistribution occurs in a
vertical direction or one dimensional flow, due to the rela-
tive homogeneity of the materials and the large lateral extent
of the cell in relation to its thickness. The cover layering
consists of three feet of compacted infiltration/radon barrier,
over 25 feet of compacted tailings, which in turn overlies 25
feet of compacted windblown and other contaminated material.
Under this material is a six-foot-thick compacted buffer layer
overlying 14 feet of bedrock between the base of the cell and
the uppermost aquifer. Other aspects of the cover system and
cell geometry are discussed in detail in Appendix B.

Other boundary conditions used for the UNSAT2 modeling
include the presence of continuously available free water to
the top of the infiltration/radon barrier. This is conserva-
tive, since historical meteorological data indicate that water
from precipitation is only available four percent of the the
time. This includes time for water to run off the cell fol-
lowing a rainfall event. Therefore, the upper boundary assump-
tion is conservative. A lower boundary suction equivalent to
14 feet of suction was applied to the bottom of the cell,
representing maximum capillary forces as influenced by the
saturated condition in the uppermost aquifer. Since the
bedrock is fractured between the cell base and the water table
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it 1s doubtful that full capillary forces will be developed.
varying this 1lower boundary between zero and minus 21 feet
pressure head resulted in no significant change in the cell
performance. The use of full capillary force due to the
proximity of the wuppermost aquifer 1s a conservative
assumption.

For the simplified analysis it was assumed that water is
continuously available to the top of the infiltration/radon
barrier, that the infiltration/radon barrier operates in a
fully saturated condition, and that the flux below the radon
barrier is equivalent to the saturated hydraulic conductivity
of the infiltration/radon barrier operating at a unit gradient.

Materia) properties

The results of capillary retention tests, saturated
hydraulic conducitivity tests, and mechanical properties tests
for the compacted infiltration/radon barrier, compacted
tailings, compacted windblown and other contaminated material,
and buffer are presented in Appendix D and Appendix G.
Material properties were selected that are considered
representative of the materials used to construct the disposal
cell. Vvariations of material properties were assessed in
selecting values wused in the analyses. These material
assessment calculations are retained in the DOE UMTRA Project
Office, Albuquerque, New Mexico.

The measured retention data for each soil were used to
estimate coefficients for van Genuchten's retention function
using the RETC program (van Genuchten, 1984). The fitted
retention function was then used to predict the unsaturated
hydraulic conductivity as a function of moisture content.
Results of the application of the RETC program to the
retention data discussed above are on file at the DOE UMTRA
Project Office, in Albuquerque, New Mexico. The parameters
used to describe each soil are presented in Table E.3.3.

Part of this travel-time-related compliance strategy
involves use of the windblown and other contaminated materials
as part of the storage capacity of the percolating contami-
nated water. Therefore, this material should not be capable
of producing . contaminants when leached. In order to verify
that this is indeed the condition of the windblown and other
contaminated material, a series of batch and column leach
tests were performed on samples considered representative of
this material (see Appendix H). The results and interpreta-
tion of these tests are on file at the DOE UMTRA Project
Office, Albuquerque, New Mexico. These tests confirm that the
windblown and other contaminated material are not capable of
producing significant amounts of contaminated leachate.
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Table £.3.3 Hydrologic properties and parameters of the van Genuchten
retention function used to describe the disposal cell soils,
Green River UMTRA Project site

Parameter

Soil description

Compaction density,
(% of optimum)

Saturated water
content (%)

Residual water
content (Vol. %)

a (fitted parameter)
(1/¢cm)

N (fitted parameter)

Saturated hydraulic
conductivity (cms)

Infiltration/ Tailings
radon barrier

pcf
100

32.0
26.9

0.0060
2.313

2 x 108

90
45.0
3.0

0.0050
2.326

6 x 10

Windblown
and other
contaminated
material

95
33.0
2.5

0.0034
2.250

1 x 104

Buffer

96
33.0
2.5

0.0034
2.250

1 x 104
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Analytical procedures

Immediately after construction, capillary gradients
created by contrasts in pore size and differences in jnitial
moisture content between the foundation, buffer, and tailings
would produce flux between these soils, and redistribution of
moisture within each soil type. At some time after cell
closure, moisture contents within the tailings, buffer layer,
and foundation soils will be in equilibrium with the average
flux through the infiltration/radon barrier. A combination of
capillary and gravitational forces would produce a constant
flux throughout the disposal cell profile. By placing the
tailings at or near the steady state moisture content of the
material, the drainage of contaminated water added due to
construction will be minimized. However, it is not practical
to specify the exact moisture content of the material as the
residual moisture content is a low value (three percent) for
the tailings and some water may be required for control of
fugitive dust or other health concerns during construction.

One method of analyzing the cell performance that
accounts for such transient seepage 1is the use of the UNSAT?
computer code (NRC, 1983). Boundary conditions and material
properties used for the analysis are discussed in the previous
two subsections. Analyses were peformed setting the initial
suctions of the tailings at values equivalent to volumetric
moisture content of five percent (residual moisture content)
and 7.1 percent (that obtained during construction). For the
buffer and windblown and other contaminated material, the ini-
tial suction was set at an equivalent volumetric moisture con-
tent equal to 10.6 percent (that obtained during construction).
The radon barrier initial suction was set equal to a moisture
content equivalent to that of optimum plus three percent. The
results of these analyses indicate that the flux from the bot-
tom of the cell reaches steady state at 8 X 10-9 cm3/cmls after
100 years for the tailings placed at a higher higher moisture
content. Equilibrium was not reached for the lower moisture
content material. However, there is l1ittle difference in flux
rate between the two placement moisture contents for flux
rates greater than 8 X 10-9 cm3/cm?s.

A closer examination of the modeling indicates that the
higher flux rate exiting the bottom of the cell, which occurs
during the first 30 to 40 years, is a result of drainage of
excess moisture from the buffer. The tailings do not show a
change 1in moisture content from placement conditions until
long after the equilibrium flux from the bottom of the cell
has been established. Therefore, the rate of contaminant
movement prior to equilibrium can be considered equal to the
unsaturated hydraulic conductivity of the lowermost tailings
material operating at a head equal to the suction imposed in
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£.3.2.2

the material. For the Green River tailings placed at 7.1
percent volumetric moisture content this corresponds to 5 X
10-9 cm/s at a gradient of near unity. Thus, the placement
of tailings materials at or slightly above the long-term
moisture content will result in no significant movement of
contaminants from the tailings above those predicted for
steady state conditions.

Based on the steady state flux rate predicted by UNSAT?2
(8 X 10-9 cm3/cm?s) and the flux rate equivalent to the
saturated hydraulic conductivity of the radon barrier acting
under a unit gradient (2 X 10-8 cm3/cm?s), the travel
time through the windblown material and buffer {is calculated
to be 1130 and 450 years, respectively. The details and
analyses described above are retained in the DOE UMTRA Project
Office, Albuquerque, New Mexico.

Discussion

The steady state groundwater travel time through the
buffer is estimated to exceed 1000 years and in any case more
than 450 years. Because this estimate assumes that the bed-
rock foundation drains freely, it is considered to be a con-
servative lower bound. As discussed above, lack of data on
the unsaturated hydraulic properties of the bedrock precludes
a better estimate of lower boundary pressure, or an accurate
estimate of travel time through the four meters of bedrock
separating the buffer from the water table. However, assuming
an effective porosity of five percent, transport of any
hazardous constituents from the base of the buffer to the
water table under a flux of 2 X 10-8 cm/s will require an
additional 120 years.

Because the placement moisture contents for each soil
will be equal to or less than those used in the analyses,
transient redistribution of water within the cell will not
create downward flow of contaminants which exceed the steady
state rate. Steady state velocities will therefore provide a
conservative estimate of travel time. Furthermore, the con-
servative upper boundary assumptions made for the analyses
cause the predicted travel times to be greatly overestimated.
If no downward flow is assumed during periods when water is
not present atop the pile, the travel time can be extended by
a factor of 25.

Impacts summary

No degradation of groundwater quality will occur as a
result of the proposed remedial action for at least 450 years
and probably in excess of 1000 years at the Green River UMTRA
Project site.
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£.3.3

£.3.4

CLOSURE PERFORMANCE ASSESSMENT

The DOE must demonstrate compliance with the closure performance
standard (40 CFR 192.02(a)(4)) by showing that the need for further
maintenance of the disposal site and cell has been minimized and that
the disposal unit minimizes or eliminates releases of hazardous
constituents to the groundwater.

The durability and longevity of the cell has been demonstrated and
discussed in Section £.2.2.2. Section E.3.2 demonstrates and discusses
the adequacy of the disposal cell design to protect groundwater re-
sources at the Green River site.

GROUNDWATER PERFORMANCE MONITORING PROGRAM

The DOE will present a detailed groundwater monitoring program in
the S&M plan for the Green River site. This section briefly describes
the program and demonstrates that implementing such a program is
feasible at the Green River site. The main features of a performance
monitoring program include tailings moisture monitoring and saturated
zZone monitoring. These features are described as follows.

€.3.4.1 Disposal cell moisture monitoring

A disposal cell moisture monitoring program will be
implemented to demonstrate that the net flux of moisture
through the tailings, windblown materials, and buffer is near
2 x 108 cm/s, as described in detail in Section E.3.2.
Details of such a system will be presented in the S&M plan.

A higher cell moisture flux at the Green River site would
pose a low relative risk to humans or the environment. Four
neutron access holes for neutron moisture logging will be used
to monitor moisture within the tailings, windblown materials,
and buffer layer at different depths. The time-integrated
moisture versus depth data will be used to estimate the
unsaturated hydraulic conductivity of the materials. This
type of monitoring equipment has been used successfully at the
Shiprock 'UMTRA Project site (DOE, 1989a; Section E.3.2) to
relate moisture <content (percent saturation) of the
infiltration/radon barrier to unsaturated hydraulic
conductivity of the radon barrier.

£.3.4.2 Saturated zone monitoring

The upper- and lower-middle hydrostratigraphic units of
the Cedar Mountain Formation will be monitored using standard
monitor wells at the designated point of compliance (see
Section E.3.1.3). There is nothing at the Green River site
that would physically preclude wells from being installed at
the designated point of compliance.
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The pattern of monitor wells (or well pairs) will be
presented in the S&M plan. Because of the fractured nature of
the Cedar Mountain Formation, wells or well pairs shall be
spaced closer together than if the aquifer was homogeneous and
isotropic. Well or well pair spacing likely will be on the
order of 80 to 100 feet apart at the point of compliance.
This relatively greater density of wells is consistent with
the procedures outlined in the "Guidance for UMTRA Project
Surveillance and Maintenance® (DOE, 1986).

Performance monitoring frequency is also outlined in the
guidance document (DOE, 1986). Compliance wells shall be
sampled quarterly the first year following completion of
remedial action actjvities, semi-annually for years two
through six, and annually thereafter until the end of the
performance monitoring period.

Monitoring during remedial action activities shall take
place semi-annually. Samples shall be taken from the wells
shown in Figure E.3.3. The wells shown in Figure E.3.3 will
be retained for post-closure monitoring, but they will not be
sampled as frequently as the proposed performance monitoring
wells at the point of compliance. Figure E.3.3 also shows
surface water sites to be sampled.

The constituents to be analyzed shall include all of the
hazardous constituents listed in Table E.3.1 and E.1.1. In
addition to these, major anions and cations will be analyzed
together with the standard suite of field parameters. A de-
tajled 1ist of constituents will be presented in the S&M plan.

As discussed in Section €£.3.1.2, a natural variability is
associated with the proposed concentration limits for the
hazardous constituents at the Green River site. This natural
variability must be considered when defining excursions, and
should be updated as more background water quality data become
available. This approach is consistent with the S&M guidance
document (DOE, 1986). Details on the variability of concen-
trations for each hazardous constituent will be presented in
the S&M¥ plan. Also, more background water quality data will
be available at that time, and will be considered in the
analysis of variability.

E.3.5 CORRECTIVE ACTION PLAN

The DOE 4s required by 40 CFR 192.02(c) to provide an
evaluation of alternative corrective actions that could be implemented
if the disposal monitoring program indicates that the disposal unit is
not performing adequately. The DOE should consider reasonable failure
scenartos of the disposal unit and demonstrate that corrective actions
could be implemented no later than 18 months after finding an exceed-
ence of the groundwater protection standard.
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As discussed previously in Section E.2.2, the Green River disposal
cell has been designed and will be constructed to perform for the man-
dated design life of 1000 years. The design of the cell has incorpora-
ted standard safety factors, and should therefore perform for a period
of greater than 1000 years with minimal maintenance. With this in
mind, there s no "reasonable” failure scenario for the Green River
cell that would be related to structural instability or failure. It is
conceivable, however very unlikely, that the net flux of moisture
through the cell could exceed the anticipated steady state flux of 2 x
10-8 cm/s (see Section £.3.2). The disposal cell moisture monitoring
program planned at Green River (see Section E.3.4.1) fs designed to
provide early warning of this condition. If it is determined that the
moisture profile within the tailings is wetter than anticipated (within
some reasonable bounds to be specified in the S&M plan), an assessment
of the projected flux rate through the cell at that higher moisture
:ontent will be made to determine the potential effects on groundwater,

f any.

If it is determined that there are potential adverse effects to
groundwater quality, a risk assessment will be performed to determine
the potential threat to human health and the environment, if any. A
preliminary risk assessment has already been done for the Green River
site (DOE, 1989b). The risk assessment could be finalized to include
any specific constituents or pathways into the analysis in two to three
months. Based on the findings of the preliminary risk assessment, the
ambient water quality upgradient and peripheral to the disposal site is
not wusable. Therefore it i§s 1ikely that any exceedences of the
proposed concentration limits (see Section E.3.1.2) will not constitute
an additional threat to human health and the environment. In addition,
the disposal site lies immediately upgradient of the present tailings
pile and existing contamination. Institutional control of existing
contamination from uranium milling processes at Green River, or active
restoration of the contaminated aquifers, would necessarily include any
potential contamination releases from the disposal cell. The need for
aquifer restoration at the Green River site will be addressed in a
separate process to comply with Subpart B of the final EPA groundwater
standards. Section £.3.6 addresses this subject in greater detail.

Finally, geochemical conditions 1in the potentially affected
aquifers at the Green River site immediately downgradient of the
disposal cell are favorable for attenuating redox-sensitive
contaminants. This condition is presently reducing uranium and nitrate
concentrations in the upper-middle unit beneath the existing tailings
pile. Geochemical conditions are discussed in detail in Section
0.5.2.9 of Appendix D.

In summary, a corrective action plan for the Green River disposal
site contains the following main elements:

(1) Monitor hoisture flux through disposal cell.

(2) If moisture content exceeds the acceptable value (to be
specified in the S&M plan), assess the potential impacts of
the higher cell moisture flux.
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£.3.6

(3) Request ACLs for any constituents predicted to exceed the
proposed concentration 1imits (based on a risk assessment) or
provide for corrective actions such as cover redesign and
construction (e.g., with a CLAYMAX infiltration barrier) if a

positive health risk is assessed.

Any exceedence of the proposed concentration limits at the point of
compliance, as determined from saturated zone monitoring during the
early stages of performance monitoring, would likely be a result of the
drainage of water applied to the tailings during construction. Since
every effort is being made to minimize this condition (see Section
£.2.1.2), an excursion at the point of compliance is considered
uniikely, especially when the travel time through the buffer material
and foundation bedrock are considered (see Section E.3.2). If there is
an excursion at the point of compliance, the corrective action plan
would be the same as that for the unsaturated zone monitoring system.

The corrective action plan for the Green River disposal site will
also be presented in the S&M plan.

CLEANUP AND CONTROL OF EXISTING CONTAMINATION

Subpart B of 40 CFR 192 requires that the DOE perform a ground-
water cleanup evaluation of existing contamination at the Green River
processing site. The DOE and NRC consider that evaluation of ground-
water cleanup should be deferred until after the EPA promulgates final
groundwater protection standards, provided that disposal may proceed
independently of cleanup. This section addresses two jssues: (1) de-
monstration that the DOE may proceed with disposal independently of
cleanup ("decoupling®); and (2) potential restoration methods that
could be employed at the Green River site should restoration be deemed
necessary.

€.3.6.1 Decoupling

Section D0.5.2.7 of Appendix D addresses the extent of
existing groundwater contamination from uranium milling acti-
vities at the Green River processing site. Sections €£.3.1.3
and E.3.4 address the programs to monitor groundwater quality
peripheral to the disposal cell during and after remedial
actions. Given that the water quality has been established at
both the old tailings site and at the disposal site, the DOE
has demonstrated that existing contamination and any future
contamination resulting from disposal activities can be dis-
tinguished and appropriate corrective actions can be taken to
control any contamination resulting from disposal activities
(see Section E.3.5).

Finally, because the period of construction activities is
relatively short at the Green River site, and the extent of
existing contamination is mostly within the site boundaries,
there is 1little chance that human health or the environment
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£.3.6.2

could be affected by leaving the contamination as 1is during
the interim period between remedial action activities and the
evaluation of groundwater cleanup.

Potential restoration methods

Active restoration methods fall into two general cate-
gories: (1) above-ground removal methods, wherein the
contaminated water {is removed from the aquifer, treated, and
either disposed of, used, or reinjected into the aquifer; and
(2) in situ methods, such as the addition of chemical lixivi-
ants to mobilize the contamination in the subsurface aquifer
system. An aquifer restoration program at the Green River
site may involve one or more of the restoration methods
discussed below.

Extraction

Contaminated groundwater can be extracted with wells or
trenches. The use of trenches {s 1limited to relatively
shallow contamination (generally less than 50 feet deep) and
is most useful in materials with low permeability. For most
cases where the contamination is in permeable materials and ‘in
cases of low permeability but deep contamination, wells are
the preferred extraction method.

Treatment

The need for treatment prior to discharge or reinjection
into an aquifer depends upon the concentrations of contaminants
in the extracted groundwater and the regulations regarding dis-
charge of effluent to surface and groundwater. Various methods
for treating the contaminated water are available. Most of the
treatment methods are chemical. These include chemical preci-
pitation, coagulation, fon exchange, flocculation, neutraliza-
tion, sorption, and reverse osmosis. Contamination can be
separated physically from water using evaporation ponds. Bio-
logical treatment can be used to transform nitrate to nitrogen
gas and oxygen gas. The preferred treatment methods depend on
the specific mix of contaminants, the concentration of the
contaminants, the general water quality,. the volumetric flow
of the treatment stream, and the available area for treatment
facilities.

In situ treatment

In addition to above-ground treatment, two in situ treat-
ment methods may be applied. These are lixiviant injection and
permeable treatment beds or walls. Both methods can be used to
cause reducing geochemical conditions, which would cause the
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trace metal contaminants to precipitate or absorb out of solu-
tion into the solid phase. Although chemical reduction could
reduce solute concentrations to less than the appropriate con-
centration 1imits, dissolution or desorption could occur as the
geochemical environment reequilibrates. Therefore, chemical
reduction does not provide long-term assurances that adequate
water quality could be maintained. The preferred in situ
treatment would result in mobilizing contaminants by causing
oxidizing conditions so that contaminants can be removed
expeditiously from the subsurface. Permeable treatment beds
or walls cannot be used effectively for this purpose.

A lixiviant s a solution of complexing species (either
fons or molecules) that enhance the solubility of species
(metals) to be removed from the aquifer during restoration.
Injection of oxidizing lixiviants containing hydrogen peroxide
or oxygen to oxidize the system and sodium bicarbonate to
increase the pH may be useful for removing contaminants that
may leach from the solid phase. Although this technology is
unproven, it may be the only practicable method to remove
trace metal contamination, primarily in the solid phase, that
leaches to the groundwater at concentrations above the
acceptable concentration limits.

Lixiviants would be introduced by injection or infiltra-
tion upgradient of the contamination. The lixiviant would
move through the contaminated zone, interact with the liquid
and solid phases, become impregnated with contaminants, and be
extracted at the leading edge of the contaminant plume.

Discharge

Following the extraction, or extraction and treatment, of
contaminated water, the water would be discharged. Options
for discharge include:

o Discharge to surface water.
o Infiltration.
0o Injection in shallow wells.

0 Injection in deep wells.

Natural flushing

Natural flushing is a passive restoration method whereby
dissolved or precipitated contaminants 1in groundwater are
dispersed or removed over time by the natural flow of ground-
water. Under Subpart B of the proposed EPA standards, passive
restoration may be permitted if it can be demonstrated that
natural flushing can occur within a period of 100 years or
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less and that the groundwater is not now and is not projected
to be used for a community water supply (or other substantial
use) within this period. Natural flushing may be employed
as the sole method for aquifer restoration, or it may be used
in conjunction with any of the active restoration methods
described above. Natural flushing may be the most logical way
to approach groundwater restoration at the Green River site.
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