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NOTE: This volxune incorporates by reference Sections D.l., 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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0.5 GROUNDWATER HYDROLOGY 

1 INTRODUCTION 

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 tailings sites (40 CFR 192). The Uranium Mill 
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: 

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

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

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

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

0 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 0.5.1). The constituents listed in 
Table 0.5.1 are most commonly associated with uranium mill tailings. 
The numerical concentration limits 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 E.3.1.1 of Appendix E contains 
a complete discussion of hazardous constituents that are associated 
with the uranium mill tailings at the Green River site. 
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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. 

» 

0 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-middle shale 
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unit, where it lies 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. 

0 Background groundwater quality in all four hydrostrati
graphic units is characterized by concentrations of 
total dissolved solids (TOS), 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 TOS (TOS 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. 

0 Background groundwater quality in the top hydrostrati
graphic unit is 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). 

0 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. 

0 Background groundwater quality in the lower-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). 

0 Background groundwater quality in the bottom hydro
stratigraphic unit is 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). 

0 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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0 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/l. Dilution 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. 

Previous investigations 

Bibliographies (ONWI, 1985; USGS, 1971-1985, 1972, 1964; 
La Pray and Hamblin, 1980; Buss and Geoltz, 1974; Chllders 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 Knechte!, 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 a1., 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. (6ECR, 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 (FBOU, 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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Hydrogeological data, including 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 0.5.1. 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 0.5.2 summarizes monitor well information for the 
Green River tailings site. 

3 Geology and hydrostratlgraphy 

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 
Pennsylvanian 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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0 Brown's Wash alluvium beneath the present tailings 
pile, and alluvial terrace deposits beneath the pro
posed disposal site (Quaternary age). 

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

0 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 limited 
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 lies 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, 
limestone, sandstone, conglomerate, and occasional interbedded 
coal. The Cedar Mountain Formation lies 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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Formation by visual inspection. The Dakota and Mancos sand
stones and shales are generally black (shale) to light 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 
limestones within the Cedar Mountain Formation are the primary 
water-bearing units. 

Figure 0.5.1 shows the locations of cross sections (Fig
ures 0.5.2 through 0.5.6) that show the hydrostratlgraphy 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 inspection 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 0.5.1) 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 least 
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: 

0 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 limestone of the 
Cedar Mountain Formation (where these bedrock units are 
not fractured). Directly beneath the tailings pile, a 
paleochannel of Brown's Wash has eroded away the Dakota 
Sandstone, and the Brown's Wash alluvium directly over
lies shale of the Cedar Mountain Formation. 
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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. 

0 The bottom hydrostratigraphic unit is 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-hydraullc-conductivity shale that 
overlies this unit. The following sections present more 
detailed discussions about the hydraulic characteristics and 
flow of groundwater within these units. 

4 Hydraulic characteristics 

A summary of the hydraulic characteristics of the top, 
upper-middle, lower-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: 

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

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

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

0 Pumping drawdown analyses. 

0 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 suited for fully developed wells that are open to the 
full thickness of an artesian aquifer of small to moderate 
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transmissivity Mess than 50.000 gallons per day per foot 
(gpd/ft)); it is also suited to some unconfined aquifers 
(Ferris and Knowles, 1963). The Ferris-Knowles equation is as 
follows: 

. . q(1/t) 
•̂  4«sL 

where 

k • hydraulic conductivity (ft/day). 

q - slugged volume (cubic ft). 

t « time (days). 

s * residual drawdown at time t^ (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: 

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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k-265fl 
sL 

where 

k - hydraulic conductivity (gpd/ft2). 

q > average 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 707 
using the Bouwer-Rice method (OOE. 1983). 

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

0 The unit being tested is homogeneous and isotropic. 

0 The radius of the well is small in comparison to the 
extent of the aquifer. 

0 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 
listed in Table 0.5.3, 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. All other wells listed in 
Table 0.5.3 were tested in 1986 and 1987. 

Average linear velocities listed in Table 0.5.3 were cal
culated as follows (Freeze and Cherry, 1979): 

k1 

where 

v • average linear velocity (ft/day). 

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

i « average hydraulic gradient (ft/ft). 

n » assumed porosity of aquifer material (dimensionless). 
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The saturated hydraulic conductivity of the unfractured 
bedrock of the Cedar Mountain Formation was measured by the 
triaxial backpressure falling head method (Table 0.5.4). 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 0.5.5 presents static groundwater 
elevations in the monitor wells for four sampling periods: 
June. 1986; September. 1986; March. 1987; and October. 1987. 

5 Groundwater flow 

TOD hydrostratigraphic unit 

Shallow, unconfined groundwater is present in 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 0.5.8. This contour map was 
developed from water level data and the surveyed elevations of 
the wells in October, 1987 (see Table 0.5.5). 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 0.5.6 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 0.5.1). 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 0.5.1). 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 OOE (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 0.5.1). 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 Oarcy's Law (Todd, 1980) as follows: 

Q - WOki 

where 

Q > groundwater flux (ft^/day). 

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

0 « 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 0.5.7. 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 
with the upper-middle shale unit (see Figures 0.5.2, 0.5.3, 
and 0.5.4). 

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-middle unit (DOE. 
1987a). Monitor wells completed in the upper-middle unit 
include 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 in 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 0.5.9. This contour 
map was developed from water level data and the surveyed water 
elevations in the wells in October, 1987 (see Table 0.5.5). 
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 is just south of the chan
nel of Brown's Wash (see Figure 0.5.9). Groundwater flux in 
the upper-middle unit is also controlled by vertical recharge 
from the overlying alluvial aquifer and the underlying 
lower-middle unit. 

Table 0.5.8 presents a summary of aquifer hydraulic char
acteristics for the upper-middle 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 ft/day. 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 0.5.9). 

Lower-middle hydrostratigraphic 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 lime
stone and shale, east and west of the tailings (see Figures 
D.5.2, 0.5.3, and 0.5.4). Monitor well 581 Is 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 1s 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 hydraullcally connected, and the screened 
Intervals 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 tailings pile near 
Brown's Wash (see Figure 0.5.1), encountered only thin, sepa
rated lenses of sandstone that are probably of the lower-
middle unit. 

A potentloroetric contour map of the lower-middle unit Is 
presented In Figure 0.5.10. This map was developed from water 
level data for October 1987 (See Table 0.5.4) and the surveyed 
elevations of the monitor wells. The potentlometric 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 Is 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 
limited 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 
hydraullcally 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 0.5.10 presents a summary of aquifer hydraulic 
characteristics for the lower-middle hydrostratlgraphic 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 
lower-middle unit beneath the tailings was not calculated 
since this unit has not been affected by tailings seepage. 
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Bottom hydrostratlgraphic unit 

The Buckhorn Conglomerate Member of the Cedar Mountain 
Formation has been defined as the bottom hydrostratlgraphic 
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 is confined by the maroon to gray-
blue shales and mudstones that separate the bottom unit from 
the overlying hydrostratlgraphic 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 0.5.1), was thought to be drilled and completed in the 
bottom unit. Oetailed analyses and comparison with other well 
data showed that well 817 is probably screened somewhere below 
the lower-middle unit (see Figure 0.5.3). 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 0.5.4) 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 
linear 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 hydraulic 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 
hydrostratlgraphic 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 1n the four hydrostratl
graphic units at the Green River site was determined for the 
following constituents listed 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 
0.5.1) 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 0.5.14 describes all of the groundwater sampling 
locations and Table 0.5.15 presents the results of the chemi
cal analyses for all of the wells and well points. Figure 
0.5.12 is 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 hydrostratlgraphic unit 

The locations of background monitor well 707 and well 
point 563 are shown on Figure 0.5.1. These monitoring loca
tions are upstream and upgradient of the tailings. 

A background groundwater quality summary of the top unit 
1s presented in Table 0.5.16. 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 0.5.15 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 TOS 
(greater than 1000 mg/1 TOS but less than 10,000 mg/l), but is 
Class III based on the high levels of chromium, molybdenum, 
nitrate, selenium, and uranium that occur naturally. 
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Upper-middle hydrostratlgraphic unit 

The locations of background monitor wells 816 and 806 are 
shown on Figure 0.5.1. Monitor well 806 is upgradient of the 
tailings, and monitor well 816 1s upgradient and updip of the 
tailings. 

A background groundwater quality summary of the upper-
middle unit Is presented in Table 0.5.17. The wide range of 
background quality reflects the range In concentrations found 
at each well. High concentrations of the contaminants listed 
In Table 0.5.17 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 TOS, 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-middle 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 
0.5.2). The water quality analysis of a sample taken from this 
well In July 1988 (see Table 0.5.15) 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 0.5.1). 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 (Oay, 1988). 

0-43 



Lower-middle hydrostratlgraphic unit 

The locations of background monitor wells 562, 811, and 
813 are shown on Figure 0.5.1. 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 hydrostratlgraphic units may be hydraullcally 
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 Is confined by the overlying shales and 
limestones of the upper-middle 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, like 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 TOS, but is 
Class III based on high levels of chromium, molybdenum, 
nitrate, selenium, uranium, and gross alpha activity. 

Bottom hydrostratlgraphic unit 

The locations of background monitor wells 586, 587, 588, 
817, and 818 are shown on Figure 0.5.1. These monitor wells 
are upgradient and updip of the tailings. 

Groundwater in this unit is much better in quality than 
the three shallower units; TOS 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 TOS, 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 0.5.13) to 
show the effect of pH on the concentrations of these constit
uents. A linear regression was done for each constituent, 
the coefficient of determination (r^) was calculated, and 
Student's " f 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 linear 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 1n Table 0.5.19. 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 hydrostratlgra
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) hydrostratlgraphic 
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 hydrostratlgraphic 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 hydrostratlgraphic 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 Involving 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 0.5.2.10 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 into the groundwater 
system beneath the tailings pile has adversely Impacted the 
water quality in both the top and upper-middle hydrostratl
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 in groundwater beneath the surface of the present 
tailings pile is about 65 feet. 

Top hydrostratlgraphic 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 0.5.20 shows the maximum and 
minimum observed concentrations of contaminants in 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 0.5.3.5). Figures 
0.5.14 through 0.5.18 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 

0-46 



to Brown's Wash; however, flow in the channel is intermittent 
and the concentrations of contaminants (as well as major anions 
and cations) 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 0.5.14 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 10^ to 10^ once 
they mix with the Green River. 

As part of the site characterization, monitor well 705 
(on-site and completed in 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 0.5.1 for locations) 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 0.5.19 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 0.5.2.8) 
and may be present in groundwater beneath the tailings by the 
reduction of nitrate (NO3") within the tailings to ammo
nium (NH4"'"). 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 River site area 
are discussed 1n Section 0.5.2.9. 

Upper-middle hydrostratlgraphic 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 0.5.21 shows the maximum observed concentra
tions of contaminants In the upper-middle unit and the pro
posed EPA MCLs. Figures 0.5.20 through 0.5.24 show the lateral 
extent of contamination as gross alpha activity, molybdenum, 
nitrate, selenium, and uranium, respectively, in the upper-
middle hydrostratlgraphic unit, based on the maximum observed 
concentrations. 

Contamination from tailings 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 0.5.20 through 
0.5.24). This trough probably is a result of higher secondary 
permeability in the shale caused by joints, fractures, or minor 
faulting that is oriented the same direction as the trough. 
Groundwater flow In the upper-middle unit is discussed in more 
detail in Section 0.5.2.4. 

Contamination is also present in monitor well 583 west 
of the tailings and Brown's Wash (see Figures 0.5.20 through 
0.5.24). This contamination Is 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 alluvia! 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 
levels 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. 

0.5.2.8 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 is 1.5 x 10"* 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"* cm/s. The horizontal hydraulic 
conductivity of the underlying Brown's Wash alluvium (top 
hydrostratlgraphic unit) is near ! x 10"2 cm/s, based on 
average hydraulic conductivities at monitor wells 702, 704, 
705, and 708 (see Table 0.5.7). Considering that the alluvium 
is anisotropic (Bouwer, 1978), the vertical hydraulic conduc
tivity 1s 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(Or - Ot) + CtQt - CpQr 

where 

Cb « concentration of water quality constituent upgra
dient (background) of the tailings (mg/1). 

Qr " volume flux rate of alluvia! groundwater beneath 
the tailings (resultant volume flux rate from mixing 
the background groundwater with the fluid 
percolating through the tailings) (gpm). 

Qt « 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 Qp • 9.9 gpm (see Table 0.5.8), average pore water con
centrations from lysimeter GRNOl-714 (Table 0.5.23), average 
background groundwater concentrations from alluvial monitor 
wells 563 and 707, and resultant groundwater concentrations 
from alluvial on-site wells 702, 704, and 705, Q^ 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 lO-n 
feet per second (ft/s) (2.0 x lO"' 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 Q^ 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 a1. (1982). Detailed mixing calculations 
to estimate Ot ai*e 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 0.5.1) 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/anlon 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, TOS, 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 0.5.1). 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 0.5.27). 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 
limits proposed by NRC (see Table E.1.1). Concentrations of 
vanadium slightly 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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limit of 0.044 mg/1 (which Is EPA's established MCL) and the 
maximum observed value in groundwater of 0.146 mg/1. However, 
the column feed experiments show that uranium is 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 1n addition to the clean select-fill 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. 

Milling process 

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 shipped 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 sUme 
fractions. The sands were leached 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 
and 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 is relatively reducing (DOE, 
1988b). The Cedar Mountain Formation contains mudstones with 
occasional thin and discontinuous calcareous beds. Ground
water flow is 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 impoundment is controlled by connected 
fractures. Strong, upward, vertical hydraulic gradients are 
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prevalent through the entire saturated hydrostratlgraphic 
sections. 

Results of selected water-quality analyses of the Cedar 
Mountain Formation aquifer are provided In Table 0.5.24. 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 TOS 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 TOS. Monitor well 701 
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 limestone lenses within the aquifer. 

Monitor wells 581 and 584 are downgradient from the tail
ings impoundment, 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 SO42- to oxidize 
organic matter to CO2, which contributes to alkalinity, 
producing sulfide species. Sulfate reduction is represented 
by the following equation with pH values above 7: 

SO42- + 2Corgan1c + 2H2O - HS" + H+ + 2HCO3- (1) 

Petrographic 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 is 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 0.5.24 shows 
the distribution of uranium in the upper-middle hydrostratl
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 0.5.2.3). 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
tion 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 in general the existing fractures 
have moderate to low porosity. 

Geochemical modeling using PHREEQE (Parkhurst etal., 
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 is predicted to be oversaturated with uraninlte 
and amorphous UOp. 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 uraninlte 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 uraninlte 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 uraninlte. 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 
uraninlte equilibrium. The discrepancy between the field Eh 
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and theoretical Eh values may be insignificant with respect to 
uraninlte precipitation. Uranium concentrations, however, in 
groundwater samples from monitor wells 581 and 584 are in the 
low microgram/liter range. 

Reduction of the uranyl ion (U022'^) by aqueous sul
fide forming poorly crystalline uraninlte 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 uraninlte 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 uraninlte precipitation. 

Speclation 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 Fe3+/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~/Rhomb1c S redox couple 
approximates measured Eh values for monitor wells 581 and 584 
downgradient from the tailings impoundment. Berner (1963) has 
shown that the HSVRhombic S 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 uraninlte, coffinite, calcite, 
gypsum, pyrite, and amorphous Fe(0H)3 with PCO? « 10"2 
atmospheres were computed by PHREEQE from analytical results 
(Tables 0.5.23 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 0.5.26. Groundwater 
samples from monitor wells 562, 701, and 813 are undersatu-
rated with respect to uraninlte, coffinite, and pyrite and are 
oversaturated with respect to gypsum and amorphous Fe(0H)3. 
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Cedar Mountain Formation groundwater Is 1n equilibrium with 
calcite. Therefore, uranium is 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 U02(C03)22" and 
U02(C03)3*- complexes. Is likely to be mobile in this 
portion of the aquifer. Conversely, groundwater is predicted 
to be oversaturated with respect to uraninlte 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 limit for total uranium is <0.001 mg/1 
and the saturation Index values for uraninlte 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 uraninlte 
and coffinite. The occurrence of uraninlte 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(0H)5~ 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 
addition, thermochemical data (hydrolysis constant) for 
U(0H)5~ may be suspect (Bruno et a1., 1987) and the 
stability 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 light of these concerns, additional speclation calcu
lations which did not include U(0H)5~ in the database 
still show that Cedar Mountain Formation groundwater remains 
oversaturated with uraninlte using analytical data from moni
tor well 581. Uranyl tricarbonate becomes the dominant solu
tion species of uranium in the absence of U(0H)5''. Input 
Eh value is the dominant control, 1n addition to uranium con
centrations, for calculating the saturation index of uraninlte. 

Adsorption of uranium onto ferric oxyhydroxides, 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 inhibited by the formation of 
UO2CO3O, U02(C03)22-, and UOs(C03)3*- complexes (Hsi and 
Langmuir, 1985; Tripathy, 1984). Speclation calculations for 
uranium show that the hydrolysis species U(0H)5~ 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(0H)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, con^lexatlon, 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/l (Oeutsch and Serne, 
1984; Runnells and Lindberg. 1984; Chathan et a1.. 1981; 
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 1n 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 
years. Subsequently, long-term reducing conditions are 
established for this formation. 

0.5.2.10 Groundwater use, value, and alternative supplies 

Existing 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 Is consistent with Rush et al. (1982) on groundwater use 
on a regional basis. 
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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 
Green 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 little 
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 
limiting 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 availability 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 livestock watering 
was located in a sandstone unit of the lower Cedar Mountain 
Formation beneath the tailings site (bottom hydrostratlgra
phic unit). The value of this potentially usable source of 
groundwater is 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 
limits $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 
limits. 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 1n these units. The ultimate value of the 
water in the B<Jckhorn 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 
limited by the generally small supply and relatively poor 
quality of groundwater in the area, and the avalTability 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.5.2 HYDROGEOLOGICAL CROSS SECTION A-A ', 

CASING PERFORATIONS 

TD - TOTAL DEPTH 

GREEN RIVER, UTAH, TAILINGS SITE 

ot - TERRACE SEDIMENTS 

Kd - DAKOTA SANDSTONE 

Kcmu - CEDAR MOUNTAIN FORMATION. 
UPPER MIDDLE UNIT 

Kcml - CEDAR MOUNTAIN FORMATION. 
LOWER MIDDLE UNIT 

Kcmb - CEDAR MOUNTAIN FORMATION 
BUCKHORN CONGLOMERATE MEMBER 

(BOTTOM UNIT) 

NOTE : VERTICAL EXAGGERATION X 5 
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(BOTTOM UNIT) 

NOTE : VERTICAL EXAGGERATION X 5 

FIGURE D.5.3 
HYDROGEOLOGICAL CROSS SECTION B-B * 

GREEN RIVER, UTAH, TAILINGS SITE 
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FIGURE D.5.4 HYDROGEOLOGIC CROSS SECTION C - C , 
GREEN RIVER TAILINGS SITE 

BOTTOM HYDROSTRATIGRAPHIC UNIT 

Qpg - PEDIMENT GRAVELS 
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Kcmb - CEDAR MOUNTAIN FORMATION 
BUCKHORN CONGLOMERATE MEMBER 
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NOTE : VERTICAL EXAGGERATION X 3 

FIGURE D.5.5 
HYDROGEOLOGICAL CROSS SECTION D-D ' 

GREEN RIVER, UTAH, TAILINGS SITE 
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AND ELEVATION, 10/87 

I CASING PERFORATIONS 

TD - TOTAL DEPTH 

0-63 
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FIGURE D.5.6 
HYDROGEOLOGICAL CROSS SECTION E-E ' 

GREEN RIVER. UTAH, TAILINGS SITE 
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FIGURE D.5.7 
WATER TABLE CONTOUR MAP AND MONITOR WELLS, TOP HYDROSTRATIGRAPHIC 

UNIT, GREEN RIVER , UTAH, TAILINGS SITE, OCTOBER, 1987 
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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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FIGURE D.5.9 
POTENTIOMETRIC CONTOUR MAP AND MONITOR WELLS, LOWER - MIDDLE HYDROSTRATIGRAPHIC 

UNIT, GREEN RIVER , UTAH, TAILINGS SITE, OCTOBER, 1987 
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FIGURE D.5.10 
POTENTIOMETRIC CONTOUR MAP AND MONITOR WELLS, BOTTOM HYDROSTRATIGRAPHIC 

UNIT, GREEN RIVER, UTAH, TAILINGS SITE, OCTOBER, 1987 
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FIGURE D.5.11 
PLOTS OF pH vs. MOLYBDENUM, 

NITRATE, SELENIUM, URANIUM, AND SULFATE 
FOR BOTTOM UNIT BACKGROUND MONITOR WELLS 586, 587, AND 818 

0-69 
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TAILINGS LEACHATE 

FIGURE D.5.12 
MAXIMUM OBSERVED ACTIVITIES AND EXTENT OF GROSS ALPHA CONTAMINATION IN THE 

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE 
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WASH CHANNEL FROM 
TAILINGS LEACHATE 

FIGURE D.5.13 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF MOLYBDENUM CONTAMINATION IN THE 

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE 
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FIGURE D.5.14 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF NITRATE CONTAMINATION IN THE 

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE 
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FIGURE D.5.15 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF SELENIUM CONTAMINATION IN THE 

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE 
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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.5.17 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF AMMONIUM 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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«•—»«- FENCE 

S I MILL BUILDINGS 

LIGHT DUTY ROAD 

JEEP TRAIL 

' EPHEMERAL STREAM 

® 701 MONITOR WELL. WELL 
(3.11) NUMBER. AND MAXIMUM 

OBSERVED URANIUMI 
CONCENTRATION (mg/i) 

— 4 0 8 0 - POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)! 10/87) 

— 4 ^ —GENERAL GROUNDWATER 
FLOW DIRECTION 

/i'^TTi'^'N ESTIMATED EXTENT OF 
^ ' ' ' - ^ ' ' URANIUM CONTAMINATION 

IN THE UPPER-MIDDLE UNIT 
FROM TAILINGS LEACHATE 

FIGURE D.5.22 
MAXIMUM OBSERVED CONCENTRATION AND ESTIMATED EXTENT OF.URANIUM CONTAMINATION 

IN THE UPPER-MIDDLE HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE 



4040 -J 
ELEV.IN 
FEET 

20 0 20 60 

HORIZONTAL SCALE IN FEET LEGEND 
NOTE: SEE APPENDIX F FOR DETAILED 

PLANS AND SPECIFICATIONS 

FORMATION MATERIAL SYMBOL 

Ql TERRACE SEDIMENTS 

Kd DAKOTA SANDSTONE 

Kcmu CEDAR MOUNTAIN FORMATION 
UPPER-MIDDLE UNIT 

Kcml CEDAR MOUNTAIN FORMATION 
LOWER-MIDDLE UNIT 

^ FRACTURES 

_ 2 _ POTENTIOMETRIC SURFACE 

SOILS 

DEDROCK 

^ SANDSTONE OR SILTSTONE 

Q SWALE OR MUDSTONE 

g LIMESTONE 

O CONGLOMERATE 

FIGURE D.5.23 
DIAGRAMMATIC CROSS SECTION OF PROPOSED DISPOSAL CELL AND FOUNDATION 

GREEN RIVER, UTAH, TAILINGS SITE 



NOTE: SEE SECTION E.2.2 FOR DETAILED DESCRIPTION 
OF COVER COMPONENT PROPERTIES; Ksal-SATU
RATED HYDRAULIC CONOUCTIVITYi Kunsat -UNSATURATED 
HYDRAULIC CONDUCTIVITY; cm/sec-CENTIMETER PER SEC; 
SEE FIGURE E.2.1 FOR LOCATION OF THIS DETAIL 
IN RELATION TO THE DISPOSAL CELL. 

FIGURE D.5.24 
DISPOSAL CELL COVER SYSTEM 

GREEN RIVER, UTAH, TAILINGS SITE 
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2000 2000 4000 
LEGEND 

SCALE IN FEET 
# REGISTERED WATER WELL *-•-*-+RAILROAD 

, y COUNTY BOUNDARY f " ^ INTERSTATE 

\ ) ^•^- "'GWWAY ^Q.,.g. ^g^L IN SECTION 34 

—>- STREAM FLOW DIRECTION 'S NOT SHOWN 

FIGURE D.5.25 LOCATIONS OF REGISTERED WATER WELLS IN 
TOWNSHIP 21 SOUTH, RANGE 16 EAST, NEAR GREEN 
RIVER, UTAH 
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Table 0.5.1 Water quality standards and maximum concentration limits 
applicable to the Green River UMTRA Project slte^ 

Constituent 

Proposed EPA 
groundwater 
maximum 

concentration 
limits^ 

EPA National Drinking 
Water Standards^ 

Primary Secondary 

State of Utah 
Drinking Water 
Standards 

Inorganic 
Chemical 

Arsenic 
Barium 
Boron 
Cadmium 
Chloride 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nitrate 
Selenium 
Silver 
Sulfate 
Zinc 
TDS 
pH (standard units) 

Radionuclides 

Ra-226 and 228 
U-234 and 238 
Gross alpha 

0.05 
1.0 

0.010 

0.05 

0.05 

0.002 
0.1 

44 
0.01 
0.05 

0.05 
1.0 

0.010 

0.05 

0.05 

0.002 

44 
0.01 
0.05 

250 

1.0 
0.3 

0.05 

250 
5.0 

500 
6.5-8.5 

5.0 pC1/l 
30 pCI/1 (0.044 mg/l) 
15 pC1/l 

0.05 
1.0 
0.75 
0.010 

250 
0.05 
1.0 
0.3 
0.05 
0.05 
0.002 

44 
0.01 
0.05 

250 
5.0 

500 
6.5-8.5 

5.0 pC1/l 

15 pC1/l 

^Concentrations are given In mg/l except as noted. 
tiProposed 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 list 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 
limits. See Appendix VIII of 40 CFR 261. 

CEPA National Drinking 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 

location 
10 

North 
coordinate 

(ft) 

Formation of completion: 
563 
564 
70? 
704 
705 
706 
707 
708 
808 
821 

60760.1 
60917.7 
60355.8 
60556.4 
60640.1 
60779.0 
60750.9 
60605.4 
60317.9 
60689.9 

Formation of completion:' 
583 
584 
585 
701 
806 
807 
809 
810 
812 
814 
816 
822 
823 

60462.5 
60654.2 
60925.6 
60330.9 
60839.6 
59155.2 
60371.1 
60011.6 
59740.3 
59377.7 
59392.3 
59366.8 
59408.0 

Formation of completion: 
561C 
562« 
581 
811 
813 
815 

59838.7 
59585.9 
60450.2 
60818.9 
59622.2 
60738.7 

Formation of completion: 
582 
586 
587 
588 
817 
818 
819 

60427.0 
59171.8 
59177.2 
59445.0 
60794.8 
59145.1 
60583.3 

Cast 
coordinate 

(ft) 
Elevation 

(ft) 

Alluvium (top unit) 
60003.5 
58100.1 
59295.1 
58941.0 
58665.7 
58379.2 
60224.0 
59218.6 
59333.8 
57916.6 

4079.70 
4064.60 
4081.80 
4080.70 
4076.10 
4069.80 
4081.80 
4073.10 
4082.27 
4065.32 

Borehole 
Depth* 
(ft) 

16.0 
11.0 
43.0 
23.0 
20.0 
34.0 
37.0 
11.0 
25.0 
7.0 

Diameter 
(In) 

2.0 
2.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
2.0 

Uell caslna 
Elevation 

(ft) 

4081.10 
4068.10 
4082.60 
4082.10 
4078.30 
4070.90 
4083.10 
4074.70 
4084.27 
4068.32 

*> Shale (upper-middle unit. Cedar Mountain Formation) 
57425.9 
58236.8 
57423.5 
58929.2 
60243.9 
58668.8 
58519.2 
57868.6 
59350.1 
59412.5 
59003.8 
59003.0 
58450.5 

Sandstone and 
58028.8 
59014.3 
58932.9 
60300.0 
58669.9 
58225.6 

4065.60 
4072.10 
4067.60 
4087.00 
4082.00 
4139.14 
4080.30 
4098.76 
4142.75 
4143.03 
4141.26 
4140.64 
4132.86 

56.5 
50.0 
50.0 
57.0 
67.0 
100.0 
70.0 
80.0 
59.0 
60.0 
60.0 
35.0 
30.0 

6.0 
6.0 
6.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

1 conglomerate (lower-middle unit, 
4108.70 
4143.60 
4083.30 
4082.83 
4135.10 
4071.53 

Sandstone (bottom unit. 
57424.8 
58915.7 
59540.5 
57782.7 
60347.9 
59189.7 
58230.8 

4065.50 
4142.40 
4167.90 
4112.20 
4083.31 
4150.58 
4072.70 

143.5 
130.0 
85.0 
80.0 
99.5 
100.0 

Buckhorn 
168.5 
166.5 
185.0 
145.0 
145.0 
187.0 
166.0 

6.0 
6.0 
8.0 
8.0 
8.0 
8.0 

4067.10 
4073.60 
4069.10 
4087.20 
4084.00 
4141.14 
4082.50 
4100.76 
4144.75 
4145.03 
4143.56 
4143.14 
4135.06 

Depth" 
(ft) 

16!0 
11.0 
26.0 
23.0 
20.0 
18.0 
16.0 
11.0 
25.0 
7.0 

56.5 
50.0 
50.0 
57.0 
67.0 
100.0 
70.0 
80.0 
59.0 
60.0 
60.0 
35.0 
30.0 

Diameter 
(in) 

2.0 
2.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
2.0 

2.0 
2.0 
2.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

, Cedar Mountain Formation) 
4111.20 
4147.70 
4084.60 
4085.33 
4136.40 
4073.53 

143.5 
129.5 
85.0 
80.0 
99.5 
100.0 

2.0 
2.0 
4.0 
4.0 
4.0 
4.0 

Conglomerate Member of Cedar Mountain Formatl 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

4067.00 
4143.40 
4169.40 
4113.50 
4085.31 
4152.58 
4074.70 

168.5 
166.5 
185.0 
145.0 
145.0 
187.0 
166.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

Screened 
depth* 
(ft) 

10.0 
5.0 
15.0 
15.0 
14.0 
8.0 
9.0 
7.0 
13.0 
2.0 

34.5 
29.5 
39.5 
30.0 
55.0 
78.0 
48.0 
58.0 
46.0 
48.0 
48.0 
13.0 
17.0 

111.0 
87.5 
64.3 
62.5 
77.7 
88.0 

on) 
148.0 
145.5 
164.5 
124.3 
113.2 
165.0 
144.0 

Interval 
length 
(ft) 

5.0 
5.0 
8.0 
8.0 
6.0 
6.0 
6.0 
4.0 
10.0 
5.0 

20.0 
20.0 
10.0 
27.0 
10.0 
20.0 
20.0 
20.0 
10.0 
10.0 
10.0 
20.0 
10.0 

30.0 
40.0 
20.0 
15.0 
20.0 
10.0 

22.0 
20.0 
20.0 
20.0 
30.0 
20.0 
20.0 

Flow relationship 

Upgradiant 
Downgradient 
On-site 
On-site 
On-site 
Downgradient 
Upgradient 
Crossgradient 
On-site 
Downgradient 

Downgradient 
Downgradient 
Downgradient 
On-site 
Upgradient 
Upgradient 
Downgradient 
Downgradient 
Upgradient 
Upgradient 
Upgradient 
Upgradient 
Upgradient 

Crossgradient 
Upgradient 
On-site 
Upgradient 
Upgradient 
Downgradient 

Downgradient 
Upgradient 
Upgradient 
Upgradient 
Upgradient 
Upgradient 
Downgradient 

'Depth below land surface. 
t>Excludes monitor well 703. The bentonlte seal breached in this well shortly after installation (DOE, 1983) and information from this well has 
been excluded from analyses. 
(̂ Wells 561 and 562 are screened in both the upper-middle and lower-middle hydrostratigraphic units. 



Table 0.5.3 Sunmary of aquifer hydraulic characteristics, Green River. Utah, tailings site 

Monitor 
well 
number* 

702 
704 
705 
706h 
707 
808 
583 
584 
585 
701 
806 
807 
561 
581 
811 
813 
815 
582 
586 
587 
588 
818 

Hydrostratigraphic 
unit' 

Top 
Top 
Top 
Top 
Top 
Top 

Upper-Nlddle 
Upper-Middle 
Upper-Middle 
Upper-Middle 
Upper-Middle 
Upper-Middle 
Lower-Middle 
Lower-Middle 
Lower-Middle 
Lower-Middle 
Lower-Middle 
Bottom 
Bottom 
Bottom 
Bottom 
Bottom 

Tested 
Interval 
(ft)S 

15-23.8 
15-21.2 
14-18.6 
8-12.5 
9-12.6 

15.8-23.0 
33-53 
28-48 
28-41 
52-57 
55-65 
78-98 

115-145 
63-83 

62.5-77.5 
77.7-97.7 
88-98 

146.5-166.5 
144.5-164.5 

163-183 
123-143 
165-185 

Test 
method^ 

PD9,BR9 
BR9.FK.CBP 

BR9 
BR9 
BR9,FK.CBP 
BR 
FK.CBP 

FIC,CBP 
FK,CBP 
FK.CBP.BRS 
FK.CBP 
FIC,C8P 
FK.CBP 
FK,PR 
FK.CBP 
FK,C8P.PD 
FK.CBP 
FK.CBP.PR 
FK.CBP.PR 
FK.CBP.PR 
FK.CBP.PR 
FK.CBP 

Average 
hydraulic 

conductivity 
(ft/day)'' 

32.8 
54.6 
16.4 
3.3 

226.3 
11.1 
2.4 
2.4 
0.5 
17.0 
0.23 
0.0068 
0.0055 
21.6 
0.22 
4.53 
0.37 
3.6 
0.13 
0.076 
5.8 
7.6 

Average 
transmlsslvlty 

(ft'/day)« 

289 
339 
75 
15 

815 
79.9 
48 
48 
10 
85 
4.6 
0.14 
0.17 

432 
3.28 
90.8 
3.7 
72 
2.6 
1.5 

116 
151 

Average 
linear 

velocity 
(ft/day)f 

0.92 
1.51 
0.55 
NA 

2.19 
0.92 
0.13 
0.12 
0.03 
0.71 
0.01 
NO 
NO 

2.7 
0.02 
0.19 
0.04 
0.072 
NO 
ND 

0.13 
0.17 

'See Figure 0.5.1 for locations of monitor wells. Slug tests were unsuccessful for well 708 and no data 
are available. Well 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. 
•^Tested Interval Is In feet below land surface. 
*̂ P0 Is pumping drawdown (type-curve) method; PR Is 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. 

"Arithmetic average of all applied methods oF analysis; wells 701. 704. and 707 have been tested twice. 
^Average hydraulic conductivity multiplied by tested interval length. 
fAverage linear velocity calculated for silty, gravelly sand (top unit, assumed porosity of 0.30); shale 
and limestone (upper-middle unit, assumed porosity of 0.15); sandstone and sandstone conglomerate (lower 
middle unit, assumed porosity of 0.20); sandstone/conglomerate (bottom 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 0.5.4 Triaxlal hydraulic conductivities of selected rock core from monitor wells 907, 813, 816, 
and 818, Green River, Utah, tailings site 

Locati 
10* 

807 
807 
813 
813 
816 
816 
818 

Uc^ti 

on Sample 
ID 

on/samole 10 

807-A 

807-B 

Depth 
Interval 
(ft)** 

50 (Kcml) 

80 (Kcmu) 

40 (Kcmu) 

65 (Kcml) 

40 (Kcmu) 

65 (Kcml) 

125 (Kcm) 

Test 
meth.e 

TX 
TX 
TX 
TX 
TX 
TX 
TX 

pepth, ft 

50 

80 

Moisture 
content 

(X) 

Inlt. 

1.1 
2.4 
7.6 
0.8 
8.5 
1.6 
8.0 

Final 

3.5 
5.0 
14.9 

4.8 
12.6 

7.0 
14.6 

Unit 

Dry 
density 
(PCF)a 

Inlt. Final 

159.3 159.3 

153.4 153.4 

137.8 120.7 

149.2 149.2 

133.9 125.0 

141.8 141.8 

139.2 123.4 

Saturation 
(X) 

Inlt. 

31.8 

47.7 

89.7 

17.0 

92.6 

22.8 

90.5 

Final 

100 
100 
100 
100 
100 
100 
100 

and visual d?>cr1pt1on 

Total 
pressure 
head (ft) 

97.0 

95.6 

95.7 

4.3 
96.4 

4.4 
95.0 

Hydraulic 
conductivity 

(cm/s) 

4.7 X 10-^° 

2.4 X 10"^^ 

1.3 X 10"' 

7.0 X 10"' 

3.5 X 10"' 

2.4 X 10"" 

5.0 X 10-9 

Kcm lower-middle unit: Slltstone. llaht buff to 
gray, moderately well cemented, minor horizontal 
fracturing with Iron staining. 

Kcm uooer-middle unit bel ow the lower-middle 

813-A 

813-B 

816-A 

816-B 

818-A 

40 

65 

40 

65 

125-130 

sand: Shale, medium gray, moderately well 
cemented, minor cemented horizontal fractures, 
layering, minor pyrlte crystallization. 

Kcm upper-middle unit: Shale, dark gray, fissle, 
moderately well cemented, secondary mineraliza
tion in horizontal Joints as calcite or gypsum, 
iron staining. 

Kcm lower-middle unit; Sandstone, sllty, very 
fine grained, soft, gray and light brown, minor 
iron staining. 

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

Kcm lower-middle unit: Sandstone, medium brown 
to gray speckled, silty, fine to very fine 
grained, minor mud Inclusions. 

Kcm confining unit for bottom unit: Shale, 
fissle, moderately hard to soft, dark purple and 
medium gray. 

*See Figure D.5.1 for location of monitor wells. 
bxcml - lower-middle unit Cedar Mountain Formation; Kcmu - upper-middle unit of Cedar Mountain Formation; 
Kcm > Cedar Mountain Formation between lower-middle and bottom unit. 
^TX - Triaxlal back pressure railing head method. 
lipCF - pounds per cubic foot (Ib/ft^). 

D-87 



Table 0.5.5 Groundwater elevations. Green River, Utah, tailings site 

Well Elevation 
number (top of casing) 

Top unit 
563 
564 
702 
704 
705 
706 
707 
708 
808 
821 

Upper-middle 
583 
584 
585 
701 
806 
807l> 
809 
810 
812 
814 
816 
822 
823 

Lower-middle 
561b 
562l> 
581 
811 
813 
815 

4081.1 
4068.1 
4082.6 
4082.1 
4078.3 
4070.9 
4083.1 
4074.7 
4084.3 
4068.3 

unit 
4067.1 
4073.6 
4069.1 
4087.9 
4084.0 
4141.1 
4082.5 
4100.8 
4144.8 
4145.0 
4143.6 
4143.1 
4135.1 

unit 
4111.2 
4147.7 
4084.6 
4085.3 
4136.4 
4073.5 

June 
1986 

4069.2 
Dry 

4067.3 
4065.2 
4062.9 
Dry 

4070.2 
NS 
NS 
NS 

NS 
NS 
NS 

4062.8 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

4085.8 
4087.5 
NS 
NS 
NS 
NS 

Water elevation' 
September 

1986 

4070.1 
Dry 

4068.3 
4065.4 
4063.3 
Dry 

4070.9 
4065.4 
NS 
NS 

4052.4 
4058.8 
4054.7 
4062.7 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

4084.3 
4088.3 
Flowing(NM) 
NS 
NS 
NS 

March 
1987 

4069.2 
Dry 

4067.9 
4065.4 
4063.6 
Dry 

4070.8 
4066.7 
NS 
NS 

4051.0 
4059.5 
4055.2 
4063.1 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

4082.6 
4088.4 
Flowlng(NM) 
NS 
NS 
NS 

October 
1987 

4069.6 
Destroyed 
4067.1 
Clogged 
4062.7 
Dry 

4069.7 
Clogged 
4068.1 
Dry 

4049.6 
4058.2 
4054.7 
4061.3 
4071.9 
4088.4 
4058.6 
4063.0 
Dry 
Dry 

4083.8 
Dry 
Dry 

4081.0 
4086.7 
4087.2 
4072.3 
4084.6 
4068.5 
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Table D.5.5 Groundwater elevations. Green River, Utah, tailings site 
(Concluded) 

Well 
number 

Bottom unit 
582 
586 
587 
588 
817b 
818 
819 

Elevation 
(top of casing) 

4067.0 
4143.4 
4169.4 
4113.5 
4085.3 
4152.6 
4074.7 

June 
1986 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

Water elevation 
September 

1986 

Flowlng(NM) 
4085.6 
4086.3 
4083.1 
NS 
NS 
NS 

March 
1987 

Flowlng(NM) 
4087.6 
4094.8 
4086.2 
NS 
NS 
NS 

October 
1987 

4080.8 
4086.9 
4097.9 
4085.4 
4085.7 
4086.4 
4080.1 

'NS « well was either not sampled or was not yet Installed; 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 potentlometric surface In the flowing 
wells was measured by shutting the well 1n and measuring the shut In pressure 
and/or by using a clear plastic riser hose. If possible. 
bMonltor wells 561 and 562 partially screen the upper-middle and lower-
middle units; monitor well 807 screens the upper-middle unit below the 
lower-middle 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 hydrostratlgraphic unit. Green River, Utah, 
tailings slte^ 

Monitor 
well 
number 

702 
704 
705 
706C 
707 
808 

meand 

Average 
hydraulic 

conductivity 
(ft/day) 

32.8 
54.6 
16.4 
3.3 

226.3 
11.1 

25.0 

Average 
transmlsslvlty 

(ft2/day) 

289 
339 
75 
15 
815 
80 

139 

Average linear 
velocity (ft/day) 

0.92b 
1.51 
0.55 
NA 

2.19 
0.92*> 

1.14 

•Linear velocity is a function 
gravelly sand (Walton, 1970); 
hydraulic gradient Is calculated 

•^Average of monitor wells 702 and 

of an assumed porosity of 0.30 for sllty, 
NA * not available (see Footnote c); 

at each well from October 1987 water levels. 
808. 

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

((Geometric mean. 

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

Flux 
component 

V (ft/day)a 
W (ft)b 
0 (ft)c 
Q (ft3/s)d 
Q (gpm)<* 
Total flux -

Monitor wells 
702 and 808 

0.28 
300 

9.7 
0.0094 
4.2 

4.2 + 4.1 > 1.6 - 9.9 gpm 

Monitor well 
704 

0.45 
275 

6.3 
0.0090 
4.1 

Monitor well 
705 

0.17 
425 

4.4 
0.0036 
1.6 

•Groundwater 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). 
(•Groundwater flux for Incremental area represented by the respective 
well(s). 
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Table D.5.8 Summary of aquifer hydraulic characteristics for the 
upper-middle hydrostratlgraphic unit. Green River, 
Utah, tailings sitea 

Monitor 
well 
number 

Average 
hydraulic 

conductivity 
(ft/day) 

Average 
transmlsslvlty 

(ft^/day) 

Average linear 
velocity (ft/day) 

583 
584 
585 
701 
806 

meant 

2.4 
2.4 
0.5 
17.0 

1.6 

48 
48 
10 
85 
_5 

25 0.08 

•Linear velocity Is a function of an assumed porosity of 0.15 for shale and 
limestone (Walton, 1970); hydraulic gradient Is calculated at each well from 

October 1987 water levels. 
'>Geoffletr1c mean. 

Table D.5.9 Groundwater flux within the upper-middle hydrostratlgraphic 
unit beneath the present tailings. Green River, Utah, 
tailings site 

Flux 
component 

Monitor well 
584 

Monitor 
701 

well Average of monitor 
wells 584 and 701 

V (ft/day)^ 
W (ft)b 
D ( f t ic 
0 (ft3/s)d 
0 (gpm)** 

0.018 
450 

34.6 

0.107 
450 

31.1 

0.063 
450 
32.9 
0.011 
4.9 

•Groundwater velocity. 
^Wldth perpendicular to groundwater flow beneath the tailings pile. 
CDepth of flow represented by the depth of water In the respective well(s) 
(iTotal groundwater flux. 
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Table D.5.10 Summary of aquifer hydraulic characteristics for the 
lower-middle hydrostratlgraphic unit. Green River, 
Utah, tailings slte^ 

Monitor 
well 
number 

581 
811 
813 
915 

meanb 

Average 
hydraulic 

conductivity 
(ft/day) 

21.6 
0.2 
4.5 
0.4 

1.7 

Average 
transmlsslvlty 

(ft2/day) 

432 
3 
91 
_4 

26 

Average linear 
velocity (ft/day) 

2.70 
0.02 
0.19 
0.04 

0.14 

•Linear 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. 
^Geometric mean. 

Table 

Monitor 
well 
number 

582 
588 
818 

meanb 

D.5.11 Summary of aquifer hydraulic characteristics for the 
bottom hydrostratlgraphic unit. Green River, Utah, 
tailings site* 

Average 
hydraulic 

conductivity 
(ft/day) 

3.6 
5.8 
7.6 

5.3 

Average 
transmlsslvlty 

(ft2/day) 

72 
116 
151. 

103 

Average linear 
velocity (ft/day) 

0.07 
0.13 
0.17 

0.12 

•Linear 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. 
•^Geometric mean. 
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Table 0.5.12 Summary of vertical hydraulic gradients beneath the 
present tailings pile. Green River, Utah, tailings 
slte^ 

Top unit 
Upper-middle 

unit 
Lower-middle 

unit Bottom unit 

Top unit 

Upper-middle 
unit 

Lower-middle 
unit 

0.12 
downward 

0.38 
upward 

0.87 
upward 

0.11 
upward 

0.16 
upward 

0.07 
downward 

•Gradient 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 
Figure D.5.3. 

section B-B' on 

Table D.5.13 Summary of vertical hydraulic gradients beneath the 
proposed disposal site. Green River, Utah, tailings 
slte^ 

Top unit 
Upper-middle 

unit 
Lower-middle 

unit Bottom unit 

Top unit 

Upper-middle 
unit 

Lower-middle 
unit 

(The top unit Is not present at the disposal site)** 

0.55 
upward 

0.03 
upward 

0.02 
downward 

•Gradient 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 0.5.4. 

^Groundwater 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 0.5.14 Description of groundwater samples. Green River, Utah, 
tailings site 

Sample Hydrostratlgraphic 
number unit Description of sample location 

563 Top 

708 

808 

583 

584 

585 

701 

806 

809 

810 

816 

561 

Top 

Top 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Lower-middle 

Well point, north side of Brown's Wash, 
approximately 250 feet upgradlent from 
tailings. 

702 

704 

705 

707 

Top 

Top 

Top 

Top 

Well, on-site. 

Well, on-site. 

Well, west edge of tailings, on-site 

Well, south side of Brown's Wash 
mately 900 feet upgradlent from tailings. 

Well, between Brown's Wash and tailings, 
crossgradlent. 

Well, 60 feet east of well 702, on-site. 

Well, north side of Brown's Wash, approxi
mately 1000 feet downgradlent from tailings. 

Well, south side of Brown's Wash, approxi
mately 200 feet downgradlent from tailings. 

Well, north side of Brown's Wash, approxi
mately 1100 feet downgradlent from tailings. 

Well, on-site. 

Well, upgradlent, approximately 75 feet north 
of well 707. 

Well, downgradlent, north of mill yard. 

Well, downgradlent. In retention structure 
west of mill yard. 

Well, upgradlent, center of disposal site. 

Well, approximately 100 feet southwest of 
mill site, west side of road and cross-
gradient from tailings. 
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Table 0.5.14 Description of groundwater samples. Green River, Utah, 
tailings site (Concluded) 

Sample Hydrostratlgraphic 
number unit Description of sample location 

562 

581 

811 

813 

815 

582 

Lower-middle 

Lower-middle 

Lower-middle 

Lower-middle 

Lower-middle 

Bottom 

586 

587 

588 

818 

819 

Bottom 

Bottom 

Bottom 

Bottom 

Bottom 

Well, approximately 600 feet south (upgra
dlent) from tailings, and 1000 feet east of 
well 561, located on proposed disposal site. 

Flowing well, on-site, between wells 701 and 
704. 

Well, upgradlent, approximately 60 feet east 
of well 808. 

Well, upgradlent near disposal site, 100 
feet south of water tower. 

Well, downgradlent, west of tailings. 

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

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

Well, approximately 120 feet southeast of 
tailings and 650 feet east of well 586. and 
upgradlent from tailings. 

Well, approximately 1200 feet southwest of 
mill site and 1200 feet west of well site 
and upgradlent from tailings. 

Well, between wells 587 and 586, upgradlent 
from tailings. 

Well, downgradlent, west of tailings. 
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Table D.5.15 Chemical analyses of groundwater. Green River, Utah, tai l ings site 

MmnArioN nr nmpiFTiuN: iiaANinn HI I L IA I I ima 
HYURAULIL FLOU KtLAI lONiiHlPs UN-blTF 

/ U - 0 1 0 J / 1 i ! / H / 7 ^ 4 - 0 1 
K i r A I K l N 

Oy /11 / l lA 
ID - SAMt'l I ID AND I UG DATF 

PAR Am I t R 

Ai UMimtn 
AHUDNUIII 
ANriMdNY 
AKSLNIU 
HARXlin 
II (IRON 
r, ADM J (in 
cAi c i u n 
r:innHjDF 
t:iifuiiiiiiii 
niHAi 1 
i:npp( R 
n IMIRjDb 
IKON 
I FAD 
MAiiNi s i o n 
MANIiANl bb 
HlKCIIRf 
not YHDI NUH 
NICKIL 
N I I R A U 
N I I R I I E 
PHJISPHAIF 
PHIABSUm 
B t U N i l J I i 
f i l l n.A 
fill VFK 
SOD 11 in 
nrKONrjun 
s u i t AIL 
T I N 
lOIAI SOLID!] 
IIRANiUn 
VANADlUn 
ZINC 

I I N I I OF 
MEASUHt 

M(i/L 
MH/L 
MG/l 
MO/L 
Mli/I 
MU/L 
HG/l . 
MR/L 
n o / L 
MG/L 
Hb/L 
MG/L 
MU/L 
MG/L 
M(i/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
MC/l 
MG/L 
MG/l 
MG/L 
MO/L 
MG/L 
MG/L 

PARAMt lER 
VALUt+ / -UN i ; iK rA lN IY 

6 3 0 0 . 
44 . 

• 

-
-

o.s 
-

4 & 7 . 

na. 
2 . 6 1 
-
-

< 0 . 1 
?4>00. 

-
2 6 4 0 . 

3 6 0 . 
-

0 . 2 
-

4 & 0 0 . 
-
-

0 . 1 9 
0 . 0 9 2 
-
-

8 9 . 2 
-

b 6 2 0 0 . 
-

UOHOO. 
6 / 5 . 

-
-

PANAMLIIR 
V A l U l + / - U N r F R l A J M I Y 

< 

< 
< 

< 
< 

< 

< 

1B40. 
1 1 . 
0 . 0 0 3 
0 . 0 3 
0 . 1 
0 . 1 
0 . 0 3 ? 

lUrt. 
2 V 0 0 . 

1 .14 
3 0 . y 
4 5 . 8 

0 . 2 
i>67. 

0 . 0 2 
1 0 9 0 . 

1 2 2 . 
0 . 
0 . 1 0 

2 b . 3 
2 . 
0 . 1 
0 . 1 

1 6 . 0 
0 . 2 0 8 

6 0 . 
0 . 0 1 

1 1 1 . 
0 . 1 

1 6 0 0 0 . 
0 . 0 0 b 

2 6 1 0 0 . 
? ? 1 . 
1 / 3 . 
? b 9 . 

PAlUiHL IFR 
VAlUlr+ / -ONl .FRIAlNrY 

PARAMFIER 
VALUF^/~UNCFR1AINIY 

PARAMLILR 
VAllll +/-UNLIHTA1N1Y 



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

niRMAIION OF COMPItlTONs AI I UVIIJM 
MYDKAIIt i n FLOU RELAI lONSHJP: UP GRADI INI 

b 6 J - 0 1 0 6 / 0 4 / H 6 
- - M i r A U f l N ID - RAMPI I ID AND 
&6.J-01 0 9 / 0 / / 0 6 b 6 3 - 0 1 0 / V 2 / / U 7 

LOG DATt 
b63-01 10/02/87 

PARAMFTFR 
( IN i r OF 

MEASURE 
PARAMETER 

VALUt+/ - IJNLFRTAINiy 
PAHAMUfcR PARAMf.lfR 

VAI UF»/-UN(;FRTAirnY WAl llf »/- I INl . l R l A l N I Y 
PARAMETER 

VALUE+/-IINi:FRTAlNrY 

S 6 3 - 0 1 0 1 / 1 0 / 8 8 

PARAMEIFR 
VAIUF */ t lNUERIAINlY 

AIKAI I N J I Y 
AI liniNIJM 
AMMONIUM 
AN IIMONY 
ARfi lNin 
HALANf.E 
I) ARI un 
IIICARBIJNAIE 
HORON 
r.ADM I un 
PAi n u n 
CUIURIDE 
CHROMIUM 

o (.OHALT 
lo CONDOcrANCE 
^ i.OPPIR 

IIUOUJME 
(irtObb ALPHA 
GROSS b k l A 
IRON 
I FAD 
MAGNISIUM 
MANIiANl bk 
niRCURY 
Mill YHDl NUn 
NTCKf L 
NITRAIF 
N t l R U F 
ORG. CARHON 
PtI 210 
PH 
PUOSPHAIi; 
PO-210 
POTASSIUM 
RA-22A 
HA ??R 
b l l F N l U n 
S l l CON 
STI ICA 
M l V»R 
SODIUM 
SI RUN I lOM 
SUI FAK 
Mil I lOF 
I IMPI UAIURF 
Ml-2JO 

MG/L CAC03 
MG/L 
MG/l < 
MB/L < 
MO/L < 
X 
MG/L 
MG/L 
MG/L 
MG/L < 
MG/l 
MG/L 
MG/L 
MG/L 
UMHO/CM 
MG/L 
M(i/L 
PCI/L 
P C I / L 
MG/L 
MG/L < 
MG/L 
MG/L 
MG/L < 
MG/L 
MO/L 
MG/l 
MG/L < 
MG/l 
P C l / L 
Sll 
Mii/l < 
PCI/l 
MG/l 
PCI/I 
P C l / L 
M l i / l < 
MG/l 
MG/l 
MG/L < 
MG/l 
MG/L 
Mii/I 
I1i>/I 
r - Ori iKI I 
PCl/ l 

1 5 / . 
0 . 4 
0 . 1 
0 . 0 0 3 
0 . 0 1 
0 . 1 6 
0 . 2 

0 . 3 
0 . 0 0 1 

4 0 0 . 
J 1 2 . 

O.OB 
0 . 0 9 

S&OO. 
O.OS 
0 . 6 

0 . 1 8 
0 . 0 1 

3 6 4 . 
0 . 0 4 
0 . 0 0 0 2 
0 . 1 b 
0 . 0 9 

1 1 . 
0 . 1 

7 . 6 9 
0 . 1 

1 0 . 8 

0 . 0 0 b 

4 . 
0 . 0 1 

1 6 0 0 . 
/ . ? 

r.b40. 

1 9 . 

< 

1 8 2 . 
0 . 3 
0 . 1 
0 . 0 0 3 
0 . 0 1 
0 . 0 6 
0 . 2 

O.b 
0 . 0 0 1 

bOO. 
2 4 0 . 

0 . 0 2 
0 . 0 / 

6 2 S 0 . 
O.OJ 
0 . 7 

0 . 2 0 
0 . 0 1 

.J67. 
o .o; i 
0 . 0 0 0 2 
0 , 1 4 
0 . 0 4 

4 1 . 
0 . 1 

7 . 5 b 
0 . 1 

2 2 . 6 

O.OOS 

7 . 
< 0 . 0 1 

1 0 1 0 . 
0 . 6 

b ' /60 , 

1 / . 

13(1. 
< 0 . 1 
< 0 . 1 

0 . 2 2 

3 / 7 . 
3 1 2 . 

o.o:« 

6 b 0 0 . 

0 . 4 0 

0 . b 9 

3 4 7 . 
0 . 0 1 

0 . 1 

4 4 . 3 

7 ,b( i 

12 .6 

.o.rio 

1810 . 

b4V0 . 

9 . ! . 

16S. 
0 . 1 
0 . 1 

0 . 0 1 

0 . 4 

1 6 2 . 
0 . 3 

< 0 . 1 

0 . 0 1 

0 . 4 8 

< 

< 

< 

< 

410. 
290. 
0.01 

8300. 

0.6 
0.0 
lb. 
0.79 

340. 
0.01 

0.01 

34. 

1. 

7.2b 

16./ 
0.3 
1.4 
0.1? 

1600. 

R'.OO. 

l/.b 

43. 
48. 

0. 
1. 
,2 
,0 

41/. 
310. 
0.03 

6530. 

0.48 
41. 
1. 
1.23 

337. 
0.06 

0.20 

23.9 

39.8 

7.b 

17.4 
0. 
0.4 
0.320 

IVOO. 

b/40. 

9.9 

38. 
27. 

0.1 
0.9 



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

FORMATION OF CilMPI ETIONi ALLUVIUM 
HYl)R»Ol iC FLOU RFLAI IONSHIP: UP GRADJFNI 

563-01 06 /04 /86 
. I (II AI JON ID - SAMPI I ID AMD I OG DAI l ~ 
b 6 . l - 0 t 0 9 / 0 / / n 6 5 6 3 - 0 1 0 / » / 2 / / 8 7 5 6 3 0 1 1 0 / 0 2 / 8 / 563 0 1 0 1 / 1 0 / 8 8 

PARAMFIFR 
I I N i r OF PARAMI I I R 

MLASURF VAIUF+ / -UNCFRIA IN IY 

I IN MG/l 
IOTAL SOLIDS MG/L 
URANIUM MG/l 
VANADIUM MG/L 
7 INL MG/L 

0.005 
9230. 

0.0121 
0.32 
0.026 

PARAMFIIR 
VAI (II + / -UNCFKTAINIY 

PARAMFIFR 
VAI I I F + / - U N u l R l A l i n Y 

PARAMETER 
VALUE^/-UNCIRIAIN IY 

PARAMFIER 
VAIUF^/ -UNCFRIAINiY 

0.005 
0800. 

0.0104 
0 .22 
0 .131 

9240. 
0.0105 

8740. 
0,013 
0 .01 
0.02A 

9080. 
0.0105 
0.07 
0.045 



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

FORMATION OF COMPIFTIONs A I IUV IUM 
HYDRAlllJC FLOU REl ATIONbHlP: UP ORADIENI 

PARAMF ri R 
UNI I OF 

MEASURE 

7 0 7 - 0 1 0 7 / 1 5 / 8 2 
m r A l l O N ID - SAMPI F ID AND LOG DATE 

7 0 7 - 0 1 0 9 / v . / 8 2 7 0 7 - 0 1 1 1 / * ' J / 8 2 7 0 7 - 0 1 0 6 / 0 4 / 8 6 / 0 / - 0 1 0 9 / 0 7 / 8 6 

PARAHEIER 
WAlUF» / -UNLtR lA IN IY 

PARAMF IFR 
VAI ( I f + / - I I N C I R T A I N r i 

HADAMFIf R 
VAI (IF+/~IINl F R I A I N I Y 

PARAMETER 
VAI l lE+/ -UNCFRIAlNrY 

PARAMLIFR 
VAI (II ^ / -UNtFRTAINIY 

AIKAI IN ITY 
AI UMINUM 
AMMIINlllM 
ANIlMONf 
ARSlNIC 
HALANCE 
IIARJUM 
H ICARttONATE 
nORON 
CADMIUM 
CALIlUM 
CHI OR IDE 
CHROMIUM 

O l.OHALT 
i , CONDIICIANCE 
vo CilPPlR 

I IUORIDF 
GROSS AlPHA 
GROSS bF FA 
IRON 
I lAO 
MAGNFSIOM 
MANIiANl bE 
M^RCIIRY 
Mill YHDl NUM 
NK.KfL 
N I IRA IF 
N l l R l l L 
ORG. CARBON 
PH 210 
PH 
PHOSPHATE 
PO-210 
POIASSIUM 
RA-226 
l(A 22H 
b l l I N l l i n 
S l l CUN 
bf l ICA 
S11 VI R 
SOD KIM 
SI HON 11 on 
bill FA IF 
SIM I IDE 
IIMPFKAIURE 
IH -2J0 

MG/l CAL03 
MG/L 
MG/l 
MG/L 
MG/l < 
X 
MG/l < 
MG/l 
MG/l 
MG/l < 
MG/l 
MG/L 
MG/l < 
MG/l 
UMHU/Cn 
MG/L 
MG/l 
P C l / L 
P C I / l 
MG/L < 
MG/L < 
MG/L 
MG/l 
MG/L < 
M(t/L < 
no/1 
n o / i 
MG/L 
MG/l 
P C I / L 
Sll 
MG/L 
PCI/l 
MG/L 
PC I / ( 
P C l / L 
MG/( 
MG/l 
MG/l 
MG/l 
Mlj/I 
MG/l 
M(./l 
MG/l 
C - D IGRH 
P C i / l < 

180.00 
0 .13 

0 .01 

0 .10 
220.00 

0 .01 
450.00 
4 )0 .00 

0 .01 

8640.00 
0.057 
1.00 

200.00 

0.05 
0.01 

360.00 

0.002 
0.05 

1.00 

7.10 

18.00 
4.00 
H. 00 
0.13 
0.80 

0.014 
1000.00 

5030.00 

21.00 
0.10 

190.00 
< 0.01 

0.01 

0.015 
232.00 

0.01 
470,00 
345.00 

0.01 

9650.00 
0.021 
1.00 

0.05 
0.01 

225.00 

0.002 
0.05 

14,00 

7.1? 

21.00 
< 2.00 
< 2.00 

O.IO'i 
6.70 

< 0.01 
194b.OO 

bS 12.00 

22.00 
< 0.10 

251.00 
0.023 

0.006 

0.05 
306.00 

0.005 
460.00 
561.00 
0,005 

9440,00 
0.005 
1.00 

230.00 

0.05 
0.005 

J61.00 

0.002 
0.05 

5.00 

6.93 

18.00 
< 2.00 

0. 1?4 
6,20 

< 0.005 
1790.00 

6210.00 

16,0« 
< 0.10 

< 
< 
< 

< 

< 

< 

< 

< 

< 

< 

3 6 0 . 
0 . 4 
0 . 1 
0 . 0 0 3 
0 . 0 1 

- 1 . 2 0 
0 . 3 

0 . 6 
0 . 0 0 1 

4 8 8 . 
3 1 2 . 

O.Ob 
0 . 0 9 

4 9 0 0 , 
0 . 0 5 
0 . 6 

0 . 1 8 
0 . 0 1 

3 6 8 . 
0 . 0 4 
0 . 0 0 0 2 
0 . 1 8 
0 . 0 9 

1 1 . 
0 . 1 

: 
7 . 8 0 
0 . 1 

-
1 9 , 3 
0 . 2 
1 .1 
0 . 0 0 5 

4 . 
0 . 0 1 

16110, 
/.A 

5'. 10. 

I S . 

< 
< 

< 

< 

< 

< 

< 

< 

0 . 2 
0 . 9 

< 

1 / 6 . 
0 . 2 
2 . 4 
0 . 0 0 3 
0 . 0 1 
0 . 1 8 
0 . 1 

0 . 4 
0 . 0 0 1 

5 2 0 . 
5 9 0 . 

0 . 0 2 
0 . 0 7 

6 2 0 0 . 
0 . 0 4 
0 . 7 

0 . 0 4 
0 . 0 1 

3 8 8 . 
0 . 0 3 
0 . 0 0 0 2 
0 . 0 6 
0 . 0 8 

1 2 0 . 
0 . 1 

4 1 . 
0 . 0 
7 . 5 6 
0 . 1 
0 . 0 

2 6 . 1 
0 , 2 
0 , 0 
0 , 0 6 9 

0 , 
0 . 0 1 

2 0 0 0 . 
6 , 3 

6 0 / 0 , 

19 , 
0 , 0 

1.3 

0 . 6 

0 . ? 
O.U 

1,6 



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

FORMATION OF ClIMPLEFION: AIIUVIUM 
HYDRAlllJC FLOU RELAI lONbHJPs UP CRADJENF 

707-01 0 / / 1 5 / 8 2 
-— lOfAIJON ID - SAMPI I ID AND I OB DAIF 
707-01 09 /16 /02 707-01 11/21/82 707 01 06 /04 /86 707-01 09/07/86 

PARAMFIFR 
IJNir OF PARAMKIER 

MEASURE VALUE^/-UNCERTAINTY 
PARAMETIR 

VAI UEf /~ ( INClRTAlNIY 
PARAMFIFR 

VAI llf ^ / - U N C F R I A I N I Y 
PARAME TER 

VAIUl f / ' U N L l R T A I N I Y 
PARAMFlER 

VALlll ^/-IJNLERTAJNIY 

I I N MG/L 
101AL SOI IDS MG/L 
URANIUM MG/L 
VANADiUH MG/L 
£lHt MG/l 

9080.00 
0.016 

< O.OS 

8680.00 
0,02!i 

< 0 .05 

9560.00 
0 ,03 

< 0.05 

< 0.005 
9420. 

0.0125 
0.29 
0.023 

0.005 
9480. 

0.0090 
0.16 
0.023 



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

FORMATION OF COMPI ET ION: AI LIIVIIIM 
HYDRAULIC FLOU RELATIONSHIP: (IP GRADIFNI 

PARAMETER 

ALKAI I N I l Y 
AI UMlNlin 
AnnoNiun 
ANIIMONY 
ARRFNIC 
BAlANCE 
RARlOM 
BICARUONATE 
BORON 
CADMIUM 
(.All KIM 
CHI OR IDE 
CHRiiMIun 
1-.OH ALT 
CONDIICIANCE 
COPPER 
FIUIIRIOF 
GROSS ALPHA 
GROSS b k I A 
IRON 
I FAD 
HAGNl S I o n 
MANGANl SE 
MIRCIIRY 
MOI YHDFNUn 
NICKIL 
NIIRATF 
N I I R I I E 
ORG. CARBON 
PU-210 
PH 
PHO'.PHAIE 
PO-210 
POIASSIUM 
RA- / - '6 
rtA-2/'8 
SFI INIOM 
Sl l 1 UN 
S l l H A 
5 11 VI R 
SODIUM 
SI RON HUM 
SUI FAIf 
SOI 1 IDE 
IFMPIRAIURF 
IH 230 

I I N I I OF 
MlASORE 

MG/l CAC03 
MG/L 
MG/L 
MG/L 
MG/l 
X 
MG/( 
MG/L 
MG/l 
M(i/L 
MG/L 
MG/L 
MG/L 
MG/L 
UMHO/CN 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/L 
MG/L 
MG/L 
Mt./L 
MG/L 
Mli/L 
MG/L 
MG/L 
MG/L 
MG/l 
P C l / L 
SU 
MG/L 
P C I / l 
MG/l 
P C I / I 
P C I / L 
MG/l 
MG/l. 
MG/l 
MG/L 
Ml./I 
MG/l 
Mi-./l 
Ml. / I . 
C - Dl GRl I 
P C I / l 

7 0 / - 0 1 0 1 / 1 3 / 8 7 

PARAME 11 R 
VALUEf / -UNCFRlAINIY 

2 6 1 . 
0 . 2 

< 0 . 1 
-
-
-
-
-

0 . 6 
-

4 2 5 . 
2 9 5 . 

0 . 0 3 
-

4 4 0 0 . 
-

0 . 5 
-
-

0 . 0 5 
-

3 5 5 . 
0 . 0 2 

-
< 0 . 1 

-
1 4 0 . 

-
-
-

7.7/ 
-
-

3 4 . 2 
-
-

0 . 0 3 4 
-
-
-

1 9 2 0 . 
-

S(l 10. 
-

14 .0 

7 0 7 - 0 1 10/(1 
1(11 A I ION ID - SAMPI I ID AND 

( 2 / 8 / 7 0 7 - 0 1 0 1 / 1 0 / 8 8 

PARAMf TIR 
V A I U I + / IINCFRTAJNIY 

< 

< 

< 

< 

< 

< 

1 5 9 . 
0 . 1 
0 . 1 

-
0 . 0 1 

-
-
-

0 . 4 
-

4 4 0 , 
3 0 0 . 

0 . 0 1 
-

8 5 0 0 . 
-

0 , 6 
0 . 0 
0 . 0 
0 . 0 3 

-
180. 

0 . 0 1 
-

0 . 0 1 
-

3 6 . 
-

4 . 
-

7 , 4 
-
-

1 7 , 2 
0 , 2 
1,5 
0 , 1 ? 

-
-
-

1 / 9 0 , 
~ 

5 / 0 0 , 
-

1 / . 0 
_ 

5 1 , 
4 4 . 

0 . 1 
1.0 

PARAMFIFR 
VAI 111 » / I I IK . IR IA IN IY 

1 6 0 . 
0 . 4 

< 0 , 1 

0 , 0 1 
-
-
-

0 . 5 1 
-

5 0 9 , 
; I10. 

< 0 . 0 1 
-

7 4 8 0 . 
-

0 . 4 7 
7 , 

1 / , 
0 , 2 

-
4 1 6 . 

0 , 0 3 
-

0 , 2 0 
-

8 . 7 
-

3 5 . 5 
-

7 . 5 
-
~ 

1 6 . 9 
0 , 
0 , 
0 , 3 / ' 1 

-
-

16110. 
-

5(:?o. 

1 3 . / 
_ 

3 8 . 
2 8 . 

0 , 1 
0 , 7 

ion DAIF 
7 0 / 0 1 0 / / 1 8 / 8 8 

PARAME FER 
VALU1+/-UNCERTAIN IY 

PARAMEIER 
VAI (11 »/-UNCERIAJNTY 

1 6 6 . 
0 . 2 0 
0 , 1 

0.025 

0 . 0 1 

O.b 
0 . 0 0 6 

4 0 7 . 
3 3 0 . 

0 . 1 4 

6 b 0 0 , 
0 . 0 1 
0 , 5 
0 . 

3 2 . 
0 . 1 0 
0 . 0 1 

3 3 1 . 
0 . 0 2 
0 . 0 0 0 2 
0 . 0 8 

25 . 

44 .4 

7.56 

? 2 . 2 
0 , 0 
0 , 0 
0.2:11 

< 0 , 0 1 
18 to . 

5/2«'. 
< 0 . 1 

1 / .S 

77. 
44. 

0 . 1 
0 . 7 



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

FORnAFION OF Cl inPlFFlON: AILUVdlM 
HYDRAOI )C FLOU Rl I AI lONSHiP: UP fjRADlFNF 

7 0 7 - 0 1 0 3 / 1 1 / 8 7 

I I N I I OF PARAMETER 
PARAHEIIR nEASURE VAI Ul+/ -UN(.ER I A I N I Y 

1 I N MG/L 
lOIAL SOLIDS MO/L 
URANIUM MG/l 
VANADIUM MG/L 
ZINC MG/l 

9 1 1 0 . 
0 . 0 1 0 9 

I o r A l l ON ID - SAMPI F ID AND I OB DA 11 
7 0 7 - 0 1 10/«>2/07 7 0 7 - 0 1 0 1 / 1 0 / 0 8 70/-01 0//18/88 

PARAMFII R 
VAI UF+/- ( IHI .FRlAJNrY 

PARAMFIFR 
VAI III ^ / -UNCFRIA IN IY 

PARAMEIER 
V A I U l + / - U N C E R I A l N i Y 

9000. 
0.016 
0.01 
0.005 

9090. 
0.0167 
0.07 
O.OO/ 

8980. 
0.0081 
0.07 
0.005 



Table 0.5.15 Chemical analyses of groundwater. Green River, Utah, tailings site (Continued) 

FORMATION OF lOMPIFTION: AI LIIVIIIM 
HYDRAULIC FLOU RLI AI10N5HIPs ON-SITE 

PARAMFTFR 

AI KAI I N I I Y 
AI UMINUM 
AMMIINlllM 
ANIIMONY 
Aur . iN i r 
It.M ANCE 
BAR KIM 
HlCARilUNATE 
BOI'iiN 
CADMIUM 
CA( ( K I M 
cm lIRIDE 
CHROMIUM 

O lOIIAI 1 
JL. CONDIICIANCE 
O COPl'l R 
^ Fl IHlRlDF 

GROSS AI PHA 
GROSS Bl TA 
IRON 
I FAD 
MAGNESIUM 
MADi.ANlSl 
MlKi IIRY 
MOI tHDINOn 
N K . M L 
Nl IRAK 
N l I R l l F 
ORG. CARBON 
Pit 210 
Pll 
Pllii .PHAIE 
PO 210 
PUIi'iSSlllM 
HA / 2 6 
K.-. ,'?8 
SI 1 t »l 1UM 
Sl l 1 UN 
Sl l 11 A 
S l l VI R 
SOI'IIIM 
• ' . I I U N T I U M 
Sill I A I I 
!; )r 
I I Mil HAIIIRl 
I I I /' to 

I I N I I OF 
MlASORE 

MG/l CAC03 
MG/L 
MG/L 
MG/L 
MG/l 
X 
MG/l 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
Mli/L 
MG/L 
IIMHO/cn 
MG/L 
MG/L 
P C I / L 
P C I / l 
NG/L 
MG/l 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
MG/l 
P C l / L 
S(J 
MG/L 
P C I / L 
MG/L 
P C I / I 
P C l / L 
MG/l 
MG/L 
Mri/( 
MG/L 
MG/l 
MG/l 
MI./( 
MG/l 
C - Gl GRl I 
P C l / l 

— 
7 0 2 - 0 1 0 / / 1 4 / 8 2 

PARAME Fl R 
VALUF+/-(INCERTA1NIY 

< 
< 

< 
< 

( 
< 

( 

2 1 5 . 0 0 
0 . 1 0 
-
-

0 , 0 1 
-

0 . 1 0 
2 6 2 . 0 0 

-
0 , 0 1 

4 / 0 . 0 0 
1 2 0 . 0 0 

0 , 0 1 
-

4 9 0 0 , 0 0 
0 . 0 2 7 
2 . 0 0 

7 0 0 . 0 0 
-

0 , 0 5 
0 , 0 1 

1 6 0 . 0 0 
-

0 . 0 0 2 
0 . 0 5 

-
2 . 0 0 

-
-
- • 

7 . 2 0 
-
-

1 4 . 0 0 
2 . 0 0 
S.OO 
o . ? s 

10 .60 
-

0 . 0 1 
o:i('.<H» 

-
3?60.O(t 

-
2 6 . 0 ' . 

0 . 10 

- 1 Ul H I I I 
/ 0 2 - 0 1 0 9 / 1 6 / 8 2 

PARAMI IFR 
VAI III f / - ( l r l C l R I A l N I Y 

< 

< 

< 

< 
( 

< 
( 

( 
< 

< 

< 

2 / 0 , 0 0 
0 . 0 1 

-
-

0 , 0 1 
_ 

0 . 0 2 
3 2 9 . 0 0 

- • 

0 . 0 1 
-

1 0 1 , 0 0 
0 . 0 1 

-
5 5 6 0 , 0 0 

0 , 0 1 1 
? , 0 0 

-
-

0 , 0 5 
0 . 0 1 

1 5 0 . 0 0 
-

0 , 0 0 2 
0 . 0 5 

-
1 4 . 0 0 

-
-
-

6 . 9 5 
~ 
-

1 4 . 0 0 
2 , 0 0 
2 , 0 0 
o.oo: i 

-
.-

0 . 0 1 
9 0 1 , 0 0 

3'"'S.«>0 
-

16.0 ' ) 
0 . 1 0 

n J i» - ri(-;nr 1 t J i ' ur i i / i 
7 0 2 - 0 1 0 6 / 0 / / 0 6 

PAHAMl I I R 
VAI III f / llill I R I A I N I Y 

2 3 / . 
-

2 1 . 

-
< 0 . 0 1 

- 0 . 1 2 
-
-
-
-

4 9 9 , 
9 3 . 

-
-

3 5 0 0 . 
-

0 . 8 

-
~ 

0 . 0 / 
-

122 . 
0 . 3 / 

-
0 . 2 7 

-
3 . 

-
-
~ 

7 . 3 4 
-
-

1 1 . 7 
0 , 0 , 1 
0 . 0 . 9 

( O.OOS 

-
/ V ( l . 

3 0 7 0 . 
-

1 5 . 
-

IJU i»mc. 
7 0 2 - 0 1 0 9 / 0 / / 8 A 

PARAMETER 
VAI lit • / - U N I . E R I A I N I Y 

< 
< 

< 

< 

< 

< 
< 

< 

< 

< 

< 

2 4 5 . 
0 . 3 

2 4 . 
0 . 0 0 3 
0 . 0 1 
0 . 0 8 
0 . 1 

-
0 , 4 
0 . 0 0 1 

5 2 0 , 
1 0 0 . 

0 . 0 ? 
O.OS 

3 9 0 0 . 
O.OJ 
0 . 9 

-
-

0 . 0 3 
0 . 0 1 

175 . 
0 . 4 / 
0 . 0 0 0 2 
0 . 0 9 
0 . 0 5 

4 4 0 . 
0 . 1 

7 0 . 
4 . 4 
6 . 8 1 
0 . 1 
0 . 4 

1 4 . 8 
0 . 1 
0 . 0 
0 . 100 

-
9 . 
0 . 0 1 

00 ' * . 
S . S 

2V1I". 

.• ' 'J. 
>. i 

1 . 

0 . 

0 . 
1 . 

1 . 

6 

/ 

2 
0 

1 

7 0 2 - 0 2 0 9 / 0 / / 8 6 

PARAMI TFR 
VALUk+/- ( INl ,FRIAlNIY 

< 
< 

< 

< 

< 

< 
( 

< 

< 

< 

( 

2 4 5 . 
0 . 3 

2 4 . 
0 . 0 0 3 
0 . 0 1 
0 . 0 8 
0 , 1 

-
0 , 4 
0 . 0 0 1 

5 2 0 . 
1 0 0 . 

0 . 0 2 
0 . 0 5 

3 9 0 0 . 
0 . 0 3 
0 . 9 

-
-

0 . 0 3 
0 . 0 1 

1 7 5 . 
0 . 4 7 
0 . 0 0 0 2 
0 . 1 0 
O.OS 

4 4 0 . 
0 . 1 

7 0 . 
J . 5 
6 . 8 1 
0 . 1 

0 . 2 
14.8 
0 , 1 
0.11 
0 .09V 

-
9 -
0 . 0 1 

0 0 0 . 
5 . 5 

," '110. 
-

. ' ( > . 
1 . 8 

1 . 6 

0 . 7 

0 . 2 
1 . 0 

O . l l 



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

FORMATION OF COMPI ETION: AI LUVIIIM 
HYDRAULIC FLOU REl AI KINSHIP: ON-bllE 

702-01 07 /14 /82 
. MHAIION ID - SAMPIF JD AND LOO DAIF 
702-01 ()9/16/H2 / 0 2 - 0 1 0 6 / 0 / / 8 6 702-01 09 /07 /86 / 02 -02 0 9 / 0 / / 8 6 

PARAMFIFR 

TIN 
TOTAL SOLIOS 
URANIUM 
VANADIUM 
ZINC 

(INII OF 
MEASURE 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

PARAHEIER 
VAIUE+/-UNCERIAIN1Y 

_ 
4990.00 

0.90 
< 0.05 

_ 

PARAMF If R 
VAI 111 »^/-UNClRIAlNIY 

PAR AMI IFR 
VAI Ul f / - U l ! C F R I A l N I Y 

PARAMF FER 
VALUF+/-UNCERTAJNIY 

PARAMETER 
VAIUI •^/-IINI.FHIAINIY 

4870.00 
O./O 

< 0.05 

5050. 
0.7.19 

< 0.005 
5090. 

1.19 
0.24 
0.023 

< 0.005 
blOO. 

1.19 

0.023 



Table D.5,15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued) 

I 

o 
en 

1 IIRMAIION OF COMPI ETIONi : AI 1 ( IVdin 
HTDRAUl IC FLOU R [ I A I I O N b H I P : ON-SJIE 

PARAMF 11 R 

AIKAI JNI lY 
AI UMINUM 
AMMONIUM 
ANIIMONr 
ARblNlC 
IIAI ANCr. 
BARIUM 
HICAHUONATE 
BORON 
CADMIUM 
CA( cniM 
I.HI ORIDE 
CHROMIUM 
COllAI T 
CONDIICIANCE 
i.OPPIR 
Fl IIORIDE 
GROSS AI PHA 
GROSS BLlA 
IRON 
I FAD 
MAliNISKIM 
MANGANESF 
Ml RI.IIRY 
Mill YHDl NUM 
NICKIL 
N I I R A I I 
N I I R I I E 
ORG. CARhON 
PH 210 
Pll 
PHOSPHAIE 
PU 210 
POIASSIUM 
RA-226 
HA 220 
SI L INIUM 
S l l CON 
S l l I C A 
S11 VI R 
SMDIIIM 
SIHIINI i i in 
SUI 1 AIF 
SHI F IDE 
11 MPl HAIIIRl 
I I I 230 

I I N I I OF 
Ml ASIIRE 

MG/l CAC03 
MG/L 
MG/l 
MG/L 
MG/L 
X 
MG/l 
MG/L 
MG/l 
MG/L 
M(t/l 
MG/L 
MG/l 
MG/l 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
MG/l 
MG/l. 
MG/l 
MG/L 
MG/L 
P C I / L 
SU 
MG/L 
P C I / I 
MG/L 
P C l / l • 
P C l / L 
MG/l 
MG/L 
Ml./I 
Ml./L 
Ml./I 
MG/l 
MG/l 
MG/L 
C - DFGRIl 
P C l / l . 

7 0 2 - 0 3 0 9 / 0 / / 8 6 

PARAMETER 
VALUE+/-UNCFRTAINIY 

2 4 b . 

< 
< 

< 

< 

< 

< 
< 

< 

< 

< 

< 

0 . 3 
2 4 -

0 . 0 0 3 
0 . 0 1 
0 . 0 8 
0 . 1 

-
0 . 4 
0 . 0 0 1 

5 2 0 . 
1 0 0 . 

0 . 0 2 
0 . 0 5 

3 9 0 0 . 
0 . 0 3 
0 . 9 

-
-

O.OJ 
0 . 0 1 

175 . 
0 . 4 / 
0 . 0 0 0 2 
0 . 0 9 
O.Ob 

4 4 0 . 
0 . 1 

7 0 . 
4 . 0 
6 . 8 1 
0 . 1 
0 . 2 

1 4 . 8 
0 . 1 
0 . 0 
0 . 0 9 9 

-
9 . 
0 . 0 1 

8 0 0 . 
S .S 

29110. 

2v .O 
1.6 

1. 

1 . 

0 . 
1. 

0, 

.4 

.2 

.2 

.0 

.8 

I r>/->> k 1 -rrk k.t 1 r r\ ( A k i l t 1 i- •t r\ A L l l - \ 
- i i i i r i i j u n j i f - OMrii 1 r j w n n i / 

702 04 0 9 / 0 / / 0 6 7 0 2 - 0 5 ( / 9 / 0 / / 8 6 

PARAMI IFR 
VAl l i r» /~UNI . f R I A I N I Y 

Z 4 5 . 

< 
< 

< 

< 

< 

< 
< 

< 

< 

< 

( 

0 . 3 
2 4 . 

0 . 0 0 3 
0 . 0 1 
0 . 0 8 
0 . 1 

-
0 . 4 
0 . 0 0 1 

5 2 0 . 
100 . 

0 . 0 2 
O.OS 

3 9 0 0 . 
0 . 0 3 
0 . 9 

-
~ 

0 . 0 3 
0 . 0 1 

175 . 
0 . 4 / 
0 . 0 0 0 2 
0 . 1 0 
0 . 0 5 

4 4 0 . 
0 . 1 

7 0 . 
4 . 2 
6 . 8 1 
0 . 1 
0 . 0 

1 4 . 8 
0 . 1 
0 . 0 
0 . 1 0 0 

-
9 . 
0 . 0 1 

8 0 0 . 
S .S 

29U0 . 

2 0 . 
1 .9 

1 . 

0 . 

0 . 
0 . 

0. 

.9 

,6 

.2 

.8 

.9 

\>t 

< 
< 

< 

< 

< 

( 
< 

< 

< 

< 

< 

PARAMEIfcR 
kLUI +/-UNCER1A1NIY 

2 4 5 . 
0 . 3 

2 4 . 
0 . 0 0 3 
0 . 0 1 
0 . 0 8 
0 . 1 

-
0 . 4 
0 . 0 0 1 

5 2 0 . 
100 . 

0 . 0 2 
0 . 0 5 

3 9 0 0 . 
0 . 0 3 
0 . 9 

-
-

0 . 0 3 
0 . 0 1 

175 . 
0 . 4 7 
0 . 0 0 0 2 
0 . 1 0 
0 . 0 5 

4 4 0 . 
0 . 1 

7 0 . 
5 . 2 
6 . 8 1 
0 . 1 
0 . 3 

14 .8 
0 . 2 
0 . 0 
0 . 1 0 0 

-
9 . 
0 . 0 1 

8 0 0 , 
5 . 5 

i'VOO, 
-

2 0 . 
2 . 0 

1 . 

0 . 

0 . 
0 . 

1. 

,7 

, / 

,2 
,8 

,0 

1 llR HAIE. — — —-
I Uu u n i t — — 

7 0 2 - 0 1 0 J / 1 J / 8 7 

PARAMETER 
VAIUE+/-UNCFRTAINTY 

2 7 1 . 
0 . 1 

1 8 . 
-
-
-
-
-

0 . 7 
-

4 7 5 . 
7 6 . 

0 . 0 2 
-

2 6 5 0 . 
-

0 . 7 
-
™ 

O.OS 
-

1 5 0 . 
0 . 4 3 

-
< 0 . 1 

-
1 4 2 . 

-
-
~ 

6 . 8 6 
.. 
-

12.4 
-
-

0 . 0 4 9 
-
-
-

7 6 7 . 
-

?9S0. 
-

1 4 . 0 
-

702 02 0 3 / 1 3 / 8 7 

PARAMElER 
VALUEf/-UNCLR(AINFY 

2 / 1 . 
0 . 2 

1 9 . 
-
-
— 
-
— 

0 . 7 
-

4 7 5 . 
7 6 . 

0 . 0 2 
-

2 6 5 0 . 
— 

0 . 7 
— 
-

0 . 0 4 
-

1 5 0 . 
0 . 4 2 

— 
< 0 . 1 

-
1 4 2 . 

— 
-
— 

6 . 8 6 
-
-

1 2 . 5 
-
— 

0 . 0 5 0 
-
-
-

7 6 7 . 
-

2 9 5 0 . 
_ 

1 4 . 0 
-



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

FORMATION OF COMPLETION: AI I I IV IUM 
HYDRAULIC FlUU RELAIlONbHJP: ON-SITF 

702-03 09/0//86 
lOCAIlON 10 ~ SAMPIF ID AND LUG DATE 

702-04 09/0//86 702-05 09/07/86 70201 03/13/87 702-02 03/1J/87 

ON IF OF PARAMEIFR 
PARAMETER MEASURE VAI UE+/-UNCFRIA1NTY 

PARAMFIFR 
VALUE+/~IINCFRIAINIY 

PARAMFIFR 
VAIUF+Z-UNCERIAINIY 

PARAMFlER 
VAIUE^/-UNCl R I A I N I Y 

PARAMI I I R 
VALUF+/- I INCIRIA1NIY 

T fN MG/L 
I DIAL SOLIDS I1G/L 
URANIUM MG/L 
VANADIUM 118/L 
ZINC MG/L 

0 . 0 0 5 
S 0 9 0 . 

1 .22 
0 . 2 4 
0 . 0 2 3 

0.005 
5100. 

1.10 
0.24 
0,023 

< 0.005 
5090. 

1.16 
0.24 
0.023 

4 0 6 0 . 
1 .96 

4 8 6 0 . 
1 .90 



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

I ORMAI ION OF COMPIEITON: AI I IIVIUM 
HYDRAlllJC FLOU RLI AI lONSHIP : ON-bJIE 

702 03 0 ) 7 1 1 / 8 7 
I (KAI KIN ID - SAMPIF JD AND I Ob DATE 

7 0 2 - 0 4 0 1 /11 /87 702 05 0 1/1 J / 8 7 7 0 2 - 0 1 1 0 / 0 6 / 8 7 

PARAMFIFR 

AIKAI JN I IY 
AI IIMlNIIM 
AMMONIUM 
ANIIMONY 
ARSl NIC 
UAI ANCE 
BARIUM 
HIIARBONATL 
BORON 
CADMIUM 
CAI CIIIM 
CHI OR IDE 
CHROMIUM 
ClltlAl T 
CONDIK lANCE 
COPPIR 
FllKlRIDF 
GROSS AI PHA 
GROSS BFlA 
IRON 
LEAD 
MAGNlSllin 
HANIiANI SE 
Ml RCURY 
MOI YRDl Nlin 
NlCKfL 
NJIRAIF 
N I I R I I E 
ORG. CARBON 
PB-210 
PH 
PHOSPHAIE 
PO-210 
POIASSIUM 
RA-226 
HA 228 
SFt I NIIIM 
S l l n i N 
S l l 11 A 
S l l 'v'l R 
SODIUM 
SIHIINI lUM 
SUI 1 AIF 
SOI 1 IDE 
TFMPf RAIIJRE 
I I I 2 10 

I I N I I OF 
MlASURF 

MG/L LACU3 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/l 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
UMHO/CH 
MO/L 
MG/l 
P C l / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/l 
MG/l 
MG/L 
MG/l 
MG/L 
MG/l 
P C I / L 
SU 
MG/L 
P C I / l 
MG/l 
P C l / l 
P C l / L 
MG/l 
MG/l 
MG/l 
111./I 
MG/l 
I IG/l 
MG/l 
MG/L 
C - DFGRIE 
P C l / L 

PARAMI IFR 
VAI UE^/-UNl I R I A I N I Y 

2 7 1 . 
0 . 2 

1 9 . 
-
-
-
-
-

0 . 7 
-

4 / 4 . 
7 6 . 

0 . 0 2 
-

2 6 5 0 . 
-

0 . 7 
-
-

0 . 0 4 
-

150 . 
0 . 4 1 

-
< 0 . 1 

-
1 4 2 . 

-
-
-

6 . 8 6 
-
-

12 .5 
-
-

0 . 0 4 9 
-
-
-

7 6 0 . 
-

2 9 5 0 . 
-

1 4 . 0 
-

PARAMFIFR 
VAll l l + / -UNrF R I A I N I Y 

PAR AMI IFR 
VAI 01 • / - U N C I R I A I N I Y 

PARAMFIER 
VAIUE+/ -UNCFRIAINIY 

702 0 1 0 1 / 1 2 / 0 8 

PARAMIlER 
VAI I I F » / UNCI R I A I N I Y 

271. 
0.2 
18. 

0.7 

4/4. 
76. 
0.03 

2650. 

0.7 

0.03 

1 5 1 . 
0 . 

0 . 

1 4 2 . 

6 . 

12 . 

0 . 

,42 

1 

86 

5 

049 

29S0. 

14.0 

?71. 
0.2 
19. 

0./ 

475. 
76. 
O.OJ 

2650. 

0.7 

0.04 

150. 
0.42 

0.1 

142. 

6.06 

12.5 

0.0'19 

760. 

2950. 

14.0 

26S. 
0.1 

42. 

0.01 

0.4 

090. 

3100. 

16.0 

217. 
0.39 
24.8 

0.01 

0.44 

4 6 0 . 
110 . 

0 . 0 1 

BOO. 

0 . 8 
4 5 0 . 
1 4 7 . 

O.OJ 

140 . 
0 . 2 7 

0 . 0 1 

5 0 . 

8 . 

6 . 9 0 

A.7 
0 . 3 
2 . 8 
0 , 0 4 0 

9 0 . 
4 4 . 

0 . 
1 . 

,2 
0 

4 4 9 . 
8 6 . 

0 . 0 2 

4 0 9 0 . 

0 . 7 6 
6 9 0 . 
3 4 0 . 

0 . 2 4 

126 . 
0 . 2 8 

0 . 1 0 

9 7 . 5 

7 9 . 4 

6 . 8 5 

1 0 . 4 
0 . 
0 . 3 
0 . 3 1 9 

6 0 . 
2 0 . 

0 . 1 
• 0 . 7 

00c.. 

/70o. 

v../ 



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

FORMAFION OF COMPI I H O N : AILUVdlM 
mDRAIH IC FlOU RLI A I I O N S H I P : U N - b l l E 

7 0 2 - 0 3 0 3 / 1 1 / 8 7 
lOCAI ION ID - SAMPI 1 I D AND I OG DAI f 

7 0 2 0 4 0 I / 1 J / 8 7 / 0 2 - 0 5 O l / 1 3 / t l 7 7 0 2 0 1 1 0 / 0 6 / 8 7 7 0 2 - 0 1 0 1 / 1 2 / 8 8 

UNI I OF PARAMFIFR PARAMI I I R PAR.Mil lER PARAMFIFR 
PARAMEIER MEASURF VAI HE »/-UNCLRl AINTY VAI UE+/-UNCFR1AINIY V A I U l + / - U N l . l RTAINI Y VALlll f / -UNCFRIAINTY 

T I N MG/l 
lOIAL SOLIDS MG/L 
IIHANKin MG/l 
VANADIUM MG/L 
ZINC MG/L 

4 8 6 0 . 
2 , 0 / 

i860, 
2 .15 

4860. 
2 .2 J 

-
-

< 

5200. 
0 . / 9 
0 ,01 
0.009 

PARAMFIFR 
Vi.l 01 •/-UNCI RIAINIY 

4820. 
1.09 
0 . 0 / 
0.006 

http://PAR.Mil


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

FORMAIION OF COMPIETION: A I IUV IUM 
HYDRAUl IC FLOU RFLAI K INSHIP: ON-SITE 

c=» 
I 

o 
<J3 

PARAMETER 

AI KAI I N I I Y 
ALUMINUM 
AMMONIUM 
ANIIMONY 
ARM NIC 
ilAI ANCE 
BARIUM 
BICARBONATE 
BORON 
I: ADM d in 
CAI CIIIM 
CHI ORIDE 
CHROMIUM 
CUBALT 
COND(K.IANCE 
COPPl R 
Fl (KiRIDE 
GROSS ALPHA 
GROSS BkIA 
IRON 
I FAD 
MAGNFSIUM 
MANGr̂ Nl SE 
MIRCIIRY 
MOI YHDL NUM 
NICKIL 
N I I R A I F 
N I I R I I E 
ORG. IARBUN 
PH-210 
Pll 
PHOSPHAIE 
PO-210 
POIASSIUM 
RA-226 
RA 228 
SFI I NIOM 
Sl l ruN 
S l l ICA 
S l l VI R 
SODIUM 
SIHIINI IIIM 
SOI FAl l 
'01 I IDE 
I I MPl HAIIIRF 
I I I - 2 JO 

7 0 4 - 0 1 0 / / 1 % / 8 2 
lOCAI lON ID - SAMPI 1 ID AND LOG DAIE 

/ 0 4 - 0 1 0 6 / 0 5 / 8 6 7 0 4 - 0 1 0 9 / 0 / / H 6 7 0 4 - 0 1 0 3 / 1 3 / 8 7 7 0 4 - 0 1 0 1 / 1 2 / 8 8 

UNIT OF 
MEASURE 

PARAHIILR 
VALI IE+/ -UNCFRIAINIY 

MIVL CAC03 
MO/L 
MG/L 
MG/L 
MG/l 
X 
MG/l 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
IIMHU/Cn 
MG/L 
MG/L 
P C l / L 
PCI/l 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
M(i/ l 
Mli /L 
MG/( 
Ml./L 
MG/l 
P C l / L 
511 
MG/L 
PCI/l 
MG/l 
P C l / l 
P C l / L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/l 
MG/l. 
MG/l 
MG/l 
r - DFGREf 
P i ; i / L 

4 0 0 . 0 0 
0 . 1 0 

0 , 0 1 

4 8 8 . 0 0 

450.00 
300.00 

8 1 6 0 . 0 0 

2 . 0 0 

0 . 0 5 

2 8 0 . 0 0 

0.05 

4 .00 

7 . 9 0 

1 6 . 0 0 
2 . 0 0 

0 . 0 1 2 

1550.00 

45(10.00 

24.00 

PAR.%MEIIR 
VAIUF» / -UNi FR IA IN IY 

368. 

4 1 . 

< 0 . 0 1 
- 0 . 2 1 

483. 
258. 

2850. 

1 . 1 
2 0 0 . 
1 8 0 . 

0 . 0 9 

^A 1 . 
0 . 9 8 

0 . 2 5 

2 0 . 

1 0 4 . 
1 . 
7 . 1 6 

0 . 4 
1 8 . 7 

no. 
6 0 . 

0 . 

0 . 

0.005 

1 2 9 0 . 

4 2 0 0 . 

1 5 . 
0 . 0 . ; 

PARAMI 1 IFR 
VAI I IF* /~( INCERIAINIY 

3 9 0 . 
0 . 3 

3 8 . 
< 0 . 0 0 3 
< 0 . 0 1 

- 0 . 0 9 
< 0 . 1 

0 . 4 
( 0 . 0 0 1 

5 3 1 . 
4 8 0 . 

0 . 0 2 
0 . 0 6 

6 1 0 0 . 
0 . 0 4 
1.2 

0 . 0 3 
< 0 . 0 1 

2 4 / . 
0 . 4 0 

< 0 . 0 0 0 2 
0 . 1 4 
0 . 0 5 

3 5 0 . 
< 0 . 1 

7 0 . 
1.5 
/ . 1 1 

< 0 . 1 
0 . 0 

2 0 . 0 
0 . 0 
0 . 0 
0 . 0 9 2 

10 . 
( 0 . 0 1 

2 0 1 0 . 
6 . 6 

5 2 9 0 . 

2 2 . 
1 ,1 

1. 

0 . 

0 . 
1. 

0 . 

.7 

.6 

./* 

. 1 

.7 

PARAMEIER 
VAI UI+/-UNCE R I A I N I Y 

< 

< 

3 7 6 . 
0 . 2 

3 6 . 
-
-
-
-

0 . 5 
-

43 J . 
2 2 5 . 

0 . 0 2 
-

4 0 5 0 . 
-

1 .1 

O.OS 
-

2 2 0 . 
0 . 5 2 

-
0 , 1 

-
1 6 7 . 

-
-
-

7 , 1 5 
-
-

3 2 , 0 
-

0 . 0 0 2 

-
-

1040 , 

5 1 5 0 . 

14 .5 

PARAMI lER 
VAI UF+Z-UNCFRIAINTY 

350. 
0.37 

32 .3 

< 0 . 0 1 

0.55 

4 1 9 . 
2 2 0 . 

0 . 0 2 

6780. 

1.09 
1 9 0 . 
1 5 0 . 

0 . 2 

205. 
0 .34 

0 . 1 7 

5 7 . 

1 1 2 . 

7 , 0 

1 1.8 
0 . 
0 . 1 
0 . 2 2 3 

1 6 9 0 . 

A(I40. 

1 3 . / 

60. 
30. 

0 , 1 
0 . 7 



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

lORMAIION OF COMPI 1 I ION: AIIUVIUM 
HYDRAULIC FlOU REl AI KINSHIP: ON-SIIE 

704-01 0 / / U / 8 2 
I (KAI ION ID - SAMPIF ID AND LOG DATF 

/ 0 4 - 0 1 06 /05 /06 704-01 0 9 / 0 / / 8 6 704-01 0J/1J/87 704-01 01/12/88 

PARAMFTFR 

T I N 
TOTAI SOL IDS 
URANIUM 
VANADIUM 
ZINC 

I I N I I OF 
MlASURF 

MG/l 
MG/L 
MG/L 
MG/L 
MG/L 

PARAMI IFR 
VAIUE+/ -UNCFRIAINIY 

_ 
7 4 2 0 . 0 0 

0 . 7 0 
< O.OS 

-

PARAMFlER 
VAI UE+/ IINCFRTAINIY 

PARAMI lER 
VAI UE+/-LINI.FRIA1NIY 

PARAMI IFR 
VAI UE+/-(INCE RIAINIY 

PARAMEIER 
VALlll+/~IINCIRTA1NFY 

8580. 
0.48/ 

O.OOS 
8490. 

0.208 
0.24 
0.02b 

8090. 
0.254 

7810. 
0 .411 
0.07 
0.012 



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

I ORnATION OF COMPI I I ION: AI I IIVIUM 
HYDRAULIC FLOU RlIAFIONSHIP: ON-SITE 

lOrAlION ID - SAMPIF ID AND LOG DAFF 
705-01 07 /15 /82 /05~01 09/16/82 705-01 06 /06 /86 /Ob-01 09707786 705-01 02 /24 /87 

I IN I I OF PARAMMLR PARAMEIER PAKAI1II1R PARAMETER PARAMEIER 
PARAMFTFR 

ALKALINITY 
AI UMINUM 
AMMONIUM 
ANIIMONY 
ARSlNIC 
HAI ANCE 
BARIUM 
BICARBONATE 
RORUN 
CADMIUM 
CAI c u m 
CHI URIDE 
CHROMIUM 
COBALT 
CONDUCTANCE 
COPPER 
FIIIURIDF 
GRlISS ALPHA 
GROSS BEIA 
IHON 
I FAD 
MAGNESIUM 
MANCJANFSE 
Ml RCURY 
Mill YBDFNUM 
NICKEL 
N I I R A I E 
N I I R I I E 
ORG. CARBON 
PH 210 
PH 
PHOSPHATE 
PO 210 
POIASSIUM 
RA 2?6 
HA-228 
SFI i N i u n 
SILCON 
S l l ICA 
!i 11 VLR 
SODIUM 
s i H U N i i o n 
S(H ( A l l 
Mil 1 IDl 
11 MPl HAIIIRF 
I I I 230 

MFASIIRF 

MG/L CAC03 
MG/L 
MG/l 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
IIMHU/CM 
MG/L 
MG/L 
P C l / L 
P l . I / L 
MG/L 
MG/L 
MG/L 
MU/L 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
MG/L 
P C l / L 
SU 
MG/L 
P C I / L 
MG/L 
P C l / L 
P C l / L 
MG/l 
MG/L 
MG/l 
MG/L 
MG/l 
MG/l. 
MG/l 
MG/L 
C - DFI.RI F 
P C l / l 

VALUF+/-I INCERTAINIY 

2 5 0 . 0 0 
0 . 2 7 

-
-

< 0 . 0 1 
-
-

3 0 5 . 0 0 
-
-

4 5 0 . 0 0 
4 0 0 . 0 0 

-
-

1 5 4 0 0 . 0 0 
-

1.00 
-
-

< O.OS 
-

2 8 0 . 0 0 
-
-

< 0 . 0 5 
-

1 .00 
-
-
-

7 . 2 0 
-
-

1 6 . 0 0 
< 2 . 0 0 

-
0 . 0 2 3 

-
-
-

1 6 0 0 . 0 0 
-

5 4 1 0 . 0 0 
-

1 8 . 0 0 
-

VAIUF+/ - ( IN I FRIAINIY 

< 

< 

< 

< 

< 

< 
< 

< 
< 

< 
< 

< 

< 

2 4 4 . 0 0 
0 . 0 1 

-
-

0 . 0 1 
-

0 . 0 1 4 
2 9 8 . 0 0 

-
0 . 0 1 

4 9 0 . 0 0 
J 2 4 . 0 0 

0 . 0 1 
-

8 9 6 0 . 0 0 
0 . 0 2 4 
1 .00 
-
-

O.OS 
0 . 0 1 

J J O . 0 0 
-

0 . 0 0 2 
0 . 0 5 

-
6 . 0 0 

-
-
-

7 . 1 3 
-
-

1 8 . 0 0 
2 . 0 0 
2 . 0 0 
0 . 0 1 4 
6 . 7 0 

-
0 . 0 1 

IB'iO.OO 
--

5 0 2 1 . 0 0 
-

1 9 . 0 0 
0 . 1 0 

VAI UF+/-UNCI RIAJNIY 

2 9 4 . 
-

2 7 . 
-

< 0 . 0 1 
- 0 . 0 9 

-
-
-
-

4 5 6 . 
3 2 1 . 

-
-

4 9 0 0 . 
-

0 . 8 
-
-

0 . 0 7 
-

2 6 8 . 
0 . 0 2 

-
0 . 2 4 

-
5 . 

-
-
-

7 . 4 6 
-
-

1 9 . 4 
-
-

< 0 . 0 0 5 
~ 

-
2 1 0 0 . 

-
5 9 3 0 . 

-
15 . 

-

VAI UF•/-UNCERTAINTY 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 

2 9 8 . 
0 . 4 

4 1 . 
0 . 0 0 3 
0 . 0 1 

- 0 . 0 4 
0 . 1 

-
0 . 6 
0 . 0 0 1 

4 8 3 . 
1 4 0 . 

0 . 0 2 
0 . 0 8 

6 2 0 0 . 
0 . 0 4 
0 . 8 

-
-

0 . 0 6 
0 . 0 1 

3 1 6 . 
0 . 0 3 
0 . 0 0 0 2 
0 . 1 6 
0 . 1 0 

2 2 . 
0 . 1 

-
-

7 . 3 1 
0 . 1 

-
2 0 . 4 

-
-

0 . 0 0 5 
-

7 . 
0 , 0 1 

2 0 9 0 . 
6 . 6 

6 4 2 0 . 
-

10 . 
-

VALUE+/-ON( 

3 4 6 . 
< 0 . 1 

8 . 0 
-
-
— 
~ 
— 

0 . 3 5 
— 

4 1 3 . 
3 6 9 . 

0 . 0 4 
-

4 7 0 0 . 
-

0 . 6 3 
-
-

0 . 0 5 
-

3 1 5 . 
0 . 0 3 

— 
< 0 . 1 

-
8 . 9 

-
-
— 

7 . 3 4 
-
-

1 7 . 0 
-
-

0 . 4 1 
-
-
-

2 4 5 0 . 

6 S 9 0 . 
-

14. 
-



Table 0.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued) 

1 ORMAFION OF COMPI 1 I ION: AI I IIVIUM 
HYDRAUl IC FLOU RFlAIlUNSHIPt ON-SllE 

705-01 07/15782 
LOrAIKIN ID - SAMPI I ID AND LOG DATE — 

705-01 09 /16 /82 705-01 06 /06 /86 70S-01 09707/84 705-01 02/24/87 

PARAMElER 

TIN 
lOIAl SOLIDS 
URANIUM 
VANADIUM 
ZINC 

IINII OF 
Ml ASURl 

HG/L 
MG/L 
MG/L 
MG/L 
MG/L 

PARAMI lER 
VALUF+/~UNCERIA1NIY 

_ 
8390.00 

0.09 
< 0.05 

-

PARAMFIFR 
VAI (IE^/-UN( FRIAINIY 

PARAMF IE R 
VALUE+/-LINCERIA1NIY 

PARAME TER 
VAI LIE +7-UNCERTAINTY 

PARAMI lER 
VAIUE4/-UNLERTA1NIY 

8180.00 
0 .110 

< 0 .05 

9870. 
0.0419 

0.005 
9730. 

0.0485 
0 .21 
0.027 

10400. 
0 .05 /8 



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

FORMAIION OF COMPI E I ION: A I IUV IUM 
HYDRAUl IC FLOU R F l A I I O N S H I P : UN-SITE 

7 0 5 - 0 1 1 0 / 0 6 / 8 7 
lOC' t lK iN ID - SAHPI 1 ID AND LOG DAIE 

7 0 5 - 0 1 0 1 / 1 2 / 0 8 7 0 5 - 0 1 0 7 / 2 1 / 8 8 8 0 8 - 0 1 1 0 / 2 J / 8 7 8 0 8 - 0 2 1 0 / 2 3 / 8 7 

PARAME11 R 

AIKAI JHITY 
ALUMINUM 
AMMONIUM 
ANIIMIINY 
ARSFNIC 
BAl ANCE 
BARIUM 
BICARBONAIE 
BORON 
CAoniun 
CAI CTIIH 
CHI ORIDE 
CHROMIUM 
COHALT 
CONDIICIANCE 
COPPLR 
FIUORIDI 
GRO'-.S AI PHA 
GROSS bl lA 
IRON 
I FAD 
MAGNESIUM 
MANGANF SE 
Ml̂  RCURY 
MOI YBDI NUM 
NlCKFl 
N IFRAI l 
N I I R I I E 
ORG. CARBON 
PU-210 
PH 
PHOSPHAIE 
PO-210 
POTASSIUM 
RA-226 
HA-220 
SFI FNIIIM 
S l l CON 
SK ICA 
Sl l VI R 
SODIUM 
SIRONI IIIM 
soil All 
SUI 1 IDE 
I I MPr HAIIIRF 
IH 230 

I I N I I OF 
MEASURE 

MG/l CACOJ 
MG/L 
NG/l 
MG/L 
MG/L 
X 
MG/l 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
IIMHU/CM 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
P C l / L 
bll 
MG/L 
PC I /L 
MG/L 
P C I / l 
p r i / i 
MG/l 
MG/L 
MG/l 
Ml./L 
MG/l 
Ml./I 
MG/l 
MG/l 
I - 1)1 GRl 1 
(1,1/1 

PARAMETER 
VALUF+/-UNCFRIAINIY 

< 

< 

< 

< 

< 

< 

3 0 2 , 
0 , 1 

4 2 . 
-

0 . 0 1 
-
-
-

0 . 4 
-

4 2 0 . 
160. 

0 . 0 1 
-

9 8 0 0 . 
-

O.B 
115 . 

7 6 . 
0 . 0 3 

-
J 1 0 . 

0 . 0 1 
-

0 . 0 3 
-

1 1 . 5 
-

s. 
-

7 . 2 
-
-

1 6 . 3 
0 . 5 
1.2 
0 , 0 0 5 

-
-
-

2 tO<'. 

S!.(»". 

1.'..5 

6 8 . 
5 7 . 

0 . 3 
0 . 9 

PARAMFIFR 
VAI (IE+/-(INCFR1A1HIY 

3 3 S . 
0 . 17 

3 6 . 1 

0 . 0 2 

0.55 

425. 
370. 

0 .02 

9 0 7 0 . 

0 . 6 6 
5 9 . 
9 3 . 

0 . 2 2 

J I S . 
0 . 0 3 

0 . 2 1 

3 . 5 

9 7 . 3 

7 . 1 5 

17 ,7 
0 . 1 
0 . 1 
0 . ' i 6 / 

2S ' .0 . 

6 0 9 0 , 

1 5 . 0 

4 ) . 
3 3 . 

PARAMI IFR 
VAIU1+ / IINCFRIAINTY 

2 6 / . 
0 . 1 9 

3 5 . 

0 . 0 1 8 

< 0 . 0 1 

0 . 4 / 
0 . 0 / 2 

3 6 6 . 
J 2 0 . 

0 . 1 3 

6 5 0 0 . 
0 . 0 1 
0 . 7 
0 . 7 3 . 

2 6 . 4 0 . 
0 . 0 9 

< 0 . 0 1 
2 4 8 . 

0 . 0 2 
< 0 . 0 0 0 2 

0 . 0 9 

1.9 

74.6 

0 . 1 
O.ll 

19.7 
0 . 0 
0 . 5 
0 . 1 3 / 

O.Oi 
1920 . 

5 9 S 0 . 
< 0 . 1 

1 6 . 0 

PARAMF TER 
VAI UE+/-UNCFRTA1NTY 

2 / 0 . 
< 0 . 1 

1 9 . 1 

< 0 . 0 1 

0 . 4 

5 3 0 . 
1 0 1 . 

0 . 0 1 

4500. 

0 . 6 
9 8 0 . 
3 1 0 . 

0 . 0 3 

165 . 
0 . 5 1 

0 . 0 1 

1 3 7 . 

1 2 . 

6 . 8 

0 . 1 
0 . 7 

1 0 . 5 
0 . 0 
0 . 1 
0 . 3 2 

/ i O . 

; iooo. 

1 / . 0 

PARAMF FER 
VALUE*/ UNCIRTAINTY 

2 / 0 . 
< 0 . 1 

1 8 . / 

< 0 . 0 1 

0 . 4 

1 2 0 . 
5 6 . 

0 . 1 
0 . 9 

S 2 0 . 
1 0 0 . 

0 , 0 1 

0 , 7 
9 5 0 , 
4 5 0 . 

0 . 0 3 

1 6 1 . 
0 . 4 5 

0 . 0 1 

1 4 3 . 

1 3 . 

6 . 8 

1 0 . 5 
0 . 2 
0 , 2 
0 , 3 1 

130 
88 

0 
1 

7 0 0 . 

:tooo, 

i / , o 



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

lORMAIION OF COMPI M I O N : ALLUVIUM 
HYDRAOI IC FLOU RFLAI K INSHIP : O N - b l l E 

705-01 10/06/87 
l U C A I l O N ID - BAMPI E ID AND LOG DAIE 

705 0 1 0 1 / 1 2 / 8 8 / 0 5 - 0 1 0 / 7 2 1 / 8 8 808 0 1 1 0 / 2 3 / 8 7 808 0? 10/23/8/ 

PARAMFIFR 
( INK OF PARAMEIER 

MEASURE VALUE+/-UNCFRIAJNIY 
PARAMI I I R 

VAI Ul • / - U N C I R I A I N I Y 
PARAMFlER 

VAI U F + / - ( I N l l R T A I N I Y 
PARAMETER 

V A l l l l • / -UNCER1AINTY 
PARAnLI tR 

VALUE • / - I I N L F R I A I N I Y 

T I N MG/L 
IOTAL SOLIDS HG/L 
IIRANKin MG/L 
V.-^NADIUM MG/L 
ZINC MG/L 

10400 . 
0 . 0 8 1 

< 0 . 0 1 
< 0.005 

10800. 
0.0617 
0.07 
0.007 < 

9 2 JO. 
0.0521 
0.07 
0.005 

4980. 
1.31 

< 0.01 
0.036 

4 9 6 0 . 
1.64 

< 0 . 0 1 
0 . 0 4 2 



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

FUKHAriON OF niMPLErTlINt AIMJVIIIH 
HrOKAIILIC FLOU Kbl AflONbHlH: UN KITF 

PAKAHETFR 

AtKAl IN ITY 
Al I IHlNim 
AnriMNiun 
AN1 IMIJNY 
ARbFNjr: 
HALANCE 
BARIUM 
BICARtiUNATE 
BORON 
CAOnilJH 
CAI LUIM 
• ;H I OR roE 
CHROMIUJI 
i:oHAi r 
CONDlir FANCE 
^:o '̂P^R 
n OORIOE 
liRORS ALPHA 
CROSS BtTA 
(RON 
I FAD 
HAONI-SLIIII 
nANGANFBE 
m HCIIRY 
nni YHOiNun 
NU:KhL 
NI IRATF 
N M R f i r 
ORO. I.ARBUN 
PI I -210 
PH 
IMIOSPHATE 
PO-i ' lO 
POIAfWIIJH 
RA-??A 
H(\ ?7>Q 
fjf ihHIUM 
• i l l i.DN 
f i l l ITA 
!UI VI R 
fiOlilOn 
siruiNi run 
noi \ fin 
'.011 l o r 
THII'f RAIURF 
i n '/':io 

UNIT OF 
WASURt 

nO/L CAC03 
W J / L 
HO/I . 
MO/L 
MU/L 
•X. 
MR/L 
HO/L 
ni i / t 
MO/L 
MU/L 
MO/L 
MO/L 
MO/L 
OMHO/Cn 
MO/L 
MO/L 
p n i / L 
P i : i / i 
MO/L 
MO/l 
MO/l 
M(i/L 
MO/L 
MO/L 
MG/L 
MO/L 
MO/L 
MO/L 
I ' C l / L 
Kll 
MO/L 
P H I / I 
MO/L 
p r i / i 
P i : i / L 
MO/L 
MO/L 
MO/l 
MO/l 
MO/l 
Mli/l 
Mr./l 
MO/L 
r - OlOKIh 
i ' i : i / i 

"" BOtt-OJ <0 / /»3 /87 

PAR AMI ILR 
V A I U F ^ / U N I F R I A I N T Y 

2 7 0 . 
0 . 1 

iB./ 
-

0 . 0 1 
-
-
-

0 . 4 
-

b i o . 
9 9 . 

0 . 0 1 
-

4B00 . 
-

0 . 7 
7 0 0 . 
4 5 0 . 

0 . 0 3 
-

1 5 / . 
0 . 4 A 
-

0 . 0 1 
-

1 2 9 . 
-

1 2 . 
-

6.13 
-
-

1 0 . 5 
0 . 1 
0 . 0 
o . : i5 

-
-

AVO. 

3 0 0 0 . 

1 / . 0 

l i b . 
7 S . 

0 . 1 
0 . 9 

' " • " " " • 

OOB-04 10/ 

PARAMI 1 

- 1 (It H I I I 
'VM/H7 

I R 
VAI UF* /~ I INOtRTAlNIY 

2 7 0 . 
0 . 1 

I B . 9 
-

0 . 0 1 
-
-
-

0 . 3 
-

4 6 0 . 
9 8 . 

0 . 0 1 
-

4 5 0 0 . 
-

0 . 7 
1 0 2 0 . 

4 1 0 . 
0 . 0 3 
-

ISA . 
0 . 4 b 
-

0 . 0 1 
-

1 4 2 . 
-

1 2 . 
-

6.1:1 
-
-

1 0 . 5 
0 . 0 
7 . 5 
0 . 3 0 

-
-

6 7 0 . 
-

3 0 0 0 . 
-

1 7 . 0 
_ 

160 . 
1H0. 

0 . ? 
1.6 

IN 1 ii» - ounri r j 
8 0 0 - 0 5 10/< 

II» Hni i 1 
M/87 

PARAMI ILR 
VAlUK»/ UNI.FRTAIMTY 

2 7 0 . 
0 . 1 

1H.V 
-

0 . 0 1 
-
-
-

0 . 4 
-

4 9 0 . 
102 . 

0 . 0 1 
-

4 5 0 0 . 
--

0 . 8 
8 1 0 . 
3 / 0 . 

0 . 0 3 
-

150 . 
0 . 4 9 
-

0 . 0 1 
-

1 3 1 . 
-

B. 
-

6 . 8 

-
10 .5 
0 . 0 
0 . 0 
o. : i ! . 

-

6 6 0 . 

3 0 0 0 . 

1 / . 0 
™ 

110. 
5 9 . 

0 . 1 
0 . 9 

UI1 i i H i r - • 
8 0 0 - 0 1 0 1 / 1 1 / 8 8 

PARAMETER 
VALUI • / -UNl.FR 1 

2 2 6 . 
0 . 3 8 

1 9 . 1 
-

0 . 0 1 
-
-
-

0 . 4 7 
-

4 6 0 . 
8 3 . 

0 . 0 1 
-

4 0 2 0 . 
-

0 . 7 2 
9 5 0 . 
4 8 0 . 

0 . 2 
-

1 3 3 . 
0 . 5 6 
-

0 . 1 0 
-

7 0 . 
-

7 6 . 
-

7 . 0 
-
-

1 0 . 5 
0 . 
0 . 1 
0 . 5 0 2 
-
-
-

/<)>'. 
-

2!.>•.'/. 
-

14. 1 

lAlNTY 

6 0 . 
2 0 . 

0 . 1 
0 . 8 

m -^-m m> ^ ~ — • . . . M - — — .- — — -

" ~ " "• -0 0 0 - 0 2 0 1 / 1 1 / 8 8 

PARAMt1FR 
UALUI+/ - I INI . IRTA1NIY 

2 2 6 . 
0 . 3 9 

1 8 . 6 
-

< 0 . 0 1 
-
-
-

0 . 4 5 
-

4 5 2 . 
7 8 . 

0 . 0 1 
-

4 0 2 0 . 
-

0 . 7 3 
9 0 0 . 
5 0 0 . 

0 . 2 
-

1 3 0 . 
0 . 5 5 
-

0 . 1 1 
-

6 9 . 
-

7 7 . 2 
-

7 . 0 
-
-

1 0 . 5 
0 . 
0 . 4 
0 . 4 2 8 
-
-
-

59 ,1 . 

?\,M). 
-

I ' . . 1 
-

6 0 . 
2 0 . 

0 . 1 
0 . 8 



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

lORMAIION OF CilMPI F l UIN: AIMIOlOM 
HtDRAOl m FLOU HI I AIIONt-HlPs UN-b lTF 

8 0 8 - 0 3 1 0 / 2 J /87 808 - 04 
l O r A I I U N i n ~ SAMP I F ID AND I OG DAFF 

10/ /». t /07 008 05 1 0 / 2 3 / 0 7 808 0 1 0 1 / 1 1 / 8 8 8 u 0 - 0 2 0 1 / 1 1 / 8 8 

PARAMbTFK 
UNIT OF PARAMt FLR 

MFASIIHE W A L U F + / - U N I : F R I A I N F Y 
PAR.'iMt 11 H 

VAl l lF+ / - l lN t :FRIA IN IY 

T I N MO/l 
lOFAL SOLIDS MO/L 
OH AN HIM MO/L 
OANADIUM Mli/L 
ZINL MO/L 

4 9 7 0 . 
1 .23 
0 . 0 1 
0 . 0 2 9 

4 9 9 0 . 
1 .67 

< 0 . 0 1 
0 . 0 2 8 

PARAMtlER 
VAIUI + / -UN l .bR lA lN IY 

PARAME1ER 
VALIII t / -UNLI :RrAINrY 

PARAMI ILR 
VAI Ot+ / - IJNClR IA lNrY 

4 9 6 0 . 
1 .67 
0 . 0 1 
0 . 0 3 5 

4 6 1 0 . 
1 .67 
0 . 0 6 
0 . 0 1 6 

4640. 
1.80 
0.06 
0.014 

T> 



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

lORMAFlON OF OOMPI ( T K I N : Al LHVIIIM 
HYDRAUI IC FLOU HI I Al lUNHHIPs U N S I T F 

BOB-03 0 1 / 1 1 / 8 8 R 0 8 - 0 * 
I (ICIM ION 

0 1 / 1 1 / 0 8 
ID - SAMP I b ID AND LOG DA I f 

0 0 8 - 0 5 O i / H / 0 8 

PARAMFItR 

Al KAI IN ITY 
AlUMINIIM 
AMMONIUM 
ANIIMONY 
ARStNl l ; 
HAI ANCE 
BARIUM 
HIOARIIONAIE 
BORON 
I:AI>MIUM 
CAI r.IIIM 
CHI IIRTDE 
rHKOMIUM 
rOKAlT 
CONOOCFANOF 
niPPI R 
FlOORIDb 
OROr.a Al PHA 
GROSS BFlA 
IRON 
LtAD 
MAONrSIIIM 
MANOANI5E 
MrRCIIRY 
MOI YROrNUM 
N t f K l L 
N l I R A I F 
N I T R I I E 
ORl>. ( ARBIIN 
PH-210 
PH 
PHOSPHAIE 
PO-210 
POIA'iSIUM 
RA-226 
HA-228 
5FI IN IUM 
511 CON 
SJLIFA 
Oil VI R 
SODIUM 
51RON 1lOM 
SOI t A11 
SOI 1 l o r 
IFMITHAIORl 
I H - 2 J 0 

UNIT OF 
MtAbURE 

MO/l CAC03 
MO/L 
MO/L 
MO/L 
MO/L 
X 
MO/L 
MH/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
Mli/L 
UrtHO/rM 
Mli/L 
MO/l 
P C l / L 
p r i / i 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
r n i / i 
!.U 
MO/L 
PC I /L 
MO/l 
P I , I / l 
l ' i : i /L 
MO/l 
MO/L 
MO/l 
Mli/L 
M(i/l 
Mli/l 
Ml./I 
Mli/l 
1 - l.'l ORFF 
p r ; i / i 

PARAMI IbR 
VAlUF+/ -UNnbHIAlNFY 

2 2 6 . 
0 . 4 

1 8 . 6 
-

0 . 0 1 
-
-
-

0 . 4 3 
-

4 5 0 . 
/ii. 

0 . 0 1 
-

4 0 2 0 . 
-

0 . 7 2 
9 2 0 . 6 0 . 
4 9 0 . 2 0 . 

0 . 2 
-

132 . 
0 . 5 4 

-
0 . 1 5 

-
6 8 . 

-
7 6 . 6 

-
7 . 0 

-
-

10 .6 
0 . 0 . 1 
0 . 0 . 7 
0 . 4 4 1 

-
-
-

7 0 2 . 
-

2 5 / 0 . 
-

1 4 . 1 
_ 

PARi-.Ml I I R 
VAI I I F + / - L I N i : i k l A l N l i 

PAHAH» IFR 
VAI UF^/-UNI FR TAIN FY 

PARAMLIER 
VAIUF+/-UNLIH1A1N1Y 

PARAMLIER 
V A M I L f / U N t l R I A l N F Y 

2 2 6 . 
0 . 4 

1 8 . 6 

0 . 0 1 

0 . 4 2 

455. 
78. 

0.01 

4 0 2 0 . 

0 . 7 
9 4 0 . 
4 9 0 . 

0 . 1 9 

1 3 1 . 
0 . 5 3 

0 . 1 1 

6 3 . 

7 6 . 5 

7 . 0 

1 0 . 2 
0 . 2 
0 . 
0 . / 6 0 

6 9 9 . 

2 5 6 0 . 

1 4 . 1 

60. 
20. 

0 . 1 
0 . / 

2 2 6 . 
0 . 4 

1 8 . 6 

0 . 0 1 

0.45 

4 5 6 . 
7 8 . 

0 . 0 1 

0 . 7 
1200. 

5 3 0 . 
0 . 2 

132 . 
0 . 5 4 

0 . 1 0 

6 7 . 

7 5 . 5 

7 . 0 

1 0 . 3 
0 . 
0 . 
0 . 7 2 5 

100 . 
2 0 . 

0 . 1 
0 . 8 

6 9 1 . 

2 5 / 0 . 

1 4 . 1 



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

FORMATION OF rOMPIII IONi Al I UVMIM 
HYDRAUI IC FLOU Ktl ATlONSHJPi UN-Si IF 

808-03 01 /11 /88 
lOIAVlON ID - GAMPII ID AND LOG DAIF 

808-04 01 /11 /88 808-05 01 /11 /88 

PARAMFIIH 

TIN 
TOFAL 501 (OS 
URANIUM 
VANADIUM 
ZINC 

UNIT OF 
MFASURF 

MO/L 
MO/L 
MO/L 
MO/L 
MG/L 

PARAMMIR 
VAlUI>/-UNrbRIAlNIY 

PARAMFItR 
VAI IIF>/~UNCFH1A1NIY 

PARAMI IFR 
VAHiF+/-UNtFHIAlNTY 

46^0. 
1 . /2 
0.07 
0.014 

4620. 
1.00 
0.06 
0.012 

4640. 
1.69 
0 .06 
0.014 

MAPPLR DATA FILE NAME I GRN01«IIDP0UU102183 



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

FORMATION OF OOMPItllON: AILUVlUM 
HYDRAUI IC FLOU HFlATlUNSHlPt CROSS GRADIFNT 

PARAMF TFR 

AlKALINITY 
Al IIMINUM 
AMMONIUM 
ANTIMONY 
ARSFNiC 
HAI ANLE 
BARIUM 
BICARHUNATE 
BORON 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COMALT 
CONDIICIANCE 
COPPER 
FlOORIDF 
OHO-iS ALPHA 
GROSS BbIA 
IRON 
IFAD 
MAONLSIOM 
MANOANI HE 
MLRCURY 
MOIYBDENUH 
NICKFL 
N I IRAIE 
N I l R I l i : 
ORG. CARBON 
PH 
PHOSPHATE 
POTASSIUM 
RA-226 
HA-228 
S IL IN I I IM 
SII.CON 
SILJCA 
t i l l VI R 
SODIUM 
!i IRON HUM 
Mil 1 A i r 
ItMl'JRAIURE 
I H - 2 3 0 
FIN 
in iA l SOI IDS 
URANIUM 

UNIT OF 
MEASURF 

MG/L CAC03 
MG/L 
MG/L 
MG/L 
Mb/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
Mli/L 
MO/L 
MG/L 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
MO/l. 
MG/L 
MO/l 
MO/L 
MO/L 
5U 
MO/L 
MO/L 
PC I / I 
P C l / L 
MO/l 
MO/L 
M(i/l 
MO/L 
MO/l 
MO/L 
MO/l 
C - 1)1 IIHI E 
P C I / l 
Mli/L 
MO/l 
Mli/l 

7 0 8 - 0 1 0 9 / 1 5 / 8 2 

PARAMtIFR 
VALUF+/-UNCFRIA1NTY 

< 

< 

< 

< 

< 
< 

< 
< 

< 
< 

< 

< 

2 7 2 . 0 0 
0 . 0 1 

-
-

0 . 0 1 
-

0 . 0 2 1 
3 3 2 . 0 0 

-
0 . 0 1 

4 4 0 . 0 0 
3 4 3 . 0 0 

0 . 0 1 
-

1 0 4 0 0 . 0 0 
0 . 0 3 3 
1 . 0 0 
-
-

0 . 0 5 
0 . 0 1 

3 2 5 . 0 0 
-

0 . 0 0 2 
0 . 0 5 

-
2 . 0 0 

-
-

6 . 9 7 
-

2 1 . 0 0 
2 . 0 0 
«».00 
0 . 0 1 3 
6 . 7 0 

-
0 . 0 1 

2 2 2 5 . 0 0 
-

5 4 0 V . 0 0 
/ 1.00 

0 . 1 0 
-

8 9 4 0 . 0 0 
0 .0 ' . ' / 

I .U I .MIXI 
7 0 8 - 0 1 1 1 / 2 3 / 8 2 

PARAMFIbR 
VALUF+/-I INCFRIAINFY 

2 6 1 . 0 0 
0 . 0 3 7 

-
-

0 . 0 0 7 
-
-

3 1 8 . 0 0 
-
-

3 1 9 . 0 0 
5 9 2 . 0 0 

-
-

9 6 / 0 . 0 0 
-

< 1 .00 
-
-
-
-

3 1 9 . 0 0 
-
-

< 0 . 0 5 
-

< 5 . 0 0 
-
-

6 . 9 7 
-

1 8 . 0 0 
< 2 . 0 0 

-
0 . 0 1 4 

-
-
-

2 1 0 0 . 0 0 
-

5 6 8 4 . 0 0 
1 3 . 0 0 

-
-

9 1 9 0 . 0 0 
0 . 0 3 * 

in J i> - iiHnri r tv nnu i 
/ 0 8 - 0 1 0 9 / 0 / / 8 6 

PARAMFlER 
VAI UF+ / -UNIFRIA1NIY 

< 
< 
< 

< 

< 

< 

2 8 3 . 
0 . 2 
0 . 1 
0 . 0 0 3 
0 . 0 1 
0 . 0 1 
0 . 1 

-
0 . 5 
0 , 0 0 1 

5 1 2 . 
150 . 

• 0 . 0 3 
0 . 0 9 

6 7 5 0 . 
0 . 0 3 
0 . 7 

-
-

0 . 0 6 
0 . 0 1 

3 2 0 . 
0 . 0 3 
0 . 0 0 0 2 
0 . 1 1 
0 , 0 6 
9 . 
0 . 1 

-
7 . 2 8 
0 . 1 

2 2 . 1 
-
-

0 . 0 0 5 
-

7 . 
0 . 0 1 

1900 . 
0 . 8 

6 1 0 0 , 
2 0 . 

-
0 . 0 0 5 

9 3 1 0 . 
0 . 0 0 8 0 

-UU U H l t 
7 0 8 - 0 1 0 2 / 2 5 / 8 7 

PARAMETER 
VAL UF+/-UNCERTAIN FY 

2 6 3 . 
< 0 . 1 

8 . 2 
-
-
-
-
-

0 . 2 3 
-

3 8 3 . 
3 5 8 . 

0 . 0 4 
-

4 6 5 0 . 
-

0 . 5 0 
-
-

0 . 0 5 
-

3 1 3 . 
0 . 0 3 

-
< 0 . 1 

-
1.6 
-
-

7 . 6 1 
-

1 6 . 6 
-
-

0 . 4 0 
-
-
-

2 3 2 0 . 
-

6 2 0 0 . 
1 0 . 0 

-
-

1040'J. 
0 , 0 0 / 7 

708 0 1 0 1 / 1 1 / 8 8 

PARAMLIER 
VALUE»/-UNCFRIAINTY 

2 0 6 . 
0 . 3 5 

< 0 . 1 
-

0 . 0 1 
-
-
-

0 . 3 6 
-

4 0 5 . 
3 2 0 . 

0 . 0 1 
-

6 7 0 0 . 
-

0 . 5 
3 1 . 3 7 . 
1 7 . 2 7 . 
0 . 2 

-
1 9 0 . 

0 . 0 2 
-

0 . 1 3 
-

1 .3 
-

5 5 . 9 
7 . 1 
-

1 2 . 9 
0 . 1 0 . 1 
0 . 0 0 . 8 
0 . 2 8 4 

-
• -

-
1 7 6 0 . 

-
4 0 0 0 . 

0 . 2 
-
-

,'ltO(/. 
0 . 0 1 / 5 



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

FORMATION OF COMPI FTION: Al I UViUM 
HYDRAUIIC FLOU REI ATIONSHIP: CROSb CRADIFNI 

I IMrt l inN ID - SAMP I I ID AND 106 DAIF 
708-01 09 /15 /82 708-01 11/2 1/82 708-01 0 9 / 0 / / 8 6 708-01 02/25/87 708 01 01/11/88 

UNll OF PARAMFIFR PARAMFItR PARAMtIfR PARAMLIFR PARAMI IFR 
PARAMF1FR MtAGIIRt VAI UF+/-UNl.tR1AlNI Y VAI III ^/-IINCbRl AINI Y VAI UF ̂ / UNCFRI AlHI Y VALUF+/-UN(.FRIA1NI Y VAI Ul ^/-UNll HTAlNI Y 

0.06 
0.016 VANADIUM MG/L < 0.05 < 0.05 0.2/ 

ZINC MG/L - - 0.024 



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

lORMATtON OF COMPI FTION: 'illALC 
HYDRAUI IC FLOU RFI.ATIUNSHIP: IIP UUADIINI 

o 
I 

PARAMFIFR 

AIKAI I N I I Y 
ALUMINIIM 
AMMI INIUM 
ARii lNlC 
HARIIIM 
MORON 
CADMIUM 
CAI CfUM 
CHI ORIDF 
CHROMIUM 
CONDIICIANCE 
• ;OPPLR 
FLIIORlDb 
GROSS Al PHA 
GROSS BFIA 
IRON 
LFAD 
MAONFSIUM 
MANOANtSF 
MtRCIIRY 
MOI YBDFNIIM 
N i l RAIL 
ORO. CARBON 
PH 
POTASSIUM 
RA-/'26 
RA-228 
Oil 1 NIUM 
S l l VI R 
500lUM 
SOI 1 A IF 
Sill 1 IDF 
iFMi'i HAiunr 
101 Al SOI IDS 
URANIUM 
VAN.IDIIIM 
/ I N i 

UNIT OF 
MFASIIHI 

MO/l CACn3 
MO/L 
MO/L 
MO/L 
MO/l 
MG/L 
MU/l 
Mli/L 
MG/l 
MO/L 
UMHU/CM 
MO/L 
MO/L 
P C t / l . 
P C I / L 
MO/L 
MO/l 
MO/L 
MO/L 
MG/L 
MO/L 
MO/L 
MG/L 
SU 
MO/L 
P C t / L 
P C I / L 
MO/L 
MO/l 
MO/L 
MO/L 
MG/L 
C - DFORIF 
MO/L 
MO/l 
MO/L 
Mli/l 

" H 0 6 - 0 1 10 /2 .1 /07 

PARAMFIFR 
V A L I i r + / - U N M H l A I N F Y 

< 

< 

< 

< 

< 

< 
< 

< 

< 
< 
< 

9 0 8 . 
0 . 1 
0 . 2 
0 . 0 1 

-
0 . 8 

-
4 . 9 

1 8 8 . 
0 . 0 1 

2 7 5 0 . 
-

1 .8 
0 . 0 
4 . 5 
0 . 0 3 

-
1.S4 
0 . 0 1 

-
0 . 0 1 
1.0 
4 . 
7 . 9 
1 .42 
0 . 1 
0 . 3 
0 . 0 0 5 

-
8 5 0 . 
5 7 0 . 

-
1 6 . 0 

/'/•OO. 
0 . 0 0 3 
0 . 0 1 
0 . 0 0 5 

' • 3 . 
1 8 . 

0 . 1 
0 . 9 

lOCAI ION 1 
0 0 6 0 1 0 1 / 1 0 / ; I 8 

PARAMFIFR 
VAI U F » / IINf.lRIATMFY 

< 

< 

< 

< 
< 

9 6 / . 
0 . 1 
0 . 1 
0 , 0 1 

-
0 . 0 9 

-
' . . 2 0 

1 6 0 . 
0 . 0 2 

2 0 / 0 . 
-

1.95 
< " . . 
2 . 3 
0 . 12 

-
1.54 
0 . 0 1 

-
0 . 0 2 
0 . 1 

2:i 't . 
0 . 0 
1 . 5 / 
0 . 1 
0 . 
0 . 0 ' i n 

-
0 7 1 . 
7 / 0 . 

-
1 4 , 0 

'"lOO. 
0 . 0 0 0 3 
0 . 0 1 
O.O'iV 

n . 
9 . 6 

0 . 2 
0 . 9 

in - SAMPIF ID AND 
8 0 6 - 0 1 0 7 / 2 1 / 0 8 

PARAMFTFR 
VAIUI +/ -UNCFRIAINTY 

< 
< 

< 

< 

< 

< 
< 

< 

< 

< 
< 
< 

9 0 6 . 
0 . 0 1 
0 . 1 
0 . 0 0 7 
0 . 0 1 
0 . 0 
0 . 0 2 6 
4 . 7 3 

2 0 0 . 
0 . 0 1 

2 0 0 0 . 
0 . 0 1 
3 . 5 
0 . 
5 . 
0 . 0 1 
0 . 0 1 
1.37 
0 . 0 1 
0 . 0 0 0 2 
0 . 0 2 
0 . 3 

1 8 2 . 
8 . 0 7 
1 .6 
0 . 0 
0 . 1 
0 . 0 2 2 
0 . 0 1 

0 2 1 . 
6 0 2 . 

0 . 1 
1 7 . 0 

•/•290. 
0 . 0 0 0 3 
0 . 0 1 
0 . 0 0 5 

19 . 
1 1 . 

0 . 1 
0 . 8 

UlO DATF 
8 0 7 - 0 1 1 0 / 0 6 / 0 7 

PARAMFIFR 
VAL UF+/-IINCF H1AINTY 

< 

< 

< 

< 

< 
< 

6 2 7 . 
0 . 1 
0 . 4 
0 . 0 1 

-
0 . 8 

-
8 3 . 

1 0 0 . 
0 . 0 1 

8 0 0 0 . 
-

1 .9 
0 . 0 
0 . 0 
0 . 0 3 
-

4 5 . 
0 . 0 4 
-

0 . 0 7 
6 7 0 . 

1 9 . 
7 . 6 5 
4 . 4 
1.5 
1 . 1 
0 . 1 7 

-
2 2 6 0 . 
4 0 0 0 . 

-
1 7 . 5 

7 5 5 0 . 
0 . 0 0 5 
0 . 0 1 
0 . 0 0 5 

3 6 . 
3 8 . 

0 . 4 
0 . 8 

8 0 7 - 0 1 0 1 / 0 7 / n n 

PARAMEIFiK ; 
VAHJF^/-UNCERIA1NIY 

6 4 3 . 
0 . 1 
0 . 1 
0 . 0 2 1 

-
0 . 8 4 

-
1 3 7 . 
1 0 0 . 

0 . 0 2 
8 8 8 0 . 

-
1.24 

3 1 . 
4 9 . 

0 . 1 4 
-

5 4 . 7 
0 . 0 5 

-
0 . 1 1 

9 7 5 . 
1 7 6 . 

7 . 4 
5 . 5 
0 . 
0 . 4 
0.'.>S 

~ 
2 4 5 0 . 
4 1 6 0 . 

-
1 4 . 3 

9 5 4 0 . 
0 . 0 0 5 3 
0 . 0 2 
0 . 0 1 3 

3 2 . 
3 5 . 

0 . 1 
0 . 9 



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

FORMATION OF COMPI FFFONs BHAI F 
HYDRAUI IC I LOU Rl I AlI0N5HIP: UP GRADIFMF 

PARAMF FFR 

8 0 7 - 0 1 0 7 / 2 1 / 8 8 
- — • l O r A I l O M ID - SAMPI I I D AND 100 DAFF 
016 0 1 1 0 / 2 3 / 8 7 8 1 6 - 0 1 0 1 / 0 7 / l ! 8 

UNI I OF 
MFASIIHI 

PARAMFTFR 
VALIIF^/~UNI FRTAJNTY 

PARAMtILR 
VAI UF^/ I IHCIRIAIHFY 

PARAMFIFR 
VAIUI ^/-UMClRTAIN1Y 

PARAMFIFR 
VAIUF+/-UNI,FR1AINTY 

PARAMETER 
VAlUEt/-IINCF.RTAjNFY 

ALKAI I N I I Y 
ALUMINUM 
AMMONIUM 
ARStNIC 
RARIIIM 
MORON 
CADMJ OH 
CALCIUM 
CHLOHir>F 
CMRUMIIIM 
CONDUCIANCF 
COPPFR 
FLUORIDL 
GROSS ALPHA 

'P GROSS BFIA 
>-^ IRON 
1^ LFAD 

MAONFSIUM 
MANOANFSF 
MFRCURY 
MOI YRDINUM 
Nl IRATE 
IIRG. CARBON 
PH 
POTASSIUM 
RA-226 
RA-228 
SI LFNIUM 
STI VI R 
SODIUM 
Sill I AIF 
SULFIDF 
I t MIS RAFIIRF 
lOTAL SOI IDS 
IIRAIIIIIM 
VANADIUM 
/ I N I . 

MG/l CACn3 
MO/L 
MO/l < 
M(i/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/l 
MO/L 
1IMH0/CM 
MO/L < 
MO/l 
IM:I/L 
PCI/I 
MG/L 
MO/L 
MG/L 
MG/l 
MO/L < 
MO/L 
MO/L 
MO/l 
Sll 
MO/l. 
Pi:t/I 
PCI/l 
MO/L 
MO/L < 
MG/L 
MO/l 
MO/L < 
C - DFGRtF 
MO/L 
MO/l 
Mfi/I 
MO/l 

616. 
0-07 
0 . 1 
0.013 
0 .01 
0.84 
0.125 

175. 
130. 

0.06 
10500. 

0 .01 
1.3 
0 . 
0 . 
0.04 
0.02 

63 .3 
0 . 0 / 
0.0002 
0 . 0 / 

l/»80. 
150, 

7.45 
7.? 
0 .0 
O.B 
0 . 122 
0 .01 

3240-
6450. 

0 .1 
17.5 

11700, 
0.0054 
0.03 
0 . 0 0 / 

67. 
30 . 

0 . 1 
0.7 

0 .9 
1.4 
0 .01 

0 .6 

410. 
165. 

0 .01 
3700. 

0 .8 

0.43 

300. 
0 , 

0 . 0 / 
05 

7 . 6 

0,72 

790. 
3A0<', 

15.0 
6220. 

('.030 
< 0..)1 

0.046 

4H5. 
0 .4 
0 . 1 
0.014 

0.52 

436. 
340. 

0 .05 
5210. 

0 .52 
2 1 . 
40 . 

0 .4 

542. 
0 . 1 

0 .05 
93 . 
01 .7 

/.? 
29.5 

0 . 1 
<•./ 
2.5 

707. 
394'). 

13,3 
7300. 

0.0074 
0 ,08 
0 .060 

25 . 
?7. 

0 . 1 
O.B 

MAPPIR DAIA I I I I NAMI : ORNO lnllCPOUOlO/'191 



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

lORMATTON OF COMPI FT FONs SHAI C 
HYimAUl IC I I nU RFIAIIONSHIP: UN-51 IF 

C3 
1 

»—» 

PARAMFTFR 

Al KAI I N I T Y 
Al IIMINUM 
AMMONIUM 
ANIIMONY 
AHSFNJC 
IIAI ANCr 
IIARIIIM 
IIICARMONAIF 
nORON 
I:ADMIUM 
CAI CIIIM 
Clll OR IDE 
CHROMIUM 
COBALT 
CONDIII.TANI.F 
COPPER 
Fl OORIDF 
GROSS Al PHA 
GROSS BFIA 
IRON 
LFAD 
MA0NF!5IUM 
MANOANI Sr 
MFHCIIRY 
MOI YllltFNUM 
NICKFL 
N l I R A I F 
N I I R I T E 
ORG. CARRliN 
l'M~210 
PH 
PHO'-.PIIATF 
P n - 2 1 0 
POFA'iSIIIM 
RA-226 
UA 220 
SI 1 1 NJOM 
Sl l i rA 
Sit Vt R 
SODIUM 
STHONIiOM 
•;0I 1 AIF 
SOI 1 in i 
I I Mri HA inn r 
Til 2')0 
U N 

UN I F or 
MFASURF 

MG/L 1 
MO/L 
MG/L 
MG/L 
MO/L 
% 
MG/l 
MO/L 
MO/l 
MO/L 
MO/l 
MO/L 
MG/l 
MG/L 

LAC03 

UMHO/CM 
MO/L 
MO/l 
P C l / L 
P C I / I 
MO/L 
MO/l 
MO/L 
MG/L 
MO/L 
MO/L 
MO/L 
MO/l 
MO/L 
MO/L 
P C I / I 
SU 
MO/L 
PC I / I 
MO/l 
P C I / I 
HCf / l 
MO/l 
MO/l. 
M I ; / I 
Ml./I 
Mll/I 
Mli ' l 
Mr.-'l 
1 i.i 
rni 1 
MO/l 

1 liRi r 

7 0 1 - 0 1 0 7 / 1 4 / 0 2 

PARAMFTFR 
VAI I I F t / U N C F R I A I N F Y 

< 

< 

< 

< 

< 

3 3 0 . 0 0 
0 , 1 0 

-
-

0 , 0 1 

-
4 0 1 . 0 0 

~ 
-

3 9 0 . 0 0 
1 0 0 . 0 0 

-
-

7 4 1 0 , 0 0 
-

2 . 0 0 

-
0 . 0 5 

-
1 4 0 . 0 0 

-
-

0 . 0 5 
-

2 0 . 0 0 
-
-
-

7 . 0 0 
-
-

1 1 . 0 0 
2 . 0 0 

-
0 . 3 6 

-
_ 

1^3" ,00 

I6 1'>.00 

0 1 . 0 0 
-
_ 

I I I ' M I J I 
7 0 1 - 0 1 0 6 / 0 6 / 0 6 

PARAMI IFR 
VAI l i r+ / -UNCI R I A I N FY 

4 4 2 . 
-

3 4 . 
-

< 0 . 0 1 
- 1 , 1 0 

-
-
• -

-
5 1 1 . 
1 0 / . 

-

5 0 0 0 . 
-

0 . 9 

-
0 . 0 8 

-
190. 

2 . 2 
-

0 . 2 
-

1 3 7 0 . 
-
-
-

7 , 6 7 
-
-

1 1.5 
0 . 3 
0 . 6 
0 . 0 1 

\y>'K 

! 0 ' : " . 

( / . 
-. 

0 - 2 
0 . 9 

•n ji> - 3 n n r i r i n n n u i 
7 0 1 - 0 2 0 6 / 0 6 / 8 6 

PAHAMFIER 
VAI | IFf / -UNI .FRIAlNTY 

4 4 2 . 
-

3 0 . 
-

< 0 . 0 1 
- 0 . 0 2 

-
-
-
-

5 1 0 . 
110 . 

-
-

5 0 0 0 . 
-

0 . 9 

-
0 . 0 8 

-
190 . 

2 . 3 
-

0 . 1 8 
-

1190 . 
-
-
-

7 . 6 7 
-
-

13 .3 
-

0 . 0 1 
-
_ 

1 1 / 0 , 
-

! - ' 20 . 
_ 

17. 
_ 
_ 

.UU iJ i i i r — — 
7 0 1 - 0 3 0 6 / 0 6 / 8 6 

PARAMFIFR 
VAI Ur+/-UNCFR1AINTY 

4 4 2 . 
-

3 0 . 
-

< 0 . 0 1 
- 0 . 0 2 

-
-
-
-

5 1 0 . 
110 . 

-
-

5 0 0 0 . 
-

0 . 9 

-
0 . 0 0 

-
190 . 

2 . 3 
-

0 . 2 
-

1190 . 
-
-
-

7 . 6 7 
-
-

1 3 . 3 
-
-

0 . 0 1 
-
_ 

1170 . 
-

t 020 . 
-

17 . 
-
-

7 0 1 - 0 4 0 6 / 0 6 / 8 6 

PARAME1FR 
VALIJr+/ -UNCERIAlNIY 

4 4 2 . 
-

3 0 . 
-

< 0 . 0 1 
- 0 . 0 2 

-
-
-
-

5 1 0 . 
110 . 

-
-

5 0 0 0 . 
-

0 . 9 

-
0 . 0 8 

-
1 9 0 . 

2 . 3 
-

0 . 2 
-

1 1 9 0 . 
-
-
-

7 . 6 7 
-
-

1 3 . 3 
-
-

0 . 0 1 
-
-

1 1 7 0 . 
-

3 0 2 0 . 
-

1 7 . 
-
-



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

FORMATION OF COMPI FTTON: SHAI F 
HYDRAUI IC FLOU RIIAI IUNSHIP: ON-ST IF 

— - I OCA I ION ID - SAMPIF ID AND I UG DATF 
701-01 0 / / 1 4 / 8 2 701 01 06 /06 /06 / 0 1 - 0 2 06 /06 /86 / 0 1 03 06 /06 /06 701-04 06/06/86 

IINIF OF PARAMI IFR PARAMI IFR PAHAMKFKR PARAMFIFR PAHAHE1ER 
PARAMFIFR MFASURF VALUF+/-UNCIRTAINFY VAI IIF ^/-IIN(.l RIAINIY VAHIF t/-UfM.FRIAlNTY VALUF+/-UFICrRT AINTY VALUE+/-UNCERIA1NTY 

TOTAL 501 IDS MO/L 6010.00 7110. 7160. 7100. 7120. 
URANIUM MO/L 1.40 1.11 2.94 2 .99 2-98 
VANADIUM MG/L < 0.05 
ZINC Mli/L _ _ - - -



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

romiAFION OF CUMPIITTON: SHAI F 
IhDHAIII IC FLOU R l l A l l O N S H I P : ON-SIFF 

7 0 1 - 0 5 0 6 / 0 6 / U 6 
I III AT ION I D - r.AMPI F I D AND 100 DAFF 

7 0 1 - 0 1 0 9 / 0 / / 0 6 / 0 1 - 0 1 0 1 /13 /87 7 0 1 - 0 1 1 0 / 0 6 / 8 7 7 0 1 - 0 1 0 1 / 1 2 / 0 8 

PARAMFTFR 
U N l l o r PARAMMIR 

Ml AfillRF VAI OF^/ - I IN IFRTAINFY 
PARAMI I I R 

VALI IF* / UNCIRIAII IFY 
PARAMI MR 

VAI U |+ / -UNCFHIAlNrY 
PARAMETER 

VAHIF+/-UNCFRTAINTY 
PARAMFTFR 

VALIIFt / - - I INCFRlAlNIY 

o 
I 

t n 

AlKALINITY 
Al IIMINUM 
AMMllNTIIM 
ANIIMONY 
ARSFNIC 
MAI ANCE 
BARIUM 
HlCAMBUNAFF 
BORON 
CADMIUM 
CAI CIIIM 
Clll ORfOF 
CHROMIUM 
CORAI T 
CONDIICFANCF 
COPPFR 
Fl OORIDb 
GROSS ALPHA 
GROSS BFIA 
IRON 
LFAD 
MAONCniUM 
MANOANI SF 
Ml HCIIRY 
MOI YROFNUM 
NTI.KI L 
N l I R A I F 
N l I R I T F 
ORO, I AKRON 
Pn-210 
PH 
PIIO'^PHATF 
P 0 - 7 1 0 
POIASSIIIM 
RA 226 
HA V'̂ 'O 
511 IN IUM 
' i l l ICA 
S l l VI R 
liODIUM 
SI l l l lNriUM 
".III I A IF 
SOI I I IH 
II Hl'l RAIUItr 
TO ?'10 
I IN 

MO/l CAC03 
MO/L 
MG/L 
MG/L 
MG/L < 
X 
MG/L 
MO/l. 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l. 
MO/L 
UMHO/CM 
MO/L 
MO/L 
P C I / L 
PCI/I 
MG/L 
MO/l 
MO/L 
MO/L 
MO/L 
MO/l 
MO/L 
MO/l 
Mli /L 
MO/l 
PC I / I 
SU 
MO/L 
P C I / I 
MO/L 
P C I / I 
PC I / I 
Mi;/I 
MH/L 
Mli/l 
Mi-./l 
Mli/l 
Ml./1 
Ml./I 
i: I I I.PI I 
i r i / i 
Mli/l 

4 4 2 . 

3 0 . 

0 . 0 1 
- 0 . 0 2 

5 1 0 . 
110. 

5 0 0 0 , 

0 . 9 

0 . 0 8 

190 . 
2 . 3 

0 . 2 

1 1 9 0 , 

7 . 6 7 

1 3 , 3 

0 . 0 1 

117'^. 

1 / . 

< 
< 

< 

< 

< 

< 

< 

< 

3 9 5 . 
0 . 3 

3 0 , 
0 . 0 0 3 
0 , 0 1 
0 , 0 9 
0 . 1 

0 , 6 
0 . 0 0 1 

3 3 7 . 
100 . 

0 . 0 5 
0 . 0 9 

5 0 0 . 
0 . 0 3 
1,0 

0 .O5 
0 . 0 1 

139 . 
1 . 23 
0 . ' ) 002 
0 . 1 3 
0 , 0 6 

5 / 0 , 
0 . 1 

9 6 , 
1 1, 
7 . 6 0 
0 . 1 
1 . / . 

1 , ' . . ' 
O.l i 
o .V 
0 . 121 
It 

O. 'M 
\'ti'-K 

1'-.o 

2 . 

0 . 8 

0 . 3 
1.0 

4 0 7 . 
0 . 2 

3 2 . 
-
— 

-

0 . 6 
-

3 6 6 . 
0 6 . 

0 . 0 3 
-

4 100. 
-

1.0 

0 . 1 2 
-

160 . 
1 .60 
-

( 0 . 1 
-

2 4 0 0 . 
-
-
-

7fc1H 
-
-

1 0 . 0 
-
-

0 . 1 5 0 

„ 

19'^0, 

1 1 •>•>. 

1 . ' . . 

3 9 8 . 
0 . 1 

4 7 . 

0 . 0 1 

0.6 

2 5 3 . 
0 . 4 

4 7 . 7 

0 . 0 1 

0 . 6 9 

3 8 0 . 
9 6 . 

0 . 0 1 

6 2 0 0 . 

1 .0 
9 7 0 . 
2 7 0 . 

0 . 0 3 

180 . 
1.6S 

0 . 0 1 

1120 . 

4 1 . 

6 .B5 

9 . 6 
0 . 8 
1,0 
0 . 3 7 

1300. 

. I I 'M) , 

16 ,0 

120. 
5 6 . 

0 . 
0 . 

3 
8 

4 0 7 . 
9 6 . 

0 . 0 2 

5 4 5 0 . 

0 . 9 2 
1100 . 
6 2 0 . 

0 . 2 5 

176 . 
1 . 8 1 

0 . 1 4 

1 0 2 0 . 

1 1 0 . 

6 . 8 8 

10 .4 
0 . 1 
0 . 0 
0 . 5 4 6 

1190 . 

. ! 000 . 

1 4 . 6 

100 . 
4 0 . 

0 . 1 
0 . 7 

1. , - 0.(1 



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

FORMATION OF COMPI FTfONs SHALE 
HYDRAULIC FLOU Rbl ATIONSHIP: ON SITE 

lOCAIION ID - SAMPIF ID AND LUG DATF 
701-05 06 /06 /06 701-01 0 9 / 0 / / n 6 701-01 03 /13 /87 701-01 10/06/87 701-01 01 /12 /88 

UNI I OF PARAMFIFR P.'.HAMF IFR PARAMFTFR PARAHFFFR PARAMETER 
PARAMFTFR MbA'iUHF VAHIF4/-UNCERTA1NFY VAI IIF^/IINCF HI AINTY VALUF+/-IINCFRTAIMTY VAI-UF+/-IJNCFRT AINTY UALIIF+/-IINCERTA1NIY 

TOTAL SOLIDS MG/L 7120. 6550. 7070. 6460. 6130. 
OHANIIIM MG/L 3.05 1.06 1.59 1.71 2.23 
^ANADIUM M G / L - 0 ,10 - < 0 .01 0.07 
/ INC MO/L - 0.017 - 0 .038 0.011 



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

FORMAFION 
HYDRAUI IC 

OF COMPI FTTON: SHAI E 
FLOU RllATIONSHIP: ON-SITF 

lOCAIION ID - SAMPIF ID AND LUG DATF 
701-01 05 /11 /88 

PARAMFIFR 

ALKALINITY 
ALUMINUM 
AMMONIUM 
ANIIMONY 
ARSFNiC 
BALANCE 
BARIUM 
MFCARMUNATE 
BORON 
CADMIUM 
CAI CIIIM 
CHLORIDE 
CHROMIUM 
COBALT 
CONDUCTANCE 
COPPIR 

GROSS ALPHA 
GROSS BFFA 
IRON 
LFAD 
MAOMFSFUM 
MANOANI 5F 
MFRCURY 
MOI YHDINUM 
NICKI 1. 
NITRAFF 
NITRITE 
ORO. CARIlON 
Pl l -210 
PH 
PlinSPIIATF 
PO-210 
POIASSIIIM 
RA-226 
HA 2?n 
S l l Ft)HIM 
S l l ICA 
S l l UIR 
SODIUM 
SIROFM lOM 
'.III 1 A i r 
r.iii 1 11)1 
11 MI'I HAH Mir 
Til 230 
1 IN 

UNTI OF 
MFA'.OHF 

MG/l CAcny 
MO/L 
MO/L 
MG/L 
MG/L 
X 
MO/L 
MG/L 
MG/L 
MG/L 
MO/L 
MO/L 
MG/L 
MO/L 
UMHO/CM 
MO/L 
MG/L 
P C I / L 
P C I / L 
MO/L 
MO/L 
MG/L 
MG/L 
MG/L 
MG/L 
MO/L 
MG/L 
MG/L 
MO/L 
P C I / L 
SU 
MU/L 
P C I / L 
MO/L 
P C I / I 
P C l / l 
MO/L 
MO/l 
MO/l 
MO/l. 
MO/l 
MO/l 
MO/l 
C - Dtr .Hri . 
P C I / l 
MO/l. 

PARAM* IFR 
VAI UF+/-UNCFRTAINFY 

4 0 7 . 
0 . 2 3 

5 1 . 
-

0 . 0 1 5 
-

0 . 0 1 
-

0 . 7 1 
0 . 0 0 3 

5 2 0 . 
9\. 

0 . 1 5 
0 . 0 3 

5 4 1 0 . 
0 - 0 2 
0 - 7 7 

-
-

0 - 1 6 
0 - 0 2 

1 9 7 . 
2 . 1 0 
0 . 0 0 1 2 
0 . 0 9 
0 - 0 1 

1 7 3 0 . 
-
-
-

6 . 6 0 
0 . 3 

-
2 0 . 5 

-
-

0 , 5 4 9 
1 0 , 0 

-
11'iO, 

/.nv 
•IK'O. 

< 0 . 1 
1/..5 

-

PARAMrTFR 
VAI UFi/llrlCFRTAlNlY 

PARAMF FFR 
VAI UI +/-IINCFRTA1NTY 

PARAMFTFR 
VAIIIF+/-UNCFHTA1NTY 

PARAMETER 
VAIUFt/-UNCERTAINFY 



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

FORMATION OF COMPI FTION: SHALF 
HYDRAUI iC I LOU Rl I ATlONSHlP: ON-SITF 

lOCAIION ID - SAMPIF ID AND LOG DATE 
/01-01 05/11/88 

PARAMFTFR 
I INIF OF 

MFASURF 
PARAMF MR 

VALUFt / -UH. lR IATNFY 

FOFAL 'JULIDS MO/L 
URANIUM MO/L 
VANADIUM MG/L 
7 INI MG/l 

6 6 8 0 . 
2 . 9 9 
0 . 0 8 
0 . 0 1 8 

MAPPER DAIA F I I E NAME: GRN01«Ul)PGUqi02190 



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

FORMAFION OF COMPI FTtON: SHAI F 
HYDRAUI )C FLOU HI I Al 10N5H1P: DOUN 0RAU1INF 

5 8 3 - 0 1 0 9 / 1 2 / 0 6 
lOCAI ION TO - SAMPIF ID AND LOG DATF 

5 8 3 - 0 1 0 1 /13 /87 5 8 3 - 0 1 1 0 / 0 2 / 8 7 5 8 3 - 0 1 0 1 / 1 1 / 8 8 5 8 3 - 0 1 0 7 / 2 1 / 0 8 

PARAMFIFR 

AIKAI I N I T Y 
ALUMINUM 
AMMUNIIIM 
ANIIMONY 
ARSFNIC 
HAI ANCF 
BARIUM 
MORON 
CADMIUM 
CALCIUM 
Clll OR J DF 
CHROMIUM 
COBALT 
CONDUCTANCE 
COPPFR 
Fl OORIDF 
GROSS ALPHA 
GROSS HFTA 
IRON 
1 FAD 
MAONE STUM 
MANOANLSF 
Ml RCIIRY 
Mill.YHOI NIIM 
NICKl l 
NITRATE 
N l I R I T F 
ORO. CAiinON 
PH-210 
PH 
PHOSPHATf 
PO-210 
POIASSIIIM 
RA-226 
RA-22n 
r.FMNIIIM 
STI ICA 
SII.VI R 
SI IDIOM 
r.lKriMI IMM 
SIII FAI I 
Sill 1 lor 
11 MPI H.lHM'.l 
I I I 230 
T IN 
lUIAI 'iiil IIVl 

I I N i r OF 
MFASURF 

MG/L CAC03 
MO/L 
MG/L 
MO/L 
MG/L 
Z 
MG/l 
MO/L 
MO/L 
MO/L 
MO/L 
MG/L 
MO/L 
UMHO/CM 
MG/l 
MU/L 
PCT/L 
P C I / L 
MG/L 
MU/L 
MG/L 
MU/L 
MO/L 
MO/L 
MO/L 
MO/l. 
MO/L 
Mli/L 
P C I / I 
SU 
MG/L 
P C l / L 
MO/l 
PCT/I 
P C I / I 
Ml i / l . 
Mli/l 
MU/L 
MO/l 
Mli/l 
Ml 1/1 
Mil / l . 
C - PI I.IM 1 
Pi;i / I 
Ml./I 

1 hr. / l 

PARAMF FFR 
VAI UF+/-UNCI HIATHTY 

< 
< 

< 

< 

< 
< 

< 

< 

< 

< 

< 

1 9 3 . 
0 . 3 
1 . 1 
0 . 0 0 3 
0 . 0 1 
0 , 11 
0 . 2 
0 . 4 
0 . 0 0 1 

3 0 3 . 
7 1 0 . 

0 . 0 2 
0 . 0 5 

4 5 0 0 . 
0 . 0 3 
1 .2 
-
-

0 - 0 3 
0 - 0 1 

127-
0 - 0 7 
0 . 0 0 0 2 
0 - 1 0 
0 - 0 5 

14-
0 . 1 

120 . 
0 . 0 1.4 
8 . 1 0 
0 . 1 
0 . 0 0 . 6 

1 0 . 3 
0 . 7 0 . 3 
0 . 1 1.2 
0 , 1 1 1 
3 . 
0 . 0 1 

1 2 2 0 . 
A.n 

2.'."..'. 

1 ' . r . 
0 . / 0 . 6 
0 .00" . 

!.'«/.0. 

PARAMI FFR 
VAIIlf t / I IHCIHIAINIY 

PARAMEFER 
VAI I IF f / -UNCFRTAlNIY 

PARAMETER 
VAIUF+/-UNCFRTAINIY 

PARAMETER 
VAHIF+/-UNCERTAIHIY 

o 
I 

i \ j 

6 7 0 . 
0 . 1 
0 . 4 

1.0 

3 2 7 . 
9 2 5 . 

0 . 0 2 

7 0 0 0 . 

0 . 4 

0 . 0 3 

1 3 6 . 
0 . 0 9 

0 . 1 

7 1 . 

6 . 7 9 

1 0 , 7 

0.00'? 

1 5 2 0 . 

2 - .00 . 

14-

6 100-

1 0 3 0 . 
0 . 1 
0 . 5 

0 . 0 1 

— 
1.2 
-

2 3 0 . 
0 3 0 . 

0 . 0 1 

7 0 0 0 . 
-

0 . 2 
0 - 8 
0 . 0 
0 . 1 6 

-
1 1 2 . 

0 . 0 2 
-

0 . 0 1 

4 0 . 

2 . 

6 . 6 0 

6 . 6 
1 .1 
2 . 6 
0 , 0 1 9 

-
16V0, 

? ;.V). 

1 6 . 0 

6 1 . 
3 8 . 

0 - 3 
1 .2 

1 2 2 0 . 
0 . 2 
0 . 3 

< 0 . 0 1 

«. 
1.23 
-

2 1 8 . 
9 0 0 . 

0 . 0 3 

6 2 7 0 . 
-

0 . 3 * 
4 . 
0 . 
0 . 5 6 

-
8 7 . 7 

0 . 0 7 
~ 

0 . 0 9 

4 8 . 3 

2 7 9 . 

6 . 7 

6 .6B 
0 . 7 
2 . 
0 . 1 0 4 

_ 
1 8 7 0 . 

2 2 9 0 , 

1 3 . 0 

2 7 . 
1 9 . 

0 . 2 
1 . 

< 

< 

< 

< 

1 5 6 3 . 
0 . 0 6 
0 . 4 

0 . 0 1 S 

0 . 0 1 
1-2 
0 . 0 4 8 

1 8 6 . 
1 1 2 0 . 

0 . 0 7 

6 7 5 0 . 
0 . 0 1 
0 . 4 
0 . 

15 . 
0 . 2 2 
0 . 0 2 

7 6 . 2 
0 . 0 6 
0 . 0 0 0 2 
0 . 0 5 

4 . 4 

4 0 4 . 

7 . 10 

6 . 8 
1-0 
1.4 
0 , 0 6 2 

0 , 0 1 
1060 . 

1440 . 
0 . 1 

1 5 . 0 

5 4 . 
2 9 . 

0 . 3 
0 . 9 

!.M10. 6200. 6 1 9 0 . 



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

F0RMA1F0N OF COMPI FTtON: SHAI F 
HYDRAUI IC FLOU RFIAIIONSHIP: DOUN I.RADIFNI 

lOCATION ID - SAMPIF ID AND LOG DATF 
583-01 09 /12 /06 "^.vnOI 01 /13 /07 583 01 10/02/87 583-01 01 /11 /88 583-01 07 /21 /88 

UNll OF PARAMITFR PARAMFTFR PARAMFItR PARAMFTFR PARAMETFR 
PARAMFTFR MEASURF VAI UF+/-IINI.I RTAINIY VAI UF+/-UNI FRTAINFY VAI U(+/-UNCERI AINTY VAI UF+/-UNCI Rl AINTY VALUE+/-UNCFRTAINTY 

URANIUM MG/L 0.0042 0.0139 0.014 0.0105 0.0036 
VANADIUM MG/L 0.23 - < 0 .01 0.03 0.03 
ZINC MG/l 0.054 - 0.005 0.013 0.007 



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

FORMATION 01 COMPI FT ION: SHAI F 
HYDRAUI 11. I I O U R l l A l l O N S H I P : DOUN ORADIFNT 

5 8 4 - 0 1 0 9 / 1 1 / 0 6 
LIMATION I D - SAMPIF ID AND 100 DATF 

5 0 1 - 0 1 0 1 / 1 3 / 8 / ' .^8101 1 0 / 0 6 / 8 7 5 8 4 - 0 1 0 1 / 1 2 / 0 8 5 8 4 - 0 1 0 5 / 1 1 / 0 8 

PARAMFIFR 
l lNtF OF PARAMI IFR 

MFASURF VALIIl » / -UNI. I RTAINFY 
PARAMI I I H PARAMF I I R PARAMETER 

V A L I I F t / I I N C f RTAINFY VAI Uf » / - I IN IF R I AINTY VALUE •/- I INCFRT AINTY 
PARAMETER 

VAI.I IF+/-UNCFRTAINIY 

o 
I 

Al K A L I N I I Y 
Al IIMINUM 
AMMONIUM 
AN I IMONY 
ARSFNIC 
MAI.ANCF 
BARIUM 
MORON 
CADMIUM 
CALCIUM 
CHI ORIDF 
CHROMIUM 
COBALI 
CONDUCTANCE 
COPPFR 
I LIIOR IDE 
GROSS ALPHA 
OROSS BFFA 
IRON 
I FAD 
MAGNESIUM 
MANOANF SF 
MIRCIIRY 
MOLYBDI NIIM 
NICKl l 
N l l R A I F 
N I I R I I F 
ORG. CARllON 
PH-210 
PM 
PHOSPHATF 
I'll ?\''> 
POIAS'lTUM 
HA 226 
HA-22II 
' i l l (NIUM 
S l l H A 
Sl l VI H 
SnOIIIM 
'ilHONI IIIM 
Sm FAI I 
'illl F ll 'F 
Tf MPriiAIUHl 
I I I 23.) 
T I N 
lOTAI •;i|l ID'i 

MG/l 
MO/L 
MO/L 
MO/L 
MO/L 
X 
MG/L 
MO/L 
MO/L 
MO/L 
MG/L 
MG/L 
MO/L 
UMHO/CM 
MO/l 
MO/L 
P C l / L 
P C I / L 
M(./L 
MO/L 
MO/L 
Mli/L 
MO/l 
Mli/L 
Mli / l 
MU/L 
MO/l 
MO/L 
P C I / L 
•ill 
Mli/L 
P i : i / L 
Ml./I 
l ' i | / | . 
P I , I / I 
Mi i 'L 
Mil 'I 
Mli/l 
M'.'l 
Ml./I 
Ml.'I 
I I I . / I 
I. IM 
PI I ' I 

I 
I 

CAC03 

PI I 

2 0 6 . 
0 . 2 
1 .0 
0 . 0 0 3 
0 . 0 1 

- 0 . 18 
0 . 2 
0 . 3 
0.001 

57 .5 
530. 

0 .02 
0 .05 

4800. 
0 .02 
1.9 

0 . 
0 . 

1 5 . 
0 . 
0 , 
0 , 
0 , 
5 . 
0 . 

6 ? . 
1 . 
9 , 
0 , 
0 . 
4 . 
0 , 
0 , 
0 . 
5 , 
0 , 

1 0 0 0 . 
. 1 . 

3 1 6 0 . 

03 
03 
2 
02 
0002 
10 
04 

1 

5 
08 
1 
0 
78 
2 
0 

093 

0 1 

1 

Ml. 
Mil 

1.'.0 
0 . 6 
0 .00" . 

4!!- '0. 

1 .3 

0.5 

0 . 2 
1.0 

• > . 6 

?/.7. 
0 , 2 
0 . 9 

0 . 3 

19 .7 
9 5 . 4 

0 . 0 2 

4250. 

1.9 

0 . 1 1 

1 2 . 8 
0 . 0 5 

0 . 1 

0 . 4 

0 . 1 1 

2 . 6 0 

< 0 , 0 0 2 

1 6 1 0 . 

3 1 ' . 0 . 

1".,0 

5 1 ! 0 . 

< 

< 

< 

< 

< 

252-
0-1 
0.7 

0-01 

_ 
0-6 

47. 
120. 
0.01 

. 
4620. 

-
1.9 
0.0 
0.0 
0.08 
-

14-7 
0-02 
. 

0.01 
-

5.8 

4. 

/.95 
-

2,7 
'),0 
2.8 
0,005 
-

14'/0, 

3100, 

14,11 

40. 
29. 

0-3 
1-2 

263. 
0.17 
0.5 

0.01 

. 
0.67 

39.4 
110. 

0.02 
-

5100. 
-
1.76 

IS. 
6. 
0.22 
-

12.9 
0.03 
-

< 0.01 
-

< 0.1 

30. 

8.0 
-

2.91 
0.1 
0.2 
0.249 
-

1500. 

2560. 

14,0 

19. 
13. 

0.1 
0.7 

266. 
0.06 
0.7 

0.008 

0.01 
0.65 
0.003 

46.7 
130. 

0.02 
0.01 

5100. 
< 0.01 

1.73 
-
-

0.06 
0.03 

13.4 
0.03 

< 0.0002 
0.01 
0.02 
1-0 

-

7.96 
0.3 

3.27 
-
-

0.112 
9.2 

1630. 
l.SO 

3160. 
< 0.1 

1"..V 

5040. 49.30. 4 9 3 0 . 



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

FORMATION OF COMPI FT TUN: '•.HAI F 
HYDRAUI IC FLOU RILAIIONSHH': DOUN ORADMNT 

lOCATION ID - SAMPIF ID AND LOO DATF 
581-01 09 /11 /86 584-01 0 1/11/07 584-01 10/06/B7 584-01 01/12/BB 584-01 05/11/08 

UNIT OF PARAMI IFR PARAMFTFR PARAMFTFR PARAMETFR PARAMFIFR 
PARAMFIFR Ml ASIIRE VAHIF+/-IINCFRIA1NTY VAI UF+/-llfiCFRFAINFY VALUFt/-UNCFRTAlNTY VALUE V-UNCER1 AINTY VAI UF^/-UNCFR1A1NI Y 

URANIUM MG/L < 0.0003 < 0.0003 0.003 0.0009 0.0007 
'.VANADIUM MG/L 0.27 - < 0 .01 0.02 0 .01 
ZINC MG/l 0.013 - 0.024 0.007 < 0.005 



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

FORMATION UF COMPILIION: SHALE 
HYDRAUI IC FLOU RFLAIlONSHIP: DUUM OPADIINI 

504-01 07/16/08 
lOCATION ID - SAMPIF ID AND 

F>i!'i 01 09/12/06 585-01 03/13/87 
LOG DATE 

585-01 10/02/87 585-01 01 /10 /88 

PARAMFIFR 

Al K A L I N I I Y 
ALUMINUM 
AMMONIUM 
AN 11MUNY 
AH51 NIC 
IIAI ANCE 
BARIUM 
BORON 
CADMIUM 
CALCIUM 
CHI ORIDF 
CHROMIUM 
COBAI T 
€0NI)OCrANCE 
COPPI R 
FLUORIDE 
GROSS ALPHA 
GROSS BFIA 
IRON 
1 FAD 
MA5NFSIIIM 
MANiiANFSK 
MFRCURY 
MOLYMOFNOM 
NICKFI 
N l I R A I F 
NITRITF 
ORG. CARBON 
p n - 2 1 0 
PH 
PHOSPHATF 
PO-210 
POTASSIUM 
HA 226 
RA-220 
SFI IN IUM 
S l l ICA 
' i l l '.'1 R 
SOD HIM 
'ilHONI riiM 
s u n A l l 
•illl 1 IDF 
TFMI'lHAIUin 
I I I / 10 
TIM 
Illl.'.I 'illl l l" i 

MFASURF 

MO/l CACin 
MG/L 
MG/L 
MG/L 
MO/L 
X 
MG/l 
MO/L 
MG/L 
MG/L 
MO/L 
MO/L 
MG/L 
UMHO/CM 
MG/L 
MO/L 
P C I / L 
P C I / L 
MG/L 
MG/l. 
MG/L 
MU/L 
MO/L 
MG/L 
MG/l 
MO/L 
MO/l 
MO/L 
P C I / L 
Sll 
MO/l. 
P C l / L 
MO/L 
P C I / L 
PC I / I 
MO/l 
MO/l 
Mli/l 
MO/l 
MU/L 
MO/l 
IHi / l 
c - nroHi 1 
P C I / I 
Ml,/I 

1 Mli/l 

VAIUF+/ - I INCFRIA1NIY 

2 5 9 . 
0 . 0 2 
0 . 2 

-
0 . 0 1 0 

-
( 0 . 0 1 

0 . 6 4 
0 . 0 0 4 

4 6 . 3 
1 3 0 . 

0 . 0 2 
-

4 6 5 0 . 
< 0 . 0 1 

1 . / 
0 . 3 0 . 

1 7 . 17 . 
0 . 1 1 
0 . 0 1 

14 -7 
0 . 0 2 

< 0 . 0 0 0 2 
0 . 0 1 

-
1 1 . 

-
6 7 . 2 

-
8 . 0 9 

-
-

3 - 5 
0 . 3 0 . 2 
0 . 7 0 , 0 
0 , 0 0 9 

~ 
< 0 . 0 1 

14/ .0 , 
-

1140, 
< 0 . 1 

1S.0 
-
-

'i'-'40. 

PARAMI lER 
VAL UF+/-IINrt RTAINTY 

PARAMFIFR 
VAIUI •/-UNCFRTAINTY 

PARAMLIER 
VAL UF+/-IINCFR1 AINTY 

PARAMETER 
VALUE f/-UNCERTAlNTY 

C3 
I 

< 
< 

< 

< 

< 

< 

< 
< 

< 

< 

< 

1007 . 
0 . 3 
1,0 
0 . 0 0 3 
0 , 0 1 

- 0 - 3 3 
0 - 1 
1.5 
0 . 0 0 1 

7 0 . 6 
1 2 0 0 . 

0 . 0 2 
0-0'.. 

4 9 0 0 . 
0 . 0 3 
0 . 6 

0 , 0 5 
0 , 0 1 

1 4 . 1 
0 , 0 4 
0 . 0 0 0 2 
0 , 0 9 
0 , 0 4 
1 . 
0 . 1 

140 . 
0 . 6 
/ , 10 
0 , 1 
0 , 0 
5 . 7 1 
0 . 6 
0 . 6 
O.OI'i' 

1 1 . 
.^.01 

2/M'>. 
1.4 

1 / . ' . 
0 . 4 
o.oo;. 

1 .3 

0 . 5 

0 . 3 
1-0 

0 . ! . 

938. 
0-3 
2 .0 

0 .8 

25.8 
037. 

0 .03 

6500. 

0 .5 

0.03 

7.52 
0 .01 

0 . 1 

0.4 

8.52 

8.61 

0.002 

1'i>40-

2170-

15-0 

'".650-

848. 
0 .1 
1.3 

0 .01 

1.1 

766. 
0 . 1 
0 .7 

0 .01 

1.1 

< 

< 

< 

< 

< 

4 0 . 
7 5 0 . 

0 . 0 1 

7 0 0 0 . 

0 . 2 
0 . 0 
9 . 0 
0 . 0 3 

B.8 
0 . 0 1 

0 . 0 1 

1.0 

5 . 

7 . 1 0 

3 . 6 
0 . 3 
1 .8 
0 . 0 0 5 

1900 . 

24'i '0. 

1 6 . 0 

5 6 . 
4 6 . 

0 . 2 
1 .5 

3 6 . B 
7 4 0 . 

0 . 0 7 

5 9 6 0 . 

0 . 3 2 
7 . 

1 6 . 
0 . 3 5 

H.6S 
0 . 0 3 

0 . 0 2 

< 0 . 1 

3 6 . 2 

6 - 9 

3 . 5 9 
0 . 3 
0 . 9 
0 . 1 5 5 

1 9 2 0 . 

2 4 0 0 . 

1 4 . 3 

38 
28 

0 
0 

'.'i20. S'.S"). 



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

FORMAFION OF COMPI EI ION: SHAI C 
HTDRAUl IC ILOU RFLAI lUN'oHIP: DOUN OHADIFNI 

LOrAlION ID - SAMPIF ID AND LUG DATF 
584-01 07 /16 /88 505-01 09 /12 /86 SOS 01 03 /13 /07 585-01 10/02/87 585-01 01/10/88 

UNIF OF PARAMFIFR PARAMITFR PARAMETER PAHAMFIER PARAMblFR 
PARAMFTFR MEASURF VAI IIF+/-UNCFRTAINFY VAI UF+/-UNIFRTAINTY VAI IIF+/-IINCFRTA1NTY VALUF+/-UNCFRTAINTY VALUr+/-UNCFRTAINTY 

URANIUM HG/L < 0.0003 < 0.0003 < 0.0003 < 0.003 < 0.0003 
VANADIUM MG/L < 0 .01 0 .25 - < 0 .01 < 0 .01 
7INC MG/L < 0.005 0.019 - < 0.005 0.025 



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

FORMATION 
HYDRAUI IC ILOU H l l A I ION! 

PARAMFTFR 

Al K A L I N I I Y 
ALUMINUM 
AMMONIUM 
ANIIMONY 
ARSENIC 
BALANCE 
RARIUM 
BORON 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
CORALT 
CONDUCTANCE 

1 COPPFR 
- ' FLUORIDE 
uS GROSS ALPHA 

OHOSS BETA 
IRON 
1 FAD 
MAGNESIUM 
MANOANF SE 
MFHFJURY 
MUL YBDFNIIM 
NICKFI 
N I I R A I E 
N I I R I I F 
URG- CARBON 
PM-210 
PH 
PHOSPHA1L 
PO-210 
POIASSIIIM 
RA-226 
RA-220 
SFI IN IUM 
S l l ICA 
SILVFR 
sunii iM 
STitllNI rilM 
s u n AIF 
'IIILI IDF 
TIMPIHATIIRF 
111-230 
T IN 
lill. ' . l ntll IDS 

I IN IF OF 
MFASURF 

MG/L CAC03 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MO/L 
MG/l 
UMHU/CM 
MG/L 
Mli/L 
PI l / L 
P C I / L 
MO/l 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
MO/L 
Mli/L 
MO/l 
Mli/L 
P C I / L 
Sll 
MO/L 
P C l / L 
MO/L 
P C t / L 
PC I /L 
MO/L 
MO/l 
MU/L 
MO/l 
Mli/L 
M(./L 
MU/L 
C - or ORI f 
P C I / I 
Mii'l 

; Mi.'l 

i H I P : DUUN ORADIFNI 

-• 
5 8 5 - 0 1 0 7 / 1 0 / 8 8 

PARAMKTFP l 
VAI U F t / - U N C l R I AINTY 

< 

< 
< 

< 

8 7 3 . 
0 . 0 2 
1 .2 
-

0 . 0 0 8 
-

0 . 0 1 
1 .1 
0 . 0 0 3 

4 1 . 9 
8 3 0 . 

0 . 0 2 
-

5 0 0 0 . 
0 . 0 1 
0 . 4 
0 . 

V7. 
0 . 0 5 
0 . 0 1 
9 . 6 7 
0 . 0 2 
0 . 0 0 0 2 
0 . 0 1 

-
4 . 1 

-
2 3 2 . 

-
7 . 2 2 

-
-

4 . 2 
0 . 4 
0 . 1 
0 . 0 7 1 

-
0 . 0 1 

1 9 0 0 . 
-

2 3 2 0 . 
0 . 2 

1 6 - 5 
-
-

S/. (0 -

4 9 -
2 6 . 

0 - 2 
0 - 7 

_ • I I I A T Y I i 

5 8 5 - 0 2 0 7 / 1 0 / 0 8 

PARAMI IFR 
V A l U F f / - I I N r F R I A I N r Y 

8 7 3 . 
< 0 . 0 1 

1-2 
-

0 . 0 1 1 
-

0 . 0 1 
1 .1 
0 . 0 0 4 

4 1 . 3 
8 2 0 . 

< 0 . 0 1 
-

5 0 0 0 . 
< 0 . 0 1 

0 . 4 
0 . 
4 . 
0 . 0 5 
0 - 0 1 
9 . 4 9 
0 . 0 2 

< 0 . 0 0 0 2 
0 . 0 2 

-
5 . 6 

-
2 2 9 . 

-
/,.'? 

-
-

4 - 3 
0 . . I 
0 - 6 
0 . 0 5 6 

~ 
< 0 - 0 1 

1 9 4 0 . 
-

23 ' i 0 -
0 . 1 

1 6 - 5 
-
-

' . 6 4 0 . 

4 5 . 
2 5 . 

0 . 2 
0 - 7 

N I D - SAMPIF I D AND 
5115-03 0 / / 1 0 / 8 8 

PARAMFTFR 
VAIUI +/-UNCI RTAINTY 

8 7 3 . 
0 . 0 1 
1.2 
-

0 . 0 1 1 
-

0 . 0 1 
1.2 
0 . 0 0 5 

4 1 . 3 
i n o . 

< 0 . 0 1 

-
sooo. 

< 0 . 0 1 
0 . 4 
0 . 

1 1 . 
0 . 2 8 
0 . 0 2 
9 . 5 9 
0 . 0 2 

< 0 . 0 0 0 2 
0 . 0 1 

-
5 - 7 

-
2 1 0 -

-
7 - 2 2 

-
-

4 - 3 
0 . 3 
0 . 2 
0 . 0 5 9 

-
< 0 . 0 1 

1950 . 
-

2 1 5 0 . 
0 . 2 

1/.-5 
-
-

5 6 4 0 . 

4 8 . 
2 6 . 

0 . 2 
0 . 9 

LOO nArrr 

5 8 5 - 0 4 0 7 / 1 8 / 8 8 

PARAMFIFR 
VALUF+/-UNCFRTA1NTY 

< 

< 

< 

< 
< 

< 

8 7 3 . 
0 . 0 1 
1 .2 
-

0 . 0 1 1 
-

0 . 0 1 
1 .2 
0 . 0 0 4 

4 2 . 5 
B30 . 

0 . 0 1 

-
5 0 0 0 . 

0 . 0 1 
0 . 4 
B. 

1 1 . 
0 . 0 5 
0 . 0 2 
9 . 7 8 
0 . 0 2 
0 . 0 0 0 2 
0 . 0 1 

-
S . 6 

-
2 2 3 . 

-
7 . 2 2 

-
-

4 . 1 
0 . 4 
0 . 4 
0 . 0 5 4 

-
0 . 0 1 

1 9 3 0 . 
-

2 3 ' . 0 . 
0 . 1 

16 -5 
-
-

S 5 0 0 . 

3 8 . 
2 5 . 

0 . 2 
0 . 2 

5 8 5 - 0 5 0 7 / 1 8 / 8 8 

PARAMETER 
VALUE+/-UNCERTAIHrY 

< 

< 

< 

< 

< 

< 

8 7 3 . 
0 . 0 1 
1 .2 
— 

0 . 0 0 7 
-

0 . 0 1 
1 .1 
0 . 0 0 5 

4 1 . 9 
B 4 0 . 

0 . 0 1 

-
SOOO. 

0 . 0 1 
0 . 4 
0 . 

12 . 
0 . 0 5 
0 . 0 1 
9 . 5 7 
0 . 0 2 
0 . 0 0 0 2 
0 . 0 1 

-
5 . 4 

-
2 2 8 . 

- . 
7 . 2 2 
-
— 

4 . 1 
0 . 3 
0 . 3 
0 . 0 5 4 

-
0 . 0 1 

1 9 2 0 . 
-

2 3 7 0 . 
0 . 2 

1 6 . 5 
— 
-

' . 6 2 0 , 

4 7 . 
2 6 . 

0 . 2 
0 . 9 



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

FORMATION OF COMPIFI ION: SHAI E 
HYDRAUI IC ILOU RFIAIIONSHIP: DOUN ORADIFNI 

lOCAIION in - SAMPIF ID AND LOG OATF 
585-01 07 /18 /08 505 02 0 / / 1 0 / 0 0 505-03 07 /18/88 585-04 07/18/88 585-05 07/18/88 

UNIT OF PARAMFIFR PAHAMFIER PARAMFTFR PARAMETER PARAMEFER 
PARAMFFER MEASURF VAI UF+/-IINCFRIA1NIY VAMIF+/-UNCFRTAINIY VAI UF^/-UNCFRlAINTY VALUE+/-UNCFRTAINTY VALUEt/-UNCERTAINTY 

URANIUM MG/L < 0-0003 < 0.0003 < 0.0003 0.0003 < 0.0003 
','ANADIIJM Mli/L < 0 .01 < 0 .01 < 0 .01 < 0 .01 < 0 .01 
ZINC MG/L < 0.005 < 0.005 0.018 < 0.005 < 0.005 



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

FORMATION UF COMPI FF ION: SHAI E 
HrnRAlll IC FLOU R I I A I I U N S H I P : DOUH ORADI IN I 

8 0 9 - 0 1 1 0 / 2 1 / 0 / 
- L 01 AT ION i n - SAMPIF I D AND LOG DATE 

8 0 9 - 0 1 0 1 / 0 / / O I I 8 1 0 - 0 1 1 0 / M / a 7 8 1 0 - 0 1 0 1 / 0 / / 8 8 8 1 0 - 0 1 0 7 / 1 6 / 8 8 

PARAMEFER 

Al KAL IN ITY 
AlUMINIIM 
AMMONIUM 
AN IIMUNY 
ARSFNIC 
HAI.ANCE 
BARIUM 
UURON 
CADMIUM 
CALCIUM 
CHLORIDF 
CHROMIUM 
COBALT 
CONDIICFANCF 
COPPER 
II .UORIDF 
GROSS AlPHA 
GROSS HI TA 
IRON 
1 LAO 
MAGNESIUM 
MANGANESE 
MFRCURY 
MULYRDI NIIM 
NICKFI 
N I I R A I E 
N I T R I I F 
ORG. CARBON 
PB-210 
PH 
PHOSPHAIt 
PO-210 
POTASSIUM 
RA-226 
RA-228 
i i lLFNll lM 
S l l ICA 
S l l VFR 
SlinillM 
SIRONITIIM 
Sill FAIF 
SIILFIDF 
TrMPFRAHIRF 
1 0 - 2 3 0 
T IN 
HITAL SOI ID'i 

UNIT UF 
Ml Ar.URb 

MO/L CAC03 
MU/L 
MO/L 
Mli /L 
MO/L 
X 
MO/L 
MO/L 
MG/l 
MG/L 
MO/l 
Mli/L 
Ml i / l . 
UMHO/CM 
MG/l 
MO/L 
P C I / L 
P C I / L 
MG/l 
MG/L 
MG/l 
MO/L 
MO/L 
MG/L 
MG/l 
MO/L 
MG/L 
MG/L 
P C I / L 
Sll 
MG/L 
P C l / L 
M(i/L 
P C l / L 
P C I / I 
Mli/L 
MU/l 
MO/l 
MU/l 
MO/l 
Ml./I 
MU/l. 
1. - PI I.HI 1 
P C I / I 
Ml./I 
Mli/l 

PARAMF IF R 
V A I l l F f / ' U N C F H I A l N I Y 

5 3 0 . 
< 0 . 1 

0 . 6 
-

< 0 . 0 1 
-
-

0 . 5 
-

3 3 . 
9 2 . 

< 0 . 0 1 
-

5 5 0 0 . 
-

1.9 
0 . 0 3 3 . 
0 . 0 3 1 . 

< 0 . 0 3 
-

1 6 . 
0 . 0 1 

-
< 0 . 0 1 

-
< 1 .0 

-
3 . 

-
8 . 2 

-
-

4 . 1 
0 . 6 0 . 2 
0 . 5 1 .3 

< 0 . 0 0 5 
-
-

1670-
-

3 1 4 0 -
-

1S.0 
-
-

' . .140-

Pi'iHAMFIFR 
VAI I IF+ / IINCFRT AINTY 

PARAMLTIR 
VAI UFf / -UNCI RTAINTY 

PARAMFIFR 
VALUF+/-UNCFRTAINTY 

PARAMFIFR 
VALIIF+/-UNCERIA1NIY 

o 
I 

40 ' 
0 . 1 
0.7 

0.014 

0,64 

V/.7 
100-

0.02 

5210-

1-93 
O.U 
0 . 
0.13 

11.9 
0.09 

0.04 

0- 1 

110. 

fl- I 

3-46 
0.2 
0 .9 
0 . 124 

1000. 

3 2 / 0 , 

14.1 

1-4 
1-7 

0-< 
0 - ' 

369. 
0 . 1 
0 .3 

0 .01 

0 .6 

7.7 
550. 

0.01 

•i^OO. 

ilOO-

5.4 
0 .0 
0 .0 
0 .03 

1.70 
0 .01 

0 .01 

1.0 

3 . 

8 .3 

1.25 
0 . 1 
1.0 
0.005 

010. 

620. 

16.0 

2710. 

28. 
23. 

0 .2 
1.4 

423. 
0 .1 
0 .1 

0 .01 

0.59 

17.1 
150. 

0.07 

4110. 

3.27 
10. 
19. 
0.32 

6.94 
0 .21 

0.04 

0 .1 

99.6 

8.05 

2.5 
0-2 
1.3 
0.083 

1280. 

2140. 

14.3 

3 9 / 0 . 

18. 
18. 

0 .2 
0 .9 

406. 
0 .09 
0 . 1 

0.012 

0.04 
0 .71 
0.003 

27 ,9 
150. 

0 .01 

5000, 
0 .02 
?.7 
0 . 
0 . 
0.04 
0 .01 

13.7 
O.OB 
0.0002 
0.03 . 

1 1 . 

101. 

8.22 

3.8 
0.4 
0.5 
0 .071 

0-01 
1420. 

2 / 9 0 . 
0 .1 

21.0 

25. 
15. 

4700. 



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

FORMATION OF COMPLFIION: SHALF 
HYDRAUI IC FlOU HI LAIlONSHTP: DUUN ORADIFNF 

IOCAF 
809-01 10/23/87 809-01 0 1 / 0 / / 8 8 

IINIF OF PARAMFIFR PARAMETER 
PARAMFTFR Ml ASIIRF VALUE+/-UNCFRTAINFY VAI UF+/-UNCFRTAINIY 

URANIUM MO/L < 0.003 0.0014 
VANADIUM MG/L < 0 .01 0 .01 
ZINC MG/l < 0.005 0.009 

ID - SAMPLE in AND LOG DATF 
810-01 10/26/07 810-01 0 1 / 0 / / 8 8 810-01 07/16/88 

PARAMFIFR PARAMEFER PARAMETER 
VAI UF»/-UNCERTAINTY VAIUE+/-UNCER1AINTY VALUF+/-UNCIRTA1NTY 

0.005 0.004 0.0012 
< 0.01 < 0.01 < 0.01 
< 0.005 0.127 0.013 

MAPPER DAFA F U E NAME: GRN01iUIDPGUU102109 



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

FORMATION OF COMPI FTTON: CONf.I OMFRATE 
HYDRAUI IC IIOU RlLAIlONSHIP: UP ORADIFNI 

o 
I 

Co 

PARAMFTFR 

Al K A L I N l l Y 
ALUMINUM 
AMMONIUM 
ANIIMONY 
ARSFNIC 
HAI.ANCE 
BARIUM 
BORON 
CADMIUM 
FJALCtUM 
CHLORIDI 
CHROMIUM 
COBAI I 
CONDIICIANCE 
COPPER 
FLUORIDE 
GROSS Al PHA 
GROSS HI FA 
IRON 
LEAD 
MAGNESIUM 
MANOANI SF 
MFRCURY 
MOLYBDENUM 
NICKFL 
N I I R A I E 
N I T R I l l 
ORG. CAHHON 
PH 
PHOSPHAIE 
POTASSIUM 
RA~226 
RA-22fl 
SI 1 t.NIUM 
S IL ICA 
S11 VI R 
SODIUM 
•i iniHH IIIM 
Mil 1 A l t 
'.III F IOI 
I I MPI HAIIIHt 
U N 
lOIAI SMI ID! 
URANIUM 
VANADIUM 
/ I N C 

U N l l UF 
MEASURE 

MG/l CACICI 
MG/L 
MO/L 
MG/L 
MG/L 
X 
MG/l 
Mli/L 
MG/L 
MU/L 
MG/L 
Mli / l . 
MG/L 
UMHO/CM 
MO/L 
MU/L 
P C l / L 
P C l / L 
MG/l 
Mli/L 
MO/L 
MO/L 
MG/L 
MG/L 
MO/L 
MU/L 
MO/L 
Mli/L 
SU 
MU/L 
Ml./ I 
l ' i : i /L 
P C I / I 
MO/L 
MO/l 
Mli/l 
MO/l 
MU/l 
MO/l 
MU/L 
1 - IM r.PI 1 
Mli/l 
Ml./I 
Mli/l 
Ml./I 
Mli/l 

5 6 2 - 0 1 0 6 / 0 5 / 0 6 

PARAMI MR 
VAHIF+/ - I INCFRTAINIY 

6 0 0 . 
0 . 7 
0 . 1 

< 0 . 0 0 3 
< 0 . 0 1 

0 . 2 2 
0 . 1 
0 . 9 

< 0 . 0 0 1 
3 6 9 . 
1 2 6 . 

0 . 0 4 
0 . 1 3 

6 0 0 0 . 
0 - 0 5 
1 . 
-
-

0 . 0 6 
< 0 . 0 1 

1 5 0 . 
0 . 3 8 

< 0 . 0 0 0 2 
0 . 1 0 
O.OV 

4 5 . 
< 0 . 1 

-
7 . 3 

< 0 . 1 
8 . 4 1 

-
-

< 0 . 0 0 5 
4 . 

< 0 . 0 1 
1 7 4 0 . 

1 0 . 8 
4 3 3 0 . 

--
10-

< o.oos 
7.'./'0. 

o..>/'0 1 
0 . 1 
0 - 0 1 5 

lOCAI ION i n - SAMPIF I D ANn 
5 6 2 - 0 2 0 6 / 0 5 / 0 6 5 6 2 - 0 3 0 6 / 0 5 / 8 6 

PARAMFIFR 
VALIIF ^/ ONCFRIAINFY 

6 0 0 -
0 - 2 

( 0 - 1 
( 0 . 0 0 1 
< 0 . 0 1 

0-/»5 
0 - 2 
0 . 4 

< 0 . 0 0 1 
3 6 8 . 
1 2 / . 

0 - 0 4 
0 . 1 

6 0 0 0 . 
0 . 0 4 
0 - 9 

-
-

0 - 0 0 
< 0 . 0 1 

1 4 1 . 
0 . 3 9 

< 0 . 0 0 0 2 
0 . 1 1 
0-OV 

6 6 . 
< 0 . 1 

-
7 . 3 

< 0 . 1 
0 . 0 1 

-
~ 

< 0 . 0 0 ' . 
4 . 

< " . 0 1 
l i n o . 

11 .2 
4 v.". 

111. 
< • ) .oo. , 

/6*X0. 
0 . . )? n 
0 . IV 
0 -01 . ' . 

PARAMFIFR 
VAI III +/-UMCFH1AlNrY 

6 0 0 . 
0 . 2 

< 0 . 1 
< 0 . 0 0 3 
< 0 . 0 1 

0 . 2 5 
0 . 2 
0 . 4 

< 0 . 0 0 1 
168. 
127 . 

0 . 0 4 
0 . 1 

6 0 0 0 . 
0 . 0 4 
0 . 9 

-
-

0 . 0 0 
< 0 . 0 1 

1 4 1 . 
0 . 3 9 

< 0 . 0 0 0 2 
0 . 1 1 
0 . 0 9 

6 6 . 
< 0 . 1 

-
7 . 3 

< 0 - 1 
0 - 8 3 

-
-

< 0 - 0 0 5 
4-

< 0 - 0 1 
1010-

11-2 
4160 -

-
10-
0 - 0 0 5 

/'/(|.)-
0.02^.4 
0 - 1 1 
0 . 0 1 7 

l.UO DATF 
5 6 2 - 0 4 0 6 / 0 5 / 8 6 

PARAMETFR 
VALUF+/-UNCFRIA1N1Y 

< 
< 
< 

< 

< 

6 0 0 . 
0 . 2 
0 . 1 
0 . 0 0 3 
0 . 0 1 
0 . 2 6 
0 . 2 
0 . 5 
0 . 0 0 1 

3 6 8 . 
1 2 7 . 

0 . 0 4 
0 . 1 

6 0 0 0 . 
0 . 0 4 
0 . 9 

-
-

O.OP 
0 . 0 1 

1 4 1 . 
0 . 3 9 
0 . 0 0 0 2 
0 . 1 1 
0 . 0 9 

6 5 . 
0 . 1 

-
7 . 3 
0 . 1 
8 . 8 3 

-
-

0 . 0 0 5 
4 . 
0 . 0 1 

1 8 3 0 . 
1 1 . 2 

4 4 6 0 . 
-

10. 
0 . 0 0 5 

7920 -
0 - 0 131 
0 . 1 
0 . 0 1 6 

5 6 2 - 0 5 0 6 / 0 5 / 8 6 

PARAMETFR 
VALUE+/-IINCFRTA1NIY 

6 0 0 . 
0 . 2 

< 0 . 1 
< 0 . 0 0 3 
< 0 . 0 1 

0 . 2 3 
0 . 2 
0 . 4 

< 0 . 0 0 1 
3 6 8 . 
1 2 7 . 

0 . 0 4 
0 . 1 

6 0 0 0 . 
0 . 0 4 
0 . 9 

-
-

0 . 0 8 
< 0 . 0 1 

1 4 1 . 
0 . 3 9 

< 0 - 0 0 0 2 
0 . 1 1 
0 . 0 9 

6 8 . 
< 0 . 1 

-
7 . 3 

< 0 . 1 
8 . 0 3 

— 
-

< 0 . 0 0 5 
4 . 

< 0 - 0 1 
1 8 3 0 . 

1 1 , 2 
4 4 6 0 . 

~ 
1 0 . 

< 0 . 0 0 5 
79 3 0 , 

- ) . 035 
0 . 1 2 
0 . 0 1 6 



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

FORMATTOH OF OOMPI ( THIN: CflNOI OMI RAIF 
HYDHAIII.M' ri.nU Rfl AIKINKHIP: III' l.l'.ADHNr 

- ninAIJON ID ~ SAMPIF ID AND I.OR DAIF 
r>A?-()i OV/0//HA r./i^-oi o^/v/zn/ \,K?,-O\ I O / O ? / I I / F I A 2 - O I oi/ob/»i8 H A P - O I os / i? /n i i 

IJNIf OF Pi'irtilMl. rf.R PARAW IKR PAHAHFIFH PARAMFTFR PARAMETFR 
PARAHFThR 

Al KAl I N I I Y 
ALI in iNUn 
AMnoNi i in 
AN 11HONY 
ARRFNIC 
HALANCE 
nARIUl i 
ROrtUN 
CADniUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
(.OBAI 1 
ClINDIJCTANCE 
COPPFR 
FLil lJRIDE 
URORfi Al PHA 
HROfiS OLIA 
IRON 
1 hAO 
MAONFSIIIM 
MANUANESF 
Mf RCIIRY 
MOLYIIOFNUM 
NICKFI 
N I I R A I E 
N ITRJ IF 
ORG. CAlUtriN 
PH 
PHil f iPHAri: 
POTASnil lM 
RA-/»/'A 
l«A-??B 
S I L I N I U M 
n i l )CA 
S l l VI K 
! 1001011 
SI RUNT HIM 
f i l l l 1 AIF 
SIM 1 l o r 
IFMPIHAI im i 
1 IN 
lOTAi r;ni I D H 
I IRANinn 
VANAI'IIIH 
/ INC 

MFASUHt 

MG/L LACO.I 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UMHiJ/CM 
MG/L 
MG/L 
P C I / L 
P C l / L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
Rll 
MG/L 
MG/L 
P C l / L 
P C I / I 
I1G/I. 
M(i/I 
HG/L 
MG/L 
I1G/L 
Ml l /L 
Ml"./I. 
C - l)L(.IU 1 
MS-I . 
Mi;-'! 
Mi i / t 
H f l ' l 
Mi. / I 

V A M K > / - I I N » . » R I A I N r Y 

/ 0 1 . 
0 . 2 
0 . 3 

< 0 . 0 0 3 
< 0 . 0 1 

- 0 . lA 
0 . ? 
0 . 9 

< 0 . 0 0 1 
M\. 

AO. 
< 0 . 0 1 

O.OA 
b / 0 0 . 

0 . 0 3 
1.0 
-
-

0 . 3 7 
< 0 . 0 1 

1 4 4 . 
0 . 4 3 

< 0 . 0 0 0 ? 
0 . 1 H 

o.os 
n o . 

< 0 . 1 
-

7 . 0 3 
< 0 . 1 

R.4H 
-
-

< 0 . 0 0 5 
4 . 

< 0 . 0 1 
1 9 0 0 . 

0 . 0 
4 1 0 0 . 

-
i n . ' . 

< . » . < . . • • « ; 

/ I / . " . 
0.(" i'.4 
o.:!i i 
0.(>-'0 

VAI (If » / l im FRTAIHIY 

74r . . 
< 0 . 1 
< 0 . 1 

-
-
-
-

o.sv 
-

^ 9 0 . 
1 1 0 . 

0 . 0 2 

-
4 S / b . 

-
0 . 7 3 

-
-

O.OH 
-

I S O . 
0 . 0 9 

-
< 0 . 1 

-
13.1. 

-
-

A . ' / 3 

! i . 1 0 
-
-

0 . 1/? 
-
-

1 9 1 0 . 

- ' . r . io . 
-

i / . - ' i 

/ A 1 0 . 
'>.(>':/.'' 

VAI III ^ / - I I N C ^ R I A l H r Y 

< 
< 

< 

< 

< 

< 

SIIH. 
0 . 1 
0 . 1 

-
0 . 0 1 

-
-

0 . 7 

-
3 0 0 . 
1 ? 9 . 

0 . 0 1 

-
/voo. 

-
0 . 9 

fll-. 
0 . 0 
0 . 0 3 

-
1A7. 

0 . 4 9 
-

0 . 0 2 

-
173 . 

-
2 5 . 

6 . 9 
-

7 . ? 
1 .3 
1.B 
0.0/.>0 

-
-

U ' . O . 
-

•*..'.00. 
-

1A.S 
-

/ V i O . 
0 . 1 4 A 
0 . 0 1 
0 . 0 ? 2 

7 4 . 
4 0 . 

0 . 3 
1.0 

VA t l l F» / - l lNCFRIA lNTY 

A 3 5 . 
0 . 2 

< 0 . 1 
-

< 0 . 0 0 1 
-
-

0 . 7 4 
-

i ' 7 0 . 
1 2 0 . 

0 . 0 1 

-
A 7 0 0 . 

-
0 . B 1 

1 0 0 . 
3 9 . 

0 . 1 9 
-

1 2 3 . 
0 . 4 9 

-
0 . 1 2 

-
A 2 . 

-
2 3 7 . 

6 . 9 
-

6 . ? S 
0 . 2 
0 . 9 
0 . 1 6 4 

-
-

V . 7 0 . 
-

3'^.50. 
-

1 5 . 9 

7 0 7 0 . 
0 . 0 7 9 ? 
0 . 0 4 
0 . 0 0 7 

4 0 . 
2 9 . 

0 . 2 
0 . 8 

VALI iF+/-UNLFI 

6 A 0 . 
0 . 2 1 
0 . 2 

-
0 . 0 1 0 

-
0 . 0 1 
0 . H 2 
0 . 0 0 5 

3/»H. 
1 5 0 . 

0 . 0 9 
0 . 0 2 

6 2 4 0 . 
0 . 0 1 
0 .H5 

-
-

0 . 1 1 
0 . 0 2 

1 2 4 . 
0 . 4 7 
0 . 0 0 1 4 
0 . 0 / 
0 . 0 5 

1 3 0 . 

-
-

6 .H f l 
0 . 3 
7 . 3 9 

-
-

0 . 1 6 0 
9 . / 

-
1 0 7 0 . 

11.03 
4 3 3 0 . 

< 0 . 1 
1A.S 

-
7 1 9 0 . 

0 . 0 4 0 2 
0 . 0 ! . 
O.OOA 



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

FORMATTON HI COMPI LTIONs CONGI HMI RATF 
HYDMAIII I I H OU RILATlONGHlPs IIP GUALMINI 

o 
I 

PARAMFITR 

Al KAl I N I lY 
ALUMINUM 
AMMONIUM 
AN 11 Ml IN Y 
ARSFNIC 
HAI ANCE 
RARIIIM 
llORON 
CADMIUM 
CALCIUM 
CHLORIDI 
CHROMIUM 
COBAI T 
CIINDUCTANCi: 
COPPFR 
Fl UORIOE 
ORORS Al PHA 
GROWS OLIA 
IRON 
LLAD 
MAGNFRIOM 
MANGANt *:i 
MFRCIIRY 
Mfll.YHinNIIM 
NICKFI 
N I I R A I E 
NITR) IF 
ORG. CARHON 
PH 
PHOSPIIAII 
POIA'.r.lllN 
RA-?/A 
RA -??ll 
SI 1 JNIIIM 
f i l l ICA 
S1 i.yi R 
SODIUM 
SI HON 111)11 
SMI 1 A l l 
SIM 1 IPt 
IKMPIKrtlUUI 
1 IN 
lOTAI 'ini thS 
URANIIM1 
VAHrtlMllH 
/ I N I , 

IINVI OF 
MFASMRF 

MG/I CACin 
MG/L 
MG/I 
MG/L 
MG/l 
Z 
MG/I 
MG/L 
M(i/I 
MG/I. 
MG/I 
MG/L 
MG/L 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MO/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
SH 
MG/L 
NG/L 
p c r / i . 
PC I / I 
Mri/I 
M(,/l 
MG/I 
Mli/ I 
MG/I 
MS/I 
MG/I 
C - l<l lil'.l 1 
MG/I 
Ml./I 
MG/I 
MG/I 
MG/L 

" 0 1 1 - 0 1 1 0 / ; '? /n7 

PAH AMI IFR 
VALI IFf / UNCFP 

< 

< 

< 

< 

< 

< 

< 

< 

< 
< 

1 0 1 9 . 
0 . 1 
0 . 3 

-
0 . 0 1 

-
-

0 . 7 
-

4 . 1 
1 5 9 . 

0 . 0 1 
-

2 / 0 0 . 
-

/ • . 3 
? 7 . 
3 9 . 

0 . 0 3 
-

1.33 
0 . 0 1 
~ 

0 . 0 1 
-

1.0 
-

1 . 
n.o 

-
1.3S 
0 . 1 
? . 1 
O.OOS 

-
-

7 4 0 . 
-

4 S 0 . 
-

I S . S 

?o',(:.. 
•.).•;•<• I 
0 . 0 1 
O.OOA 

l A l N I Y 

3 ? . 
vs. 

0 . 1 
1 . 1 

- lOCAI lGH ID - RAMPIF ID AND 
n i l 01 0 1 / 1 1 / G O H11 -01 0 7 / ? 1 / 0 H 

PARAMI IFR 
VAI UF^/ - l l f iC lRTAlNlY 

< 
< 

< 

< 

< 
< 

9 3 7 . 
0 . 1 
0 . 1 

-
0 . 0 1 

-
•-

O.GI 
-

4 . 17 
ISO. 

0 . 0 / 
-

24A0 . 
-

/ ' . 1 9 
' . . 3 
I .S 

0 . 3 
-

1.?4 
0 . 0 ? 

-
0 . 0 2 

0 . 1 
-

7i"i. 
0 . 1 

1.4S 
0 . 1 
0 . 
0 . 0 3 3 

-
-

7SA. 

s:t?. 

1-'t.3 

?1?'». 
0 . 0 0 0 3 
0 . 0 1 
0 . ' ) 0 9 

9 . 7 
A. 7 

0 . 1 
0.(1 

PARAMFTER 
VAI III ^ / - U N t F R I A l M I Y 

< 
< 

< 

< 

< 

< 

< 

< 

< 
< 

9 9 3 . 
0 . 0 1 
0 . 1 

-
0 . 0 0 5 

-
0 . 1 0 
0 . 0 
0 . 0 2 5 
4 .A0 

1 7 0 . 
0 . 0 1 

-
2 7 7 5 . 

0 . 0 1 
2 . 5 

3A. 
2 1 . 

0 . 0 2 
0 . 0 1 
1 .33 
0 . 0 2 
0 . 0 0 0 ? 
0 . 0 2 

-
7.7 

-
?1V. 

B.OS 
-

1.3 
0 . 1 
0 . 0 
0 . 0 ? ? 

-
0 . 0 1 

no?. 
-

A 3 / . 
0 . 1 

1 / . S 
-

?'t90. 
0 . 0 0 0 3 
0 . 0 1 
O.OOS 

1 9 . 
0 . 

0 . 2 
0 . 9 

1 OG DAIF 
H13 -01 1 0 / 0 6 / 0 7 

PARAMETER 
VAI I I I+/ -UN(KRTA1NTY 

< 

< 

< 

< 

A70. 
0 . 1 
0 . 2 

-
0 . 0 1 

— 
-

0 . 8 
-

2 1 0 . 
11A. 

0 . 0 1 
-

7 0 0 0 . 
-

1.0 
4 4 . 
3 1 . 

0 . 0 3 
-

1?2. 
0 . 1 7 

-
0 . 0 7 

-
6 7 . 

-
I S . 
6 . 9 0 

-
6 . 3 
? . 6 
1 .3 
0 . 0 0 7 

-
-

1AA0. 
-

3 9 0 0 . 
-

1 7 . 0 
-

An?o. 
0 . 0 / 0 
0 . 0 1 
0 . 0 1 9 

A 7 . 
4 0 . 

0 . 5 
0 . 0 

0 1 3 - 0 1 0 1 / 0 / / I I 0 

PARAMETFR 
VALUE • / - I INCERTAINIY 

A 5 1 . 
0 . 2 

< 0 . 1 
-

0 . 0 2 3 
-
-

0 . 7 
-

? 1 ? . 
1 1 0 . 

0 . 0 1 
-

6 5 4 0 . 
-

0 . 9 6 
ISO. 

5 ? . 
0 . 1 9 

-
1 1 1 . 

0 . 1 5 
~ 

0 . 2 2 
-

1 2 . 
-

2 2 7 . 
6 . 9 

-
6 . A 0 
0 . 1 
1.4 
0 . 1 7 8 

-
-

1 0 7 0 . 
-

4 1 4 0 . 
-

i r . . / 
~ 

A / / 0 . 
0 . 0 7 0 7 
0 . 0 3 
0 . 0 2 1 

5 0 . 
3 ? . 

0 . 2 
0 . 9 



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

FORMATrON OF COMPI ( H O N : CONGI i IMF RATE 
HYDRAUUC I IOU Rl I ATiONSHIP : UP GRADlFNI 

L0CA1I0N ID ~ RAMPIF ID AND LOG DAIF 
013-01 05 /10 /00 

PARAMFTI R 

At KAl IN) lY 
Al IIHINUM 
AMMONIUM 
ANTIMONY 
ARRFNIC 
BAI ANCE 
BARIUM 
rtlJRUN 
CADMIUM 
CALCIUM 
CHLORIDF 
CHROMIUM 
COHAI T 
CONDUCTANCE 
COPPFR 
(1 IIORIDE 
GRORR Al PHA 
GROSS RF1A 
IRON 
1 IAD 
MAGNFRIIIM 
MANGANI '^r 
MFRCIIRY 
MOI YIIDI NUM 
NICKf 1. 
N l IRATE 
N I T R I I F 
ORG. CARllON 
PH 
PHGRPHAIF 
POTASS JIIM 
HA~V?A 
RA-??0 
SH FNUJM 
STl I f A 
S l l Vf R 
SODIUM 
inUGNITUM 
Sm 1 Al l 
••.III 1 IDF 
IFMPFRAIUIIF 
U N 
lOTAI Sni (Dr 
1 IRANI MM 
VANAlMlIM 
/ I N C 

U N I I OF 
MFASIIRF 

MG/I (.ACIi'i 
MG/L 
MG/I 
MG/L 
MG/I 
X 
MG/L 
MG/L 
MO/L 
MG/L 
MG/I 
MG/l 
MG/l 
UMHU/CM 
MG/l 
Ml,/L 
P C I / L 
P C I / L 
MG/I 
MG/L 
MG/I 
MG/L 
MG/I 
MG/I. 
MG/l 
MG/l 
MG/l 
MG/l 
Sll 
MO/L 
MG/I 
P C I / I 
P C I / I 
MG/l 
MG/I 
MG/l 
M(VI 
MG/I 
MG/I 
MG/I 
C - OFGRI 1 
MG/l 
MO/I 
Ml 1/1 
MG/I 
MG/I 

PARAMI IFR 
VAI UF+/-UNC1RIA1NTY 

A 7 1 . 
0 . 1 9 

< 0 . 1 
-

0 . 0 1 6 
-

0 . 0 1 
0 . H 3 
O.OOS 

2 5 3 . 
1 3 0 . 

0 . 0 8 
0 . 0 ? 

6 5 2 0 . 
0 . 0 1 
0 . 9 5 
-
-

O.OP 
0 . 0 2 

1 1 4 . 
0 . 1 7 

< 0 . 0 0 0 ? 
0 . 1 3 
O.OS 

5 6 . 
-
-

A. 0 0 
0 . 3 
7 . 2 4 
-
-

0 . 1 3 4 
9 . 2 
-

1 9 1 0 . 
v.ss 

4>'0' . . 
< 0 . 1 

1 / , S 
-

A9?0 . 
0 . 0 3 9 0 
O.O-t 
O.OOA 

PARAMETFR 
VAI III •/-lien MMAINIY 

PARAMF TFR 
VAI III • /-UNCIRIAIMIY 

PARAMETER 
VALIIF+/-UN(.l RTAIHIY 

PARAMEIER 
VAIUI 1 /̂ UNCFRIA1NIY 

o 
I 



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

FORMATION i r COMPI I T I O N : CONGI GMFRATE 
HYDRAULIC M OU R F I A I I O N S H I P : O N S I I F 

5 0 1 - 0 1 0 9 / 1 1 / 0 6 
lOCAI lOH ID - RAMPIF ID AND LOG DAIF 

5 8 1 - 0 1 0 3 / 1 3 / 0 7 5 0 1 - 0 1 1 0 / 0 5 / 0 7 5 8 1 - 0 1 0 1 / 1 ? / 8 8 5 8 1 - 0 1 0 5 / 1 1 / 8 8 

PARAMFTFR 

ALKAI I N I lY 
Al IIMINIIM 
AMMONIUM 
ANIIMONY 
ARRFNIC 
HAI ANCE 
BARIUM 
BORON 
CADMIUM 
CAICIIJM 
CHLORIDF 
CHROMIUM 
COIlAI T 
CONDUCTANCE 
COPPFR 
Fl IIORIDE 
GROSR ALPHA 
GROSS B( TA 
IRON 
LI AD 
MAGNFRIIIM 
MANGANFSF 
MFRCIIRY 
MOLYBDFNIIM 
NICKIL 
N I I R A I E 
N I I R I T F 
ORG. CARHON 
PB-210 
PH 
PHOSPHAIF 
PO-210 
POTASRIUM 
RA-??A 
RA-??0 
S l l IN I I IM 
Rl l ICA 
S l l VI R 
SODIUM 
SIlKINlTIIM 
Rill FAIf 
SMI I IDF 
IFMPI HA HUT 
111 .'30 
ITN 
I I I IAI SCI \l".\ 

U N I I OF 
MEARIIRF 

MG/l CAC03 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MO/L 
MG/L 
MG/L 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/I 
MG/L 
MG/L 
MG/L 
MO/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
P C I / L 
Sll 
MG/L 
P C I / L 
MG/I 
P C I / L 
PC I / I 
MG/L 
MG/I 
MG/L 
Ml./I 
MG/I 
MG/I 
MG/I 
C - hi GIM 1 
I 'C l / l 
MG/I 

; MG/L 

PARAMFTER 
VAIUF+ / - I INCFRIA IN IY 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

1 0 ? 1 . 
0 . 3 
? . 4 
0 . 0 0 3 
0 . 0 1 

- 0 . ? 1 
0 . 1 
0 . 9 
0 . 0 0 1 

? 9 . S 
1 0 0 . 

0 . 0 1 
O.OS 

5 0 0 0 . 
0 . 0 ? 
1.3 
-
-

O.OS 
0 . 0 1 

1 0 . 3 
0 . 0 2 
0 . 0 0 0 2 
0 . 0 9 
0 . 0 4 
1.2 
0 . 1 

1 2 0 . 
0 . 5 
/ . 9 1 
0 . 1 
0 . 0 
3.DA 
1.? 
0 . ? 
0 . 1<»4 
0 . 
0 . 0 1 

lAOO. 
? .S 

?S?0. 
-

1 / . 
11.1 
0. O'.r; 

4 / 7 0 . 

1 .3 

0 . 5 

O.S 
1.4 

1.7 

PARAMFIFR 
VAI U F * / UNCI H IA IN IY 

PARAMF TFR 
VAI UI f /HINCFRTAlNTY 

PARAMI TER 
VALUF+/-IJNI. IRTAINIY 

PARAMETER 
VALUF»/-UNLERTAlNrY 

I 

CO 

1 0 1 / 
0 . ? 
0 . 0 

0.7 

2 0 . S 
9 S . 1 

0 . 0 1 

4 1 0 0 . 

1 .2 

0 - 0 4 

9 . 5 1 
0 . 0 3 

< 0 . 1 

0 . 4 

7.77 

1 . nil 

< •).oo; 

•^300. 

lA .S 

i / 9 0 0 . 

< 

< 

< 

< 

< 

< 

< 

< 

9 7 3 . 
0 . 1 
O.A 

0 . 0 1 

0 . 8 

1 8 . 1 
2 ? 9 . 

0 . 0 1 

SSOO. 

1.2 
0 . 0 
9 . 9 
0 . 0 3 

9 . 3 
0 . 0 1 

0 . 0 1 

1.0 

5 . 

7.7 

7.7f, 
0 . 7 
7.7 
O.OOS 

I S / 0 . 

lA.O 

3 ? . 
3 1 . 

0 . ? 
0 . 9 

9 A 1 . 
0 . 0 9 
O.S 

0 . 0 3 

0 . 8 3 

? 0 . 0 
1 3 0 . 

0 . 0 2 

4 9 0 0 . 

1.13 
7 . 

12 . 
0 . 1 2 

9 . 7 1 
0 . 0 1 

< 0 . 0 1 

< 0 . 1 

2 1 8 . 

7 . 8 

2 . 2 5 
0 . 3 
0 . 3 
0 . 1 5 7 

1A10. 

? S / 0 . 

1S.0 

2 1 . 
16 . 

0 . 1 
0 . 8 

< 

< 

< 

< 

< 
< 

97V. 
0.04 
0 .8 

0.019 

0 .01 
0.06 
0.005 

22-1 
100. 

0 .01 
0 .01 

4920. 
0 .01 
1.12 

— 
0.01 
0.09 
8.03 
0 .01 
0.0027 
0.02 
0 .01 
0 . 1 

7.75 
0.6 

2 . S I 

0.095 
8 .8 

1A00. 
2.A0 

24A0. 
4S.1 
I S . / 

4Si'0. 4A30. 4 A 3 0 . 



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

FORMATION OF CUMPLFTIONs CONGI OMFRATE 
HYDRAUI U. FlOU RfeLATIONSHIPs O N - R I I F 

lOCAl 

S H 1 - 0 1 0 9 / 1 1 / 8 A M I 1 - 0 1 0 3 / 1 1 / 0 7 

U N I I OF PARAMFIFR PARAMETER 
PARAMETFR MEASURE VALUF+/-UNCFRIAIN1Y VAI H I + / UNCI HTAIMIY 

URANIUM MG/L < 0 . 0 0 0 3 < 0 . 0 0 0 3 
VANADIUM MG/L 0 . 2 2 

' / I N C MG/l 0 . 0 1 0 

ION I D ~ RAMPIF I D AND I OG DATE 
r , iM-01 1 0 / 0 5 / 0 7 5 8 1 - 0 1 0 1 / 1 2 / 8 8 5 8 1 - 0 1 05 /11 /011 

PARAMETFR PARAMETER PARAMETER 
VAI III ^ / -UNi.FRTAINrY VAI UL+/~IJNCI RTAINTY VALUF+/-UNLFRTAIHIY 

< 0.003 0.0010 < 0.0003 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 

0 . 0 0 7 O.OOA 0 . 0 1 7 

MAPPER DATA F I L E NAME: GRN01«IJ0PGUiJ102187 



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

FORMATION OF COMPI ETION: CONGI OMFRATE 
HYDRAUUC FLOU Rl I ATIONSHIP: CROSS GRADJFNT 

561-01 0A/04/HA 
— -- lliCAITON ID - RAMPIE ID AND 
561-01 09/0//nA !.A1-01 02/2//H/ 

LOG OATF 
561-01 10/01/8/ 561-01 01/10/08 

PARAMETFR 
U N I I OF PARAMI IFH 

MEARIIRF VAI UFi^/-UNri RTAINTY 
PARAMI ILR 

VAI UF»/-UN( FPIAlNTY 
PARAMETER 

VAMIF+/-UNCERIA1NTY 
PARAMETER 

VALUF + /-IINLFRTAJNTY 
PARAMETFR 

VAI l l t * / - U N L F R IAINT Y 

o 
I 

4:* 

AlKAt 1NI1Y 
ALUMINUM 
AMMONIUM 
ANIIMONY 
ARSENIC 
BALANCE 
BARIUM 
BORON 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
CODALI 
CONDUCTANCE 
COPPFR 
f l.tlORIDE 
GRORS ALPHA 
GROSS BETA 
IRON 
I LAO 
MAGNl RIIIM 
MANHANFSL 
MFRIURY 
Mill YMDFNIIM 
NICKEL 
NITRATE 
N ITRITF 
ORG. CARBON 
PH 
PHOSPHATF 
POIASJ.IIIN 
RA-22A 
RA-? / l l 
SI I INIUM 
Sl l ) l A 
S I I .V IR 
SI II) I DM 
SI RUN I I IIM 
Sill FA I I 
I I MinUAIIIRE 
U N 
TOIAI •••HI I OS 
URANIUM 
VANADIUM 
/ I N C 

MG/L CAC03 
MG/L 
MO/l 
MG/L 
MG/L 
X 
MG/I 
MG/L 
MG/L 
MG/L 
MG/L 
M(i/L 
MG/L 
UMHU/CM 
MG/L 
MG/L 
PCl /L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
RU 
MG/L 
MG/I 
P C I / L 
PC I / I 
MG/L 
MG/I 
MG/L 
MG/I 
Mi;/I. 
MG/I 
C - Dir.lirE 
MG/I 
MG/I 
MG/I 
MG/I 
M(./l 

7 4 5 . 
1 3 . 1 

1 .2 
0 . 0 0 3 
0 . 0 1 

- 1 . 9 2 
0 . 4 
0 . 4 
0 . 0 0 1 

1 0 1 . 
1 9 0 . 

0 . 0 4 
0 . 0 9 

2 7 0 0 . 
0 . 0 4 
? . 9 

9 . 5 3 
0 . 0 1 

1? .? 
0 . 0 7 
0 . 0 0 0 ? 
0 . 1 I 
0 . 0 0 
0 . t 
0 . 1 

8 .1A 
0 . 1 
S.9.^ 

0 . 0 0 5 
4 . 
0 . 0 1 

55A. 
O.S 

7 0 0 . 
19. 
O.OOS 

1 9 1 0 . 
O.fi0"(l 
0 . 1 
0.0.'.? 

7 0 7 . 
5 . 3 
0 . 0 
0 . 0 0 3 
0 . 0 1 
1 .05 
0 . 3 
0 . 9 
0 . 0 0 1 

1 9 . A 
4 3 0 . 

0 . 0 4 
O.OS 

'>?0t). 
0 . 0 ? 
3 . 2 

? . 1 3 
0 . 0 1 
3 . 0 1 
0 . 12 
0 .0007 
0 . 1 5 
0 . 0 4 
1 . 

0 . 1 

0 . 2 3 
0 , 1 
? . 40 

0 . 0 0 5 
4 , 
0 . 0 1 

0 1 0 . 
0 . ? 

4 M 1 . 
19.S 
0 . 0 0 ' . 

l i ioo . 
0 . 0 0 0 3 
0 . 10 
0 . 0 / 0 

7 9 0 . 
0 . 8 
O.A 

0 . / 6 

4 . 9 4 
1 9 8 . 

0 . 0 1 

192S. 

2 . 9 2 

0 .1A 

1 .32 
0 . 0 2 

0 . 1 

0 . 1 

8 . 4 4 

1.A0 

0 . 1 1 

7 2 3 . 

A / 0 . 
l / . O 

' 1 / 0 . 
0.0O2II 

6 0 6 . 
0 . 1 
0 . 2 

0 . 0 2 

0 . 7 

6 0 0 . 

6 S 0 . 
l / . O 

1U70. 
< 0 . 0 0 3 
< 0 . 0 1 

0 . 0 0 5 

6 0 6 . 
0 . 7 

0 . 7 

0 . 0 1 

0 . 7 1 

< 

< 

< 

< 

< 

< 

4.1 
226. 
0.01 

2310. 

7.7 
0.0 
2.9 
0.03 

0.90 
0.01 

0.01 

1.0 

5. 
8.15 

0.9? 
0.1 
7.7 
O.OOS 

13. 
12. 

0.1 
0.9 

< 

< 

< 

4.40 
210. 
0.02 

2330. 

2.87 
0. 
0. 
0.32 

1.03 
0.01 

0.01 

0.1 

136. 
8.S 

1.41 
0.1 
0.3 
0.051 

11. 
11. 

0.1 
0.8 

AAA. 

A4I I . 
I S . 5 

1900. 
( 0.0003 
< 0.01 

0.013 

MAPI'I R OrtiA (11 F NAMl : GHNOI^UOrnUO 10 / IHS 



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

FORMATION OF COMPI FI IONs CONGI GMFRATE 
HYDRAULIC FlOU RELAIIONSHIPt DUUN GRADIFNT 

PARAMI TFR 

AlKAl I N I T Y 
ALUMINUM 
AMMONIUM 
ARSENIC 
BARIUM 
BORON 
CADMIUM 
CALCIUM 
CHLORIDF 
CHROMIUM 
CONDUCTANCF 
COPPFR 
FLUORIDF 
GROSR ALPHA 
GRORR BETA 

1 FAD 
MAGNFRIIIM 
MANGANI t.E 
MlRCUR f 
MOLYBDI NUM 
NITRATE 
ORG. CARRON 
PH 
POIARRIIIM 
HA-726 
RA-228 
RILENIUM 
Rl l VFR 
RODIUM 
5UI FATF 
Sill F IDE 
IFNPFRAIIIRF 
101AL SOI IDS 
URANIUM 
VANADIUM 
71 HI. 

UNIT OF 
MEASURE 

MG/L CAC03 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/I 
MG/L 
MG/L 
MG/L 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C l / l 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
SO 
MG/I 
P C l / L 
P C I / I 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
C - DEGRFF 
MG/L 
MG/I 
M:5/L 
Ml./I 

^ — 
8 1 5 - 0 1 1 0 / 2 6 / 0 7 

PARAMF TER 
VAIIJF»/-UN(:FRIAIMTY 

< 

< 

< 

< 

< 

< 

< 
< 

4 2 7 . 
0 . 1 
0 . 3 
0 . 0 1 
-

0 . 6 
-

7 . 6 
9 3 0 . 

0 . 0 1 
3 8 S 0 . 

-
3 . 2 
0 . 0 
0 . 0 
0 . 0 3 
-

2 . 7 1 
0 . 0 1 
-

0 . 0 1 
1.0 

1 0 . 
8 . 1 5 
1 .43 
0 . 3 
0 . 0 
O.OOS 
-

9 6 0 . 
4 0 0 . 

-
1 5 . 5 

?8A0. 
0 . 0 0 3 
0 . 0 1 
0 . 0 1 ? 

37. 
? 0 . 

0 . 2 
1.2 

lOCATlON ID - SAMPIF I D AND 
0 1 5 - 0 1 0 1 / 0 5 / 0 0 8 1 5 - 0 1 0 / / l A / 0 8 

PARAMI MR 
VAI Ur> / -UNCIRTA1NIY 

54A . 
< 0 . 1 

0 . 3 
0 . 0 0 2 
-

0 . 5 7 
-

0 . 1 8 
9 5 0 . 

0 . 0 3 
3 / A O . 

-
3 . 2 1 
4 . 

1A. 
0 . 1 4 
-

2 .A4 
< 0 . 0 1 

-
O.OS 

< 0 . 1 
1 1 3 . 

n.?o 
1.5S 
0 . 1 
0 . 
0 . 0 7 7 

-
1 0 / 0 . 
5 / 7 . 

1 4 . 4 
.•VJO. 

< 0 . 0 0 3 
< 0 . 0 1 

O .009 

l A . 
1 9 . 

0 . ? 
0 . 8 

PARAMETFR 
VAI UI f / -Uf lCFP 

< 
< 

< 

< 

< 

< 
< 

< 

< 

< 
< 
< 

4 3 7 . 
0 . 0 1 
0 . 1 
O.OOS 
O.OS 
0 . A 9 
0 . 0 0 2 
/ . 9 4 

9 3 0 . 
0 . 0 1 

3 A 5 0 . 
0 . 0 1 
3 . 3 
0 . 
2 . 
0 . 0 1 
0 . 0 ? 
2 . 5 5 
0 . 0 1 
0 . 0 0 0 2 
0 . 0 3 

1 2 . 
1 1 3 . 

0 . 2 7 
1.5 
0 . 1 
0 . 1 
0 . 0 2 4 
0 . 0 1 

1050 . 
S ? 9 . 

0 . 1 
1A.0 

^ 0 0 0 . 
0 . 0 0 0 3 
0 . 0 1 
O.OOS 

l A l N l Y 

2 9 . 
1 9 . 

0 . 2 
0 . 8 

Lon OATF 
8 1 5 - 0 2 0 7 / 1 6 / 8 8 

PARAMETER 
VAI UF+/-UN(FRTAINTY 

< 
< 

< 

< 

< 
< 

( 
< 

< 

< 

< 
< 
< 

4 3 2 . 
0 . 0 1 
0 . 1 
0 . 0 0 3 
0 . 0 5 
0 . 6 7 
0 . 0 0 3 
7.72 

1020. 
0 .01 

3650. 
0 .01 
3 . 3 
9 . 

1 4 . 
0 .01 
0 .01 

72.9 
0 .01 
0.0002 
0.03 

1 1 . 
110. 

8.27 
1 .5 
0 . 1 
0 . 2 
0.039 
0 .01 

10S0. 
553. 

0 . 1 
16.0 

2830. 
0.0003 
0 .01 
0.005 

1 6 . 
9 . 

0 . 2 
0 . 8 

815-03 07/16/08 

PARAMI:TEII t 
VAI UF+/-UNCFRIAINIY 

< 
< 

{ 

< 

< 

< 
< 

< 

< 

< 
< 
< 

432. 
0 .01 
0 . 1 
0.004 
0.05 
0.67 
0.003 
7.72 

1020. 
0 .01 

3650. 
0 .01 
3 . 3 
0 . 
7 . 
0 .01 
0 .01 
2.48 
0 .01 
0.0002 
0.03 

1 1 . 
113. 

8.27 
1.7 
0 . 1 
0 . 0 
0.034 
0 .01 

1040. 
548. 

0 . 1 
16.0 

2850. 
0.0003 
0 .01 
0.005 

2 1 . 
1 1 . 

0 . 2 
0 . / 



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

FORMATION OF COMPI FTTONS CONGI OMFRATE 
HYDRAUI IC I LOU R T I A I I U N R H I P : DOUN GRADirNT 

8 1 5 - 0 4 0 / / l A / M n u r 
l O r A l l O N 

0 7 / 1 A / I I 8 
I D - SAMPIF ID AND LOG DATE - • 

PARAMETER 
UNIT OF 

MFASIIRI 
PARAMF I I R 

VAIUF+Z- I INCFPIAINIY 
PARAMFTI R 

VAI Uf ^ / IIHI.FP.TAINTY 
PARAMFTFR 

VAI Ur »/-l lf"rFRIATN1Y 
PARAMETER 

VAI l i t • / -UNLFRTAl NTY 
PARAME TER 

VALUI+/-UFR.F RTAINTY 

Al KALI NIT Y 
ALUMINUM 
AMMONIUM 
ARSFNIC 
RARIIIM 
(lORON 
CADMIUM 
CALCIUM 
CHI OR IDE 
CHROMIUM 
CONDUITAMCF 
COPPER 
Fl IIORIDE 
GROSR ALPHA 
GROSR BETA 
IRON 
H A D 
MAGNESIUM 
MANItANI RF 
MFRCURY 
MOLYBDI NUM 
NITRAIC 
ORG. CARRON 
PH 
P0TARR1UM 
RA-77A 
RA-720 
SFLFNIUM 
RTLVIR 
SODIUM 
Rill FA IF 
Sill F IDE 
TFMPIRAIIIRF 
TOTAL SGLIDS 
URANIUM 
VANADIUM 
/ I N I . 

MG/l CAC03 
MR/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UMHO/CM 
MG/L 
MG/I 
P C I / L 
PCT/L 
MG/L 
M«i/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
Sll 
MG/L 
P C l / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/L 
MO/L 
C - DFGRFF 
MG/L 
MG/I 
Ml-./L 
Ml./I 

MAPPrR DATA r r i F HAMFs GRNOI^UDPGUOIO/inn 

4 3 7 . 
0 , 
0 . 
0. 
0 , 
0. 
0. 
7, 

9A0, 
0 , 

3A50, 
0, 
3, 
0, 
0, 
0, 
0. 
2 . 
0 . 
0 . 
0 . 

11 . 
1 1 1 . 

8 . 
1 . 
0 . 
0 . 
0 . 
0 , 

1010, 
5 4 0 . 

0 . 
16. 

7 0 7 0 . 
0 . 
0 . 
0 . 

0 1 
1 
004 
OS 
A7 
0 0 2 
70 

0 1 

0 1 
3 

0 1 
0 1 
46 
0 1 
0002 
03 

7 
1 
3 
0 3 1 
0 1 

1 
0 

0003 
0 1 
005 

1 9 . 
1 0 . 

0 . 7 
0 . 7 

4 17 
0 
O 
0 
0 
0 
0 
/ 

9A0 
0 

3AS'^, 
0, 
3, 
0. 
0, 
0, 
0 . 
2. 
0 , 
0. 
0 , 

17. 

110. 
•1. 
1 . 
0 . 
0 , 
0 . 
0 . 

10S0. 
SSA. 

0. 
1A, 

7mo. 
o. 
0 . 
0 . 

. 0 1 

. 1 

. 0 0 3 

.OS 

.A7 

. 0 0 3 

. 7 1 

loi 
!oi 

3 

01 
01 
46 
0 1 
0002 
03 

27 
/ 
1 
3 
079 
0 1 

1 
0 

00O3 
07 
(̂ <>S 

7 4 . 
1 7 . 

0 . 1 
0 . 7 



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

FORMATION m- COMPLETIONS SANDSTONE 
HYDRAULIC FLOU RFLATIONSHIP: UP GRADIFNT 

5 8 6 - 0 1 0 9 / 1 1 / 0 A 
LOCAl TUN I D - RAMI'IF ID AND I OG DATE 

SUA 0 1 0 3 / 1 3 / 8 7 5 0 6 - 0 1 1 0 / 0 5 / 8 / 5 0 6 - 0 1 0 1 / 0 / / 8 B 5 8 7 - 0 1 0 9 / 1 1 / 0 6 

PARAMETFR 

ALKALINITY 
ALUMINUM 
AHMUNUIM 
ANTIMONY 
ARSFNIC 
HAl.ANCE 
RARJUM 
BORON 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
CORALT 
CONDUCTANCE 

1 COPPER 
1^ ILI IORIOE 
00 GROSS Al PHA 

GROSS BETA 
IRON 
1 EAO 
MAGNFRIIIM 
MANGANF.fJE 
MI RCIIRY 
MOLYBDI NUM 
NICKH 
N I I R A I E 
N I T R I I F 
IIRG. CARBON 
PH 
PHOSPHATE 
POTASSIUM 
RA-776 
RA-770 
••1 L INl t IM 
<.II ll.A 
S l l VI R 
SODIUM 
SI RON HUM 
sm 1 A l l 
•;iH I IDE 
I IMPIHAIURF 
I H - 7 3 0 
T IN 
lOTAI. •;ilLTD'i 
URANIUM 
VANADIUM 

UNIT OF 
MEASURE 

M(i/L CAC03 
MG/L 
MG/L 
MG/L 
MG/I. 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
IIMHU/CH 
MG/L 
MG/L 
P C l / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
Sll 
MG/L 
MG/l 
P C l / L 
P C I / I 
MG/L 
MS/I 
MG/L 
MG/L 
MG/L 
MG/l 
Mli/L 
C DIGIUF 
P I : I / I . 
Mf./I 

; MG/L 
MG/L 
MG/L 

PARAMETl R 
VALUF+/-UNCFRIA1HTY 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

7 2 0 . 
0 . 5 
1 . 0 
0 . 0 0 3 
0 . 0 1 

- 2 . 7 9 
0 . 1 
O.A 
0 . 0 0 1 
H . 2 0 

1 1 0 . 
0 . 0 3 
0 . 0 5 

2 5 0 0 . 
0 , 0 2 
2 . 7 

-
-

0 . 0 7 
0 . 0 1 
3 .4M 
0 . 0 3 
0 . 0 0 0 2 
0 . 1 4 
0 . 0 4 
7. 
0 . 1 

-
9 . 9 7 
0 . 1 
8 . 7 0 

-
-

0 . 0 3 6 
1 0 . 

0 . 0 1 
6 0 0 . 

0 . 2 
AV9. 

-
1A. 

-
O.OOS 

1 9 2 0 . 
0 . 0 0 4 9 
0 . 1 9 

PARAMI lER 
VAI UF^/-II^'^•.|RIA1NTY 

PARAMETER 
VAIUI • / -UNCERTAIN I r 

PARAME IF-R 
VALUE*/-UNCFRIAINTy 

PARAMETER 
VALUE+/-IINCERIA1NTY 

4 2 4 . 
0 . 1 
7 . 4 

0 . 7 

A. 47 
14? . 

O.OA 

! 3 0 0 . 

F.A9. 
0 . 1 
0 . 7 

0 . 0 1 

0.6 

1 7 . 3 
1 8 3 . 

0 . 0 1 

7 4 0 0 . 

< 

< 

< 

3 . 0 
1 . 
4 . S 
0 . 0 1 

7 . 7 0 
0 . 0 7 

0 . 1 

0 . 4 

1 0 . 5 1 

7 . 4 A 
0 . 1 

0 . 0 0 7 

6 4 3 . 

7 ? 0 . 

1A.S 
0 . 0 

1 9 7 0 . 
O.OOJA 

1 1 . 
5 . 

0 . 

0, 

'.7 

.2 

.4 

< 

< 

< 

< 

< 

< 
< 

2 . 6 
0 . 0 
0 . 0 
0 . 0 3 

4 . 5 
0 . 0 1 

0 . 0 1 

1 .0 

6 . 
8 . 1 

1 .34 
0 . 1 
1 .7 
0 . 0 0 5 

A * 0 . 

A 9 0 . 

C'.O 

111. so. 
0 . 0 0 3 
0 . 0 1 

7 0 . 
14 . 

0 . 1 
0 . 0 

58A . 
< 0 . 1 

0 . 1 
-

0 . 0 3 
-
-

0 . 6 5 
_ 

1 2 . 5 
1 8 0 . 

0 . 0 7 
_ 

2 2 9 0 . 
-

0 . 8 1 
2 . 5 
9 . 
0 . 3 4 

3 . 4 5 
< 0 . 0 1 

-
0 . 0 2 

-
< 0 . 1 

-
1 1 7 . 

8 . 0 5 
-

1.34 
0 . 
0 . 3 
0 . 0 2 1 

_ 
-

6 8 2 . 

7 0 7 . 

1A.0 

I 
1070 . 

0 . 0 0 1 7 
< 0 . 0 1 

B .7 
1 0 . 

0 . 1 
0 . 8 

< 
< 

< 

< 

< 

< 

< 
< 
< 

< 

< 

< 

< 

8 4 2 . 
0 . 8 
1 .0 
0 . 0 0 3 
0 . 0 1 

- 2 . 0 8 
0 . 1 
0 . 4 
0 . 0 0 1 
3 . 18 

1 9 0 . 
0 . 0 4 
0 . 0 5 

3 5 0 0 . 
0 . 0 3 
3 . 0 

-
-

0 . 0 4 
0 . 0 1 
0 . 0 1 1 
0 . 0 3 
0 . 0 0 0 2 
0 . 0 9 
0 . 0 4 
1 . 
0 . 1 

-
1 1 . 4 9 
0 . 1 

1 7 . 1 
-
-

0 . 1 0 6 
1 3 . 
0 . 0 1 

7 3 0 , 
0 . 1 

5 4 6 . 

1 / . 

0 , 0 0 5 
1 9 9 0 . 

0 .O003 
0 . 2 2 



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

FORMATION OF COMPI ETIONs RANDRTONE 
HYDRAULIC FlOU RFIAIIONSHIP: UP GRADHNI 

I OCA I ION ID ~ RAMPH ID AND LOG DAIF 
SUA-01 09/11/OA SOA 0 1 0,1/11/0/ SUA 01 10/05/07 SOA-01 0 1 / 0 / / 8 8 S87-01 09 /11 /06 

UNIT OF PARAMMIR iS'iRAMFIFR PARAMETER PARAMF lER PARAMETFR 
PARAMETER MEASURE VALUF+/-IIN1.1 R lAlNI Y VAI IK • / UNCI RTAINTY VAIUI i/-IINCF RTAINTY VAI UF»/-IINCl R IAIN TY VALUF+/-IINCE.RI AINIY 

7INC MG/L 0.015 - 0.007 0.012 < 0.005 



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

lORMATION III COMPI ETION: SANDSTONE 
HYDRAUUC l l O U lULAMONSHTP: UP GRADIFHI 

S O / - 0 1 0 3 / 1 1 / 0 7 
I OCA I ION ID - RAMPIF ID AND I OG DAIF 

S O / O l 1 0 / 0 5 / 0 7 S 0 / - 0 1 0 1 / 1 0 / 0 8 SO8-01 0 9 / 1 1 / 8 6 5 8 8 - 0 1 0 3 / 1 . 1 / 8 7 

PARAMETFR 
UNI I OF PARAMFTER 

MLAGIIRE VAI U F ^ / - U N C I R l A I N I Y 
PARAMIIFR PARAMETER PARAMETER 

VAI U U / I INCIRTAIMIY VAI I I I + / - I W r F R I A I N I Y VAI Ut •/-UNCFR IAINTY 
PARAME FER 

VALUE•/-UNCERTAIN IY 

A L K A I I N I I Y 
Al IIMINIIM 
A'MMONIIIM 
ANTIMONY 
ARRINIC 
BALANCE 
BARIUM 
BORON 
CADMIUM 
CALCIUM 
CHI OR IDF 
CHROMIUM 
COBAI T 
CONDUCTANCE 
COPPFR 
FLUORIDE 
GROSS ALPHA 
GROSS BETA 
IRON 
I EAO 
MAGNESIUM 
MANGANESE 
MFRCIIRY 
MOLYBDI NUM 
NICKFI 
N H R A I E 
N I T R I I F 
ORG. CARHON 
PH 
PHOSPHATE 
POTASSIUM 
RA-«'2A 
KA-778 
S l lLN IUM 
Sl l ICA ' 
S l l VI R 
SODIUM 
SIHDNI IIIM 
SOI ( A l l 
'-.III I ID! 
I I MIT Dr. I mo 
III- 7 3 0 
TIN 
i i i lA l '.III ii)<; 
lUtANlHH 
VONOOIIIM 

MG/l CAC03 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C l / L 
MG/L < 
MG/L 
MG/l 
MG/L < 
MG/l 
MG/L < 
MG/L 
MG/L 
MG/L 
MG/L 
Sll 
MG/L 
M(i/I 
P C I / L 
PCI/l 
MG/L < 
MG/L 
MG/L 
MG/I 
MG/L 
MG/I 
MG/L 
C - DIGRH 
I C ( / L 
MG/l 
Mi;/L 
MG/I 
110/1 

54A . 
1 . 1 
1 .0 

0 . 9 

/ . P 8 
7 9 . 1 

0 . 0 3 

3 0 0 0 . 

5 . 5 
1 . 

13 . 
0 . 0 3 

0 . 0 3 
0 . 0 1 

0 . 1 

0 . 8 

1 1 . A l 

4 . 0 9 
0 . 0 

0 . 0 0 7 

0 0 3 . 

1 1 / 0 . 

1S .0 
0 . 0 

V"iiiO. 
0 .001A 

1 3 . 
0 . 

0 . 7 

0 . 4 

4 1 9 . 
0 . 1 
0 . 7 

0 . 0 1 

0 . 8 

3 . 1 
9 3 . 

< 0 . 0 1 

7 7 0 0 . 

5 . 1 
0 . 9 
0 . 0 

< O . O l 

0 . 7 8 

< 0 . 0 1 

0 .0 .1 

< 1 .0 

7 . 
9 . 3 S 

1 . 7 / 
0 . 1 
?.'.» 

< 0. ')0S 

7 4 0 . 

9 S 0 . 

1A.0 

<'/'00. 
<'.o'i:i 
O . 'M 

5 . 9 
lA . 

0 . 1 
1 .0 

5V3. 
0.1 
0,1 
-

0,00 A 
-
-

0.78 
-

A.78 
/A, 
0.03 
-

?020. 
-

S.3 
71. 
0. 
0.19 
-

1,/3 
< 0,01 

-
0.0/ 
-

< 0.1 
-

138. 
9.0 
-
1.79 
0.1 
0, 
0.043 

_ 

(1A4, 
-

119.1, 

1A.1 

— 

"ilO. 
0.00?/ 

< 0.01 

17, 
10, 

0.1 
0.8 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

565. 
0.3 
0.9 
0.003 
0.01 

-2.87 
0.1 
0.6 
0.001 
9.96 

240. 
0.06 
0.05 

2350. 
0,03 
3,2 
-
-

0.14 
0.01 
1.78 
0.02 
0.0002 
0.09 
0,04 
3, 
0,1 
-

8,65 
0,1 
1,51 
-
-

0,096 

8, 
0.01 

677. 
0.4 

645. 

19. 

O.OOS 
2000. 

O.OO'Vl 
0.22 

6 1 4 , 
0 . 3 
0 , 6 

0.6 

S . 4 9 
3 1 9 . 

0 . 0 2 

2 5 0 0 . 

3 . 4 
1 . 
0 . 0 
0 . 0 4 

1 .30 
O.OJ 

0 . 1 

0 . 1 

8 . 3 0 

1 .21 
0 . 2 

0 . 0 0 2 

731. 

63S. 

11.0 
0.3 

LM70. 

0.0010 

1 3 . 
9 . 4 

O.f 



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

FORMATION OF COMPLETION: SANDSTONE 
HYDRAUUC FLOU RELATIONSHIP: IIP GRADIFI'T 

LOCATJdW ID - RAMPIF ID AND LOG DATE 
587-01 03 /13 /87 S87-0 I 10/05/07 MI7-01 01/10/88 500-01 09 /11 /86 588-01 03 /13 /87 

UNCI OF PARAMETER PARAMEIER PARAMETER PARAMETER PARAMEFER 
PARAMETFR MEASURE VAI UF f/-|INCFRTA1HTY VALUF+/ GHI.IRTAINTY VALIIF+/-IINCE RTAINTY VALUF+/-UHCFRT AIMTY VALIJE+/-IINCERTAINTY 

ZINC MG/L - 0.005 < 0.005 0.010 



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

FORMATION 01 COMPI ETION: SANDSTONE 
HYDRAUUC FtOU REl AT 10N8H1P: UP GRADIINT 

PARAMEIER 

AlKAl I N I T Y 
ALUMINUM 
AMMONIUM 
ANTIMONY 
ARSENIC 
HAI ANCE 
BARIUM 
HURON 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBAI I 

o CONDIICIANCE 
' COPPER 

f^ GROSS AlPHA 
GRI>;s HEIA 
IRON 
1 IAD 
MAGMt SHIM 
MANGANESE 
Ml RCIIRY 
MOLYBDI NUM 
NICKEL 
N I I R A I E 
NITRITE 
ORG, CARHON 
PH 
PHOSPHATF 
POTASRIUM 
RA-2?A 
RA 720 
S l l IN IUM 
511 ICA 
St l .VIR 
RODIUM 
SI HON HUM 
sm 1 All 
sm 1 IDE 
TEMI'ERATURF 
I I I -'10 
I I I ! 
lOIAL SOLIDS 
URANIUM 
VAI'AOIIIM 

UNIT OF 
MEASURE 

MG/L CAC(I3 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UMHO/CM 
MG/L 
MG/L 
P C I / L 
P C l / L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
MG/l 
MG/L 
Rll 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/I 
MG/L 
MG/l 
MG/L 
C DI GUFF 
P C I / L 
MG/I 

; MG/L 
MG/I 
Mil /L 

• " 5 0 8 - 0 1 1 0 / 0 -»/87 

PARAMF11R 
VALUF•/ -UNCI R l A I N I Y 

< 

< 

< 

< 

< 

< 

< 
< 

5 5 5 . 
0 . 1 
0 . 2 

-
0 . 0 1 

-
-

0 . 7 
-

4 . 2 
2 7 0 . 

0 . 0 1 
-

2 3 9 0 . 
-

2 . 6 
0 . 0 
0 . 0 
0 . 0 3 

-
0 . 9 0 
0 . 0 1 

-
0 . 0 1 

-
1.0 
-

4 . 
8 . 1 5 

-
0 . 9 2 
0 . 4 
1 .1 
0 , 0 0 7 

-
-

AVO. 
-

AAO. 
-

1 6 . 0 

-
l i l i lO. 

0.O.V1 
0 . ' ) 1 

77. 
2 0 . 

0 . 2 
1 .1 

M i r A I I O H I D - SAMPIF I D ANO 
500 0 1 0 1 / 1 0 / 0 8 5 8 8 - 0 1 0 / / 2 1 / M 8 

PARAMI IFR 
V A I U E f / UMCIRTAIMIY 

< 
< 

< 

< 

< 
< 

5 4 S . 
0 . 1 
0 . 1 

-
0 . 0 1 

-
-

0 . A 9 
-

^ . 4 3 
7 4 0 , 

0 , 0 2 
~ 

2 4 6 0 , 
-

2 . 67 
0 . 
0 . 
0 , 1 

-
0 . 0 9 
0 . 0 1 

-
0 . 0 2 

-
0 . 1 

-
3 4 . 0 
o.?s 

-
0 . 9 / 
0 . I 
0 . 1 
0 . 0 2 / 

-
-

A m . 
-

A / 4 . 
-

1.'..? 

19 1" . 
l'.0"'VI 
-).0\ 

1 7 . 
9 . 

0 . 7 
0 . 0 

PARAMF TER 
VAIUI • / - U H t . l RTAINTY 

< 

< 

< 

( 
< 
< 

< 

< 

< 

5 3 1 . 
0 . 0 2 
0 . 1 

-
0 . 0 4 ? 

-
0 . 0 ? 
O.A 
0 . 0 2 0 
6 . 9 0 

6 A 0 . 
0 . 0 2 

-
3 1 0 0 . 

0 . 0 1 
3 . 1 
0 . 
5 . 
0 . 0 1 
0 . 0 1 
1.4H 
0 . 0 1 
0 . 0 0 0 7 
0 . 0 1 

-
0 . 1 

-
1 7 7 . 

8 . 3 4 
-

1.4 
0 . 2 
0 . 4 
0 . 0 2 4 

-
0 . 0 1 

9 0 1 . 
-

S / 1 . 
5 . A 

1A.5 
-
~ 

23.10. 
0 . 0 0 0 3 
0 . 0 1 

7 0 . 
1 3 . 

0 . 2 
O.R 

1 0 0 DAIF 
8 1 7 - 0 1 1 0 / 2 2 / 8 7 

PARAMETER 
VALUF+/-UN(.»RIAINTY 

< 

< 

< 

< 

< 

< 

< 

< 
< 

6 5 5 . 
0 . 1 
0 . 2 

-
0 . 0 1 

— 
-

0 . 6 
-

2 . 7 
3 2 0 . 

0 . 0 1 
-

1950 . 
-

5 . 6 
3 0 . 
2 5 . 

0 . 0 3 
-

0 . 7 1 
0 . 0 2 

-
0 . 0 3 

-
1.0 
-

1 . 
n.7 

-
1 .11 
0 . 1 
0 . 5 
0 . 0 0 5 

-
-

5 5 0 . 
-

134 . 
-

1 7 . 0 
-
-

ISOO. 
O.OO'I 
0 . 0 1 

2 2 . 
1 7 . 

0 . 1 
0 . 9 

8 1 / - 0 7 10/2? 

PARAMETFR 

'787 

I 
VALIIF • / UNCERTAINTY 

< 

< 

< 

< 

< 

< 

< 

< 
< 

6 5 5 . 
0 . 1 
0 . 2 

-
0 . 0 1 

-
-

0 . 6 
-

2 . 7 
3 1 0 . 

0 . 0 1 
-

1 9 5 0 . 
-

5 . 4 
0 . 0 
0 . 0 
0 . 0 3 

-
0 . 7 3 
0 . 0 2 

-
0 . 0 4 

-
1.0 
-

1 . 
8 . 2 

-
1 .11 
0 . 1 
3 . 8 
0 . 0 0 5 

-
-

5 5 0 . 
-

133. 
-

1 7 . 0 
-
-

1490. 
0 . 0 0 3 
0 . 0 1 

7 0 . 
15. 

0 . 1 
1.3 



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

FORMATTON OF COMPI FTION: S.'̂ NDRTONE 
HVDRAUUC I IOU R| I Al KINSHIP : IIP GRADlFNI 

._ - - inrAl l l lN ID - RAMPIE ID AND I OG DATE 
500-01 10/02/87 500 01 01 /10 /00 508-01 07 /21 /88 817-01 10/22/87 817-02 10/22/87 

UNIT OF PARAMEIER PARAMI TER PARAMFTER PARAMETFR PARAMEIER 
PARAMFITR MI ASURE VAI IIF*/-IINI.H'IATHTY VAI HE • / UF'l.l RTAINI Y VAI UE •/-UNCI RIAINTY VAI UE+/-IINCE-RTAINTY VAI HE • / UNCI R TAINT t 

71NC MG/L < 0 . 0 0 5 0 - 0 0 / < O.OoS < 0 . 0 0 5 < 0 . 0 0 5 



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

FORMATION OF COMPLETION: RANDRTONE 
HYDRAUI IC IIOU Rll AlIONRHIPs UP GRADlFNI 

PARAMI IFR 

Al KAl I N I I Y 
ALUMINUM 
AMMONIUM 
ANIIMONY 
ARRFNIC 
BALANCE 
BARIUM 
BORON 
CADMIUM 
CAI CIIIM 
CHI OR IDE 
CHROMIUM 
CORALT 
CONDI ICr ANCE 
COPPIR 
1 L IIORIDE 
GRORS Al PHA 
GRORS BETA 
IRON 
H A D 
MAGNESIUM 
MANGANESE 
Ml RCIIRY 
Mill YHDI NUM 
NICKFI 
N I I R A I E 
N I T R I I F 
ORG. CARBON 
PH 
PHOSPHATE 
POTASRIUM 
RA-226 
RA -220 
';i L I N HIM 
Rl l ICA 
SI I .V IR 
SODIUM 
SIHONI HIM 
SOI ( A l t 
SIII FIDE 
I t MPEHAHHU 
H I 730 
T I N 
lOTAI '̂ •.01 lO'l 
IIP AH HIM 
OANADHIM 

UNIT OF 
MEASURE 

MG/I CAC03 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MO/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
UMHU/CM 
MG/L 
MG/L 
P C I / L 
P C I / L 
MG/l. 
MG/L 
MG/L 
MG/L 
MO/l 
MG/L 
MG/l 
MG/L 
MG/I 
MG/L 
RU 
MG/L 
MG/I 
P C I / L 
P C I / l 
MG/I 
MG/I 
MG/I 
Ml.-'l 
MG/I 
M)«/l 
MG/l 
1. - DFIdOl 
P i : i / L 
Ml./I 

1 Ml./ I 
MG/I 
Ml'./I. 

0 1 7 - 0 3 1 0 / ; ' 2 / 0 7 

PARAMEIER 
V A I U U / - U N C E R I 

< 

< 

< 

< 

< 

< 

< 

6 5 5 . 
0 . 1 
0 . 2 

-
0 . 0 1 

-
-

0 , 6 
-

7.7 
3 2 0 , 

0 , 0 1 
-

1950. 
-

4 . 3 
0 . 0 
0 . 0 
0 . 0 3 

-
0 , / 3 
0 . 0 2 

-
0 . 0 4 

-
1.0 
-

1 . 
8 . 2 

-
1.09 
0 . 1 
0 . 1 
O.OOS 

-
-

5 9 0 . 
-

1 4 0 . 
-

l . ' .O 
-
-

14'.'0. 
O.OO.i 
0 . 0 1 

ATNIY 

? 0 . 
15 , 

0 , 1 
1,4 

1 

VAI 

< 

< 

< 

< 

< 

< 

< 

< 
< 

— . — - , i i i . f i i JI 

H I / 0 1 1 0 / 2 2 / 0 7 

PARAMI lER 
1 UF • / I IHCH' IAINTY 

6SS. 
0 , 1 
0 . 7 

-
0 . 0 1 

-
-

0 . 7 
-

2.A 
3 2 0 . 

0 . 0 1 
-

1 9 5 0 . 
-

3 . 3 
0 . 0 
0 . 0 
0 . 0 3 

0 . / 3 
0 . 0 1 

-
0 . 0 4 

1.0 

1 . 
n.2 

-
1 . 0 / 
0 . 0 
0 . ' . 
O.OOS 

-
S / O . 

1 3 0 . 

1.^.0 

r i / «» . 
O.O'KI 
• ) . 0 1 

1 5 . 
10 , 

0 . 1 
1 ,1 

IM J ii» - r innri r ii> nwii i 
8 1 7 - 0 5 1 0 / 2 2 / 8 7 

PARAMFTER 
VAI III i / -UN( I R T A I N I Y 

< 

< 

< 

< 

< 

< 

< 
< 

ASS, 
0 , 1 
0 , 7 

-
0 . 0 1 

-
-

0 , 7 
-

7 , 7 
3 7 0 , 

0 , 0 1 
-

19S0, 
-

3 , 0 
0 , 0 

^7. 
0 , 0 3 

-
0 . / 3 
0 . 0 1 

-
0 , 0 4 

-
1.0 
-

2 , 
0 . 7 

-
1 .08 
0 . 0 
0 . 4 
0 . 0 0 5 

-
-

SfiO. 
-

1 I':*. 
-

l / . O 
-
-

i 4 i ;o . 
0 , 0 0 3 
0 . 0 1 

1 7 , 
15 , 

0 , 1 
1 ,8 

. U U i inic — -
8 1 7 - 0 1 0 1 / 1 0 / 8 0 

PARAMFlER 
VALUE•/ -UNCIRIAINTY 

< 
< 

< 

< 

< 

< 
< 

6 0 0 . 
0 . 1 
0 . 1 

-
0 . 0 1 

-
-

0 . 7 3 
-

2 . 5 7 
3 1 0 . 

0 . 0 3 
-

1 9 6 0 . 
-

4 . 9 4 
0 . 
0 . 
0 . 1 5 

-
0 , 6 1 
0 , 0 1 

-
0 , 0 6 

-
0 , 1 

-
154. 

8 . 4 
-

0 . 8 / 
0 . 1 
0 . 
0 . 0 0 7 

-
-

5 5 7 , 
-

1 3 7 , 
-

1 5 , 5 
-
-

I'.OO, 
0 . 0 0 0 3 
0 . 0 1 

6 . 
4 . 

0 . 
0 . 

,6 
,9 

.2 

.8 

8 1 7 - 0 2 0 1 / 1 0 / 8 8 

PARAMETER 
VALUE•/-UNCERTAINTY 

< 

< 

< 

< 

< 
< 

6 8 0 . 
0 . 2 
0 . 1 

-
0 . 0 1 

-
-

0 . 7 7 
-

7 . 5 8 
3 2 0 . 

0 . 0 3 
-

1 9 6 0 . 
-

5 . 1 
5 . 
2 . 7 
0 , 1 5 

-
0 , 6 1 
0 . 0 1 

-
0 . 0 7 

-
0 . 1 

-
1 5 1 . 

8 . 4 
-

0 . 8 3 
0 . 1 
0 . 
0 . 0 0 9 

-
-

5i.A. 
-

1 3 / . 
-

I S . S 
-
-

ISOO. 
0 . ( ' 003 
0 . 0 1 

1 2 . 
8 . 

0 . 2 
O.ll 



Table D.5.15 Chemical analyses of groundwater. Green River, Utah, tailings site (Cont1ni>ed) 

en 
tn 

lURMATION OF COMPI ETION: SANDSIUNF 
HYDRAUUC FLOU RFIAIIONSHIP: UP GUADHGI 

8 1 / 0 1 10/72/87 
lOrAHDN ID - RAMPH ID AND I OG DAIF 

8 1 / 04 10 /22 /8 / U1/-05 10 /22 /8 / 8 1 / - 0 1 01 /10 /88 0 1 / - 0 2 01 /10 /88 

PARAMEIER 

/ INC 

UNIT OF PARAMI IFR 
MEASURE VALUED/ IIHCF RTAINTY 

PAHAMI IFR 
VAI Uf i/-ll("i.l HTAINIY 

MG/I 0.005 0.0"S 

PARAMFIFR 
VAI III •/-IINCEHIAINIY 

PARAMETER PARAMEIER 
VAI IIE •/-IINCF RIAINIY VAI HE •/-IJNCFRI AINI Y 

O.OOS 0.009 0.011 



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

FORMATION OF COMPLETION: RANDSIONE 
HYDRAUUC FLOU RFIAIIONSHIP: IIP GRADIFfM 

PARAMEIER 

ALKALINITY 
Al IIMINIIM 
AMMONIUM 
ANHMONf 
ARRFNIC 
HAI ANCE 
BARIUM 
BORON 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBALT 
CONDUCIANCE 

1 COPPER 
';^ FLUORIDE 
en GRORR AlPHA 

GROSS BETA 
IRON 
1 EAD 
MAGNESIUM 
MANGANI SE 
MFRCURY 
MOLYBDI NUM 
NICKFI 
Nt IRATE 
N I T R I I F 
ORG. CARBON 
PH 
PHOSPHATE 
PGIASRIUM 
RA-226 
RA-220 
S H FNIIIM 
S l l ICA 
S l l VFR 
SODIUM 
S I RON I HIM 
RIM FAI I 
SHI 1 IDF 
TIMPIRAHIRF 
HI 230 
U N 
HI IAL SDI lO'l 
UP AN IIIM 
V.iWADIIIM 

IJNTF OF 
MEASURE 

MG/L CAC03 
MG/L 
MG/l. 
MG/L 
MG/I. 
X 
MG/l 
MG/L 
MG/I 
MG/L 
MG/L 
MG/I. 
MG/L 
UMHU/CM 
MG/l 
MG/L 
P C I / L 
P C I / L 
MG/I 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/I. 
MG/l 
MG/l 
Sll 
MG/L 
MG/I 
P C I / L 
PC I / I 
MG/I 
MG/I 
MG/I 
Mii/I 
Ml!/I 
Mr./i 
MG.'I 
C - l.'l r.Ri r 
I M : I , ' | 

MG'I 
i I IG/ l 

Mi;/i 
MG/I 

8 1 / - 0 3 0 1 / 1 0 / 0 0 

PARAMFTF It 
VAIUE+/-UNCEPI 

< 
< 

< 

< 

< 

< 
< 

6 0 8 . 
0 . 1 
0 . 1 

-
0 , 0 1 

-
-

0 , / 7 
-

2 . 54 
3 3 0 . 

0 . 0 3 
-

1 9 6 0 . 
-

5 . 0 8 
6 . 
6 . 
0 . 1 5 

-
0 . 6 0 
0 . 0 1 

-
0 . 0 6 

-
0 . 1 

-
155 . 

0 . 4 
-

0 . 0 5 
0 . 
0 . 1 
0 . 0 0 8 

-
-

5A4 . 
-

1,19. 
-

I S . S 

-
1490. 

O.OOOti 
0 . 0 1 

lAlNFY 

1 1 . 
0 . 6 

0 . 1 
0 . 9 

. 1 III.(11 I I 
0 1 7 - 0 1 0 1 / 1 0 / 8 8 

PARAMI TFR 
VAI Urt/ UNI. IRIAIMTY 

< 
< 

< 

< 

< 

< 
< 

6 8 0 . 
0 . 1 
0 . 1 

-
0 , 0 1 

-
-

0 , 7 9 
-

2 , 5 4 
3 2 0 . 

0 . 0 3 
-

1 9 6 0 . 
-

5 . 1 6 
4 . 6 

1 1 . 
0 . 1 5 

-
O.A? 
0 . 0 1 
-

0 . 0 7 
-

0 . 1 
-

1A.I. 
8 . 4 

-
O.FiS 
0 . 
0 . 
O.OOil 

-
SAO. 

1 3 / . 
-

I S . ' . 

. 
1 4 9 0 . 

O.OOO'i 
0 .<H 

9 . 3 
9 . 

0 . 1 
0 . 8 

in J i» - : i n n r i t i n n n n i 
8 1 / 0 5 0 1 / 1 0 / 0 8 

PARAMFTER 
VAI III • /-UNCERTAINTY 

< 
< 

< 

< 

< 

< 
< 

AGO. 
0 . 1 
0 . 1 

-
0 . 0 1 

-
-

0 . 8 
-

2 . S I 
3 3 0 . 

0 . 0 3 
-

19A0. 
-

5 . 2 2 
3 . 
5 . 3 
0 . 1 5 

-
0 . 6 1 
0 . 0 1 

-
0 . 0 7 

-
0 . 1 

-
1 6 0 . 

8 . 4 
-

0 . 8 6 
0 . 1 
0 . 
0 . 0 0 7 

-
-

ssn. 
-

r.iv. 
-

15 .5 
-
-

14'r'0. 
0 . 0 0 0 3 
0 . 0 1 

1 0 . 
9 , 1 

0 . 1 
0 . 7 

-Ul» IJHI I 
8 1 7 - 0 1 0 7 / 1 8 / 8 8 

PARAME TFR 
VALIIE+/-UNCF R 1AIN1Y 

< 

< 

< 

< 

< 
< 

< 

< 

< 

< 
< 

6 6 2 . 
0 . 0 1 
0 . 1 

— 
0 . 0 0 2 

— 
0 . 1 3 
0 . 8 
0 . 0 0 2 
2 . 4 7 

3 6 0 . 
0 . 0 1 

-
2 0 0 0 . 

0 . 0 1 
6 . 1 
0 . 
9 . 
0 . 0 1 
0 . 0 1 
0 . S 3 
0 . 0 1 
0 . 0 0 0 2 
O.OS 

-
0 . 1 

-
1 6 5 . 

8 . 3 9 
-

2 . 6 
0 . 1 
0 . 0 
0 . 0 0 8 

-
0 . 0 1 

5 8 9 . 
-

1 3 5 . 
0 . 1 

l / . O 
-
-

1440 . 
0 . 0 0 0 3 
0 . 0 1 

1 6 . 
1 1 . 

0 . 2 
0 . 7 

8 1 8 - 0 1 1 0 / 2 0 / 8 / 

PARAMETER 
VAIUF+/-IINCERTA1N1Y 

< 

< 

< 

< 

< 

< 

S 4 1 . 
0 . 1 
0 . 7 

— 
0 . 0 1 

-
-

0 . 7 
-

6 . 4 
4 5 0 . 

0 . 0 1 
-

2 9 0 0 . 
-

2 . 6 
0 . 0 
0 . 2 
0 . 0 3 

-
1 .39 
0 . 0 3 

-
0 . 0 1 

-
1.0 
-

6 . 
8 . 3 

-
1 .41 
0 . 3 
0 . 6 
0 . 0 0 7 

-
-

0 1 0 . 
— 

6 7 0 . 
-

1 8 . 0 
-
-

2 1 7 0 . 
0 . 0 0 5 
0 . 0 1 

2 . 1 
2 . 4 

0 . 1 
1.4 



Table D.5|15 Chemical analyses of groundwater. Green River, Utah, tailings site (Continued) 

lUHMATHIN 01 COMPI ETIONs SANDSTONE 
HYDRAUUC I IOU 1(11 Al lONSHTP: IIP GRADlFNI 

lOCATION ID - SAMPIF ID AND LOG DATE 
I I1/ -0. I 01 /10 /08 8 1 / 0 * 01 /10 /08 81 / -05 01 /10 /08 8 1 / - 0 1 0 / / 10 /H8 818-01 10/20/87 

UNIT OF PARAMFTER PARAMI HR PARAMETER PARAMETFR PARAMETER 
PARAMFTER MEASURF VAI UE+/-IINIFR lAHIIY VAI Ult/-IIN(.HtTAINTY VAI UF •/-UNCI RTAINTY VAI UE+/-UNCFRT AINT Y VALIIE+/-IINCERTAINTY 

ZINC MG/I < 0 . 0 0 5 < 0 . 0 0 5 0 . 0 0 6 < 0 . 0 0 5 O.OOS 



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

ItlRMATIUN or COMPI ETIONs SANDSIONF 
HYDRAUUC FLOU Kl L Al lONSHIPs UP GRADIENT 

PARAMFIfR 

A l K A L I N I I Y 
Al IIMINIIM 
AMMONIUM 
ANIIMONY 
ARSFNIC 
BALANCE 
BARIUM 
BORON 
CADMIUM 
CALCIUM 
CHI OR IDF 
CHROMIUM 
CIlBAI 1 
CIINDUCIANCE 
COPPFR 
ILI IORIDE 
GROSR Al PHA 
GROSS HI FA 
IRON 
I FAD 
MAnNESIIIM 
MANGANI SE 
Mf RCIIRY 
Mill YHDf NUM 
NICKI1 
N H H A I E 
N I T R I I F 
ORG. CARBON 
PH 
PHOSPHATF 
POIASI.IIIM 
RA-226 
RA 270 
r.ll IN IUM 
SH H A 
iH VI R 

SI ID 11 Ml 
'HRil lH lUM 
'.III 1 A l l 
''>m 1 IDE 
I IMPI RAHII'I 
I I I 730 
T IN 
lo iA i r.oi I I " ; 
IIPANJIIM 
'v'Ai>V.I)lMM 

UNIT OF 
Mf ASURE 

MG/L CAC03 
MG/L 
MG/L 
MG/L 
MG/l 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/I 
UMHO/CM 
MG/l 
MG/L 
PC I / I 
P C f / L 
MG/I 
MG/L 
MG/l. 
MG/L 
Mii/I 
WG/L 
MG/l 
MG/L 
MG/l 
MG/L 
RU 
MG/L 
MG/l 
P C l / L 
PI. I / I 
MG/L 
MG/I 
MG/I 
Mli/I 
MiVL 
Ml-./I 
Ml./I 
r DI GIG r 
l ' i | / l 
n>./i 

; I'li.'i 
M-./l 
Ml./I 

8 1 8 - 0 2 1 0 / 2 0 / 0 7 

PARAMEIfR 
VALUF^/-IIN( FRTAINIY 

< 

< 

< 

( 

< 

< 

< 

5 4 1 . 
0 . 1 
0 , 2 

-
0 . 0 1 

-
-

0 , 7 
-

6 , 5 
4 5 0 . 

0 , 0 1 
-

2 9 0 0 . 
-

2 . 1 
0 . 0 
5 .A 
0 , 0 3 

-
1 . 4 0 
0 - 0 4 

-
0 . 0 1 

-
1.0 
-

10 . 
8 . 3 

-
1 .40 
0 . 3 
0 . 1 
0 , 0 0 5 

-. 
-

7 8 0 . 
-

5 9 0 , 
-

m.o 

21A0. 
0.1'03 
O. 'M 

2 0 . 
2 2 . 

0 . 1 
1.4 

1 ni.f l i JI 
818 0.1 1 0 / 2 0 / 8 7 

PARAMI I f R 
V A I I I F + / U N I I R I A I N T Y 

< 

< 

< 

< 

< 

< 

< 

< 

5 4 1 . 
0 . 1 
0 . 2 

-
0 . 0 1 

-
~ 

0 . 7 
-

A . 4 
4 0 0 . 

0 . 0 1 
~ 

7 9 0 0 . 
-

2 . 4 
0 . 0 
8 . 1 
0 , 0 3 

-
1 .40 
0 . 0 4 

-
0 . 0 1 

1 .0 
-

1 . 
0 . 3 

-
1 . 4 0 
0 . 1 
1.0 
0 . 0 0 5 

-
-

7 9 0 . 

A?0 . 

1 0 . 0 
-

2 110. 
0 . 0 0 3 
0 . 0 1 

? / , 
7 3 . 

0 . 1 
1 ,3 

in 1 i» - :innri i- ii» nnu i 
8 1 8 - 0 4 1 0 / 2 0 / 8 7 

PARAMETEIl I 
VAIUF• / -UNCERFAINIY 

< 

< 

< 

< 

< 

< 

< 

< 

5 4 1 . 
0 . 1 
0 . 2 

-
0 . 0 1 

-
-

0 . 7 
-

A . 4 
4 0 0 . 

0 . 0 1 
-

2 9 0 0 . 
-

7.7 
3 2 . 

2 . 0 
0 . 0 3 

-
1 .43 
0 . 0 4 

-
0 . 0 1 

-
1.0 
-

1 . 
8 . 3 

-
1.40 
0 . 2 
1 .5 
0 . 0 0 5 

-
-

0 0 0 . 
-

5M0. 
~ 

1 0 . 0 

-
7 1 / 0 . 

0 . 0 0 4 
0 . 0 1 

? 9 . 
1 8 . 

0 . 1 
7 . 1 

- l l O I IH i 1 — 
8 1 8 - 0 5 1 0 / 2 0 / 8 7 

PARAMFTER 
VAHIF+/-UNCFR1AINTY 

< 

< 

< 

< 

< 

< 

< 

5 4 1 . 
0 . 1 
0 . 2 

-
0 . 0 1 

-
-

0 . 6 
-

6 . 4 
4 4 0 . 

0 . 0 1 
-

2 9 0 0 . 
-

2 . 7 
0 . 0 
0 . 0 
0 . 0 3 

-
1 .41 
0 . 0 4 

-
0 . 0 1 

-
1.0 
-

1 . 
8 . 3 

-
1.4? 
0 . 4 
1 .5 
0 . 0 0 5 

-
-

7 3 0 . 
-

5 9 0 . 
-

1 8 . 0 
-
-

2 1 7 0 . 
O.OOS 
0 . 0 1 

2 3 . 
2 1 . 

0 . 1 
1.7 

8 1 8 - 0 1 o i / o ; i / 8 8 

PARAMEIER 
VALUE+/-UNCERTAINTY 

5 4 6 . 
< 0 . 1 

0 . 3 
— 

0 . 0 1 
— 
-

0 . 6 1 
-

8 . 5 9 
6 0 0 . 

0 . 0 3 
-

3 1 6 0 . 
-

2 . 9 
7 . 

2 3 . 
0 . 1 5 

-
1.6S 
0 . 0 ? 

-
0 . 0 4 

-
< 0 . 1 

-
146 . 

8 . 3 5 
-

2 . 1 
0 . 1 
0 . 8 
0 . 0 1 8 

-
-

9 0 6 . 
-

5 9 9 . 
-

1A.? 
-
-

2 4 2 0 . 
0 . 0 0 1 1 

< 0 . 0 1 

14 . 
1A. 

0 . 1 
0 . 8 



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

FORMATION Ml rilMPHTION: RANDSIONE 
HYDRAUUC I IOU RHAIIONRHIP: UP GRADHNI 

lOCAHON ID - RAMPIF ID AND UiG OATF 
018-0? 10 /20 /8 / 810 03 l ' ) / . '0 / l l / 010-04 10/20/07 818-05 10/20/87 818-01 01/05/O8 

UNII UF PARAMf IFR PARAMUER PARAMI TER PARAMEIER PARAMETFR 
PARAMI TFR MEASURE VAI IIF+/-IINCER I AINI Y VAI UU / llfd I R I AINTY VAIUI • / - U N n Rl AINTY VALUE+/-11NCER I AINI Y VALUE+/-IINCERTAINIY 

7INC MG/l < 0 . 0 0 5 < O.OOS < 0 . 0 0 5 < 0 . 0 0 5 < 0 . 0 0 5 



Table 0.5.15 Chemical analyses of groundwater. Green River, Utah, tailings site (Continued) 

FORMATION UF COMPLETIONS SANDS I ONE 
HYDRAUUC ElOU RFI AT lONSHIPs UP GRADHFIT 

1 

o 

PARAMUER 

Al KAl I N l l Y 
Al IIMINIIM 
AMMONIUM 
ANIIMONY 
ARSFNIC 
BALANCE 
RARIIIM 
HURON 
CADMIUM 
CALCIUM 
CHI ORIDE 
CIIRUMIIIM 
COBAI 1 
CONDUCTANCE 
CUPPER 
11 IIORIDE 
GROSR AlPHA 
GHOt;S BE IA 
IRON 
1 EAD 
MAIiNERIIIM 
MANGANI SE 
MFRCURY 
MOLYBDENUM 
NICKFI 
NITRATE 
NITRITF 
IIRG. CARBUN 
PH 
PHUSPHAIF 
POTASSIUM 
rtA-22A 
RA-??0 
S l l f NIUM 
S l l ICA 
• i l l VI R 
SODIUM 
SI RON HUM 
sm FAII 
' I I H H'E 
Tl MPf HAIIIRI 
HI 730 
U N 
TOTAI '-.III ID'l 
URANIUM 
"ANADHIM 

U N I I OF 
MEASURE 

MG/L 1 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/I 
MG/L 
MG/L 
MG/L 
MG/L 

LAL03 

UMHU/CM 
MG/l 
MG/L 
P C I / L 
P C l / L 
MS/L 
MG/L 
MG/L 
MG/L 
MG/l 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
RU 
MG/L 
MG/l 
P C f / l 
P C l / l 
MG/I. 
MG/I 
MG/L 
MG/L 
MG/l 
MG/I 
Mli/L 
C - I'l 
P C I / l 
MG/I 

1 MG/I 
MG/I 
MG/I 

1 GRI F 

018 07 Ol /OJ 

PARAMFTER 

.788 

1 
VALUl• / -UNCERTAINTY 

5 4 A . 
< 0 . 1 

0 . 1 
-

0 . 0 1 
-
-

O . A l 
-

8 . 5 A 
AOO. 

0 . 0 1 
-

3 1 6 0 . 
-

7 . 9 8 
9 . 
7 . 
0 . 1 5 

-
1 . 6 1 
0 . 0 2 

-
0 . 0 8 

-
< 0 . 1 

-
1 4 6 . 

0 . 3 S 
-

1.4? 
0 . 7 
O.A 
0 . 0 1 8 

-
-

9 0 4 . 
-

5 0 9 . 
-

1A.? 
-
-

2'i7'>. 
0 . 0 0 1 ? 

< 0 . 0 1 

1 7 . 
1 0 . 

0 - 7 
1 .0 

1 (II I I I I I 
0 1 8 - 0 1 0 1 / 0 5 / 0 0 

PARAMI IFR 
VAI I IF^/- I INCF Rl AINTY 

54A . 
< 0 . 1 

0 . 1 
-

0 . 0 1 
-
-

0 . S 9 
-

8 . 4 7 
6 1 0 . 

0 . 0 3 
-

3 1 6 0 . 
-

2 . 9 2 
2 . 
0 . 
0 . 1 S 

-
1.A1 
0 . 0 2 

-
0 . 0 9 

-
< 0 . 1 

-
1 U . 

8 . 3 5 
-

1.3S 
0 . 2 
0 . 
0 . 0 1 6 

-

9 0 0 . 

5 9 4 . 

1 6 . 2 
-

2 1 2 0 . 
0 . ( '01 ' t 

< 0 . 0 1 

1 3 . 
18 . 

0 . 2 
0 , 9 

in I I I - nnnr i r ii» H R I I I 
8 1 8 - 0 4 0 1 / 0 5 / 0 8 

PARAMEIER 
VAI III • / -UNCERI 

54A , 
< 0 . 1 

0 . 1 
-

0 . 0 1 
-
-

0 . 6 1 
-

8 . 7 2 
6 1 0 . 

0 . 0 3 
-

3 1 6 0 . 
-

2 . 9 3 
8 . 

ir.. 
0 . 1 5 

-
1 .65 
0 . 0 ? 

-
0 . 0 8 

-
< 0 . 1 

-
1 15. 

8 . 3 5 
-

1.5A 
0 . 4 
0 . 5 
0 . 0 1 7 

-
-

9 0 4 . 
-

A04 . 
-

1A.? 
-
-. 

2 1 1 0 . 
0 . 0 0 1 2 

< 0 . 0 1 

lAINTY 

1A. 
10 , 

0 , 2 
0 , 9 

. n o unit ~~~~ 
8 1 8 - 0 5 0 1 / 0 5 / 8 8 

PARAMFTER 1 
VAI UE+/-UNCI RTAINTY 

< 

< 

< 

5 4 6 . 
0 . 1 
0 . 2 

-
0 . 0 0 7 

-
-

0 . 6 1 
-

8 . 5 4 
6 1 0 . 

0 . 0 3 
-

3 1 6 0 . 
-

2 . 9 4 
1 9 . 
8 . 
0 . 1 5 

-
1.6? 
0 . 0 2 

-
0 . 0 9 

-
0 . 1 

-
1 4 7 . 

B.3S 
-

2 . 0 1 
0 . 5 
0 . 4 
0 . 0 1 6 

-
-

9 0 2 . 
-

6 0 0 . 
-

1 6 . 2 
-
-

2 4 1 0 . 
0 . 0 0 1 3 
0 . 0 1 

1 6 . 
16 . 

0 . 3 
0 . 8 

8 1 8 - 0 1 0 7 / 1 6 / 0 8 

PARAMETFR 
VALUE+/-UNCERTAINIY 

< 
< 

< 

< 

< 

< 

< 

< 

< 

5 1 3 . 
0 . 0 1 
0 . 1 

-
0 . 1 5 1 

-
0 . 0 3 
0 . A 9 
0 . 0 0 1 

12 .S 
8 8 0 . 

0 . 0 1 
-

3 8 0 0 . 
0 . 0 1 
2 . 9 
0 . 
0 . 
0 , 0 1 
0 . 1 7 
2 . 3 1 
0 . 0 2 
0 . 0 0 0 2 
0 . 0 1 

-
6 . 3 

-
120 . 

8 . 4 5 
-

2 . 4 
0 . 2 
0 . 5 
0 . 0 0 1 

-
0 . 0 1 

1 0 4 0 . 
-

5 3 5 . 
1 1 . 
1 0 . 0 

-
-

2 8 0 0 . 
0 - 0 0 0 3 
0 . 0 1 

77. 
18. 

0 . 2 
0 . 8 



Table 0.5.15 Chemical analyses of groundwater. Green River, Utah, tailings site (Continued) 

rORMATtOH OF CMMPI FTIOMs SANORTOHE 
HYDRAULIC FLOW Rl I Al lONSIlIP: UP GRADIFNT 

lOCAIH 
818-02 01 /05 /88 818-0.1 Ol/OS/OO 

UNIT OF PARAMFTER PARAMI fl R 
PARAMFTTR Mf A'dlRI VAI llF4/-IINriR I AINTY VAHIF • / Ur'll H lAINIY 

7IMC MO/L O.OOV 0 . 0 0 / 

MAPPER DATA F I I E NAMF: nRN0f«Ui)Pnuai02193 

ID - RAMPIF ID AMD 100 DATE 
0 01-01 01/O«J/0n 818-05 01 /05 /08 818-01 07 /16 /88 

PARAMUER PARAMETER PARAMEIER 
VAI Uf •/-UNCI RI AINTY VAI UF4/-UF»CFRIA1MTY VAI UF+/-UNCf RTAINTY 

< 0.005 0.005 < O.OOS 



Table 0.5.15 Chemical analyses of groundwater. Green River. Utah, tailings site (Continued) 

FORMATION 01 COMPI ET ION: RANDRTONE 
IIYDRAIH.IC I I O U RILATIONSHIP: DOUN GRADHNT 

' , 8 2 - 0 1 0 9 / 1 2 / 8 6 
LIR.ATinr' I D - RAMPIF 10 ANO I OG OATF 

5 8 2 - 0 1 0 1 /11 /87 5 8 2 - 0 1 1 0 / 0 2 / 8 7 5 8 2 - 0 1 0 1 / 1 0 / 8 B 5 8 2 - 0 1 0 7 / 1 8 / 8 8 

PARAMETFR 
UNIT OF 

MEASURE 
PARAMFTFR 

V A l i r * / ~ U N l E P I A I H T Y 
PARAMI I I n 

VAI \n i/ !IHH R I AINTY 
PARAMFTER 

VAI III • / -UNCERTAINTY 
PARAMETER 

VALUE 4 / -UNI .FR1A1 NT Y 
PARAMETER 

VALUF 4/-UNCE RTAINTY 

O 

tn 

ALKAI I N I T Y 
Al IIMf NUM 
A'MMIlNIIIM 
ANIIMUNY 
ARRFNIC 
HAI ANCE 
BARIUM 
IIORON 
I.ADMHIM 
CAI CIIIM 
CHl.liRIOF 
CHROMIUM 
CORAI T 
CONDUCTANCE 
COPPI R 
11 UORIOE 
GROSS ALPHA 
GROSS BETA 
IRON 
I FAD 
MAGNESIUM 
MANiiANI ! ;E 
Ml RCIIRY 
Mlll.YBDENlIM 
NICKH 
N H R A I E 
N I T R I I F 
ORG. CARBON 
PR-210 
PH 
PHOSPHATF 
PO-210 
POTASSIUM 
RA-276 
RA-770 
• i l H M I U M 
SIL ICA 
SILVI R 
SIMMIIM 
•HRONHIIM 
SUIEAIE 
•>UI.F1DE 
I IMPH'ATURl 
I I I 2 10 
U N 
lOlAL SOI ID'5 

MG/L CAC03 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MO/L 
MG/L 
MO/L 
MG/L 
MG/I 
MG/L 
MG/L 
IIMIHI/CN 
MG/I 
MG/L 
P C I / L 
P C I / L 
MG/I 
M(i/L 
MO/L 
MG/L 
M(i/L 
MG/L 
MG/L 
MG/L 
MG/L 
Mi;/L 
PC I/I 
Sll 
MG/L 
P C I / L 
MG/I 
P C I / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/I 
MG/L 
Ml 5/1 
MG/L 
C - DI GRI f 
P i : i / L 
Ml. / I 
M G / l . 

5 3 0 . 
0 . 3 
0 . 7 
0 . 0 0 3 
0 . 0 1 

-O.OB 
0 . 7 
0 . 0 
0 . 0 0 1 
7 . 1 2 

6 4 0 . 
0 . 0 1 
0 . 0 5 

2 5 0 0 . 
0 . 0 ? 
4 . 4 

0. 
0. 
1, 
0. 
0. 
0, 
0, 
5, 
0, 

67, 
0, 
8, 
0, 
0. 
7. 
0, 
0, 
0, 
5. 
0. 

936 , 
0, 

619 , 

10. 
0 . 1 
0.005 

7i>0'i. 

03 
0 1 
70 
02 
0 0 0 2 
10 
04 
6 
1 

0 
84 
1 
0 
0 1 
1 
0 
07 A 

0 1 

1 .7 

0 .5 

0 . I 
1 . 1 

o ,5 

560 . 
0 .2 
0 . 3 

0 ,5 

1 .03 
3 0 7 , 

0 . 0 1 

2550. 

4 .3 

0 .05 

0 . 9 9 
0 . 0 1 

0 . 1 

0 . 4 

8,.14 

0 . 9 0 

0 . 0 0 2 

7 1 7 , 

A I S . 

1A.S 

21.10, 

< 

< 

< 

< 

< 

< 

< 

< 

< 

571. 
0.1 
0.3 

0.01 

_ 
0.7 
-
4.4 

300. 
0.01 

7500. 

1.2 
0.0 
1,9 
0,03 

0,94 
0.01 

0.01 

1.0 

1. 

8.0 

0.92 
0.4 
1,? 
O.OOS 

700. 

A30. 

16.0 

in. 
15. 

0.7 
1.0 

( 
< 

< 

< 

< 

571. 
0.1 
0.1 

0.01 

« 
0.7 
-
4.54 

300. 
0.02 

2400. 

3.6S 
7. 
0. 
0.12 

o.nn 
0.01 

0.02 

0.1 

12S. 

B.4 

4.02 
0.3 
0. 
0.077 

690. 

624. 

14.3 

13. 
11. 

0.1 
0.9 

< 
< 

< 

< 

< 

< 

< 
< 
< 

< 

579. 
0.01 
0.1 

0.022 

0.01 
0.7 
0.001 
S.96 

SAO. 
0.01 

2900. 
0.01 
4.3 
0. 
5. 
0.01 
0.10 
1.13 
0.01 
0.0002 
0.01 

2.1 

74.3 

8.71 

1.1 
0.5 
0.0 
0.007 

0.01 
834. 

5/7. 
9.9 
1A.5 

23. 
14. 

0.3 
0./ 

1 9 3 0 . 1 9 3 0 . 7 7 1 0 . 



Table 0.5.15 Chemical analyses of groundwater. Green River, Utah, tailings site (Continued) 

rORMATTOM or COMTI ETIONs RAHORTOME 
HYDRAUI.ll: TLCIW RFLATIONSHIP: DOUN GRADIENT 

inrATlUN TD - RAMPLF ID AND LOG DATE 
S82-01 09/17/ftA 5112-01 0 1/11/87 •.82 01 1 0 / 0 7 / 8 / 502-01 01 /10 /08 507-01 07 /10 /88 

UNIT OF PARAMI.TFR PARAMUFR PARAMETER PARAMETFR PARAMETER 
PARAMFTER MEASIRO VAI UF4/-UNCER lAlHTY VAI IIF4/ UNCI R I AINTY VAI IR •/-UNCI RTAINTY VAI IIF4/-UNCERTAINTY VALUF4/-UNCERT AINTY 

URANIUM MG/L < 0.0003 0.007A ( 0 .003 < 0.0003 < 0.0003 
VANADIUM MO/L 0.19 - ( 0 .01 < 0 .01 < 0 .01 
7INC MG/L 0.008 - < 0.005 0 . 0 1 < 0.005 

http://HYDRAUI.ll


Table 0.5.15 Chemical analyses of groundwater. Green River, Utah, tailings site (Continued) 

FORMATION OF COMPLETION: SANDSTONE 
HYDRAUUC FLOU RELATIONSHIPS DOUN GRADlFNI 

819-01 10/2A/07 819 0 1 
LOCATION I D - SAMPLE I D AMD l.ir. DATE 

0 1/05/00 

PARAMETER 

AlKAl I N I T Y 
Al IIMINIIM 
AMMONIUM 
ANTIMONY 
ARSENIC 
BALANCE 
RARIIIM 
BORON 
CADMIUM 
CALCIUM 
CHLORIDF 
CHROMIUM 
COBAI T 
CONOOCTAMCE 
COPPFR 
FLIIURIDE: 
GROSS AlPHA 
GRORS BETA 
IRON 
LEAD 
MAGNFRTUM 
MANGANESE 
MERCURY 
MOLYHOENIIM 
NICKEL 
N I I R A I E 
N ITR ITE 
IIRG. CARRON 
P n - 7 1 0 
PH 
PHOSPHATE 
PO-210 
POTA'iSTIIM 
RA-77A 
RA-27n 
SI LENI im 
S IL ICA 
SIL'JFR 
SODIUM 
S I RON HUM 
Sill 1 ATE 
Sill F IDE 
I IMPI I'AIURF 
111 2.10 
T IN 
TOTAL SIM TD« 

UNIT OF 
MEASURE 

MG/L CACU3 
MG/L 
MG/L 
MG/L 
MG/L 
X 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/I 
UMHO/CM 
MG/L 
MG/L 
P C l / L 
P C I / L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/I. 
MG/L 
MG/L 
P C I / L 
SU 
MG/I 
P C I / L 
MG/I 
P C I / L 
PC I / I 
MG/L 
MG/I 
MG/L 
Mli/I 
Mli/I 
MG/I. 
MG/L 
C - DI C.P.I I 
PC I / I 
MK/I 

t MG/I. 

PARAMETER 
VALHF4/-UNCFRIAINTY 

< 

< 

< 

< 

< 

< 

5 0 0 . 
0 . 1 
0 . 4 

-
0 . 0 1 

-
-

0 . 5 
-

2 4 . 
1 4 6 . 

0 . 0 1 
-

3 3 0 0 . 
-

2 . 9 
0 . 0 1 8 . 
0 . 0 1 9 . 
0 . 0 3 

-
1 1 . 6 
0 . 0 1 

-
0 . 0 1 

-
6 . 5 

-
1 2 . 

-
8 . 0 

-
-

2 . 6 
0 . 3 0 . 2 
G.t^ 1 .1 
0 . 0 0 5 

~ 
-

1 1 6 0 . 
-

7 1 7 0 . 
-

1A.0 

-
3 8 2 0 . 

PARAMI TFR 
VAI U F » / UNCI Rl A I N I Y 

PARAMETER 
VAI III • /-UNCERTAINTY 

PARAMETER 
VALUE4/-UNCERTA1NTY 

PARAMETER 
VALUE•/-UNCERTAINTY 

5 4 7 . 
0 . 1 
0 . 3 

0 . 0 0 ? 

0 . 6 7 

6 . 6 3 
6 3 0 . 

0 . 0 2 

3 1 5 0 . 

5 . 5 8 
0 , 
0 . 
0 , 1 1 

1 . 3 1 
0 , 0 1 

0 , 0 4 

0 , 1 

1 0 8 , 

8 , 2 

1,3 
0 . 7 
O.A 
0.019 

9O0. 

5 / 0 . 

14.3 

9 . 
14. 

0 . 2 
0 .9 

2480. 



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

PORMATION OF i;OMPI FTION: ^ANOSTDNE 
MYDKAIILH: FLOU RrLAIlONSHIP: DOWN GRADirNr 

KinAIION in - FiAMPIJ:. ID AND I OP DATF 
n 49-01 io/;?A/fl/ m v 01 O I / O F I / H H 

UNIT OF PARAMF.TFR PArtAMFTUR 
PARAHFTER MEAKURE VAl UE+Z-dNCFRTAINTY VAI lir fr/~I.IHI.FRTAlHTY 

IIRANlUn HH/L 0,00V < 0.0003 
VANADIUM Ml!/L < 0.01 < 0 .01 
ZINC MG/L < O.OOS 0.0? 

MAPPER DATA FILE NAME: GRN01«UDPGgaiOZ192 



Table D.S.16 Baclcground groundwater quality summary for the top hydrostratlgraphic unit. Green River. 
Utah, tailings site 

Number of 
Constituent* analyses'* 

Chromium (mg/1) 

Molybdenum (mg/1) 

Nitrate (NO3) (mg/1) 

Selenium (mg/1) 

Radlum-226 
and 228 (pel/I) 

Uranlum-234 
and 238 (mg/1) 

Gross alpha (pC1/1) 

11 

11 

11 

11 

6 

11 

5 

Arithmetic 
mean (X) 

0.04 

0.11 

45 

0.147 

0.9 

0.0118 

9.6 

Standard 
deviation 
x2 (2s) 

0.07 

0.13 

84 

0.272 

1.4 

0.0051 

31.8 

Statistical 
concentration 
range (Xt2s) 

<0.01-0.11 

<0.01-0.24 

<1-129 

<0.005-0.419 

0.0-2.3 

0.0067-0.0169 

0.0-41.4 

Observed 
concentration 

range 

0.03-0.14 

<0.01-0.20 

9-140 

<0.005-0.380 

0.0-1.7 

0.0081-0.0167 

0.0-41.0 

Proposed EPA 
groundwater HCL 

0.05 

0.10 

44 

0.010 

5.0 

0.0440 

15 

*A11 constituents listed are included In the proposed EPA groundwater standards (40 CFR 142) and have 
EPA National and State of Utah Primary Drlnlclng 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 Drlnlclng 
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. 

"The background wells included In the analyses are GRN01-563 and 707. 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. 



Table 0.5.17 Background groundwater quality summary for the upper-middle hydrostratlgraphic unit. 
Green River, Utah, tailings site 

Number of 
Constituent* analyses'* 

Chromium (mg/1) 

Molybdenum (mg/1) 

Nitrate (NO3) (mg/1) 

Selenium (mg/1) 

Radlum-226 
and 228 (pCI/1) 

Uranlum-234 
and 238 (rog/1) 

Gross alpha (pC1/l) 

5 

5 

5 

5 

4 

5 

4 

Arithmetic 
meanC(X) 

0.02 

0.02 

36 

0.66 

NO 

0.0109 

NO 

Standard 
deviation 
x2C(2s) 

0.03 

0.03 

86 

1.92 

NO 

0.0274 

NO 

Statistical 
concentration 
rangeC(Xf2s) 

<0.01-0.05 

<0.01-0.05 

<1-122 

<0.005-2.58 

NO 

<0.003-0.0383 

NO 

Observed 
concentration 

range 

<0.01-0.05 

<0.01-0.05 

<1-93 

<0.005-2.50 

0.1-0.8 

<0.003-0.0380 

0.0-21.0 

Proposed EPA 
groundwater MCL<* 

0.05 

0.1 

44 

0.01 

5.0 

0.044 

15 

*A11 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 sliver 
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 san^llng 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. 

'*The background wells Included In the analyses are GRNOl-816 and 806. 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 we11(s) were In existence at the time of sampling. If less than five analyses were 
available, a statistical analysis was not performed. 

<̂ ND B not determined because number of analyses Is less than five. 
^HCli are the same for EPA National and State of Utah Primary Drinking Water Standards. 



Table 0.5.18 Background groundwater quality summary for the lower-middle hydrostratlgraphic unit. 
Green River, Utah, tailings site 

o 
I 

00 

Constituent* 

Chromium (mg/1) 

Molybdenum (mg/1) 

Number of 
analyses'* 

12 

12 

Nitrate (NO3) (mg/1) 12 

Selenium (mg/1) 

Radlum-226 
and 228 (pC1/1) 

Uranlum-234 

12 

7 

12 

Arithmetic 
mean (X) 

0.03 

0.10 

68 

0.088 

1.7 

0.046 

Standard 
deviation 
x2 (2s) 

0.06 

0.14 

116 

0.196 

2.6 

0.080 

Statistical 
concentration 
range (Xt2s) 

<0.01-0.09 

<0.01-0.24 

<1-184 

<0.005-0.284 

0.0-4.3 

<0.003-0.126 

Observed 
concentration 

range 

<0.01-0.09 

<0.01-0.22 

1-173 

<0.005-0.320 

0.1-3.9 

<0.003-0.146 

Proposed EPA 
groundwater HCl^ 

0.05 

0.1 

44 

0.01 

5.0 

0.044 
and 238 (mg/1) 

Gross alpha (pCI/1) 7 70 110 0-180 4-150 15 

*A11 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 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. 

'*The background wells Included In the analyses are GRN01-562, 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 
7/88; depending on If the we11(s) were In existence at the time of sampling. 

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



Table 0.5.19 Background groundwater quality summfiry for the bottom hydrostratlgraphic unit, 
Green River, Utah, tailings site 

Number of 
Constituent* analyses'* 

Chromium (mg/1) 

Molybdenum (mg/1) 

Nitrate (NO3) (mg/1) 

Selenium (mg/1) 

Radlum-226 
and 228 (pCI/1) 

Uranlum-234 
and 238 (mg/1) 

Gross alpha (pC1/l) 

19 

19 

19 

19 

16 

19 

16 

Arithmetic 
mean (X) 

0.03 

0.05 

1 

0.022 

0.7 

0.0019 

3.7 

Standard 
deviation 
x2 (2s) 

0.04 

0.08 

2 

0.060 

1.5 

0.0032 

16.8 

Statistical 
concentration 
range (Xi2s) 

<0.01-0.07 

<0.01-0.13 

<l-3 

<0.005-0.082 

0.0-2.2 

<0.003-0.0051 

0.0-20.5 

Observed 
concentration 

range 

<0.01-0.07 

<0.01-0.14 

<1-6 

<0.005-0.106 

0.0-3.0 

<0.003-0.0049 

0.0-30.0 

Proposed EPA 
groundwater MCL<̂  

0.05 

0.1 

44 

0.01 

5.0 

0.044 

15 

*A11 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 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. 

'*The background wells Included In the analyses are GRNOl-586, 587, 588, 817, and 818. 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 saiiHillng. 

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



Table 0.5.20 Summary of maximum and minimum observed concentrations 
1n the top hydrostratlgraphic unit from tailings 
seepage. Green River. Utah, tailings site 

Constituent 

Chromium (mg/1) 

Molybdenum (mg/1) 

Nitrate (NO3) (mg/1) 

Selenium (mg/1) 

Radluffl-226 and 228 (pC1/l) 

Uran1um-234 and 238 

Gross alpha (pC1/l) 

(mg/1) 

Number of 
analyses* 

12 

17 

17 

17 

11 

17 

Observed 
maximum 

0.040 

0.270 

440 

0.410 

3.8 

2.23 

950 

Observed 
minimum 

0.005 

0.005 

1 

0.001 

0.0 

0.0419 

20 

Proposed EPA 
standard 

0.050 

0.100 

44 

0.010 

5.0 

0.0440 

15 

*Includes analyses from on-site monitor wells 702. 704, 705. and 808. 

Table 0.5.21 Summary of maximum and minimum observed concentrations 
1n the upper-middle hydrostratlgraphic unit from 
tailings seepage. Green River, Utah, tailings site 

Constituent 

Chromium (mg/1) 

Molybdenum (mg/1) 

Nitrate (NO3) (mg/1) 

Selenium (mg/1) 

Radlum-226 and 228 (pC1/l) 

Uranlum-234 and 238 

Gross alpha (pC1/l) 

(mg/1) 

Number of 
analyses* 

5 

8 

8 

8 

7 

8 

1 

Observed 
maximum 

0.050 

0.200 

2480 

0.370 

2.0 

3.110 

980 

Observed 
minimum 

0.005 

0.010 

2 

0.0025 

0.9 

0.437 

980 

Proposed EPA 
standard 

0.050 

0.100 

44 

0.010 

5.0 

0.044 

15 

*Includes analyses from on site monitor well 701 
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Table 0.5.22 Permeability test results and physical properties from 
tailings samples. Green River, Utah, tailings site* 

Test pit 
or 

borehole 
number 

542 

572 

574 

575 

578 

T-01 
T-02 
T-03 

Sample 
interval 
(feet) 

0.5-1.5 

3.5-4.5 
6.5-7.5 
9.5-10.5 
12.8-13.5 

2.5-3.5 
7.0-7.5 

2.5-3.0 
7.0-8.0 
13.0-14.0 

2.5-3.0 
5.5-6.5 
7.0-8.0 
10.0-11.0 

— 

uses 
class"* 

SP-SM 

SP-SC 
SP-SC 
SP-SM 
SP-SM 

SP-SM 
SP-SM 

SP-SM 
SM 
SP-SM 

SP-SM 
SP-SM 
SM 
SC 

SP-SM 
SP-SM 
SP-SM 

Tailings 
type 

Sand 

Sand 
Sand 
Sand 
Sand 

Sand 
Sand 

Sand 
Sand 
Sand 

Sand 
Sand 
Sand 
Sand 

Sand 
Sand 
Sand 

In situ 
moisture 
content 
(percent) 

~ 

1.6 
4.0 
5.6 

15.5 

1.2 
4.7 

1.3 
4.7 
5.0 

2.2 
3.4 
6.1 
5.3 

— 

Dry 
density 
(pcf)C 

— 

— 

103.6 
86.7 

97.6 

90.1 

— 

Saturated 
hydraulic 
conductivity 

(cm/s) 

5.8 

2.7 
2.8 
1.3 

X 10-* 

— 

--

r. 

— 

X 10-5 
X 10-* 
X 10-* 

Type 
of 
test 

Cd 

— 

— 

~ 

— 

Te 
T 
T 

*Borehole locations are shown on Figure 0.5.1. Blanks Indicate the properties 
were not determined, 
'•unified Soil Classification System; SP Is poorly graded sands, gravelly sands; 
SM Is sllty sands, sand-silt mixtures; SC is clayey sands, sand-clay mixtures, 

^pcf • pounds per cubic foot. 
°C « constant-head test; the sample was remolded to average 92 percent of standard 
Proctor density. 

^T « triaxial permeability tests; sample was remolded to 95 percent of standard 
Proctor density. 
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Table 0.5.23 Chemical analyses for lysimeter GRNOl-714* 

Parameter 9/11/86 3/12/87 

Aluminum 
Ammonium 
Antimony 
Arsenic 
Barium 
Boron 
Cadmium 
Calcium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Nitrate 
Nitrite 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Strontium 
Sulfate 
Tin 
Total dissolved 

solids 
Uranium 
Vanadium 
Zinc 

6300 
14 

0.5 

457 
113 

2.61 

0.1 
2200 

2640 
360 

0.2 

4500 

0.19 
0.092 

89.2 

56200 

80800 
675 

1840 
11 
0.003 
0.03 
0.1 
0.1 
0.032 

385 
2900 

1.14 
30.9 
45.8 
0.2 

267 
0.02 

1090 
122 

0. 
0.10 
25.3 
2 
0.1 
0.1 

16.0 
0.208 

60 
0.01 

111 
0.1 

16000 
0.005 

26100 
221 
178 
259 

*A11 values in mg/1. See Figure 0.5.1 for the location of lysimeter 714. 
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Table 0.5.24 Analyses of Cedar Mountain Formation groundwater. 
Green River, Utah* 

Species and 
parameter 

Magnesium 
Calcium 
Sodium 
Potassium 
Sulfate 
Chlorine 
Alkalinity 

(as calcium 
carbonate) 

Silica 
Sulphur 
Iron2+ 
Iron3* 
Nitrate 
Ammonium 
Nitrite 
Molybdenum 
Selenium 
Arsenic 
Total dissolved 
solids 

Temperature('C) 
PH 
Eh (field, V) 

Monitor 
well 562 

124 
328 
1870 

7.39 
4330 
150 

660 
9.70 
<0.10 
<0.03 
0.045 

103 
<0.1 
0.66 
0.07 
0.16 
0.01 

7190 
16.5 
6.88 
+0.274 

Monitor 
well 581 

883 
221 
1680 

2.51 
2460 
180 

979 
8.8 
45.4 
<0.03 
<0.01 
0.2 
0.8 
<0.03 
0.02 
0.09 
0.02 

4630 
15.7 
7.25 
-0.133 

Monitor 
well 584 

134 
467 
1680 

3.27 
3160 
130 

266 
9.2 
<0.1 
<0.03 
0.045 
0.2 
0.6 
<0.03 
0.01 
0.11 
0.01 

4930 
15.9 
7.96 
-0.080 

Monitor 
well 701 

197 
520 
1115 
20.50 

2870 
94 

407 
18.0 
<0.1 
<0.03 
0.045 

1570 
45.2 
0.07 
0.09 
0.55 
0.02 

6680 
16.5 
6.68 
+0.272 

Monitor 
well 813 

114 
253 
1910 

7.24 
4200 
130 

671 
9.2 
<0.1 
<0.03 
0.040 
22.7 
<0.1 
1.48 
0.13 
0.13 
0.02 

6920 
17.5 
6.88 
+0.274 

*A11 concentrations 
Celsius; V » volts. 

are in mg/1 unless noted otherwise. 'C « degrees 
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Table 0.5.25 Field measured and theoretical redox potentials (Eh) 
controlling uraninlte precipitation within the Cedar 
Mountain Formation, Green River, Utah 

Monitor 
well 

581 
584 

581 
584 

pH 

7.25 
7.96 

Total U 
0.001 
0.001 

Field Eh 
(volts) 

-0.133 
-0.080 

Sped at ion 

U(0H)5-
0.0007 
0.001 

Uraninlte 
S.I.a 

2.19 
0.02 

of dissolved 

UO2CO3O 
6.14 X 10-7 
2.04 X 10-6 

Calculated Uranir 
Eh (volts) S.I. 

-0.107 
-0.106 

uranium (mg/1) 

0.003 

0 
0 

> 

lite Log 
a PCO2 

-2.0 
-2.0 

U09(C03)3*-

0.0005 

*S.I. refers to saturation index. S.I. - Log 10 activity product . 
solubility product 
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Table 0.5.26 Field pH, field Eh. total uranium, and saturation Indices for Cedar Mountain Formation. Green River. Utah' 

Well 
number 

584 

581 

701 

562 

813 

Field 
pH 

7.96 

7.25 

6.68 

6.88 

6.88 

Field 
Eh (volts) 

-0.080 

-0.133 

+0.272 

+0.274 

•0.274 

Total 
uranium 
(mg/1) 

<0.001 

<0.001 

2.690 

0.076 

0.079 

Oomlnant form 

U02(C03)3*-

U(0H)5" 

U(0H)5' 

002(003)22-

U02(C03)3*-

002(003)34-

Uranlnlte 

to.02 

+1.83 

-5.75 

-8.85 

-8.76 

Oofrinlte 

-0.89 

+1.34 

-6.08 

-9.43 

-9.26 

Saturation Index 

Calclte 

-0.02 

-0.42 

+0.03 

+0.06 

+0.06 

Gypsum 

-0.85 

-4.63 

+0.28 

+0.35 

+0.13 

Pyrlte 

+0.01 

+0.01 

-94.60 

-98.20 

-98.50 

Amorphous 
Fe(0H)3 

-0.68 

-3.82 

+2.71 

+3/65 

+3/62 

002 

-2.0 

-2.0 

-2.0 

-2.0 

-2.0 

'Calculated by PHREEQE Model (Parkhurst et ai.. 1980). Saturation Indices « log ( I A P / K T ) . 



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

825-01 04/10/89 (a) 

PARAMETER 

ALUniNUn 
AnnoNiun 
ANTlnONY 
ARSENIC 
BARIUn 
BERYLLIUn 
CAOHIUn 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBALT 
COPPER 
FLUORIDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
NITRATE 
POTASSIUM 
SELENIUM 
SILICA 
SODIUM 
STRONTIUM 
SULFATE 
THALLIUM 
TIN 
TOTAL SOLIDS 
URANIUM 
VANADIUM 
ZINC 

UNIT OF 
MEASURE 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MC/L 
MG/L 
MG/L 
MG/L 
HG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MC/L 

PARAMETER 
VALUE •/- UNCERTAINTY 

LOCATION ID - SAMPLE ID AND LOG DATE 
B26-01 04/10/89 /,\ 827-01 04/10/89 (a) 

PARAMETER PARAMETER 
VALUE •/- UNCERTAINTY VALUE +/- UNCERTAINTY 

828-01 04/10/89 Tay 
PARAMETER 

VALUE +/- UNCERTAINTY 

0. 
0. 
0, 
0. 
0. 
0. 

71. 
8. 
0. 
0. 
0. 
0. 
0, 
0, 
9, 
0 
0 
0 
0 
1, 
8 
0, 
13 
29, 
0, 

187, 
0 
0. 

388, 
0, 
0, 
0, 

25 
009 
033 
0<& 
005 
0030 

01 
02 
04 
4 
02 
003 

01 
,0001 
007 
.02 
8 

Oil 
3 

71 

001 
001 

182 
24 
02 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

S7. 
7. 
0. 
0. 
0. 
0. 
0. 
0. 
8. 
0. 
0. 
0. 
0. 
0. 
7. 
0. 
11. 
24. 
0 

152 
0 
0 

302 
0 
0 
0 

06. 
22 
004 
043 
07 
005 
0001 

01 
02 
02 
3 
,03 
001 

01 
,0001 
,004 
,02 
2 

010 
,4 

.60 

001 
001 

177 
25 
,02 

0.05 
0.09 
0.002 
0.040 
0.08 
O.OOS 
0.0001 

59. 
7. 
0.01 
0.02 
0.04 
0.3 
0.02 
0.001 
8. 
0.01 
0.0001 
0.003 
0.02 
0.3 
8. 
0.009 
11.7 
23. . 
0.62 

156. 
0.001 
0.001 

295. 
0.168 
0.24 
0.01 

0.05 
0.17 
0.010 
0.032 
0.06 
O.OOS 
0.0001 

60. 
6. 
0.01 
0.02 
0.06 
0.4 
0.02 
0.001 
8. 
0.01 
0.0001 
0.002 
0.02 
2.0 
7. 
0.011 
11.1 
22. 
0.63 

169. 
0.001 
0.001 

315. 
0.172 
0.22 
0.02 



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

PARAMETER 

ALUMINUM 
AMMONIUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBALT 
COPPER 
FLUORIDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
NITRATE 
POTASSIUM 
SELENIUM 
SILICA 
SODIUM 
STRONTIUM 
SULFATE 
THALLIUM 
TIN 
TOTAL SOLIDS 
URANIUM 
VANADIUM 
ZINC 

UNIT OF 
MEASURE 

MG/L < 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L i 
MG/L i 
MG/L 
MG/L 
MG/L { 
MG/L I 
MG/L 
MG/L 
MG/L 
MG/L < 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

829-01 04/28/89 

PARAMETER 
VALUE +/-

0.05 
0.42 
0.004 
O.OH 
0.02 
O.OOS 
0.0001 

661. 
4. 
0.01 
0.02 
0.01 
0.5 

t 0.02 
t 0.001 

33. 
0.08 

( 0.0001 
0.082 

C 0.02 
12.8 
5. 
0.170 
6.4 
18. 
1.00 

1720. 
t 0.001 

0.017 
2412. 

2.800 
0.07 
0.03 

JtO 

UNCERTAINTY 

< 

< 

< 
< 

< 
< 

< 
< 

< 

< 

< 

LUUI 

830-01 i4/2a/89 (c) 

PARAMETER 
VALUE •/-

0.05 
0.14 
0.001 
0.004 
0.02 
0.005 
0.0001 

550. 
19. 
0.01 
0.02 
0.01 
1.5 
0.02 
0.001 

138. 
0.01 
0.0001 
0.063 
0.02 
12.5 
1. 
0.091 
22.8 • 
150. 
3.70 

2231. 
0.001 
0.022 

3126. 
0.168 
0.02 
0.03 

UNCERTAINTY 

( 

831-01 04/28/89 

PARAMETER 
VALUE +/-

0.05 
0.12 
0.002 
0.003 
0.02 

I 0.005 
[ 0.0001 

560. 
16. 
0.01 
0.02 
0.26 
1.6 

I 0.02 
0.001 

128. 
[ 0.01 
t 0.0001 

0.063 
! 0.02 

12.3 
C 1. 

0.091 
21.7 
126. 
4.00 

2165. 
t 0.001 

0.018 
3052. 

0.398 
0.02 
0.04 

-iiLl_.. 

UNCERTAINTY 

< 

< 

< 

832-01 04/28/89 l^\ 

PARAMETER 
VALUE •/- UNCERTAINTY 

0.05 
0.35 
0.007 
0.003 
0.02 
O.OOS 
0.0001 

511. 
25. 
0.01 
0.02 
0.03 
1.6 
0.02 
0.001 

150. 
0.01 
0.0001 
0.058 
0.02 
12.4 
1. 
0.074 
23.0 
209. 
5.00 

2437. 
0.001 
0.027 

3520. 
0.077 
0.04 
0.02 



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

PARAMETER 

ALUMINUM 
AMMONIUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBALT 
COPPER 
FLUORIDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
NITRATE 
POTASSIUM 
SELENIUM 
SILICA 
SODIUM 
STRONTIUM 
SULFATE 
THALLIUM 
TIN 
TOTAL SOLIDS 
URANIUM 
VANADIUM 
7 INC 

UNIT OF 
MEASURE 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

< 

< 

< 
< 

{ 
< 

< 

< 

< 

833-01 ( 35/08/89 

PARAMETER 
VALUE •/-

0.05 
0.57 
0.008 
0.012 
0.02 
O.OOS 
0.0031 

607. 
5. 
0.01 
0.02 
0.03 
0.6 
0.02 
0.001 

32. 
0.02 
0.0001 
0.083 
0.02 
14.7 
4. 
0.167 
7.0 

20. 
0.99 

1655. 
0.001 
0.017 

2325. 
0.296 
0.07 
0.04 

~JK 
UNCERTAINTY 

< 

< 

< 
< 

< 
< 

< 

< 

< 

L.UU,I 

834-01 ( 
'iiiun lu 
1)5/08/89 

PARAMETER 
VALUt +/-

O.OS 
0.?2 
0.002 
0.02 
0.02 
0.005 
0.0033 

656. 
S. 
0.01 
0.02 
0.02 
0.6 
0.02 
0.001 

32. 
0.01 
0.0001 
0.088 
0.02 
16.2 
4. 
0.183 
6.9 

22. 
1.00 

1712. 
0.001 
0.015 

2305. 
0.306 
0.07 
0.02 

- anr 

-td)-
UNCERTAINTY 

rut 

< 

< 

< 
< 

< 
< 

< 

< 

< 

835-01 
Ll U H I L — 

[)5/08/89 

PARAMETER 
VALUE +/-

0.05 
0.62 
0.009 
O.OOS 
0.02 
O.OOS 
0.0028 

655. 
5. 
0.01 
0.02 
0.03 
0.7 
0.02 
0.001 

26. 
0.01 
0.0001 
0.091 
0.02 
16.5 
4. 
0.187 
5.5 

21. 
1.09 

1712. 
0.001 
0.018 

2350. 
0.316 
0.07 
0.02 

.Cd_) 

UNCERTAINTY 

< 

< 

< 

836-01 05/08/89 (5 J 

PARAMETER 
VALUE •/- UNCERTAINTY 

0.05 
0.30 
0.008 
0.002 
0.04 
O.OOS 
0.0001 

135. 
6. 
0.01 
0.02 
0.03 
1.0 
0.02 
0.001 

22. 
0.01 
0.0001 
0.006 
0.02 
0.4 
1. 
O.OOS 
8.9 

31. 
1.97 

521. 
0.001 
0.007 

750. 
0.010 
0.01 
0.01 



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

837-01 05/08/89 
LOCATION ID - SAMPLE ID AND LOG DATE 

t^\ 838-01 05/08/89 l[y\ 

.PARAMETER 
UNIT OF 
MEASURE 

PARAMETER 
VALUE +/- UNCERTAINTY 

PARAMEILR 
VALUE +/- UNCERTAINTY 

PARAMETER 
VALUE +/- UNCLRTAINTY 

PARAMETER 
VALUE •/- UNCERTAINTY 

ALUMINUM 
AMMONIUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBALT 
COPPER 
FLUORIDE 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
NITRATE 
POTASSIUM 
SELENIUM 
SILICA 
SODIUM 
STRONTIUM 
SULFATE 
THALLIUM 
TIN 
TOTAL SOLIDS 
URANIUM 
VANADIUM 
ZINC 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
HG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

0, 
0, 
0, 
0. 
0. 
0, 
0. 

139, 
9. 
0. 
0, 
0. 
1. 
0, 
0. 

25, 
0, 
0. 
0. 
0. 
0. 
1. 
0. 
9, 

38. 
2. 

512. 
0. 

• 0. 
705. 

0. 
0. 
0. 

26 
39 
001 
002 
06 
005 
0004 

01 
02 
04 
1 
18 
001 

01 
0001 
003 
02 
4 

004 
4 

10 

001 
006 

060 
01 
02 

< 

< 
< 

< 
< 

< 
< 

< 
< 

< 

< 

< 

< 

0.05 
0.21 
0.00/ 
0.003 
0.04 
0.005 
0.0001 

127. 
6 . 
0.01 
0.02 
0.02 
1.1 
0.02 
0.001 

2 2 . 
0.01 
0.0001 
0.005 
0.02 
0 .3 
1 . 
0.006 
9.S 

3 1 . 
1.91 

480. 
0.001 
0.007 

675. 
0.010 
0.01 
0.01 

MAPPER DATA FILE NAME: CRN01«UDPSU0100236 

^825-828: batch leach solution, windblown soils 

829, 836-838: batch leach solution, tailings 

^830-832: column extract solution, buffer material; feed solution frrm 829 

833-838: batch leach solution, buffer material 



/ 

I 
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E.I 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 Uranium Mill 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 E.3. Characterization of 
groundwater and hydrogeology at the Green River site is presented in detail in 
Section 0.5 of Appendix D, and 1s 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 life of the 
cell. Specifically, either designated maximum concentration limits (MCLs) or 
background concentrations (whichever is greater) will not be exceeded in the 
uppermost aquifer (the upper- and lower-middle hydrostratlgraphic 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 layer of compacted windblown 
tailings (which will be mixed with clean soils) and a layer of 
conq}acted 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/cm2s) 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 is expected that the barrier will never be saturated. 
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However, approximately 15 Inches of the infiltration/radon barrier will 
lie 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 ^0~9 centimeters per second 
(cm^/s), which is less than the calculated saturated hydraulic conduc
tivity (2 X 10~8 cm2/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 E.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: 

0 An arid climate (average annual precipitation is six Inches per 
year: estimated ratio of yearly precipitation to actual evapo-
transpiration is one). 

0 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. 

0 Abundant, desirable secondary minerals on the fracture faces to 
attenuate any tailings seepage (although tailings seepage into 
the bedrock is not expected). 

0 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). 

0 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 
runoff and minimize infiltration into the disposal cell. 

2 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, radluffl-226 and -228, and gross 
alpha activity. The proposed concentration limits 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 concentratioo limits for 
disposal at the Green River UMTRAP site 

Constituent DOE proposed limits Interim concentration limits 

Arsenic 
Cadmium 
Chromium 
Lead 
Methylene chloride 
Molybdenum 
Nickel 
Nitrate 
Selenium 
Uranlum-234/238 
Vanadium pentoxide 
Radlum-226/228 
Gross alpha 
(excluding uranium 
and radon) 

0.01 (MCL) 
0.09 (Background) 

0.24 (Background) 
0.09 (Background) 

180 (Background) 
2.50 (Background) 
0.146 (Background) 
0.38 (Background) 
5.0 pCi/1 (MCL) 

195 pCi/1 (Background) 

0.05 (MCL) 
0.01 (MCL) 
0.05 (MCL) 
0.05 (MCL) 
0.005 (Background) 
0.1 (MCL) 
0.06 (Background) 
60 (Background) 
0.66 (Background) 
0.044 (MCL) 
0.09 (Background) 
5.0 pCi/1 (MCL) 

24.5 pCi/1 (Background) 

sunits are in milligrams per liter unless noted otherwise; pCi/1 « pico-
curies per liter. 

Regulatory Commission's (NRC) proposed interim concentration limits for 
hazardous constituents at the disposal site. Also, three additional 
hazardous constituents were included in the DOE's and NRC's list of con
stituents for the disposal unit. These constituents are arsenic, lead, 
and methylene chloride. 

The concentration limits 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 limits (see Table E.1.1) are statistical mean values rather than 
maximum values. The proposed interim concentration limits 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. 

3 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 life (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 is not expected to reach groundwater within the 
design life of the cell, no degradation of groundwater quality as a 
result of the remedial action is anticipated. 

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 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 life. 

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. 

5 GROUNDWATER PERFORMANCE MONITORING PROGRAM 

The DOE is 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 is 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 well 
samples shall include all of the hazardous constituents presented in 
Section E.1.2, major anions and cations, and the standard suite of field 
parameters (alkalinity, pH, temperature, and specific conductance). 

E.1.6 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 life of 1000 years (see Section E.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 "failure" of the cover system, in terms of groundwater 
protection, would be if the infiltration/radon barrier was not limiting 
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 
aqulfer(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 limits) 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 limit for any hazard
ous constituent at the point of compliance (as determined from saturated 
zone monitoring during the early stages of performance monitoring) would 
likely 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. 

7 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 DOE demonstrates 
that disposal may proceed Independently of cleanup (Subpart 8 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 is distinguishable and any adverse Impacts from the reme
dial 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. 
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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 E.2.2. Design details and specifications are presented in Appendix F. 

E.2.1 DESIGN CONSIDERATIONS 

The disposal site is 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 E.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. 

0 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. 

0 Abundant, desirable, secondary minerals on the foundation 
fracture surfaces to attenuate tailings seepage in the unlikely 
event that seepage leaves the cell. 

0 Strong, upward, vertical hydraulic gradients in the saturated 
bedrock downgradient of the disposal site to inhibit downward 
migration of contamination. 

0 Flow direction in the shallow groundwater beneath the disposal 
site that is toward the present tailings pile and existing 
contamination. 

0 Inclusion of a buffer layer to absorb contamination exiting the 
contaminated material and to separate contaminants further from 
groundwater. 
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0 Limiting the placement moisture content of the contaminated 
materials in order to prevent drainage of construction water. 

0 Placement of a tight clay cap and surface drainage layers that 
promote runoff and limit 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. 

E.2.1.1 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 semiarld 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 
is, 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 melting snow cover; Walton, 1970). This natural recharge 
occurs in topographically low 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 is 
appropriate. It is reasonable to believe that the disposal 
cell will limit infiltration through the tailings to a rate 
that is 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. 

E.2.1.2 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 roust 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 from 
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 cm2). 
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 10-5 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 
leachate generation. 

This estimate of maximum potential ponding is very 
conservative because It 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; 
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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 tailings 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. 

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 is designed to limit 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 disposal 
cell by stormwater runoff, limit 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 E.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 E.2.2.2. 

E.2.2.1 Cell comoonents 

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. All of this results in 
an optimized pile geometry that will minimize the amount of 
time that precipitation remains on the cell. 

Erosion barrier (riprao) 

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 is 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. 

0 To limit the amount of vegetation that can establish 
Itself on the pile. 

0 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 inches) to provide adequate 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 layer 

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. 

Tailings 

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
ials 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 layer 

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 
moisture 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
ials will be used in construction so that the long-term per
formance is ensured. Design techniques will be used that are 
suitable for periods much longer than the 1000 years required. 
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Rock erosion protection has been sized and suitable, 
durable material selected that will perform adequately over 
the design life 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 montmorillonite (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 available, of which 20 years provide 
sufficient annual data to be usable for analysis. 
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Cover geometry and material prooerties 

The cover geometry analyzed was presented in Section 
E.2.2.1. The 12-1nch-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 typical values for soil 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 material. 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 literature 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 
burled 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 used 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 
47.5*F mean annual temperature, and a 137-day duration of 
freeze. 

Additional conservatism was added to the analyses by 
assuming that the coldest and longest freezing period occurs 
simultaneously with a dry period. Thus, insulating factors 
such as snow and ice accumulations in riprap were Ignored. 
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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 

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 limit for 
each hazardous constituent, and (3) specification of the point of 
compliance. The following sections discuss these requirements. 

E.3.1.1 Hazardous constituents 

Appendix IX of 40 CFR 264 Is a list 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 Inactive sites 
(40 CFR 192) incorporate 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)(i,ii)). 

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 E.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 associated 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 

Constituent 

Cadmium 
Chromium 
Molybdenum 
Nickel 
Nitrate 
Selenium 
Uranium 
Vanadium 

Radium-226 
and -228 

Gross alpha 

Concentration 
pore waterb 

0.032 
1.88 
0.15 
25.3 

2251 
0.15 

448.0 
178.0 

NM 
NM 

Concentration 
subpilec 

<0.001 
0.03 
0.27 
0.05 

440 
0.76 
2.23 
0.24 

7.5 pCi/l 
1200.0 pCi/1 

Detection 
limitd 

0.001 
0.01 
0.01 
0.04 
1 
0.005 
0.003 
0.01 

2.0 pC1/l 
0.2 pCi/l 

EPA 
MCLe 

0.010 
0.05 
0.1 
none 
44 
0.01 
0.044 
none 

5.0 pCi/1 
15.0 pCi/1 

Standardf 

Title I 
Title I 
Title I 
Title I 
Title I 
Title I 
Title I 
Title I 

Title I 
Title I 

^All concentrations are in mg/1 unless noted otherwise. 
•>Data 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. 
^Maximum reported value from Table D.5.14 of Appendix D for on-site alluvial 
monitor wells 702 and 808. 
^Laboratory method detection limit. 
«"None" means there is no MCL for that constituent. 
^"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 coninunity water systems. 
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arsenic (0.05 milligrams per liter, 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)(1,ii)) 
molybdenum (0.10 mg/1); nitrate as NO3 (44 mg/1); radium-226 
and -228 activity (5.0 picocuries per liter, or pCi/l); 
uranium-234 and -238 (30 pCi/1 activity or 0.044 mg/1); and 
gross alpha activity (15 pCi/l). Based on acidic (low pH) 
pore water samples of the Green River tailings (see Table 
0.5.22 of Appendix D), values of the following inorganic 
hazardous constituents are higher than the proposed MCLs (see 
Table E.3.1): 

0 Cadmium. 
0 Chromium. 
0 Molybdenum. 
0 Nitrate. 
0 Selenium. 
0 Uranium. 

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 beryllium 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 is present in the contaminated 
materials. Consequently, these two constituents will not be 
included 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 0). 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 lower concentrations within the 
tailings 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 D, 
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 conflrmable concentrations (TAC, 
1988). However, methylene chloride will be included in the 
hazardous constituents list 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 list. The 
priority pollutant scan results and the other organic analyses 
are on file In the DOE UMTRA Project Office in Albuquerque, 
New Mexico. 

E.3.1.2 Proposed concentration limits 

The DOE intends to comply with the proposed EPA ground
water standards by meeting MCLs or background concentrations 
for those constituents identified in Section E.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 long-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 Include 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 0). 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 D.5.1 of Appendix 0 for 
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Table E.3.2 Descriptive statistical parameters for background water 
quality at the Green River UMTRA Project disposal site. 
Green River, Utaha 

Number Arithmetic _ . Observed 
Constituent of samples, n mean, X X -i- 2s maximum Skewness 

Cadmium 
Chromium 
Molybdenum 
Nickel 
Nitrate 
Selenium 
Uranium 
Vanadium 
Radium-226 

and -228 
Gross alpha 

4 
11 
11 
4 

11 
11 
11 
10 
5 

5 

0.003 
0.03 
0.11 
0.06 

90 
0.383 
0.0538 
0.08 
2.1 pen 

89 pel/I 

0.007 
0.09 
0.24 
0.09 

180 
1.779 
0.1252 
0.30 
4.5 pCi/l 

195 pCi/l 

0.005 
0.09 
0.22 
0.09 

173 
2.50 
0.1460 
0.38 
3.9 pCi/l 

150 pCi/l 

0 
1.057 
0.290 
1.155 
0.161 
2.478 
1.303 
2.326 
0.438 

0.041 

'All concentrations are in mg/1 unless noted otherwise. See Table E.1.1 for 
proposed concentration limits. 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. 

''Mean 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 limit for 
arsenic. Instead, the NRC's proposed interim concentration 
limit 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 limit for lead. 
Instead, the NRC's proposed Interim concentration limit 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 limit for 
methylene chloride. Instead, the NRC's proposed interim 
concentration limit of 0.005 mg/1 (background) 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. 

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 in 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 limit, nor a state of Utah 
drinking water maximum concentration limit. 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-middle 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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Selenium 

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/1. The DOE proposes a 
concentration for uranium of 0.1460 mg/1. which is the maximum 
observed concentration for uranium In the 11 background 
analyses. 

Vanadium 

Vanadium has been measured twice in the upper-middle unit 
and eight 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 
is the maximum observed concentration 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 pC1/1 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/l for gross 
alpha, which is the mean value plus two standard deviations 
from the mean. 
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Natural variation 

The OOE-proposed concentration limits 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 in 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 action 
plans will be presented in a separate document (surveillance 
and maintenance plan) for the Green River site. 

E.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 
E.3.2 (cross section). Details of the number of monitor wells 
at this location 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. 

PERFORMANCE ASSESSMENT 

The proposed disposal cell design as described in Section E.2 will 
prevent the introduction 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 limitations 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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FIGURE E.3.1 
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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. 

E.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 E.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 is doubtful that full capillary forces will be developed. 
Varying this lower 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 uppermost aquifer is 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. 

Material properties 

The results of capillary retention tests, saturated 
hydraulic conducitlvity 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. Variations of material properties were assessed in 
selecting values used 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 E.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 

Windblown 
Infiltration/ Tailings and other 
radon barrier contaminated 

material 

Buffer 

Compaction density, pcf 
{% of optimum) 

Saturated water 
content (X) 

Residual water 
content (Vol. %) 

a (fitted parameter) 
(1/cm) 

N (fitted parameter) 

Saturated hydraulic 
conductivity (cms) 

100 

32.0 

26.9 

0.0060 

2.313 

2 X 10^ 

90 

45.0 

3.0 

0.0050 

2.326 

6 X 10* 

95 

33.0 

2.5 

0.0034 

2.250 

1 X 10* 

96 

33.0 

2.5 

0.0034 

2.250 

1 X 10* 
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Analytical procedures 

Immediately after construction, capillary gradients 
created by contrasts in pore size and differences in initial 
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 
residua! 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 is the use of the UNSAT2 
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"^ cm3/cm2s 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 little difference in flux 
rate between the two placement moisture contents for flux 
rates greater than 8 X lO"' cm3/cm2s. 

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 in 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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the material. For the Green River tailings placed at 7.1 
percent volumetric moisture content this corresponds to 5 X 
10"' 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 UNSAT2 
(8 X 10-9 cm3/cm2s) and the flux rate equivalent to the 
saturated hydraulic conductivity of the radon barrier acting 
under a unit gradient (2 X 10-8 cm^/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. 

2 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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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 E.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 SJcM 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 
zone monitoring. These features are described as follows. 

E.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 10-8 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. 

E.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 1s 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 activities, 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
tailed list of constituents will be presented in the S&M plan. 

As discussed in Section E.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 roust 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. 

CORRECTIVE ACTION PLAN 

The DOE is 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 
scenarios 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 is 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 E.3.2). The disposal cell moisture monitoring 
program planned at Green River (see Section E.3.4.1) is 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 
content will be made to determine the potential effects on groundwater. 
If 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 usable. Therefore it is likely 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 E.3.6 addresses this subject in greater detail. 

Finally, geochemical conditions in 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 
D.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 moisture 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) Request ACLs for any constituents predicted to exceed the 
proposed concentration limits (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 
E.2.1.2), an excursion at the point of compliance is considered 
unlikely, 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 Issues: (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. 

E.3.6.1 Decoupling 

Section D.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 E.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 little chance that human health or the environment 
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could be affected by leaving the contamination as is 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 is limited to relatively 
shallow contamination (generally less than 50 feet deep) and 
is most useful in materials with low permeability. For roost 
cases where the contaroination is in permeable materials and in 
cases of low permeability but deep contaroination, 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, ion 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 
contaroinants, the general water quality, the volumetric flow 
of the treatment stream, and the available area for treatment 
facilities. 

In situ treatroent 

In addition to above-ground treatroent, two in situ treat
roent 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 limits, dissolution or desorption could occur as the 
geochemical environroent reequilibrates. Therefore, cheroical 
reduction does not provide long-terro 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 Is a solution of complexing species (either 
ions 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: 

0 Discharge to surface water. 

0 Infiltration. 

0 Injection in shallow wells. 

0 Injection in deep wells. 

Natural flushing 

Natural flushing is a passive restoration method whereby 
dissolved or precipitated contaminants in 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 roethod for aquifer restoration, or it roay be used 
in conjunction with any of the active restoration methods 
described above. Natural flushing may be the roost logical way 
to approach groundwater restoration at the Green River site. 
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