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1.0 WATER RESOURCES PROTECTION STRATEGY SUMMARY

The U.S. Department of Energy (DOE) must demonstrate compliance with the
proposed U.S. Environmental Protection Agency (EPA) standards for groundwater
protection at inactive uranium processing sites pursuant to Subparts A and C
of 40 CFR 192. This section outlines the proposed strategy the DOE will pursue
to demonstrate compliance with the standards at the Cheney disposal site, to be
used for the contaminated materials from the inactive processing site at Grand
Junction, Colorado. The main components of this demonstration are: 1) the
groundwater protection standard, 2) a performance assessment, 3) a closure per-
formance assessment, 4) a groundwater monitoring program, and 5) a corrective
action plan.

To achieve compliance with the proposed EPA groundwater protection stan-
dards, the DOE proposes a narrative supplemental standard to ensure sufficient
protection of human health and the environment. The supplemental standard
applies to the uppermost aquifer (the Dakota Sandstone) and will not include
numerical concentration limits for the hazardous constituents identified in the
contaminated materials at the Grand Junction site and vicinity properties. A
summary of the principal features of the water resources protection strategy
for the Cheney disposal site follows:

o The disposal option proposed for the Grand Junction processing site
involves relocation of contaminated materials to the Cheney disposal
site. The materials will be placed in a partially below-grade disposal
cell excavated into unsaturated Mancos Shale. The foundation of the
cell will be constructed to take advantage of favorable geochemical
conditions that will attenuate hazardous constituents in seepage from
the cell. The disposal cell will have a [] riprap covered radon/infil-
tration barrier designed to meet the radiation protection standard and
minimize the amount of infiltration from precipitation. The riprap
will protect the radon barrier from frost and biointrusion.

o To achieve compliance with the proposed EPA groundwater protection
standards at the Cheney disposal site, the DOE proposes a narrative
supplemental standard that will demonstrate protection of human health
and the environment. The basis for the supplemental standard is the
limited use (Class III) designation of the groundwater in the Dakota
Sandstone, which is the uppermost aquifer beneath the proposed dis-
posal site. The groundwater meets the EPA criteria for a Class III
designation because the total dissolved solids (TDS) content is greater
than 10,000 milligrams. per liter (mg/l) (40 CFR 192.11(e)) and the
groundwater is not considered to be a resource. Furthermore, the
uppermost aquifer lies approximately 750 feet below the existing
ground surface and is hydrogeologically isolated from surface recharge
by confining sandstones and shales overlying the aquifer. Concentra-
tion limits proposed for the uppermost aquifer are hypothetical
because no groundwater monitoring is proposed for the uppermost
aquifer.

o Hazardous constituents were identified that are likely to be in, or
derived from, residual radioactive material at the processing site and
vicinity properties. The hazardous constituents were identified by
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characterization of residual radioactive material, evaluation of
groundwater quality data, and description of the uranium recovery
process. Pore water from the tailings and vicinity property soils was
analyzed for hazardous constituents and elements of potentially
hazardous compounds listed in Table 1 and Appendix I of 40 CFR 192 and
In Appendix IX of 40 CFR 264. All hazardous constituents that
exceeded laboratory method detection limits were identified. The
hazardous constituents (40 CFR 192 Table 1) identified at the Grand
Junction site include: arsenic, barium, cadmium, chromium, net gross
alpha activity, lead, mercury, molybdenum, nitrate, radium-226 and
-228 activities, selenium, silver, and uranium. Hazardous consti-
tuents that are elements, and elements contained in hazardous
compounds (40 CFR 192 Appendix I) include: aluminum, antimony,
beryllium, cobalt, copper, cyanide, fluorine (as fluoride), nickel,
strontium, sulfide, tin, vanadium, and zinc. No hazardous organic
compounds were identified in the Grand Junction tailings or vicinity
property materials.

o An assessment of the performance of the disposal cell in conjunction
with subpile hydrogeologic conditions has shown that the underlying
Mancos Shale foundation is capable of accepting tailings pore water
that will drain from the cell following the remedial action. A con-
servative two-dimensional unsaturated-saturated flow analysis of tran-
sient drainage of tailings pore water shows that the maximum possible
depth of saturation in the tailings will not approach the elevation
that would allow establishment of the hydraulic gradient required to
cause flow out of the disposal cell.

o The unsaturated Mancos Shale beneath the disposal cell also has the
capacity to attenuate hazardous constituents-geochemically. Geochemi-
cal processes that would reduce contaminant concentrations include
adsorption by the shales and precipitation when reducing conditions
are encountered. Hydrogen sulfide gas was encountered in some of the
boreholes drilled through the Mancos Shale at the disposal site during
characterization. The hydrogen sulfide gas creates a reducing
environment in the Mancos Shale.

o The DOE has assessed the performance of the proposed disposal cell in
conjunction with the hydrogeologic system, and has shown that the
disposal cell will minimize and control releases of hazardous consti-
tuents to groundwater and surface water, and radon emanations to the
atmosphere, to the extent necessary to protect human health and the
environment. Natural, stable materials have been proposed for use in
construction of the Cheney disposal cell so that long-term performance
is ensured. The DOE has also demonstrated that design features neces-
sary for compliance with the EPA groundwater protection standards
minimize the need for further maintenance of the disposal site.

o No groundwater monitoring is proposed for the uppermost aquifer
(Dakota Sandstone) at the Cheney disposal site as the tailings are
hydrogeologically isolated from the uppermost aquifer, and groundwater
in the Dakota Sandstone is limited use (Class III). [] An indirect
monitoring program will be implemented to provide an indication that
the disposal cell is operating as designed and will not impact
groundwater in the alluvial paleochannels.
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o Demonstration of cleanup and control of existing processing-related
groundwater contamination at the Grand Junction site will be addressed
under a separate DOE project and will be part of a separate process
under the National Environmental Policy Act. [] By deferring
groundwater cleanup in the uppermost aquifer (alluvium) until the
Drocessing site can be adequately evaluated, human health and the
environment will not be affected because: 1) no wells currently exist
within the affected environment in the vicinity of the processing site
that withdraw groundwater from the alluvium (based on a recent well
inventory in the processing site vicinity): 2) no wells are anticipated
to be drilled to exploit groundwater within this area in the near
future: and 3) even if a well were drilled into the alluvium that
pumped groundwater from within the affected area, concentrations of
contaminants dissolved in the groundwater would not likely be elevated
enough to pose an imminent danger to human health or the environment
during the interim period between surface remedial action and ground-
water cleanup (during which time groundwater use in the vicinity of
the processing site will be prevented by institutional controls, and
residents will be notified of potentially contaminated groundwater).
Recent analyses of groundwater indicate that concentrations are
remaining relatively stable with time, and Colorado River surface
water samples (at low water stage) indicate that no concentrations of
hazardous constituents exceed the proposed concentration limits.
Deferral of groundwater cleanup until the tailings and all contami-
nated material are removed and the site can be fully evaluated does
not preclude the possibility of the DOE performing active restoration
at the site if warranted.

-3-
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2.0 CONCEPTUAL DESIGN CONSIDERATIONS AND FEATURES
FOR WATER RESOURCES PROTECTION

The disposal option proposed for the Grand Junction processing site
involves relocation of the contaminated materials to the Cheney disposal site.
The materials will be placed into a partially below-grade cell that will be
excavated up to 50 feet [] deep into unweathered Mancos Shale. Figures 2.1
and 2.2 show a plan of the disposal cell and a diagrammatic cross section
through the cell and foundation, respectively. The disposal cell will be
approximately 60 acres in area and will have a [] rock cover with a frost
protection laver. Clean-fill dikes will be placed beneath the sideslopes to
preclude any lateral migration of tailings fluids away from the disposal cell.

The top of the cell will slope at two percent and will be covered with []
riprap erosion protection. The sides of the disposal cell will slope at two
and 20 percent and will also be covered with [] rlprap for erosion
protection. The disposal cell cover has been designed to perform as a unit
and in conjunction with the embankment foundation to protect' human health and
the environment by limiting radon flux through the cover and tailings seepage
from the base of the cell. The design features of the [] rock cover are
discussed in detail in the Technical Approach Document (DOE, 1989).

This section describes the disposal cell design considerations and fea-
tures that are important for demonstrating compliance with the EPA Groundwater
protection standards at the Cheney disposal site.

2.1 DESIGN CONSIDERATIONS

The disposal cell location was selected after an extensive
hydrologic characterization, discussed in Attachment 3. The Cheney
disposal cell area does not overlie any saturated zones within the
alluvium.

It is necessary to establish the foundation of the base of the
disposal cell in Mancos Shale bedrock to eliminate the possibility of
seepage of any ponded fluids within the cell into surrounding alluvial
paleochannels. The depth of the cell excavation was thus determined by
optimizing construction costs and material balances against depth into
the Mancos Shale. The final design allows for encapsulation of all
contaminated materials, and [] sufficient excavation to provide excess
Mancos Shale material for use as clean-fill dike material above and below
grade to buttress the entire cell, as.cover frost protection material,
and as buttress material to reduce the upland sideslopes of the cell for
lengths of approximately 400 to 500 feet.

The design considerations of most importance for groundwaterprotection are climate and infiltration of precipitation, drainage of

tailings pore water, geochemical attenuation of hazardous constituents,
and placement of the contaminated materials in the cell. These are
discussed in the following sections.
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2.1.1 Climate and infiltration of Drecititation

Climate has been considered in the design of the Cheney dis-
posal cell. The disposal cell cover system must be capable of
evaporating or shedding (by lateral drainage) excess moisture from..r
snowmnelt and rainfall.

Because there are no climate data specific to the Cheney
disposal site, data from the weather station in Grand Junction are
used to provide an estimate of the quantity and distribution of
precipitation at the Cheney site. Grand Junction receives 8.4
inches of precipitation annually. Conservatively, it is estimated
that the Cheney disposal site receives approximately 10 inches of
precipitation annually, which is slightly more than Grand Junction
because Cheney is slightly higher in elevation.

Evidence from site characterization of the shallow soils at
the disposal site (see Section 3.2.3 of Attachment 3) indicates
that very little or no precipitation deep-percolates to recharge
groundwater. Extensive caliche horizons in the upper few feet of
soils, and deposits of gypsum in the upper 10 to 15 feet of the
alluvium, indicate that infiltration of precipitation over the site
is not deep and does not extend beyond the depth of evaporation
and transpiration. Age dating of the alluvial groundwater upgra-
dient from the Cheney site (see Section 3.2.3 of Attachment 3)
also supports the idea that recharge of the alluvial groundwater
is by infiltration from Indian Creek/Whiting Ditch upgradient from
the site rather than from infiltration of precipitation directly
on the site. The cover system proposed for the Cheney disposal
cell has been designed to perform as well or better than the",,,
natural soil surface at the site to limit deep infiltration of
precipitation through the cover and tailings. Therefore, virtu-
ally no moisture should infiltrate through the cover system into
the tailings. The cover system design is presented in Section
2.2.1.

2.1.2 Drainage of tailings pore water under transient and steady state
conditions

During construction and following completion of the remedial
action, moisture within the disposal cell will redistribute to
some extent to reach equilibrium with the upper boundary (cover)
flux of moisture. An important design consideration is the
relationship of tailings drainage to the migration of tailings
pore water into the underlying foundation geologic materials.

Extensive characterization of the hydraulic properties of the
Mancos Shale (see Section 3.2.4 of Attachment 3) and of the con-
taminated materials to be placed in the disposal cell (see Section
3.1.6 of Attachment 3), together with two-dimensional saturated/un-
saturated finite element modeling of the disposal cell and
foundation (see Section 3.2.2) have shown that the Mancos Shale
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foundation is capable of accepting all of the tailings pore water
drained from the cell under transient and steady state condi-
tions. As discussed in further detail in Section 3.2.2, results
of the modeling show that, with very conservative assumptions, it
is not possible for tailings seepage to discharge to the surface
or mix with shallow groundwater in paleochannel aquifers
upgradient of the disposal cell. Therefore, the disposal cell has
been designed to comply with the groundwater protection standards
under both transient and steady state conditions.

2.1.3 Geochemical attenuation of hazardous constituents

Geochemical attenuation has been considered in the design of
the disposal cell. Both the alluvium and Mancos Shale possess
favorable properties for attenuating hazardous constituents in the
tailings pore fluids.

Extensive laboratory testing of the alluvium and Mancos Shale
(Calculation GRJ-03-07-90-13-06(0O)-00, Appendix A to Attachment 3)
shows that hazardous constituent concentrations in the feed solu-
tion (representative of the tailings pore fluid) are attenuated by
as much as 100 percent in one pore volume passing through a three-
foot column of selected alluvium from the disposal site. Addition-
ally, batch testing of the Mancos Shale shows results that are
very similar to the column testing of the alluvium. Section 3.2.6
of Attachment 3 describes the geochemical attenuation properties
of the alluvium and Mancos Shale at the disposal site in more
detail.

2.1.4 Placement of contaminated materials in the disposal cell

Characterization of both the on-site tailings and off-site
vicinity property materials (see Attachment 5) indicates that the
hydraulic properties of each material are related to their repre-
sentative particle gradation. The tailings at the processing site
consist of approximately 75 percent sand tailings and 25 percent
fine material or slimes (material finer than 74 microns). The
vicinity property material contains a greater percentage of fines
(an average 47 percent) (see Calculation GRJ-02-90-02-02-O0,
Appendix A to Attachment 3).

The mean saturated hydraulic conductivity of the tailings is
2.4 x 10-4 centimeters per second (cm/s) while the vicinity
property materials have a mean saturated hydraulic conductivity of
1.0 x 10- cm/s. The unsaturated hydraulic conductivity of the
tailings and vicinity property material is specified through
capillarity relationships defined by Mualem parameters alpha and N
(Van Genuchten and Nielsen, 1985). Alpha is the inverse of the
air entry pressure, possessing units of one per meter, and the N
parameter (dimensionless) defines the relative rate of change in
unsaturated hydraulic conductivity with moisture content. The
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greater the value of N, the less sensitive are the changes in
hydraulic conductivity with moisture content. Laboratory testing
resulted in alpha and N values of 0.34 (per meter), and 1.71
respectively, for the tailings, while the vicinity property mate-
rial have values of 3.3 (per meter) and 1.35, respectively,•
reflecting the higher fines content (see Calculation GRJ-08-90-
12-02-00, Appendix A to Attachment 3).

Contaminated materials will be placed in the disposal cell to
minimize infiltration into and through the cell, and to minimize
the build-up (ponding) of transient drainage. Therefore, the
lower-permeability vicinity property materials will overlie the
higher-permeability tailings material to the greatest degree
possible.

2.2 DESIGN FEATURES

Careful evaluation of the design considerations discussed in Section
2.1 resulted in the incorporation of the disposal cell design features
discussed in this section.

2.2.1 Disposal cell components

The Cheney disposal cell has been designed to protect human
health and the environment by controlling infiltration into the
cell and seepage out of the cell. Components utilized in the
design are listed in Table 2.1. [] The cover system materials and
design thicknesses for the topslope and sideslope are shown ins-
Figure 2.3.

2.2.2 Disposal cell longevity

The EPA groundwater protection standards require that the
disposal cell be designed to stabilize the contaminated material
and protect the environment for 1000 years where reasonably
achievable, and in any case for at least 200 years. It must also
be demonstrated that design features do not rely upon active
maintenance to ensure long-term performance and compliance with
the standards.

Natural, stable materials have been proposed for use in con-
struction of the Cheney disposal cell so that long-term perfor-
mance is ensured. Materials for the rock erosion layer have been
selected, based upon durability, suitability, and size, that will
perform adequately over the design life of the disposal cell.
Bedding materials for the filter layers have been selected using
the same durability criteria as for the rock. The filter mate-
rials will be sized to drain water rapidly. The radon/infiltra-
tion barrier clays will be protected from erosion by the overlying
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Table 2.1 Disposal cell components for
at the Cheney disposal site,

protection of water resources
Colorado

Cell componenta Descriptionb Purpose

R rRiprap rock Type-A ritprap

Sand bedding

Compacted Mancos
Shale

Radon/infiltration
barrier

Clean fill dikes

Graded sands

Excess material ex-
cavated from the cell

Resists PMP storm events,
prevents channelization
of rainfall runoff

Prevents riprap from
Dpunchingm through to

underlying layers:
prevents riprap from
migrating into under-
lying layers

Provides frost protection
to underlying radon/
infiltration barrier:
reduces the quantity of
infiltration that will
reach the radon/infiltra-
tion barrier

Limits infiltration
into the tailings
during extreme
(saturated) cover
conditions

Prevent lateral
migration of tailings
pore water away from
the disposal cell

Alluvial clay from
the disposal site
with a saturated
hydraulic conductivity
of 1 x 10-7 cm/s

Compacted Mancos Shale
from the disposal cell
excavation

aSee Figures 2.3(a) and 2.3(b).
bSee Section 3.3.5 of the Remedial Action
description of the disposal cell components.

Selection Report for a full
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layers. Uniformity of hydraulic conductivity of the radon/infil-
tration barrier will be ensured by adherence to design specifi-
cations for placement and compaction of the materials at the
disposal cell. Frost protection of the radon/Infiltration barrier
will be provided by the [] three and one-half foot thickness of
materials overlying the radon barrier.
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3.0 DISPOSAL AND CONTROL OF RADIOACTIVE MATERIALS AND
NONRADIOACTIVE CONTAMINANTS

3.1 GROUNDWATER PROTECTION STANDARD

[] The proposed disposal cell at the Cheney site is designed to control
radioactive materials and nonradioactive contaminants in conformance with
the proposed EPA groundwater protection standards in 40 CFR 192.02(a)(3).
The DOE proposes a narrative supplemental standard for the uppermost
aguifer at the Cheney disposal site. The basis for the supplemental
standard is the limited use (Class III) designation of groundwater in the
uPPermost aquifer (Dakota Sandstone) beneath the disposal site (see
Section 3.2.5. Attachment -3). Groundwater in the Dakota Sandstone meets
the EPA criteria for a Class III designation because the TDS content is
greater than 10,000 mg/1 (40 CFR 192.11(e)). Groundwater in the Dakota
Sandstone is not considered a water resource.

There are two basic requirements for a supplemental standard (40 CFR
192, Subpart C) as follows:

1. The standard must assure protection of human health and the
environment.

2. The standard must come as close to meeting the otherwise
applicable standards as is reasonably achievable under the
circumstances.

Protection of human health and the environment at the Cheney dispo-
sal site is assured because the uppermost aquifer (Dakota Sandstone) is
hydrogeologically isolated from the surface and the disposal cell by
approximately 750 feet of confining shales and sandstones of the Mancos
Shale (see Section 3.2.3. Attachment 3). The disposal cell has also been
located and designed to restrict the migration of any potentially con-
taminated seepage to the land surface peripheral to the cell, or to
isolated alluvial paleochannels in the area (none of which are beneath or
immediately adjacent to the disposal cell).

Because compliance with the groundwater protection standards at the
Cheney disposal site is based on narrative supplemental standards, concen-
tration limits have not been proposed for hazardous constituents. Since
the uppermost aquifer is hydrogeologically isolated from any potential
seepage of leachate from the disposal cell, no post-closure groundwater
monitoring has been proposed, and no point of compliance will be re-
quired. To comply with the concept that the supplemental standard must
come as close to meeting the otherwise applicable standards as is rea-
sonably achievable under the circumstances, hypothetical concentration
limits have been established, based on the EPA Maximum Concentration
Limits (MCLs) or the statistical maximum background concentrations, as
appropriate. The DOE is reasonably certain that the hypothetical con-
centration limits could be met at a hypothetical point of compliance in
the uppermost aquifer because of the hydrogeologic isolation of the
Dakota Sandstone from any potential contaminated seepage from the
disposal cell.
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The EPA groundwater protection standards consist of three components:
1) a list of designated hazardous constituents; 2) a corresponding list
of proposed concentration limits for the constituents; and 3) a point of
compliance (NRC, 1989). These three components are discussed below.

3.1.1 Hazardous constituents

Hazardous constituents at the Grand Junction processing site
were identified based upon characterization of the contaminated
materials related to uranium recovery operations at the processing
site and vicinity properties materials, description of the uranium
recovery process, and evaluation of groundwater quality data (see
Section 3.1.6. Attachment 3). Hazardous constituents should
satisfy the following two criteria: 1) they should be reasonably
expected to be in or derived from the residual radioactive material
to be stabilized at the disposal site; and 2) they should consist
of radium-226 and -228, uranium-234 and -238, nitrate, molybdenum,
gross-alpha particle activity, or other constituents listed in
Appendix I of 40 CFR 192.02(a)(3)(i) or Table 1 in 40 CFR
192.02(a)(3)(iii), or Appendix IX of 40 CFR 264. Screening for
organic chemicals listed in Appendix I or Table 1 was conducted as
part of the site characterization.

Hazardous inorganic constituents related to uranium process-
ing activities that exceed laboratory method detection limits in
tailings and vicinity property materials pore fluids include
(Table 1 in 40 CFR 192.02(a)(3)(iii)): antimony, arsenic, barium,
beryllium, cadmium, chromium, cobalt, copper, net gross alpha,._
activity, lead, mercury, molybdenum, nickel, nitrate, radium-226
and -228 activities, selenium, silver, tin, vanadium, uranium, and
zinc. Hazardous constituents that are elements and elements
contained in hazardous constituent compounds that exceed
laboratory method detection limits include (Appendix I of 40 CFR
192.02(a)(3)(i)): aluminum, [] cyanide, fluorine (as fluoride), [I
strontium, and sulfide. [] Water samples were chemically analyzed
for all of these elemental constituents at the Cheney processing
site (see Section 3.2.5, Attachment 3). Table 3.1 shows the
hazardous constituents and elements contained in hazardous
constituent compounds in the Grand Junction contaminated
materials. The mean concentrations of these constituents were
determined from analyses of lysimeter samples.

3.1.2 Proposed concentration limits

Because compliance with the groundwater protection standards
at the Cheney disposal site is based on narrative supplemental
standards, concentration limits have not been proposed for
hazardous constituents. To comply with the concept that the
supplemental standards must come as close to meeting the otherwise
applicable standards as is reasonably achievable under the
circumstances, hypothetical concentration limits for the Dakota
Sandstone (uppermost aquifer) have been established, based on the
EPA MCLs or the statistical maximum background concentrations, as,.,.
appropriate (Table 3.2 and Calculation No. GRM-0-9l-15-02-OO).
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Table 3.1 Hazardous constituents and elements contained in hazardous
constituent compounds at the Grand Junction processing site,
Colorado

Hazardous constituentsa Mean concentration of elementb

Antimony 0.006
Arsenic 0.092
Barium 0.034
Beryllium 0.003
Cadmium 0.011
Chromium 0.005
Cobalt 0.090
Copper 0.049
Lead 0.005
Mercury 0.0001
Molybdenum 0.246
Net gross alpha activityc 261 pCi/l
Nickel 0.342
Nitrate 1.13
Radium-226 & -228 19.5 pCi/l
Selenium 0.073
Silver 0.005
Uranium 0.778
Vanadium 0.652
Zinc 0.254

Elements contained in hazardous constituent compoundsd

Aluminum (aluminum phosphide) 0.103
Cyanide (soluble salts and complexes) 0.071
Fluoride (carbon oxyfluoride) 4.46
Strontium (strontium sulfide) 5.05
Sulfide (strontium sulfide, carbon disulfide) 0.050

aAppendix I of 40 CFR 192.02(a)(3)(i), Appendix IX of
of 40 CFR 192.02(a)(iii).

bMean concentrations from chemical analysis of
tailings and vicinity property materials; see Calct
Appendix A to Attachment 3 for calculation of mean
trations are in mg/l unless noted; pCi/l = picocuries

cNet gross alpha [] (excluding radon and uranium);
pCi/l activity).

dAppendix I of 40 CFRl92.02(a)(3)(i).

40 CFR 264, or Table 1

lysimeter samples from
ilation GRJ-07-90-15-0l,
concentrations; concen-

per liter.
1 mg/l uranium - 686
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Table 3.2 Hvoothetical concentration limits for the uppermost
aquifer (Dakota Sandstone) at the Cheney disposal site

Concentration limit
Hazardous constituentsi Value SourceR

Antimony 0.003 BG
Arsenic 0.05 MCL
Barium 45.3 BG
Beryllium 0.005 BG
Cadmium 0.01 MCL
Chromium 0.05 MCL
Cobalt 0.05 BG
Copper 1.0 MCL.
Lead 0.05 MCL
Mercury 0.091 BG
Molybdenum 0.21 BG
Net gross alpha (pCi/1) 97.0 BG
Nickel 0.04 BG
Nitrate (as nitrogen) 10.0 MCL
Radium-226 and -228 (pCi/l) 75.0 BG
Selenium 0.01 MCL
Silver 0.05 MCL
Uranium 0.044 MCL
Vanadium 0.03 BG
Zinc 5.0---

Elements contained in hazardous constituent compounds9

Aluminum (aluminum phosphide) 0.1 BG
Cyanide (soluble salts and complexes) 0.01 BG
Fluoride (carbon oxyfluoride) 2.2 BG
Strontium (strontium sulfide) 10.1 BG
Sulfide (strontium sulfide, carbon disulfide) 10.0 BG

4Hazardous constituents identified in the tailings at the Grand Junction
processing site (Table 3.1). Concentration in mg/l unless noted.: pCi/l=
Picocuries per liter.

bmrL =maximum concentration limit (40 CFR 192.02(a)(3). Table 1).
BG = statistical maximum background concentration.

UEPA secondary drinking water standard MCL.
PAppendix I of 40 CFR 192.02(a)(3)(i).
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3.1.3 Point of compliance

Since the uppermost aquifer is hydrogeologically isolated
from any potential seepage of leachate from the disposal cell, no
post-closure groundwater monitoring has been proposed (see Section
3.4), and no point of compliance will be required.

3.2 PERFORMANCE ASSESSMENT

To demonstrate adequate performance of the disposal cell and
protection of human health and the environment, design parameters were
evaluated in conjunction with hydrogeologic characteristics (hydrogeo-
logic Isolation of the uppermost aquifer from tailings seepage) of the
Cheney disposal site to determine: 1) the redistribution of moisture
within the disposal cell following construction, and the migration of
tailings seepage from the disposal cell; and 2) the geochemical attenua-
tion of hazardous constituents identified in the tailings pore water by
natural geologic materials beneath the cell. In order to evaluate these
processes, saturated/unsaturated finite element modeling and laboratory
testing of geologic materials from the disposal site were conducted as
described in the following sections.

3.2.1 Finite element modeling of the disposal cell

A conservative, two-dimensional finite-element method analy-
sis was performed on the Cheney disposal cell (see Calculation
GRJ-05-91-12-05-00, Appendix A to Attachment 3) to assess the
effects of transient drainage from construction water and to
model long-term steady state seepage conditions. The computer
code UNSAT2 written by Davis and Neuman (1983) was used. Two-
dimensional analyses were employed to allow for inclusion of the
effects of lateral drainage off the cell.

The system that was modeled consists of the vicinity property
material, the tailings, and the underlying Mancos Shale foundation
material. The Mancos Shale is further divided into two material
types, a homogeneous, weathered material and an unweathered,
fractured, anisotropic material.

For modeling purposes, the upper boundary of the cell receives
a constant influx of moisture equal to 1.0 x 10-7 cm/sec, which
is the saturated hydraulic conductivity of the radon barrier. The
base and sides of the cell were modeled as unsaturated seepage
faces which will allow moisture to transit the boundary to the
material under non-saturated conditions. As the moisture content
increases and saturation is achieved, the material will begin to
behave under saturated hydraulic conditions. Saturated hydraulics
will therefore control moisture flow from the cell, preventing
unrealistic build-up of moisture within the cell.
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Saturated hydraulic conductivity values for the weathered and
unweathered Mancos Shale material varied, as discussed in detail
in Section 3.2.4 of Attachment 3. In order to bound the range of
variability in tested conductivity measurements, a sensitivity
analysis was performed. This sensitivity analysis involved multi-
ple computer runs with the various conductivity values using the
UNSAT2 computer code providing insight into possible moisture
redistribution scenarios (see Calculation GRJ-05-91-12-05-O0),
Appendix A of Attachment 3).

Results indicated that transient drainage of construction
water will exit the base of the cell through fractures within five
years after completion of construction. Slight ponding of water
is possible in tallings overlying weathered portions of the Mancos
Shale. Maximum ponded depths range between two to three meters.
Drainage occurs into discontinuous fractures where the fluid will
remain until accepted into the matrix of the Mancos Shale. The
finite-element method mesh generated for the analysis incorporated
the above system and extended approximately 15 feet into the
Mancos Shale foundation below the lowest point of the disposal
cell. The cover was not included in the analysis.

3.2.2 Geochemical attenuation

Extensive laboratory tests were conducted to evaluate the
geochemical attenuation capacity of selected on-site geologic
materials. The characterization of these materials and results of
the laboratory tests are presented and discussed in detail in
Section 3.2.6 of Attachment 3.

In summary, the petrologic, mineralogic, and geochemical
characteristics of the alluvium and Mancos Shale at the disposal
site show that they will attenuate the hazardous constituents
(including cadmium, lead, molybdenum, selenium, vanadium, uranium,
and zinc) present in the tailings pore water. The experimental
column and batch leaching results of tests on composite alluvium
samples show that foundation material would attenuate concentra-
tions of contaminants in. tailings pore water to below detection
limits and/or MCLs for those constituents that have MCLs. In
addition, reducing conditions exist in the underlying Mancos Shale.

3.3 CLOSURE PERFORMANCE ASSESSMENT

The DOE has demonstrated that the proposed remedial action plan for
the Cheney disposal site will comply with the proposed EPA groundwater
protection standards. The DOE has assessed the performance of the
proposed disposal unit at the Cheney disposal site in conjunction with
the hydrogeologic system, and has shown that the disposal cell will mini-
mize and control releases of hazardous constituents to groundwater and
surface water, and radon emanations to the atmosphere to the extent neces-
sary to protect human health and the environment (40 CFR 192.02(a)(4)).
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Natural, stable materials have been proposed for use in construction of
the Cheney disposal cell so that long-term performance is ensured (see
Section 2.2). The DOE has also demonstrated that the design features
necessary for compliance with the groundwater protection standards mini-
mize the need for further maintenance at the disposal site.

3.4 GROUNDWATER MONITORING PROGRAM

[] 3.4.1 Uppermost aquifer

Groundwater in the uppermost aquifer (Dakota Sandstone)
beneath the Cheney disposal site is not a current or potential
source of drinking water and meets the EPA criterion for Class III
(limited use) designation because the concentration of TDS is in
excess of 10,000 mg/l (40 CFR 192.11(e)(l)). Post-closure monitor-
irig of groundwater in the uppermost aquifer is not proposed because
of the Class III designation. Also, any groundwater at depth is
protected because it is hydrogeologically isolated from potential
seepage of leachate from the disposal cell by approximately 750
feet of confining shales and sandstones of the Mancos Shale, and
there is an upward vertical gradient from confined groundwater in
the Dakota.

3.4.2 Alluvial paleochannels

Small quantities of groundwater occur in isolated narrow
alluvial paleochannels incised into the upper surface of the eroded
and weathered Mancos Shale bedrock (see Section 3.2.3 of Attach-
ment 3 of the RAP). Recharge to the paleochannels is very limited,
and there is no evidence of discharge of groundwater from the
paleochannels to the surface in the vicinity of the disposal site.
Also, it is unlikely that groundwater from the paleochannels would
enter the disposal cell and cause any impact. Existing or antici-
pated use of shallow groundwater in the paleochannels is minimal
because of the insignificant yield to a well and the low population
density resulting in low demand for water.

The disposal cell has been located and designed to restrict
migration of any potentially contaminated seepage to isolated
paleochannels peripheral to the cell (no paleochannels are beneath
or immediately adjacent to the disposal cell) or to the land
surface in the area. It is not likely that leachate from the
disposal cell would move a sufficient lateral distance to reach
paleochannels in the area. There is also evidence that any
potential leachate migrating from the disposal cell would perco-
late into the surrounding weathered/fractured bedrock (Mancos
Shale) rather than preferentially seeking the paleochannels. Even
if leachate did get into the paleochannels, it should not cause
any significant impact to human health and the environment.
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Although is seems very unlikely that the seepage of leachate
from the disposal cell will interact with groundwater in the allu-
vial paleochannels and impact human health and the environment, an
indirect monitoring program will be implemented as a best manage-
ment practice to provide an indication that the disposal cell is
operating as designed and that human health and the environment
are being protected to the extent required and practicable.

The monitoring program would consist of two monitor wells
located in paleochannels downgradient from the disposal cell
(adjacent to the northwest and southwest corners of the cell--
Figure 2.1). The monitor wells would be screened in the basal part
of the paleochannels to monitor the presence and variability of
water in the system. Water levels would be measured periodically
to detect changes in groundwater quantity, which could result from
natural recharge or from seepage of leachate from the disposal
cell. Water samples from the monitor wells could be analyzed
periodically for anticipated hazardous constituents to determine
if groundwater in the paleochannels is being affected by leachate
from the cell. If any excursions are noted, the data would be
evaluated and assessed to determine the extent of the potential
impact and risk involved, and mitigating measures would be con-
sidered in conjunction with discussions with the NRC. Details of
the monitoring program will be discussed in the long-term
surveillance plan.

3.4.3 Processing site

Groundwater samples will be collected semiannually from
selected monitor wells at the Grand Junction processing site,
until completion of disposal activities, to monitor the effects of
the remedial action on water quality. Groundwater monitoring
during the interim between completion of disposal activities and
start of groundwater remediation will be determined and imple-
mented under the groundwater restoration phase of the Project.

3.5 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 cell monitoring program indicates that the 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 detecting an excursion.

Since no groundwater monitoring has been proposed at the Cheney
disposal site (see Section 3.4), the only monitoring will be visual
inspection of surface conditions during routine surveillance and mainte-
nance. Should previously unnoticed seeps or other surface exposures of
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groundwater be observed during routine surveillance of the site, it shall
be noted and appropriate water samples shall be collected and analyzed to
assess if the water is contaminated. Should the analyses indicate that
the water is contaminated, an assessment of the source of the water may
be made, and an assessment of the threat to human health and the environ-
ment shall be conducted. If appropriate and necessary, the DOE may
perform corrective actions to arrest the source of the contaminated water
and/or to limit exposure of the water at land surface. Such corrective
actions may include, but are not limited to: 1) constructing a sump or
other' device to collect the contaminated groundwater before it reaches
land surface, and treating or evaporating the collected water as
necessary; or 2) controlling access to the contaminated water by covering
it with graded, large-diameter rock until it can reinfiltrate or
evaporate. The DOE has assessed that the probability of surface exposure
of tailings seepage is nearly zero (see Section 3.2); therefore, the
necessity for corrective actions at the Cheney disposal site is highly
improbable.

-23-



-24-



4.0 CLEANUP AND CONTROL OF EXISTING CONTAMINATION

The DOE is responsible for demonstrating that cleanup or control of
existing processing-related groundwater contamination at the Grand Junction
disposal site will comply with the proposed EPA groundwater protection stan-
dards in Subpart B of 40 CFR 192.

The present level of site characterization is sufficient only to address
whether the surface remedial action will comply with the proposed EPA ground-
water protection standards. The DOE has decided that aquifer restoration
(groundwater cleanup) will be addressed under a separate DOE project and will
be part of a separate process under the National Environmental Policy Act
because of the extent of the characterization needs. Groundwater cleanup
requires extensive geochemical characterization of residual wastes and a more
intensive investigation of unsaturated flow and aquifer properties. A con-
ceptual groundwater restoration strategy must be developed, modeled, and/or
tested on benchmark and pilot scales. Realistic concentration limits and a
groundwater cleanup standard can be proposed after this has been performed.

Based upon the current level of site characterization at the Grand
Junction processing site, cleanup of groundwater in the uppermost aquifer
(alluvium) may be unnecessary because of the relatively high transmissivity of
the aquifer (see Section 3.1.4, Attachment 3), and therefore the ability of
the aquifer to flush and disperse contaminants to acceptable concentrations.
Additionally, by removing the tailings and vicinity property materials from
the processing site, the source of groundwater contamination will be removed
and the concentrations of contaminants in the alluvium will begin to decrease

•~ rapidly.

By deferring groundwater cleanup in the uppermost aquifer (alluvium)
until the processing site can be adequately evaluated, human health and the
environment will not be affected because: 1) no wells currently exist within
the affected environment in the vicinity of the processing site that withdraw
groundwater from the alluvium (based on a recent well inventory adjacent to
the processing site); 2) no wells are anticipated to be drilled to exploit
groundwater within this area in the near future; and 3) during the interim
period between surface remedial action and groundwater restoration, efforts
will be made to prevent groundwater use in the vicinity of the processing site
through institutional controls, and residents will be notified of potentially
contaminated groundwater. Recent analyses of groundwater indicate that con-
centrations are remaining relatively stable with time, and Colorado River
surface water samples (at low water stage) indicate that no concentrations of
hazardous constituents exceed the proposed concentration limits adjacent to or
downstream from the site. Deferral of groundwater cleanup until the tailings
and all contaminated materials are removed, and the site can be fully
evaluated, does not preclude the possibility of the DOE performing active
restoration at the site, if warranted.

[I]
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GEOCHEMICAL ATTENUATION OF CONTAMINAW"& BY SOIL: ATTENUATION
CAPACITIES OF THE GEOLOGIC. MATERIALS BENEATH THE PROPOSED DISPOSAL
CELL AT THE CHENEY, GRAND JUNCTION, SITE.

CALCULATION NUMBER: GR303-07-90-13-06(01)-00.

A. Purpose

The purpose of this calculation is to develop quantitatively the
capacities for attenuation of the hazardous constituents in the
tailings pore water by the geologic materials beneath the Grand
Junction tailings disposal cell at the proposed Cheney site.

The attenuation capacities thus determined will be incorporated in
the tverall design data base for the tailings disposal cell, and
will be used in particular to develop, groundwater protection
strategy at the Cheney site.

B. Overview of Method

The attenuation capacities were determined using data from column
and batch tests perform'd following the general procedures
described in Attachment A of this calculation. Several composite
samples for the Quaternary alluvium and the Mancos shale were
tested. The composite samples were prepared using the available
dri)l cuttings, and grab samples from the freshly opened pits at
tV Cheney site. The composite samples are described in Attachment
B. Additionally, samples of a peat from a bog near grand Junction -

and supplied by local vendor were also tested, in the event a
geochemical barrier with peat were needed for contaminant
attenuation. Two types of samples containing the peat were tested:
one containing 100 percent peat and the other composed of 10
percent peat mixed with one of the alluvium composite samples
(sample 179-4).

The composite samples of alluvium and Mancos shale were
characterized for the physical and chemical parameters that control
attenuation capacities. These parameters include grain size
distribution, acid neutralization potential, soil pH, cation
exchange capacities, and content of various reactive minerals and
chemical constituents. The physical and chemical parameters on the
composite samples are provided in Attachment C.--

Two test fluids were used during the tests. The groundwater from
the monitor well 589 at the Grand Junction processing site spiked
with known amounts of arsenic, cadmium, molybdenum, lead and
selenium were used for tIe batch tests, and also for the initial
column tests. The compoition of this groundwater after spiking
is showniAttachment D-2. The test fluid used for the subsequent
tests was a composite water sample prepared by mixing the water
samples collected using lysimeters installed at the bottom of the
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tailings but within the unsaturated zone of the Grand Junction
tailings pile. The concentrations of the hazardous constituents
arsenic, beryllium, cadmium, cobalt, chromium, nickel, selenium,

• uranium, vanadi m and zinc in this test fluid were elevated by
spiking with kwn amounts of soluble salts of these constituents.
Attachment D-2 shows the composition of this test fluid.

In order to estimate reproducibility of the column tests,
triplicate columns were tested for several of the composit sample.
The reproducibility data are provided in Attachment D-3.

A complete chemical analysis was conducted on each of the leachates
from the batch and the column tests. For the column tests, each
effluent pore volume was separately analyzed. The chemical analysis
was performed using the EPA approved analytical methods by the Core
Laboratories, an EPA Contract Laboratory Participant, under a
subcontractors agreement to the Jacobs Engineering Group.

I C. Assumptions

1. The composite samples used for the tests represent the
Quaternary alluvium and the Mancos Shale beneath the disposal site
at Cheney. This is a reasonable assumption given the fact that a)
the composites were prepared thoroughly mixing all available drill
cuttings from a large number of wells that are geographically well
distributed at the site and b) in case of the composites from the
experimental pits, these composites were prepared mixing several
randomly collected subsamples; however, these latter composites do
not reflect the special variability unlike the drill-cuttings
composites.

2. The simulated test fluids represent the chemistry of the
tailings pore water expected to present at the bottom of the
stabilized tailings pile.

This is a reasonable assumption for both of the test fluids used
because of the following reasons. The chemistry of the groundwater
from the well 569 is generally similar to that of the tailings pore
water. The composite test solution prepared by mixing water
samples from the lysimeters installed in the tailings should
closely represent the chemistry of the tailings pore water. The
first test fluid (groundwater from well 589) was not spiked with
all of the hazardous constituents present in the tailings. This
fact however, does not affect the chemical behavior of the test

Jluid.

3. The flow rates used in the column tests is applicable to the
flow rate of the tailings leachate through the subsurface materials
at the Cheney site.

The flow rate used in the column tests were rore rapid than the
expected flow rate of tailings leachate in the alluvium and the
Mancos Shale underlying the proposed disposal cell. This fact
however, indicates that the hazardous constituents are likely to
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be attenuated more effectively than in the laboratory tests due to
longer residence time of the pore fluid in the alluvium and the
Mancos Shale at the Cheney site. (-A.Ls 4 4 ' • 4-•7s'-6.

/D. Material Properties

The physical and chemical properties of the composite samples/`ed
in the batch and column tests are presented in Attachment C.

/E. Data Sources

All data used in calculations of the attenuation capacities are
presented in the text and Attachments D. Additional supporting data
are presented in Attachments A, B, C and E.

F. Calculation

Assume that the concentration of a hazardous constituent "X" in
test fluid is & mg/l, and the concentration of "X" in the leachate
from *the batch or column test is jj rg/l. The percent of "X"
attenuated is calculated as follows:

A - B
Percent "X" attenuated - x 100..'

A /
For example, the concentration of As in test solution is 2.3 =g/I
and that in the batch leachate of the Mancos Shale composite is
0.007 mg/l (Table 1). Percent As attenuated is calculated as
follows: 2.3 0.007

Percent As attenuated - x 100 w 99.7.
2.3

The concentration of the hazardous constituents in the test fluid
and the percent attenuatio of these constituents for the batch
test isyven in Table 1.7

Table 2'shows the concentrations of the hazardous constituents in/
the first effluent pore volumes for the column tests and Table 3'
shows the corresponding percent attenuation data for arsenic,
cadmium, molybdenum, nickel, selenium, uranium and zinc. Because
of the very slow flow rate through the shale samples, column test
data are vailable only for-the alluvium samples.

G. Conclusions and Recommendations

The test solution for the batch tests was spiked with only four
hazardous constituents: arsenic, cadmium, selenium and molybdenum.
The data show that arsenic and cadmium were almost completely
attenuated by the alluvium and the Mancos Shale. Both selenium and
molybdenum are partially attenuated by the Mancos Shale. The
alluvium also partially attenuated selenium, but shows no
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measurable attenuation for molybdenum.

Chemical knalysis of the first effluent pore volumes through the
columns of the alluvium samples are shown in Table 2. The data

•i show that all hazardous constituents that were detected in the
tailings pore water (Attachment D-4) are below or close to their
detection limits in the first effluent pore volumes except arsenic,
cadmium, molybdenum, nickel, selenium, uranium, zinc, strontium,
fluoride and nitrate; small amounts of strontium and fluoride were
released by the test materials except the two samples containing
peat which partially attenuated fluoride; all materials released
nitrate.

The concentrations of strontium, fluoride and nitrate in the
groundwater of the Mancos Shale and the Dakota Sandstone
(Attachment E) at the Cheney disposal site are below or close to
those in the first effluent pore volumes (Table 2). This implies'

• that strontium, fluoride and nitrate leached naturally by meteoric
water from the geologic materials above the groundwater at the
Cheney disposal site do not significantly elevate their
concentrations in the groundwater.

Table 3 shows that all column test materials attenuated arsenic and
cadmium below their EPA MCLs; attenuated more than 85 percent of
uranium, vanadium and zinc, and attenuated variable but significant
amounts of molybdenum, selenium and nickel. It should be noted that
the concentrations of all of these hazardous constituents in the
test fluid were higher than those in the tailings pore water
(Attachment D-4). If the tailings pore water concentrations were
used in the column tests, it is likely that the concentrations of
these constituents in the effluent solutions of the first pore
volumes would be close to or below the EPA groundwater standards.

In summary, the batch and column, test data demonstrate that the
alluvium and the Mancos Shale underlying the proposed disposal site
will attenuate the hazardous constituents present in the tailings
pore water; and it is likely that the concentrations of the
hazardous constituents in the tailings leachate would be reduced
to below the EPA standards due to attenuation by the alluvium.

Results

the results are presented in tables 1, 2 and 3. See the last
paragraph above for conclusions.

References

All included in the attachments.
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TABLES AND ATTACMENTS

Tables

Table Description

Test fluid composition and hazardous constituents
attenuation data from batch tests.

2 Chemical analysis of the first effluent pore volumes in
column tests

3 Percent hazardous constituents attenuated from the first
effluent pore volumes in column tests.

Attachment Description

Batch and column test procedures.

B Description of the composite samples used in the batch
and column tests.

C PPOy-sical an~d chemical prope jes of the composite
samples.

D-IV/ Composition of the spiked groundwater from well 589.

D-2 (Hazardous constituents detected in the pore water

of the Grand Junction tailings.

D-3 compositions of the test fluids prepared by mixing water
samples from the lysimeters installed in the tailings
pile, and spiking with known concentrations of hazardous
constituents.

D-4 Reproducibility of column tests: Chemical analyses of
the first effluent pore volumes of the triplicate

Ecolumns of individual test materials.

Groundwater quality of the Mancos Shale and the Dakota
Sandstone.
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/Results of the batch tests, cheney disposal site, Grand Junction,
Colorado

Concentration of hazardous constituents, mg/1
(percent attenuated)

Test solution

Test pad Alluvium
(GCM-2, -3 and -4)

Homogenized Alluvium
(GCH-1)

Hancos Shale (GCM-5)

As

0.016

(i9.3)

0.024 /
(99.0)

F°°.0

Cd-

0.076

HO

6.20

<0.005/ ) 20

0.006./ /(.92.1) ý

Se

8.4 //

4 80
(42.9

3.50
58.5)

2. 10
(75*)

0.005 /
(93.4)

5A51

.e.'
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Table Z

Chemical analysis of the first effluent pore volume
tests, Cheney disposal site, Grand Junction, Colorado

Concentration in mg/1
Sample No 179-1 179-2 179-3 179-4 179-4410%

peat

from column
o

Peat

Al
Sb
As
Ba
Be
B
Br
Cd
Ca

a Cl
Cr

t Co
4 Cu

F
o Feu Pb

Hg
o Hn

N03
P04

Se
SiO2
Ag
Nia

Sr
P04

Sn
T•S

U
V
Zn

C 0.50 (0.50
<0.001 <0.004
0.003 0.005
0.100 <0.10
<0.050 <0.05
3.583 2.85
0.420 0.85
0.0006 0.0009
648.33 503
1900 2033
<0.100 (0.1
<0.05 <0.05
0.20 0.10
1.6 1.67
<0.2 <0.2
<0.001 (0.001
531.77 500
0.533 0.50
(.0002 (.0001
3.033 2.6
1.2 1.167
340.20 77.43
0.167 0.167
26.67 20.0
0.567 0.67
26.16 22.0
<0.05 <0.05
3076 3720
8.92 8.8
7486 8150
<0.01 (0.01

<0.02 <0.02
14528 15589
0.6633 0.114
<0.100 <0.10
0.233 0.167

<0.50
0.0013
0.0057
<0.10
<0.05
2.75
14.33
0.001
908
3433
<0.10
(0.05
<0.10
1.733
<0.20
<0.00:
423
0.10
<.000:
1.10
1.033
438.4
0.233
5.0
0.20
17.83
<0.05
4193
11.92
7066
<0.01
<0. 02
16286
0.042
<0.1
0.20

<0.50
0.006
0.005
0.10
<0.05
4.23
5.47
0.0008
503
3067
<0.10
<0.05
0.167
2.533
<0.20
L <0.001

673
<0.10

1 <.0001
1.67
1.33
584
0.10
25.0
1.43
26.83
<0.05
5682
10.32
11566
<0001
<0.02
21822

7 0.108
<0.10
0.133

0.533
<0.001
0.006
<0.1
<0.05
3.867
2.077
0.001
650
1966
(0.1
<0.05
<0.133
0.467
0.133
,0.001
505
0.60
<.0001
0.633
1.533
668
0.233
16.70
0.70
36.0
<0.05
3358
7.7
6130
(0.01
<0.02
13220
0.094
<0.10
0.267

0.566
0.001
0.012
0.10.
0.05
0.1
0.2133
0.0022
1600
1400
0.1
0.05
0.10
0.20
0.433
0.001
473
2.933
0.0001
0.50
0.90
1935
0.967
26.67
0.03
55.83
0.05
458
9.33
2879
0.01
0.02
8755
0.0057
0.10
0.267

(1)
material

Arithmetic mean of three column-effluents for each

.ri" I I
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Table 3

Percent hazardous constituents attenuated from the first pore

volumes in the column tests, Cheney disposal site, Arand

Junction, Colorado

Percent hazardous constituents attenuated

Sample No 179-1 179-2 179-3 179-4 179-4*10% peat peat

0 As 99.4 99.91 99.99 99.91 99.89 99.76

, Cd 99.91 99.86 99.86/99.89 99.83 99.86

Ho 31.14 40.91 96.07 62.05 85.61 86.64

CNi 78.95 79.53 97.32 80.12 73.10 84.21

o Se 82.82 79.79 93.94 66.58 78.79 99.09

U 85.38 97.04 99.96 97.20 97.56 99.84

: Zn 96.97 97.83 97.40 98,27 96.53 97.40
0

I-

S€f
e=I
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CDate: March , 1990

REVISED PROCEDURE: Section 16-1-8 Date: 0912488 Effective: 10-2748

M11LE: Batch and Co~lumn Testing

1.0 PURPOSE

Provide a procedure to perform batch and column leach tests on uranium rnll tailings,
solls, sediments, or combinations and mixtures thereof.

LO SCOPE

This procedure Is applicable to TAC and Its contractors or subcontracors who have
responsibilities and duties to perform batch or column leach experiments. Further,

ortions of Section 10.8.2 enthled "Packagjng andShipping Piocedure for Unassayed
ailings Samples', Section 14.4.1 entitled "Soli and Rock Core Borehole and Test Pit

Logging', Section 16.1.10 entitled *Field Measurements of Water Samples for
Temperature, Conductivity, pH, Alkalinlty, and Total Acid, and Section 16.1.13 entitled
"Field Measurements of OxidationfReduction PotenUal (Eh) In Water Samples', are also
applicable to this procedure.

3.0 SAFETY GUIDANCE

Safety procedures outlined In this section must be followed when applicable to sample
collection, moisture content determination, batch leach experiments and column leach
experiments. Exposures to hazardous chemicals and radioactive materials must be kept
as low as reasonably athievable In accordanoe wtth the ALAPA principle. AlI hazardous
and radioa&.tve materials must be properly stored a•d transported (Section 10.82).

3.1 Analysts haundling hazardous sndfor radioarctve samples must wear appropriate
attire (e.g., rubber gloves, lab coat, glasses and dust masks) to limit unnecessay
exposure.

3.2 Attre, where practicable, shanl be disposable and will be disposed of in a
designated container.

-3.3 All analysts working at the Rad Lab must have and wear a TLD badge to document
radiaton exposure(s).

-3.4 Analysts must be properly tra1ned In the use of radiation survey meters prior to
conducting sample or contamination surveys.

3.5 Ail radioactive materials stored In the North Bay or Geotech areas must be signed
oW using the Log Books for each area.



.3.6 Analysts must 8XeVclst cauton and provide controls when practicable -to pre vent A

unnecessary exposure, Contamination of laboratory equipment Anid release of y
h'.azardous anid/or radioactive materials.

3.7 All hazardous chemicals such as acids must be property stored when not In use.

5.8 Containment must be provided when Iqulds containing hazardous and/or
radJoactive materials are being used.

3.9 Every attempt must be made to avold prodyetion of mixed wasles by separating
chemical and radioasctve wastes whenever possible.

3.10 Analysts must Immediately notIfy the Radiation Proteltion Officer If radioactive
materials are released and notify the Laboratory Manager If hazardous chemicals
are released.

3.11 Spilled or released hazardous anc/or radioactive materials must be cleaned up as
quickly as possible following notfication procedures of 3.10.

3.12 Contarnlnated labware and decontamination wash solutions must be placed In
se•arete designated disposal containers.

4.0 CHEMICALS AND REAOENTSr

4.1 Laboratory Reagent(s)-Consult with Geochemist or Hydrologist to determine
reagent grade chemicas, reagents, or other soluetons required for experiment.

4.2 Synthetic Ground Water-an aqueous solution comprised of reagent grade
chemirals or solutions that approximate ground water sample conoentrations
based on previous laboratory resufts. See 8.1 and 9.1.

A. ALTERNATE. Mix distilled water with tailings, soil, sediments, or other
combination(s) anrd mixture(s) of samples. Finer and use the fiftrate for the
exerimoen. Record weight of sample and volume of distilled water used.

4.3 LtMbanLt-. aqueous solution that contains a compound which wilt promote the
dissolution or desorption of soluble consttuents, wthn the aquifer matrix. See 8.1
and 9.1.

A. Prepare Ix.Mant soluion(s) as required by the Geochemist or Hydrologist.
Record weight of lxviant(s) added to liquid and volume of liquid used to
prepare solution. Specify LxMant(s) used. NOTE: ULquid may be distilled
water, ground water, or other su1table liquid.

B. Prepare ExlMant(s) kI solid form, as required by the Geochemisl or
Hydrologist. Weigh ExUviant(s), mix with sample or add loxant to column.
See B.1 or 8.2 below. Record weight of ixMant(s) and sample used.
Specify lxUMant(s) used. NOTE: Sample may consist of railings, *oil,
sediment, or a pre.odeterrmlned combination and mixture of these media.
S..8.1 and 9.1.

1. Determine Ex lant(s) to be used, weigh out appropriate atliquot, and mix
well wfth sample. Add mlxture to column as direMted In 9.4.



2. Deterrnine A vlant(s) to be used, weigh Ou a APPO ,alQuotj','nd
add to column as a single unmixed layer. NOTE: Place WlxJant on top
or bottom of column.

4.4 Water, deiorozed (ASTM Vass If or better). Sgo Referoroee 11.2.

4.5 Nitric Acid: HNO3. Reagent Grade (-7M%: -16 M or -1.'l5W

4.6 8Ilica sand

4.7 Radlla Wash or eqULv~an! (Use for rdloactlve docontamination).

A. 80% (vN) Radlac Wash SolItion: Add -,-BO ml. of Radlac Wash to a 2.000
rnL graduate cylinder containing -1300 mL of deionlzeod water and mix well.
Add delonIzed water to the 2,000 ml. mark and mix wail. Pour solution Into
a polyethylene container labelled wfth 1'-3D% (vNv) Radiac Wash Solution,

=00 mL Radiac Was/2,000 mL dolonIzed water, date, and Intils.

B. ALTERNATE. 5% (wNv) Na.EDTA Solution: Add 50 grams of Totrasodium
EDTA reagent powder to a 1000 mL volumetric flask and add -500 mL of
distilled water to dissolve the EDTA powder. Add distilled water to the 10D0
mL mark on the flask arnd mix solution well. Pour solution Into plastic
container. Label container wfth "DeCon Solution', e--5% (WIV) Na4EDTA
Solution%, 60 g Na4 EDTNIoter of distilled water', add date, and Intial.
Dispose of solution Into toxic or hazardous waste container ftiir 6-6 weeks
and replenish sol6tion with a fresh batch of EDTA solution.

5.0 EOUIPMENT AND SUPPLIES

5.1 Portable Radiatkion Survey Metors:

A. Beta-Gamma

B. Alpha Scintillaion

6.2 Top Loading Salwrb, 0.1 9

5.3 AnaWlytcal Baance, 0.10 mg.

5.4 Wrist Acton Shaker: wlth timer and autornatic/manual operation

5.5 Conductvtty Meter wtth thermocnter

5.6 pH Meter, whth automatic temperature compensator (ATC) and whth expandable
readout.

5.7 Thermometer

5.6 Refrigerator W at 40 C.

5.9 Drying Oven: 0-2000 C. Range

5.10 Pump, perlstatsic: wtth variable speed, with 3/16' Ld. tublng.



.5.11 Pyrex or polyethylene beakers: 60,100. 150,0•2, 400 mL

5.12 Pyrex or polyethylene Erlenineyer tasks: 125, 0, 500, 1000 rnL

5.13 Pyrex or po:Ahylene graduate cyinders: 0, 100O. 250, and 500 mL

6.14 Pyrex filter flask, heavy duty:. 000 2=.

6.15 Pyrox or polyethylene fller apparatus: 50, e00. BO mL

5.16 Moers:

A. Membrane fifter; 0.45 U, 2" diameter

B. Glass Sber tutor (for column(s); 75 mm diameter, Micron Sep

C. Polyethylene Soter disc (for column(s): --48 dIameter and wi

arations, Inc.

h 15-25 holes In
the disc.

D. MIni-Capsule fitter (No. 12123) or equivalent: 0.45 urn. Gelman Sciences

5.17 Stoppers:

k. Robb-er; Nos. 7. 8. V. and 10

B. BakeTilte or equivalent (for columns); machined, 4' diameter wth 3116 o.d. x
-.-3" length glass or polyethylene tube located In center of stopper. Two (2)
each for each column.

6.18 Column(s), polycarbonate. Purchase from local supplier and cuW Into appropriate
length.

A. -12" x -4" Ld.

S. -41" x -4' Ld.

5.19 Tygon tubing or equralenrt

A. 3/16al.d. x 1116" wa•f

B. I12'Ld. x I/8"wal

6.20 PL•aic Pans: -12' wSh x -14' e1n;th x -8' height

521 AJumlnum pans (to hold sample): disposable

5.22 Laboratory Log Book

6.0 PROCEDURE: Sample Collection

© Safety guidance provided In 8.0 must be followed, as applicable, for this
procedure.



0 Kt the jsemoles are conerntenateg, porftins of Sectilon 10.8.2, are 01pca loi this
pi•ocdure. I the &amples eve untonmtenlneled, portons Of Section 14.4.1 are

applicable to this procsdure. Saiple collectors must be fernlflar wh and use
appropriate portions of Section 10.5.2 an'd Section 14.4.1.

6.1 Collect tailings, soil, or sediment samples whh c•ean utensils and store In sample
containers. Mix simple well.

6.2 Determine radioactivfty of sample and record value In uR/r on sample date sheet
and on sample container. NOTE: Use calibrated portable radiation survey
mnter(s).

6.3 Prepare logs of test pits and core holes according to Section 14.1.4 of the
Albuquerque Operations Manual.

6.4 The methods for cleaning labware used to collect the sample(s) wll be dependent
upon the components of Interest, (e.g., samples collected for organic analyses
should not come In contact wfth plasUtc, etc).

7.0 PROCEDURE: Moisture Content Dotermination or Preparation of a Dried Sample

o Safety guidance provided In 3.0 must be followed, as applicable, for this
procedure.

0 Use ASTM Method 221, see Reference 11.1.2

7.1 Weigh 100 9 aiiquot of sample Into s sample container labelled wtth sample
Identlcation number. Record net weight as "wet weightr. Sample consists of
tailings, soil, sediments or any combination and mixture theroof.

A. AL.TERNATE. If sample kI to be analtzed as a wet sample. omh all of 7.0
and proe•ed direcJy with 8.2 or 9.2.

7.2 P1a8e sample contaner Into a drying oven, set temperature controller to 1000 C.,
close oven door, and turn oven on. Ch•ck temperature reading on V*
thermometer periodily.

A. Oven should be loated In an exhaust hood or should be vented out of the
building wth appropriate exhaust tubing.

7.3 Dry sample for 4-12 hours. Upon completion of drying time, shut off Oven, and
allow sample to cool to room temperature. NOTE: Length of drying time depends
on type of sample and amount of moisture In the sumple.

7.4 Weigh sample and record net welght as Tory Weight". Record the following
Information In the laboratory log book: A) date and time of determination, 8)
sample number, locaton, and description, C) mass of sample before drying (Wet
Weight"). D) drying time and temperature, and E) mass of dry samplo (Dry
Weight').

7.5 Cal.•late and report percent moisture as folloms:

% (Wet Wel;ht -Dry Weight) + Wet Weight X I1DO%.



7.6 Pulverize dried sample by placing sample Into 3 or 4 heavy du•y plastic bags and
Oush sample Into Mine dust by beating bag wth a rubber rnallet. Mix Sample by
shaking and tumbling bag. NOTE: I necessary. use additional bags If bag(s) &r0
punctured.

A. ALTERNATE. Use a morlar and pestle to pulverz•e the sample.

7.7 sample now roady orn alysts.

8.0 PROCEDURE: Batch Leach Experiments

0 Safety guidance provided In 8.0 must be fo6lowed, as applicable, for l•Is
procedure.

o ,'Perform Balch Leach Experiments according to the JEGmodlfied version of ASTM
QMethod 431943. See Reference 11.2-

8.1 Consult with Gec-emist or HydrologIst to determine method of batch preparation
and use of solution.

A. Should sample(s) be anayzied In wet or dry form? Should solid Wixvant(s)
be mixed wtth the sample?

B. What kind of WixMant(s) will be used? Will Wlxiants reqjuire mrxng before
use? What Is the compostion of the lixWant(s)? Mixtures? What will
'groundwater" consist of (i.e, distilled water, synthetic groundwater, shte
speIfifc groundwater, or other solurton)?

C. What volume in mL vwll consthute a VPore Volume'/" After what pore
volume(s) should samples be collected?

8.2 Welgh 200 g of a wet sample Into a 1000 mL. Erlenmeyer fask labelled wth sample
number. Weigh sample to the nearest 0.01 0 and record weight as wet weight.
NOTE: Sample Is tailings, soi•, sediment, or a combrninaon snd mixture thereof.

A. ALTERNATE. Weigh out 75 & 5 g of a dried and pufverIzed sample Into a
D00 mL Elienmeyer task. Weigh sample to the nearest 0.01 and record

weight as dry weight.

8.3 Add -400 mL of distilled water to the tfask and nx solution. Record volume In log
book. Stopper lask. NOTE: Use, If required, synthetic ground water (see 32).
sete spece1ic ground water, or Wie•ant solution (see 3.3) as a leach medium. Add
iquid volume equal to -fou (4) times the amnourt of solid sample.

A . A.TERNATE. Add -300 mL of distilled water to the flask of 8.2. Stopper
flask. Record volume In log book. See NOTE of M..

8.4 Mount ftasks on Wrist Action Shaker and tighten clanps so that flasks do not
rnove. Place a plastic pan beneath flasks so that lks or spills may be caught In
the pans. CAUTION: Neck of tlask or clamp may break due to excess pressure.



8.5 Turn on shaker and shake samples for 60 minutes. During shaking period, check
flasks perlodlallv to make sure they are secure and to sea H lqSuid and samples
are mixing well. k necessary, stop shaker and tighten daamps. After shaker stops,
allow samples to set for 2-4 hours.

8.6 Repeat 8.5 onoe more. Allow samples to set ovmmight Check stoppers and f•asks
for leakage.

.1.7 Repeat 8.5 and 8.6 each day for two (2) more days. NOTE: Samples must be
shaken twice a day for three (3) days.

8.8 Without &;hatlng sample solution, loosen clamps and carefully remove tasks from
the shaker, loosen stoppers, and place samples on lab bench.

8.9 Fitter sample solution Into a dean 1000 DmL erienmeyer task labelled with sample
number and gently mlx solution. Observe and record physical description of the
fitrate (e.g., dear, cloudy, color, etc.). NOTE: Record date and time of sample
collection, sample number, and description.

A. NOTE: Assemble fifter apparatus as follows: Placo - 5- feet of dean
3116" I.d. tygon tubing Into peristaltic pump and hand tighten screws. To
outlet end of finer apparatus, add Mini-Capsule finter (see 5.16D) and tighten
hose clamp. Rinse unh wMth -1000 mL of distilled water. Unht now ready
for sample and filtration. NOTE: Adjust pump rate to desired speed.

8.10 Divide filtrate Into appropriate aliquots for toild or laboratory analysls.

A. Pour a 200 mL aliquot Into a precleaned 16 oz. sample bottle. A.dry
aliquot to pH 2.0 wtth 2-3 mL of HNO 3 and mix well. Label bottle wht•
sample Identtfication, `M', "HNO3 added', date, Initals and comments (f
any). Refrigerate sample at 4o C. Ship samples to the laboratory for metals
determinaton.

B. Pour a 200 ml aliquot Into a pre.c.eaned 16 oz. &ample bottle. Label bottle
wfth sample Identl1cation, OA-I', "No preservative added', date, Inhials, and
comments (f any). Refrigerate sample at 40 C. Ship samples to the
Laboratory for anlon detenrrnations.

C. Pour a 100 mlK aliquot into a preo-ieaned 16 oz. sample bottle. Label bottle
wMth sample Identrlation, 'Parameters', *No preservative added', date,
inhials, and omments (Hf any). Refrigerate sample at 40 C.

8.11 Perform chemical measurements at the time of collection according to sample
analysis requirements (e.g., pH, Eh, Conductivfty, excess rEMant, and alkalinny).
Use aliquot from 8.100 above. Use paragraphs 7.0, 8.0, and 9.0 of Soction 16.1.10
for these measuremerds.

• A. Calibrate pH Meter. Record standard(s) used as well as date and time of
calibration. Measure sample pHs and record dat.L

B. Caribrate Redox Potential (Eh) Meter. Record sltandard used as well as
date and time of calibration. Measure sample Ehs and record data. NOTE:
Use SeOton 16.1.13 for these measurements.
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C. Calibrate Conductance Meter. Record date and time of caibrtitlon as well
as standard(s) used. Measure sample conductance and record data.

D. IK sample volume permIts, determine alkalnhy of sample. Reord data on
sample analysis sheel

8.12 DIspose of sample by adding -50 mL of distilled water to ftask and swirling sample
mIxture until sample Is suspended. QuIckly pour sample solution Into a ra:waste
container. Rinse %ask wth --$0 mL of distilled water and repeat swirling. Pour
solution Into a radwaste container labelled with °Redlosctlve Waste', Site name,
and date. Add contaminated labware and sample waste solution(s). Store In
Radwaste storage reaL

8.13 Clean uncontaminated labware (e.g., beakers, flasks, etc.) by soaking labware
overnight In -34% (vW) Radiac Wash an'd by washing them with a laboratory
detergent. Rinse labware a mlnlmum of three (3) times with hot water followed by a
minimum of three (3) rinses of delonIzed water (see 3.1) and allow labware to air
dry.

A. Soak uncontaminated labware overnIght In a 30% (•V) Radis:. Wash
Solution. Saye solution for 6-8 weeks. Dispose of solution into designated
rac+waste containers and fill the soak container wfth fresh solution of diluted

eRadiac Wash. NOTE: As an ahlernate, use -15% (wNv) Na 4 EDTA Solution.

9.0 PROCEDURE: Column Leach Eperiment

© Safety guidance provided In 3.0 must be followed. as applicable. for this •---
procedure.

9.1 Consult w'th Gechernist or HydrologIst to determin rnethod of column
preparation and Collection of eluates.

A. Should sample(s) be analyzed In wet or dry form? Should solid Ixvlant(s)
be mixed with the sample and added to the column or added to the column
as a single layer? Should vacuum be used during part or all of column'
procedure? Should groundwater or Wlxvant be added to th top or bottom
of the column? Should sample be elued from the top or bottom of the
column?

B. What kind of rixMant(s) will be used? Will IWx~ants require mixin; before
ue? What Is the composItion of the WIxvant(s)? Mbxures?

C. What volume In tnL will constItute "Pore Volume" After what pore
volume(s) should samples be collected? What liquid, Ir required, will be
contained In the reservoir (e.g., distilled water, synthetic groundwater. sie
sp•ieca groundwater, Wx.art, solution, e4t.)

9.2 Determine radiosc•Mty of the sample In uWhr. Record value on sample data sheet
and on s&.nple container. NOTE: Compare radioact=•fty values of that on the
sample container to the sample to be pro.essed. K noessary, consuft wtth
Geochemistiftdrologist to determine laboratory precautions to be exercised when
proc.essing the sample.



9.3 lasemble clumn for e ( 4'rlm)ntn,

A.sr Take clean column r-12 x 42 I.d.) end Isert e machined stopper. NOTE:
Apply a small amount of Inert lubricant on the side of the stopper and push
stopper Into column. Use same prooedure for longer column (.e., --48 x
-4' Ld.).

0. Place column onto column rack and tighten clamp.

C. Place a plastic pan directly underneath the column so tht any laks or
spills from the column may be collected.

D. Through the open end of the column, add a 1fter disc (-4' dla.).

E. Add a glass fiber titter (7'mm dia.). Place the fitter so that It Is adjaent to
and lies ftat on the fitter disc. NOTE: ise a rod or other suitable instrument
to properly Insert anW place the t•ter.

F. Add -100 g of slica &and onto finer and level layer of sand.

G. Column now ready for sample (i.e.. tailings, toIl, sediment, or pre-
determined combinaton and mixture).

9.4 Welgh out a predetermined amount of sample and odd sample to the column.
Record weight of sample. Pack column. This Is one VWr.

A. In the event that solid UIxMa•nts are to be added, prepare simple according
to 3.3 B.

9.5 Continue 9.4 until ten (10) Ifts or -10D of sample have been added to and packed
In tte coluWn. NOTE: The density should result In a transmissvtty factor equal to
10 to 10"9 cnmsec. The upper two Inches of the column will serve as a louldreservoir.

9.6 Complete filling of the column by adding -100 g of silica sand onto the topmost
layer of the sample.

9.7 Place a 4' dia-neter glass fiber taller on top of the silica sand layer and a Shter disc
on top of the Sher.

9.6 Place a Bakelite stopper Into the top of the column and push siopper Into the
column. NOTE: Lubricate the sides of the slopper wfth petroleum or silicone Jolly.

9.9 Connect one end of the column to a 2000 mL Citer task wth 9/16 Ld. tygon tublng
a.nd the other end of the column to a reservoir with 3/166 Ld. fygon tubing. Adjust
reservoir height to -60 Inches from top of column. This Is sometimes called1:' 'head'. NOTE: Reservoir wvl contain a solution sperilled by the Gohamlsl or
H-tydrologlst. See 9.1.

9.10 Open reservoir and aVow liquid to flow Into column. Anow the column to fill with
Squid and the solids to become saturated wlth the liquid. When column has been
saturated wth liquid and lquld begins collecting In the collectVon fask, adjust
column exit tlow rate to one pore volume per clay OR to tflw rate specified by
Geochemist or Hydrologist. Adjust the head to ensure a minimum tow rate of one



•re volume per five days. NOTE: A pore volume Is the amount of Vquid(1- 44.111reds11aturate the sample In the column.

0.11 Collect sample(s) for aalysis dire*tl from the column effluent stream and alter
ilution of the following pore volumes: 2, 5,10, and Immediately before termination %.

of the experiment. NOTE: Determine and record effluent characteristics [seg., date
and time of sample collection, sample number and description, physical
clescription (I.e., clear, cioudy, brown, yellow, sic.), excess Wxmt. or any other
parameters tha many be specifc to the type of experiment].

0.12 Divide sample Into appropriate alquots for Sold or laboratory amalss.

A. Pour a 100 mL aliquot Into a pro-ceared 16 oz. sample bottle. A••dity
aliquot to pH 2.0 whh 1-2 rnL of HN0 3 and mix well. Label bottle w•h
sample Identifilation, %A.. N6K03 added"', date. Initials and comments (1
any). Refrigerate sanplo at 4Y 0.

B. Pour a 100 mtL aliquot Into a pr-cleaned 16 oz. sample bottle. Label bottle
with sample Identification, °A-11o No preservative addecrd date. Its, and
comments (If any). Refrigerate sample at 40 C.

C. Pout a 100 mrL aliquot Into a pro-€leaned 16 oz. sample bottle. Label bottle
with sample Identification, "Parameters', *No preservative added", date,
Intals, and comments (If any). R•efrigrate sample at 40 0.

9.13 Perform chemical measurements a Wthe time of colleoton ccording to sample
analysis requirements (e.g., pH, E ConducVl-tty, excess IWvlant, and alkalinity).

Use aliquot from 9.12C above. Use paragraphs 7.0. 6.0, and 0.0 of Gection
16.1.10 for these measurements.

A. Calibrate pH Meter. Record standard(s) used as well as date and time of
calibration. Measure sample pill; a record data.

B. Caribrate Redox Potential (E ) Moter. Record standtrd used as well as
date and time of calibration. measure sample Eb a record data. NOTE:
Use Section 16.1.13 for these measurements.

C. Calibrate Conductance Meter. RPcord date and time of calibration as well
as standard(s) used. Measure sample conductance and record data.

D. If sample volume perm•s •, determine alkalinIty of sample. Record data on
sample analysis sheet.

0.14 Conclude the experiment at the end of 20 days or upon addition and elution of a
lpecried number of pore volumes.

.. 15 Disassemble column apparatus and dispose of sample Into a radwaste container
blalled with :adleactive Wase', Bhe name, and date. Add sample waste

solufton(s) and contamWnated laba•eo.

9.16 Clean uncontaminated labwate (e.g., beakers, tasks, etc.) by soaking labware
overnight In -30% (vN) Rad:ic Wash and by washing them wlth a laboratory
detergent. Rinse labware a minimum of three (3) times wfth hot water followed by a



styt
minimum of three (3) frtnes of doeonlzed water (see 3.1) and allow Ikbware to air

A. Soak unoontamInated Iabware ovemlght in a 80% (vN) Iadlac Wash
Solution. Save solutJon for 68 weeks. Dispose of soluion Into designated
radwaste montainers and I11 the soak container with fresh solution of diluted
R:adlac Wash. NOTE: As an afternate, use -5% (wlv) Na4 EDTA Solution.

10.0 ATTACHMENTS

11.0 REFERENCES

11.1 ASTM, 1854. %aborstory Detemitnation of Water (Moisture) Content of Soll, Rock,
and Soll Aggregate Mixtures, Method D2216. Soil and Rotk. uile6in Sl•ones:
VlYume 04-05. ASTM, 1916 Race SL, PhiadelpNla, PA.

11.2 ASTM, 19854. *Distribution Ratios by the Short.Term Batch Methodr, Method 4319.
golt end Rock. Buildin S1tone0: VOlume 04.0. ASTM, 1916 Ram St, Philadelphia,
PA.

12.0 PROCEDURE REVIEW AND APPROVAL

" Prepauaod By':__ _ _ _ _ _ _ _ _ _ _ _ _ _ _a B: TAC Representative Date

Reviewedl By: IgFDe

Reviewed By:
TusJr Assurak'c* Manager Date

Approved By:
Projec Manager/ Date
Deputy Project Manager
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Description of the composite samples used in the batch
and Column tests.

Sample No Sample Type

GCM-I

GCM-2

GCM-3

GCM -4

GCM-5

179-1

Drill cuttings composite of the alluvium: well 835
cuttings were used

Test pad composite for the alluvium; the composite
was prepared by mixing several subsamples of the
alluvium collected from the test pad 2 used for the
infiltrometer tests

Same as GCM-2 but from a different location within
the test pad 2

Same as GCN-3 above but from another location
within the test Pad 2.

Mancos Shale composite prepared by using several
subsamples form the test pad I used for the
infiltrometer test.

Alluvium composite without the clayey gravel (GC)
and the low plastic clay (CL) fractions prepared
using drill cuttings from several drill holes at
the Cheney disposal site.

The 179-1 composite mixed with 10 percent Hancos
Shale.

Top Soil composite prepared using the available
cuttings from the drill holes at the Cheney
disposal site.

All'uvium composite prepared using the available
grill cuttings and screened to finer than one inch.

179-2

179-3

179-4
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(See Attachment E for sample description)
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BACKGRO AMD OBJECTIVE

Jacobs Engineering Group, Xnc. requested a chemical and
mineralogical characterization of five sediment samples from
Colorado. The jr±P106nated f"rom alk: bed and.

The objective of the study was as follows:

Bulk Mineralogy

includes a preliminary stereomicroscopic examination with
a description of the overall mineralogical features and
bulk x-ray diffraction analysis. Special attention will
be given to any minerals other than clays or zeolites
which could exhibit sorptive capacity (e.g. hydrous Fe/Mn
oxides, jarosites, Al-hydroxides).

• ~Detailed Clay Mineralogy

Includes the identification of clay and clay-like minerals
by x-ray diffraction analysis on the clay fraction in
various sample mounts (random, oriented, glycolated,
heat-treated mounts). SE, analysis may be used to assist
in microchemical characterization.

• • Size Analysis for Sand, Silt and Clay Fractions

Size analysis for sand, silt and clay fractions will be
made followed by x-ray diffraction analysis of the size
fractions.

I Cation Exchange Capacity

* Acid Neutralization

I Acid-Soluble Fe and Mn

* Gypsum Content

S lPyrite Content

Total Carbon and Organic Carbon

The laboratory work was performed under Jacobs Engineering
Purchase Order No. Subcontract 34-6705-S-89-0052.
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SWLKS RPC, rm AND 1MrBODS OF STUDY

five sediment samples were received at the PMT laboratories on
August 3, 1989. The samples were subjected to routine chain of
custody procedures (PMET letter of August 7, 1989). The sample
designations are given in Table 1 below.

Table 1

Sample Designations

pMET No. *Customer I.D. Weight(g)

108-1 OOCM-l4'wuC. 907.21
108-2 GCM-2 ~ 4~-~ 09.6 Got
108-3 GM-3 . 0 9.60
108-4 GCMH-4 288.98l60
108-5 ~ GCM- 5 6 0 4.1

The laboratory work included sample preparation, chemical
analyses, optical microscopyt x-ray diffraction analyses, and
micro-screen analyses.

The as-received samples were weighed and thoroughly blended.
Thereaftere adequate portions were split out for the laboratory
work. The methodology of the chemical and mineralogical
analyses as well as the quality control procedures were
according to our report of July 10, 1989.
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DISCUSSION OF RESULTS

~ ~ Characteritation
. J-I.'!;.

7-.

The samples are characterized by a low cation exchange capacity
which ranges from 15.1 to 17.4 meq/100 g and reflects a clay
adneralogy which is dominated by micas, illite and kaolinite
with minor amounts of swelling clays. Due to elevated
carbonate contents, the samples exhibit a high neutralization
potential. The sulfide content is very low whereas sulfate
concentrations are elevated. However, substantial amounts of
the sulfates are due to iron sulfates.

The results of the chemical characterization are presented in
Table 2.

Table 2

Chemical Characterization of Sediment Samples

Element

Total C,%.
Organic C,%

w Total S,%
Sulfide S,%
Sulfate S,%

Sample Designations
GCM-1 GCM-2 GCM-3 GCM-4

1.80
0.35
0.64
0.04
1.73

1.02
0.41
0.37

<0.01
1.07

Acid Sol. Fe,%
Acid Sol. Mn,%

Cat.EX.Cap.,
(meq/l00 g)
Exchangeable Ca,
(meq/0O0 g)
Exchangeable mg,
(meq/l00 g)
Exchangeable Na,
(meq/100 g)
Exchangeable K,
(meq/l00 g)

2.82 2.26
0.055 0.062

1.38
0.06
0.25

<0. 01
0.87

2.26
0.086

15.1

80.3

S.57

4.58

0.88

17.2

98.3

17..4

79.6

0.91
0.03
0.37

(0.01
1.01

2.81
0.051

16.2

58.6

7./09

2.79

1.39

94.3

0.10

GCM-5

3.18
0.64
0.08

<0.01
0.13

1.77
0.03

15.6

71.1

4.80

4.53

0.71

S.13 4.48

4.54

0.82

1.70

0.13

4.76

0.75

107

0.06

Neutr. Potent.
(t CaC0 3 / 1000 t soil)

Potential Acidity
(t H /1000 t soil)

.15

0.*16

271

0.22

Cl



Siniralogical Cba acterization

The (alluvial?) sediment samples (oCM-1 to GCM-4) consist of
gray-brown, sandy, calcareous material which contains
significant amounts of heavily altered volcanic rocks. The
alteration has resulted in the formation of various clay
minerals and considerable amounts of (hydrous) iron oxidation
products. Zxcept for sample OCM-2, all samples including the
shale are characterized by substantial amounts of carbonates.

Sample GCM-S consists of a slick, laminated heavily altered
gray-green clay shale containing noticeable amounts ofdisseminated mica.

I The Uv-light examination did not indicate the presence of
fluorescent minerals. Minor to trace amounts of magnetite and
ferromagnetic rock fragments (mostly of volcanic origin) were
found in Samples GCM-1 to GCM-4. A microchemical staining test
with 4-hydroxyaniline indicates the presence of minor amounts
of swelling clay in all samples. A Geiger counter scan showed

r a very weak response level in samples.GCM-1 and GCM-2.
I

Mineralogically all samples contain major amounts of quartz and
r clay minerals with variable concentrations of calcite and

feldspar (albite). Very low concentrations (<1% volume) of
ultrafine sulfides (pyrite) were found in samples GCM-1, -2 and
-3. Most of the disseminated and matrix sulfides have been
oxidized into hematite and magnetite both of which locally act
as a cementing matrix to brecciated/agglomerated gangue.

The sediment samples also contain noticeable amounts of
zeolites (primarily analcite and minor wairakite). Zeolites
are comon authigenic silicates in (saline) lake sediments. It
is tentatively concluded that the wairakite (hydrated
Ca-Al-silicate) may have formed through zeolite alteration.

Following are the petrographic sample descriptions.

Sample GCM-i

Brown-gray, calcareous sediment with high calcite content. The
calcite is in part well crystallized. The sample contains
considerable amounts of altered voldanic rock fragments which
consist of dark gray to red "Fbrphyritic fine grained rocks.
The fine particle fraction contains considerable amounts of
micaceous clay minerals with minor amount of swelling clay,
iron oxidation, products and carbonaceous matter as grain
Coatings. Approximately less than 1% volume of ultrafine (c1O
micron) disseminated pyrite. ,The clay minerals contain large
amounts of pigment-like he-atite. Some brecciated and/or
agglomerated particles which are cemented by hydrous iron
oxides, hematite and magnetite. A minor amount of the iron
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oxides contain unoxidized residual sulfides. Noticeable levels
of spinels in the heavy mineral fraction.

Sample GCM-2

Gray, sandy gravel with moderately rounded rock fragments which
include tuffs, pyroclastic breccias, sandstones, lava flows,
chert and quartz particles as well as ferruginoTs carbonate-
concretions (caliche-like). The finer particle fractions
contain minor amounts of bleached mica and chlorite-bearing
volcanic rock fragments. Mostof the rock particles contained
in the sample are heavily altered - some beyond the possibility
of conclusive identification. Contains small aggregates of

.. swelling clay. MaJor source of clay minerals appears to be
heavily altered fragments of volcanic rocks and/or their
pyroclastics.

Sample GCM-3

Gray-brown, calcareous gravel fraction with angular to
subrounded, heavily altered rock fragments. This sample is
petrographically similar to sample GCM-2. Many of the
limoqzitic particles exhibit coatings of manganese dentrites.
Alteration of rock fragments appears to be more intense than in
sample GCM-2. Considerable amounts of clay agglomerations and
clay coatings on larger rock particles. Approximately 30% of
brecciated/agglomerated rock material which is cemented by iron
oxides.

Sample GCM-4

Light brown, calcareous, fine grained sandy sediment with high
carbonate (calcite) content. Distinctly more quartz. Sample

"contains traces of cinnabar. The rock fragments consist of
heavily altered volcanic rocks and clay-sand agglomerations.
Most of the quartz fragments are angular. Minor amounts of
hornblende and traces of carbonaceous matter and bleached mica.
Many of the rock fragments exhibit clay coatings which are 30
to 100 microns in thickness.

Sample GCM-5

Gray-green, heavily altered shale containing fine
disseminations of less than 20 micron mica flakes. The sample
shows some lamination and disintegration. Minor to trace
amounts of swelling clay minerals and a very high carbonate
content. Small amounts of jarosite.

The petrographic and mineralogical characteristics are
sumwarized and quantified in Tables 3A and 3B.

fill
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Table 3 -

Overall Petrographic and Mineralogical Characteristics
of Sediment/Shale Samples

A. Petrographic Characteristics*

C~M-1 0GCM-2 OCH-3
- in % volume).component

Rock fragments

Clay

Xron Oxidation

n4 -4 CCM-5

30 <10

8-15 )>50

35-45

8-15

15-20

10-15

,150

10-20

2050

20-25

10-20

10-20

20 20-25 (10

Carbonates

Mineral

Quartz
Calcite
Dolomite
Zeolites
Muscovite
Albite

<10 20-30 20-30

B. Mineralogical Characteristics** 18"'.X
(other than clay minerals) 7

Major
Moderate
Minor
Minor
Min-Tr.
Moderate

Major
Minor
Minor
Moderate
Trace
Major

Major
Moderate
Minor
Minor
Trace
Min-Mod.

Major
Moderate
Minor
Min-Mod.
Minor
Minor

Major
Major
Minor

Min-Mod.
Trace

----- 0. SC fin on .0O ne - - -.00•. no - O 0C•ý SW

Major = 30->50%
Moderate 10-30%
Minor = 5-10%
Trace <5%

* Based on stereomicroscope examination

*' Based on bulk x-ray diffraction analysis
Further details would require petrographic thin section study
and subsequent modal analyses.

Clay Mineralogy

Prior to the x-ray diffraction analyses of the clay fraction,
the total amounts of sand, silt and clay were determined by wet
screen analyses of large (50-100 g) blended and split sample
portions. The results are summarized in Table 4.
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Table 4

Total Amounts of Sand, Silt and Clay Fractions

Sand Silt Clay
Sample (+63 micron) (-63+5 micron) (-5 micron)

6CMl1 57 % wt. 21 4 wt. 22 1wt*
acm-2 90 "4 " 6 i

GCM-3 86 " " 7
GCM'4 70 " 14 " 16 "

GCM-5 2 " 23 " 75 '
aMobf t o a Mf tf ,M MM.. Mm ftmm mM~f Wm... M M ft. WMMM. WMM.. . WMm WMMma.

When evaluating the total clay content as established in Table
4 by physical classification, the following features should be
considered. In soillsediment samples containing larger
feldspathic rock fragments and which are partially or
completely altered to clay or clay-like minerals, the actual
total clay content may be slightly higher than obtained by
siting. This is due to the fact that many of the gravel and
sand-sized rock fragments contain alteration-related,
encapsulated clay which will not report to the clay fraction in
a sedimentation or screen analysis. Furthermore, the
occurrence of iron oxide-cemented coarse clay aggregates will
also retain some of the clay in the sand or silt fractions.

For any clay analysis of sediments or soil samples containing
rock fragments which have been exposed to clay-producing
alteration (i.e. argillic, sericitic, propylitic, alunitic), a
petrographic thin section study concurrent with the
sedimentation screen analysis is reconmended.

Based upon the x-ray analysis of the size fractions and
microscopic work, the following semi-quantitative clay
distribution has been established.

Contained Clay- (% distribution)
Sample Sand Fraction Silt Fraction Clay Fraction

GCM-1 <5 15-20 75
G•M-2 20-25 20 60
GCM-3 15 20 65-70
GCM-4 10-15 15 60-70
GCM-S <5 10 85-90

The determination of clay minerals was facilitated through
x-ray diffraction analysis of various sample mounts (random,
.oriented, glycolated, heat-treated) prepared from -2 micron
clay fractions.

This work showed that the samples investigated contain a
complex clay mineralogy which is dominated by micas, illite and
kaolinite. Swelling clays (montmorillonite, interstratified



kaolinite-smectite, smectite-illite) occur rostly in ninor
&mounts." The clay minerals in samples mCMti and GCMl4 exhibit

poor crystallinity and/or submicron particle sizes. The major
clay minerals in the weathered shale sample GCM-S, i.e.
kaolinite and dioctahedral illite, show a good degree of
crystallization.

samples GCM-2, -3 and -4 contain minor but distinct amounts of
zeolites (analcite). The presence of the analcite-related
teolite (alteration?) mineral wairakite in samples GCM-i to
GCM-4 was already described earlier in this report. In
addition, iinor to trace amounts of a interstratified
chlorite-mc&a were found in Sample GCM-2.

A summary of the clay mineralogy and a semi-quantitative
assessment of the clays is shown in Table 5.

Table 5

Semi-Quantitative Clay Mineralogy of Sediment Samples(-2 micron fraction)

Samples

Clay
Minerals

Montmorillonite

Muscovite
(Sericite)

Kaolinite-
Smectitee

Kaolinite

Dioctahedral
Illite

Smectite-'llite'

GC-1 GCMo2 0C- C- CM-S

Minor

Major

Moder. Minor Minor

Moder. Trace Trace

Moder. Trace

Moder. Major

Trace

Major

f

Major Major

Major Major

Major -ab m

Analcite Trace Minor Trace
W- -• -oW • ýO CO• fl - fi0 f nn •fi 0000 fifinft n 00 0 O f

* interstratified

'Atl1i
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• The sediment samples (0CM-1 to GCM-4) analyzed during this
chemical-mineralogical characterization contain clay
fractions representing 5 to 20% of the sample. However,
clay-type alteration is also prevalent in the silt and
sand fractions due to argillic/sericitic alteration of
feldspathic (volcanic) rock fragments. The overall clay
content may therefore be slightly higher than indicated by
the size classification alone. The weathered shale sample
exhibits a clay content of 75%.

All samples are characterized by a complex clay mineralogy
which consists primarily of micas, illite and kaolinite
with minor amounts of swelling clays (montmorillonite,
interstratified kaolinite-smectite, smectite-illite). In
addition, there are noticeable amounts of* zeolites
(analcite and wairakite).

1 * The cation exchange measurements are in agreement with the
clay mineralogy which showed that kaolinite, muscovite and
illite are the dominating clay phases. These minerals
exhibit low cation exchange capacities of less than 20meq/100 g. The analyzed cation exchange capacity of thefive samples ranged from 15.1 to 17.4 meq/100 g.

I , • • A typical feature of the samples is a significant
carbonate content which consists of calcite and dolomite.

The presence of minor to trace amounts of zeolites may
increase the selective sorption potential for solubilized'heavy metals.

I * In addition to clay minerals and zeolites, minor
adsorptive effects can be expected from hydrous iron
oxidation products which occur in pigment-like
disseminations and as particle coatings throughout the
sample material.

WB/mkf I'D
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BACKkOtND AND OBJECTIVE

Jacobs Engineering Group Xnc. requested a chemical and
mineralogical characterization of seventeen soil samples from
the Cheney Reservoir site near Grand Junction, Colorado.

The objective of the work was as follows:

bulk Mineralogy

Includes a preliminary stereomicroscopic examination with
a description of the overall petrographic and
mineralogical features and a bulk x-ray analysis. Special
attention will be given to any minerals other than clays
or zeolites which could exhibit sorptive capacity (e.g.,
hydrous Fe/Mn oxides, jarosites, Al-hydroxides).

Detailed Clay Mineralogy

Includes the identification of clay and clay-like minerals
by x-ray diffraction analysis on the clay fraction in
various sample mounts (random, oriented, glycolated,
heat-treated). SEM analysis may be used to assist in
microchemical characterization.

Size Analysis for Sand, Silt and Clay Fractions

Size analysis for sand, silt and clay fractions will be
made followed by mineralogical analysis of the size
fractions.

Total Clay Content
Cation Exchange Capacity
Acid Neutralization

• ECl-Soluble Fe
* HC1-Soluble Mn
* Gypsum Content
* Pyrite Content
* Calcium Carbonate Content
* Total Carbon

Organic Carbon
Soil pH & Eh
Determine the Overall Mineralogy of an Unknown Rock Sample

The laboratory work was performed under Jacobs Engineering
subcontract purchase order 34-6705-S-90-0014.

Al1~t
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SAMPLES RECEIVM WMD KETODS OF M7'YY

Seventeen samples were received at the PMET laboratories on
Decenber 23g 1989. The samples were subjected to routine chain
of custody procedures (PMET letter of December 18, 1989). The
sample designations are given in Table 1 below.

Table 1

Sample Designations

PHET No. Jacobs Designation Weight(g)

179-1 GRJ-03 5-Mancos Contact wlo CL&GC Comp. 1111.0
-2 Uit to to oo

+ 10% Mancos Shale 1091.25
-3 It 1-5' Composite Top Soil 952.66
-4 " Screened Alluvium NK 1047.46

-5 GRJ-03 818 170.0
-6 " 821 140.0

* 7 of 825 199.0I 11" 833 1-5' 193.0
-9 " 901 1-5' 142.0
-10 " 933 1-5' 190.0
-11 " 938 1-5' 244.0
-12 " 941 1-5' 179.0
-13 " 953 232.0
-14 " 958 166.0I5 -1 959 1-5' 190.0
-16 964 1-5' 183.0
-17 " Flint/Chalcedony 65.8

For samples 179-1 to 179-4, a complete chemical characteriza-
tion was requested. Samples 179-5 to 179-16 were submitted for
measurement of soil pH, Eh and carbonate content. One sample,
179-17, was submitted for bulk x-ray diffraction analysis only.

I The laboratory work included sample preparation, chemical
analyses, optical microscopy with modal analyses, nicrochemical

* staining, screen analyses, x-ray diffraction analyses, and SEL
microscopy.

The samples as received were examined microscopically prior to
I any separation work. Thereafter, each sample was thoroughly

I tblended and adequate portions were split out for the laboratory
I work. In addition to the standard microscopic carbonate

I analyses of samples 179-5 to 179-16, bulk x-ray diffraction
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analyses were also performed on each of these samples. This
work was done free of charge. The carbonate and gypsum
contents. of samples 179-1 to 179-16 were cross-examined by
selective microchemical staining tests (Alizarin Red S and
Clayton Yellow respectively) followed by microscopic
quantification of the stained particles. The pH of the drill
core samples was determined on -10 mesh material using ASTm
method 9045 for measuring *oil pH. The th was measured
according to ASTM procedure D 1498-76 (electrometric
measurement of oxidation-reduction potential). For solution
extraction, a saturated soil paste was prepared. The
methodology of the chemical and mineralogical analyses as well
as the quality control procedures were according to our report
submitted to JE on July 10, 1989.

1.*

)
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DISCUSSION OF RSULTS

Chemical Characterization

Samples 179-1 to 179-4 are characterized by increased carbonate
carbon contents ranging from 1.2 to 1.86%. Virtually all of
the sulfur occurs as sulfate sulfur. The potential acidity is
very low. Significant amounts of i CI-soluble iron (3.6 to
5.4%) were found in all samples. The cation exchange capacity
in the four samples is low, ranging from 12.7 to 17.8 meq/100
g. However, all samples exhibit a high neutralization
potential ranging from 110 to 183 tons CaCO /1000 tons of soil
due to the presence of vast amounts of cIrbonates. The pH
measurements indicate weakly alkaline soil pH.

The results of the chemical characterization are presented in
the following Table 2.

.O

1.
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Table 2

Chbmical Ane.yitv of SoatHofit Samples
From ChOny Resgr.-olr

/

Total C. 2
Cfrmate oC. 2Orim1le C. K

Tostall.!..2ulft41. u. 2• /

Sulfate S. 2

yet-Sot Pa. 2gel-Setr, 1
th,~o a" ,

Cotton fte?. Cspaettym

IRWhugeabl@Co*Ibthmi~gesblo IMg0*

Ibchang..sto 20*oe

1?9-1
1.44
1.210.21

* : (0.02
0.70

3.4

0.091

7.35

it.?

62.4
2.02
0.563
0.297

1.611.30
0.23

0.75
4b.02
0.73

3.0

7.01

I."

13.10
72.6
3.73
2.20
0.377

179-3
2.07
1.36
0.21

0.73
(0.02
0.73

3.6
0.017

102
3.03

17.0

13?
5.64
2.7?
0.,?,

119-4 1
1.42
0.09

0.77
(0.02
0.77

3.t

0.062
.1103.12

15.6

69.4
4.59
3.56
0.343

119-5
1.-35
1.01
0.34

119-6
3.•4
3.33
0.31

SinpleTRel vnstt.ot.so
119-1 119-8 179-9

2.47 4.31 1.43
2.22 3.97 1.11
0.25 0.34 0.37

1.49 3.27
1.13 1.11
0.31 0.16

179-1z
2.28
2.05
0.23

179-13
1.86
1.67
0.19

179-14
1.53 '
2.26
0.27

179-15
2.04
1.320.22

3s 10o 112 #1
7."7 3.19 6.23 8.49

113 I15 70
7.3t L."9 .17

.30 83 91 0 853.2.5 3.14 3I.1U 31.3

C,
IheNmroble He Pa.eonto" 4.31 17.1

Ito

15.6 22.3

to) 110rlutrel. etentatl
(Tom o. 1110o0 Teos S11)

(TOW• n/flowTo1es sell)
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0.0" 0.02 <0.01 0.02 P.-
0R
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KLineralogical Characterization

All four: samples represent similar petrographic characteristics
and can be classified as lithic, calcareous-clayey, sandy
soils. The samples contain substantial amounts of rock
fragments most of which appear to be of basic igneous or
volcanic origin. The rock fragments also contain substantial
amounts of ultrafine hematite with minor magnetite. Some of
the lithic components are complex and would require thin
section study for further characterization.

The samples contain large amounts of carbonates most of which
consist of fine-grained calcite which is often intimately
admixed with clay or iron oxidation products. Sample 179-4
contains distinctly more ferruginous carbonates. Microchemical
staining tests did not give any evidence for the presence of
dolomite. This conclusion was also confirmed through
subsequent x-ray analysis.

Considerable amounts of the carbonates constitute a cementing
matrix for silica sand particles. Some of the carbonates have
originated from the alteration of feldspathic and/or
ferromagnesian rock-forming minerals. Certain amounts of the
carbonates occur as calcareous nodules and layers known to be
typical products of caliche (calcrete) formation. During
megascopic examination and effervescence testing, the carbonate
content of the samples appears to be extremely high which is
primarily due to the presence of fine carbonate coatings on
coarser, noncarbonate particles.

Another characteristic feature of the samples is the presence
of moderate amounts of gypsum which occur primarily as
rosette-like aggregates." Minor amounts of acicular-fibrous
gypsum were also found.

The soil sample material exhibits poor consolidation. Minor to
* trace amounts of zeolites are associated with the dark

(volcanic?) rock fragments primarily in form of vesicular
occurrences.

A summary of the overall petrographic characteristics is given
in Table 3 and additional details of the mineralogical features
are described in the following petrographic sample
characteristics.
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Table 3

Overall Petrographic Characteristics
of Soil Samples from the Cheney Reservoir Site

Sample Desionations
Petrographic

Feature M 179-1,

Gray-green

179-2 179-3

Gray-black Red-brown

179-4

Brown-grayColor

Geiger Counter
Response

Effervescence
Carbonate Test

Short-wave
UV Response

Presence of
Ferromagnetics

Rock
Fragments

Carbonate
Content*

High HighHigh

Gypsum
Calcite

Gypsum
Calcite

Gypsum
Calcite

1-3% 2-3%

Gypsum
Calcite

3-4%

30-35%

15%

10-15%

30%

10-15%

5-10%

30-35%

10-15%

5-10%

25-30%

15-18%

Gypsum
Content* 3-5%

Classification Lithic - Lithic Lithic Lithic
Calcareous- Calcareous- Ferruginous Ferrugin.
Clayey Sand Clayey Calcareous- Calcar.-

Sand with Clayey Sand Clayey
High Shale Sand
Content

11 data in volume %.
Estimate based on selective staining.

Sample 179-1

Black to light brown sample material with considerable amounts
of rock fragments. The sample is characterized by a high
calcite content and consists primarily of a micaceous sand with
relict feldspar. The rock fragments consist of ferruginous
porphyritic fine-grained volcanic (or igneous) rocks, limonite
aggregates, basic igneous or volcanic rocks, chert, calcareous
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sandstone- and rhyolite. Significant amounts of the rock
fragments exhibit attachments/coatings of clay minerals.
Relatively coarse-grained gypsum occurs as light brown,
rosette-like aggregates.

sample 179-2

plack to light brown lithology characterized by large amounts
of basic volcanic (or igneous) rock fragments, calcite and
significant amounts of shale fragments (15%). Due to the
higher amounts of clay introduced by the shale, this sample
exhibits considerably more particle agglomerations. The suite
of rock fragments is virtually identical with the lithic
material found in Sample 179-2. Zeolite minerals appear to
occur in the vesicular volcanic rocks. Most of the limonite
particles are coated with manganese dentrites. Noticeable
amounts of heavily oxidized clayey to feldspathic rock
fragments with hematite dispersion. Minor amounts of
rosette-like, coarse-grained gypsum particles, Some of the
heavily altered, carbonate-bearing material may represent
volcanic ash.

Sample 179-3

Light brown, clayey sand with greenish dark gray rock fragments
some of which are several centimeters in diameter.
Considerable amounts of gypsum. The rock fragments consist
primarily of heavily altered porphyritic volcanic (or igneous)
rocks which contained significant amounts of biotite and/or
hornblende. The sample contains swelling clays most of which
appear to be iron-bearing. Presence of zeolites is indicated
in association with vesicular volcanic rocks. The sand
fraction contains large amounts of roots and wood particles.
Minor amounts of volcanic glass (obsidian-like material). The
clay content in the coarser size fractions is primarily related
to argillized rock fragments. Minor amounts of limonite
nodules with admixed clay and carbonates. Moderate amounts of
chalcedony. The silt size particle fraction is high in mica
minerals (=mostly muscovite).

Sample 179-4

Light brown, sulfate and -carbonate-rich silica sand with large
amounts of heavily altered rock fragments. Most of the rock
particles appear to be from basic to intermediate volcanics
and/or igneous rocks which have been exposed to argillization
of feldspars and iron oxidation and bleaching of the
ferromagnesian minerals. The sample contains noticeable

P0111



&mounts of rosette-like and acicular gypsum as well as
sandstone :ragments with calcite cement.

The bulk x-ray diffraction analyses of the as-received material
confirmed that quartz and calcite are major sample constituents
followed by moderate amounts of feldspar (anorthite), gypsum,
and. titanite. In addition, pinor amounts the
Ca-carbonate-silicate tilleyite and traces of portlandite
(Ca-hydroxide) were detected. Tilleyite is almost exclusively
of metamorphic origin where it forms in calc-silicate rocks or
in contact marbles.

Additional Samples

In 'ddition to the four main characterication samples, eleven
soil samples were submitted for determination of pH, Eh, and
carbonate content only. One sample, 179-17, was submitted for
x-ray diffraction analysis. The eleven samples exhibit overall
mineralogical-petrographic characteristics which are similar to
sample 179-1 to 179-4.

X-Ray Diffraction Analysis of Sample 179-17

This sample was received as a two-inch specimen described as
flint or chalcedony. The megascopic examination showed that
the sample consisted of a gray to light gray, moderately hard,
slightly porous material which exhibited precipitation texture
and contained embedded (fossil?) wood fragments (branches).
The XRD analysis showed that this sample contains large amounts
of portlandite (Ca-hydroxide). Table 4 summarizes the mineral
phases identified in this sample.

Table 4

Mineralogy of Sample 179-17

Mineral Frequency

Portlandite Major

Calcite Minor

Wermlandite Minor
(Ca-Mg-Al-Fe-carbonate hydrate)

Ca-Silicate (hydrated) Minor
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The mineralogical modal analysis of the soil samples are
summarited in Table 5.

Table 5

Mineralogical Modal Analyses of Cheney Reservoir Samples

Vol Vol.% VolA% Vol.%
Jample Eulfidet Total Clay*o" Carbonate Gypsum

179-1 2 26 17 12
1-2 30 13 10

-3 <1 40 10 5
a-4 <1 29 29 15
-5 n.a. n.a. .9 n.a.

76 II 917 I

16
"9 10

-10 ""1
-11 " 712 " " 20 m

-/ 13 ""12"I4 1" 11
-15 ""1

Based on point count and cross-count analyses of dry bulk
samples, oil immersion grain mounts and polished sections.

P rimarily pyrite

includes all clay and clay-like minerals contained in all
size fractions

n.a. = not analyzed

Clay Mineralogy

Prior to the x-ray diffraction analyses of the -2 micron clay
fraction, the total amounts of sand, silt and clay were
determined by wet screening of a SO-gram blended sample split.
All size fractions were thoroughly examined by optical and
x-ray methods for major and minor mineral constituents. The
results of the screen analyses are sunmarized in Table 6.
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TabLe 6

Total Amounts of Sand, Silt and Clay Fractions

Sample
Sand Fraction
(+63 micron)

Wt. %

66.09

66.96

Silt Fraction
(-63+5 micron)

Wt. %
11 a. ft

11.62

Clay Fraction
(-5 micron)

Wt. %

22.07

21.27

179-1

-3 44.75 12.34 42.91

-4 63.72 13.29 22.99

The subsequent optical microscope analyses showed the following
mineralogical characteristics of the sand, silt and clay
fractions.

Sand Fractions

Contains primarily rock fragments and silica sand particles
with minor amounts of sulfates and mixed argillic/iron
oxide/hydroxide particles. Minor clay concentrations occur in
this fraction due to partially altered feldspathic rock
fragments and/or clay minerals being aggregated with other sand
fraction constituents. The sand fractions of samples 179-1 and
179-2 consist basically of rock fragments (>60%) whereas sample
179-3 is dominated by silica sand with only 5-10% rock
fragments. Sample 179-4 is characterized by increased amounts
of iron alteration products admixed with silica sand particles
and 10-20% rock fragments.

Silt Fractions

The silt fractions consist predominantly of quartz particles
with considerable amounts (25-45%) of mica (muscovite),
carbonates and minor sulfates. The clay content of the silt
fractions is low ranging from 1 to 5S.

\~-> I

04
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Clay Fractions

L The -5 micron clay fractions are characterized by major amounts
of clay minerals (25 to 59 vol. %) admixed with substantial
concentrations of clay-sized quartz and minor to trace amounts
of calcite and gypsum. The determination of the clay minerals
was facilitated through x-ray diffraction analyses of various
sample mounts (random, oriented, glycolated, heat-treated)
prepared from 2 micron clay fractions.

This work showed that the Cheney Reservoir Samples are
characterized by the dominance of montmorillonite, mica
(muscovite) and kaolinite. A summary of the clay mineralogy
and a semi-quantitative assessment is given in Table 7.

Table 7

Semi-Quantitative Clay Mineralogy of Cheney Reservoir
Samples (-2 micron fraction)

Frequency
Samle MaJor Major-Moderate Minor-Trace

179-1 Montmorillonite Muscovite* Dioct. Illite
Kaolinite Smectite-mica

179-2 Montmorillonite"* Kaolinite Dioct. Illite
Muscovite Smectite-mica

179-3 - Montmorillonite Muscovite.. J'Kaolinite"it
Dioct. Illite

179-4 IMontmorillonite Muscovite
Kaolinite

- t Mixed layering of the mica is indicated by a series of
reflections on the low-angle side of the 10 A spacing.

When compared to sample 179-1, sample 279-2 has a
slightly higher (5%) montmorillonite and muscovite
content.

Both the montmorillonite as well as the kaolinite show
distinctly less crystallinity than in the other samples.
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CONCLUSIONS

The four soil samples received from the Cheney Reservoir
site represent calcareous-clayey and sandy soils with a
high amount of rock fragments and gypsum. The additional
eleven soil samples exhibit a similar mineralogical
composition. The hand specimen sample (179-17) consists
primarily of portlandite with minor amounts of calcite and
hydrated calcium silicates. The portlandite formation may
be due to the decomposition of calcium silicates.

The clay mineralogy of the four soil samples is
-characterized by the dominance of montmorillonite,
muscovite and kaolinite. Minor amounts of dioctahedral
illite and smectite-mica were also observed.

The samples are characterized by a very low potential
acidity, low cation exchange capacities ranging from 11 to
17 meq/100 g, weakly alkaline pH and high neutralization
potentials ranging from 110 to 183 tons CaCO /1000 tons of
soil. The determination of the quantitativa significance
of zeolites introduced by certain vesicular volcanic rocks
would require additional laboratory work.

W3/mkf



ATTACHMENT D

~<>



/
V~~* 2 Couposition of the spiked groundwater fro yel wel

Lab Ho. N *g-I•I/0,9S
09/07'/89 Date Received: 09/098/9

to Cadet CR303
:etion D1 129
riple ID: 01
Rpla Date Times

Parameters

Ch lor ide
Sulfate
SOdiumo dissolved
Potassiums dissolved
liagnesium, dissolved
Calcium, dissolved
Soron, dissolved
Fluoride
flitrogen .ammeoria
Nitrate 6s ,13
Silica, dissolved
Phosphate
Aluminum, dissolved
Antimony, dissolved

-arsenic. dissolved
Barium, dissolved
-Cadmium, -dissolved
Chromium, dissolved
Cobalt, dissolved
Copper, dissolved
Iran, dissolved

Lead. dissolved
hianganese, dissolved
Miercury, dissolved
tMolybdenum, dissolved
Nickel$ dissolved
Selenium, dissolved
Silver, dissolved
Strontium, dissolved
Tin, dissolved
Vanadium,. dissolved
Zinc, dissolved
Solids, total dissolved

1100.
1599.

990
54.

S0o
.00

.3

132.
-. 2

16
.1

.002
2.3

.03

-. 001
.00
.20

-. 02

-. 0002
6.20
-. I02

8.4
.01

0 .
-. 0)1

.02
6114.

mg/l f•I -ZZ

m-112

#g/eI%9,,k -13. .1-

mg/I

mg/I *... ....

Ig/I
mg/I

/1
-In

mg/l

mgj / I

th;/ I

mg/I•/1

mig/i

mmyrkst

otS: Negative sign 0-0 denotes that the value is 'less than (,s M

V V. Poulsenp Laboratory Director

L,~11
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%,Ný -VIV %" - - . %.-/

Corpositlons of the test fluids prepared by Mixing water
- satples trom the lyslmeters installed in the tailings

pile, and spiking with known concentrations of hazardous
constituents.

..Hatardous constituents Analysis date and concentration, mg/l
December 19. 1989 December 28, 1989

AG
AL
AS

11

CA
CD,
CL
CR

CU
T
Ir

No4

1K

sI:
SN

.04

IN

5.,

09000
.25

< .10

,.20

.30

675.

300.
7.25
.101,10

.7

.90

C .001

305.

7.10

5000

820.8.90

256.1C •.001

.*I.003

4.0

49.54.3.1

C .020
4017.
7.40
6536.

C .010
4.750

33.1

€ Ic
5.4,

.8
'.11

C .05
S.08

70.
.7000
710.

4CO

.•2

.7
C .2
C •.0001

I)0.
340.
5.6
4.4
896.
5.7

C .014C , I

.7
*004
3.3
48.

C .020
4042.
* 5.5
6696.

C ,010
3.852
25.8
7.7

(1) The composite water sample was prepared by m•xing water
samples from the tailings 17simeters



Reproducibllity of column tests: Chemical analyses of
the first effluent pore volumes of the triplicate
colum.ns of individual test materials.



COM¶PARI SON OF LEACHAT E DATA FROMi COLLMN s.fl
iESTS FOR ALLU'LI.M, (-GC,-CL) 174 - J

FIRST PORE VOLILfr

COLUMN COLL"" CO WIN
tYI3R KrJwER MiSER

/,50 451 452 !?.AN STO

AL ( V.5 ( V.5 ( 0.5 0.5 0
ss ( 0.001 ( .001 .001 0.001 0
AS 0.002 D.004 v.DD04 I.V3333 .0.01154
SA ( .1 ( .1 0.1 .0.1 a
BE . ( V.05 I S.05 a
B 3.9 3.2 3.65 3.5M333 0.3U4729
BR U.4 V.51 D.15 1.12 0.238117
CD 0.0007 D.000) I.,,,5 M.0M0A D.00I1
CA' 57w us. 530 548.3333 *20.20725
Ci. 22100 17D0 1800 1900 264.5751,
CR D 0.1 ( 0.1 ( U.1 V.1 V
CO M.s5 0.05 V.05 V.05 .
Cu D.3 0.1 V.2 0.2 1.1
F 1.7 1.5 1., 1.4 0.1
FE D 0.2 C 0.2 ( 0.2 D.2 V
PB 0.DD (0W.0I ( V.001 VA.D0 V

543U 50 500 5 31 .6666 32.53223
MN 0.5 0. D.5 0.S.,73333 0.0c.7735

0.000 D &N, D.D 000l1 0.00 0ll V.00014L DA0NIA
r', 2.7 3.2 3.2 3.0,33033 V.265675
NI 1.1 1.2 1.3 1.2 D.1
N0. 154.9 .70.7 805 34C.2 405.2748
PCI. 0. 0.1 D.2 0.166666 1.057735

20W3 30 26.""L4 5.773502
SE C.7 U.5 D.5 0.5,646W 1.11547D
510 27 25.5 26 26.144,U 0.7637L2
AG. ( 0.05 ( V.05 ( 0.05 0.05 V
NA 175 MC10 3m 3076?.4 1129. IU
SR 9.2 9.35 q.2 8.1166" D0.21
SU0 7137 4"51 7961 7425.446 725.1,03
TL. ( .1 ( 0.01 ( U.01 0.01 V
94 ( V.02 ( 0U2 ( V.02 I.02 V
705 15696 12898 14990 14528 IMAM5.VS
U 0.10. V.845 0.362 1.543333 C.244087
v ( 0.1 ( 0.1 D 0.1 0.1 0
ZN 0.3 M.2 .2 V.23333 0.057735
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tOWARISO.- OF LEAHAI" VATA FROM CM'UM

IEST FOR ALLW'Ul (-G,-CL)tflC, U'lNOS5 Sý£E
F1RST PORE VOL'?iEl

AS
SB
AEBE

CA
IL
CR
to

FE
ft
'B

-U
W03

M
2•

SE
sic

ER

IDm

-v
IN

0.01

1.00
0.2
35.0

D.D

240

( 0.05C 0.1I

1.6

C0.2,

ILU2

Z53
0.5

2.8

A1.2

1.176

0.2

( 0.5

C 0.1
( 0}.05

2.8
0.93

0.0007
500

2'100

0.1
1 .7

( 0.2
( 0.001

£7D
C.5

2.4
41.2
0.9
0.2

C.7
21.5

3•553.ISS
8.15
V257

(D.D1
C 0.02

I1324

( 0.1
0.1

( 0.5

0.005•La1

2.7
0.81

470
2000( 0.1

C 0.05
0.1

1.1

2.7
1.2

S.0"

1s

0.6

20.5

81.8

8150
C D.01
(N.O

15780

C 0.1
0.2

I.NN
o.0

0.3
2.1

.0.

0

2.

0.

0

1.1666
77.433

7971.6

1'74- 2"

570

.5 0
04 "'0196

U3 0..00577

.1 0
05
as V.1802
33 O.06653

U 0.000152

33 57.73502

U 0.057735
.2 a

00 30
.5 0

.6 0.2
6 E.057735

33 121 .7U
140.57735

20 13.2287S
I .057735

22 I.802775
m5 0
DD 206.2159
33 0.600694
6 405.M93

01 0
0 .2 0

.1 0

A))
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*s ,,ON OF LEACHATE DATA. FROM, COL LWN
TESTS FOR TOP SOIL
FIRST PORE V0LN,.U

Al ( D.5S ( 0.001

v Iol

BE (.05
2 3.2
ZR it

V) CA

tL 3200
CR (D.
CO ( V. 05
QJ ( 0.1
F 1.8
fl (0.2
ft 0.001

r 435
0.1

r1.2

103 440
Pi 0.1
9 5
SE 0.2

510
WA 4135

SI 11.5
$504 7055
71 (V.D1
SN- (V.02
I M0 15520

V )0.1
2N 0.2

( 0.5
V.001
0.DO6

C 0.1
(0.05

12•
" .0009

(0.1

( 0.05I

C 0.1

1.2
r.2

1.2

2It
20.7u

0.10.02
106

( 0.05
0.1

7C.2

( 0.50).002
V).005.
V.1

( 0.05
2.15

15

360

C 0.I1

0.1
1.8

( 0.2
( 0.0.1

,435
0).1

0).0001
0.¶
I

447.5
C 0.5

S
0.2
14.5

C 0).05
4Th•
11.25
7063

( 0.[01
C V.02
16714
VI.041

C V.1
V.2

IFA STO

C.A 0
1.09013M V.00577
1.005"6 V.000577

0.1 a
0.05 a
2.75 0.5401-2

11.33 V.577350
0.009¶66 V.000057
9flB.~337 14.43375
343.3.333 208.1665

CA. a
0.05 0
0.1 0

1.73"..333 .115470
0.2 B

0.001 0
423.3333 20.20725

0.1 v
C.0001 0

1.1 0.173205
1.1133333 V.152752

435.4 9.996499
0.233333 0.230540

S 0
0.2 0

17.83*33 3.253203
0.05 0

4193.333 $2.0416
11.91"6 • .9.154

7066 12.71714
D.01 0
0.02 V

16286.66 Jl00.4614
0.04266 0.001527

0.2 0

A1
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,4PARISM OF LEACHATE DATA MROI' COLMNI'
TETS FOR ALULUVI (0(1)

FIRST PORE •V.LMZi Th7
.'.~

~y'. ~~rj

657 658 STD

ILI

AS
BA
BE
a
DR

CA
CL
CR
ED
F

'B

I(Wig

flD

NI
"03

K

S1

S"•

NA
TM5
1)
v

( 0•.5
0.015
0).004

0).1
( 0.05

3.8

7

"•5

24€0
( 0.1
( 0.05

V.2
2.5

( 0.2
( O.CC:

675
( I.1

1.1
69•2.2

0.1

35
1.6
22(D. a5

10.2

ID496
( 0.01
( 0.02

I.V76
0.1
M.1

( 0.5
C 0.001
0.006
0.1

( 0.05

3.75
0.22

3700
0.

( 0.1

2.6
C 0.2

780
( 0.1

M.2
1.2

"4 .5
;.I
20

1.8
30

D. 0.5
6365
10.5

12570
D 0.D1

(V.02
21470
D. 152

V.1
0.2

2 0.5
( 0.,001

0.005
( 0.1
C 0.05

5.15
1.2

0.0006

525

3:00
( 0.1
( 0.05

V.?
2.5

( 0.2

C 0.1

2.1

20
0}.9

28.5
C 0.0$

5010
10.25
11632•

C 0.01

21698

0.16

0).1

0.5
1.60566"

0.1
0.05

.233333

573.3333
3066.666

0.1
1 .05

V.166666
2.5 33

0.2

173.3333
0.1

0}.000133

61.666666

D.313333

58i .0•333

.0.1

L 25

1.433333
26.23•333

0.05

561.666
10}.3:666

11566

0.01

I•.•
2102

0).1

" .1373

'I1,

a

0.1081a
.0
0

0.794250
4.680612

0.0002

33.291"
650,.6407

U

0.07735
9.057735

.
0

107.5094
0

0.000057
0).45092
V. M7735
79.89407

a
8.660254

4.25214C
a

677.15753
.I16D727

10M8.574

0258.22B

I.U57735

-).IN cc-i

Al)
I I
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MARMSON OF LEAN~ATAE DATA FROM¶ COLtR'
ESTS FOR ALL?"M (0(1')HIC PEAT

FIRBT PORE VOLVIE

S= Is fC4+& '18" fv-'

"5 '4I 6"7 MCAN STD

AL ( 0.5
s* ( 0.001

AS 0.003
BA D.I
BE ({0.05

1B 3.3
1BR 0}.5

fD .0012

LA 6IS
EL 18:0
re 0.1
CO (C.05
tU V.2
F 0.5

: 0.ocl

0.,5

fG (B0OD1
hO (0.5
tw1 1.4
*13 VMS.8
POA 0.2

SE 0.4
SID U4.5
lz ( 0.05

AIA 3175
SR 6.8
504- L075
1L ( 0.01
SN ( 0.02
,a6 12764

0 .076
U ( 0.2

.2N I0.2

( 0.5
0.001

C 0.005

C 0.15

150

C 0.05

0.5
0.0012

V.6

C 0.1

•1.6
0.2
15

D0.

34:

WOO

7. Ds
,'$9os0.01

0.2
1.5

a.,
(0.001

0.01

C0.1

( 0.05
5.3

700
2800

( 0.1
( 0.05
( 0.1

0.4
1.2

0.31
7•0
0.7

C. 000

C 0.5

9.35

20
1.3

7277
C 0.01

0.135
0.1
0.3

D.133

0.1
0.05

2.074444

CAM

0.1

W.05

0.133333

1. 13366
0.001

0.5

3M.4333

1.533333

0.02
n48.20.39e333

0.7
63'

0.01
0.02

0.1

0.057735:0

0.003405
V
0

2.28D22L
0.000057

50
763.7626

0
0

0.057735
0.U5"7735

0.1
0

0.230940
0. 115470
293.88,

2.U 751

1.802775
0

132.•.i5
1.38144L
11204512

a
c

3218.179:
M.3275

0
1.057735

I

IV)



VWARISON OFLEACMTE DATA FRMll COYtU1
TESTS FOR PEAT

FIRST PORE VOL•"•E
PU f

663

AL
SB

AS

SE
B

SR
to
EA

toCR
CO
Di
f
FE

If

NOS

510

NA

.SR

sm

IL
SIO

V

( 0.5
C 0.D0!

0.1
C I0.05
C 0.1

0.28

1600
1400
9.1

C0.1
0.2
0.4

( 0.001

I2.

V .0001

0.8
1935.4

25
0.03
5$6.5

C0.05s
46D
9.7

2B24

(V.028778

0.1
0.3

0.7
1.001
0.016

Moll

1•00
0.1

(0.05

C0.1

.8.2

0.001

1.400

3

D.1
1(.1

0.2

D.9

4071

3D

0 .003?( U.5

1.1

V.t,

V.03

8.60

C0.01

0.2

1600

C 0.5

C. 0.00

0 .011

0.1

(0.05l

( 0.1
V.24

1690
2.9

V0.02
( 0.1

0.2

U.5
C0. Ds

L4L

2.5

V.020

0.8
1535.

25

56.5
C 0.35

( 0.01

0).1
0.3

tEAN

0.001
1.01233

C.1

0.1
I.213•.33
U.t01233

1400
0.1

0.05

0.1
.0.2

0.001

493.3333
2,53•333
0.000•133

0.5
I.9

1934 .566

M.03

0.05
458.T333

57.3333

0.1•

t0.26666

STD

1.115470
0

1.0028U60
0
0

28.56751,

6
0.1173200.0577135

0C.957735

0}.0577"35

0.1500/50

0 .057,
2.865

0
1.15471

0)
2.88675
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DIL Hazardousa constituents detected 14 the Pare water'of the Grand Junction tailings.
Iallings rare Moter Quality Statistics
Lysmowtrs 5534%, 6W-.604.* 40.&A
S$OK: CaJOl GAAIW AUSClIO
06117109 to at/15/90
£L1"I PAIIL: 01.40100

PMAIt8 IM amN OFI 50 SIAIISIICAL 9AM"
SluANOM of No = NIDOU~ IMI&RVAL DISIfINwu0Ivo 00S01 WW Imam axiom MSA I a 416101411011W ASIATION OIUCIS. NhIVIM KAXIAN liii mail

MLAIAI01 I OWL CaCO)

it ~ m. 6n.swoo 115.000 173.4411 3.4401 PA .8 M9OM~ 5W0.6N1 LOGNNIL Y,40

14 JIOB 11140153 I UP 25.0 0.am0 5.1100 NOMMWIEIC a

u3 3.06 0 2 040 2AS.900 2.4m9 PA .6 11.N" 534.364 LOOMOL I*$

14 0O1 .S17) $-Mal at a PA "A. 6.0015 0.099 IOAUPMUIC a

MUSOIC RIWL

14 0.009 1.3141 0.10611 0.0916 S.AW4 IA 3. .076 0.3W6 LOPWINA Y.0

WILI U. R= L nINUMLI

14 .005 0113 0.911 IA A P 5.6 0.002 614125 110IWMMSIIIC

13 *.0 L~s 46*74M 1.1"67 W, 0.6 0.4193 *.tug LOGNEW. 7.8

14 0.000 OW) 0011 6.0111 12.0644 NA 14.3 0.901P 4.8647 LOWMEW. 7.01

14 43.1000 1056.00001 523.W009 $47.0441 S.2415 IA 6.0 407.150 639.621 LWINNNA 7.01
RSesn m "h e s etj "R&Sian wa se everag beforte owstatisgicst calculations meom periuina Sitisetical Omama Is tam 9W purcou - aided cofdre lntervs&. a a 0.012) no. .uWsromeric diagrlhsglat a med becoui the smhtasdteisd valuese convlso Noe thaf 115. 9f Oasawtes.no te opasevin distribgatio wa ued bec~aue the data failed the poreel distribuhtionf toot.no Nh.ie mm @pWmtj6. th. ageekdrd dawiseti 6s ties value to divide or nA9IplY with thO 011m1tvi 41010

) ) )



) Tailing. Fore water ouslity sif.11etic
Lysivaters $50-556, 600-604, 640-61A
$il.' cR101 GRAND JUNCTION
08111169 t0 01/05190
hIPOSIt DAI: 01aU1/90

PAR.NEIU1 I UNIT COEFF. Z OF STATISTICAL ANG n

I SIIDAM OF NO C"-flo" s2 IuIIVM 1*i,,-IOl lool
it of Sue nss11Au I- O ut ~I MAM ISM DEIATION V~ARIAION 01IECIS MNfIMA NUlAN * lIP 10111

CULORIDE WIGL

1 2 9.7500 153.0000 1044.75 925.9fl 1.6570 NA 0.0 6n.0410 1316.1mW Lou="nW 7.51

14 0.0=1 0 .025a V.05 A 11 A 2.1 080 .0054 M"? ammmlhulc a

14 0.0.000 IA I A 3t2.1 0.025A MI.300 1OWuIA a2
cOwls R'ONP/L +

14 .0100 3.053 0.0492 NA IN IA 17.9 O.0100 M.60M UNPDRMUI11 1C a

CYNIDE SOWL to

14 0.0400 0.16U0 0.0000 0.0710 1.4920 A 4.5 0.04 8 .1030 LAOEW. I's
fLU0RIIG IE

14 0.1000 15.2000 4.1000 4.4638 2.6410 NA 0.0 2.243111 .lMI LOOIMAL r,15

9 113.0000 1020.0000 555.0000 794.7162 4.9612 NA 0.0 169.345 3730,105 L0 W. 7,

9 109.0000 o.0000 6.00 $00.5318 3.N 0.0 176.5443 1941.9950 LOIWML Tell

14 0.01501 21S."00 a. 4.4329 20.1171 NA 14.3 0.5151 RAW LOGN'L 7.5

'LEMD WAIL

14 0.004 8.067 01 NA u" 53.6 0 .005 0.04$31 N M IJEIBC - 2

note the debt at each location wa averaged before the statistical calculation mwe pl'oand
* statistical wealum Is te a 9 percent ane aided confidence Interval, a a 0.01
2) lth noMrparmtric distribAlton ow used because the nondetected values cospriee •or thm 11 of thbe se14s4.
7)1k. lognor•el distriibation oe used becaoue the date tailed the norml distribution teat.
5) lb mom Is 9sometrlc. lb. standard deviation Is tw value to divide or multiply with the geometric "at.
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Tailings Pore Water Owlity Statislics
Lylimters $50-556. 600-604 640-646
$11: GAJOI GCRAMN ,MAClw
06/17/09 10 01I15I90
UlPMI •ATl: 0107t190

PAMKIIAI 1 UNITS COtFI. x Of SIAIISIICAL NAVA
SIAIiDARD Of SM U9 callflOL IIIIIVAL 1IIIIII0IICM 10 01

9OF S;ýiuix 5155M MI M IIAN MEAN 1XIiATIIC VARIAIIOM 01ILCIS NINIM IIXIMUM TIME Noll

NAGNIESIUM WAIL

14 1511.0=00 512.5000 246.5000 265.63 1.48471 U . 0.0 200.19M 55I1.013 WQIOMML 1.6
"•"--I- I

MANGANESE Wk/L

14 1110 .3111 4.69ij 4.6067 1.6435 OA 0.0 5.2416 6.5524 IOQOUUL 716

9r 6.0w01 0.003 0.0001 IA 114 4A5.7 0.0011 0.0003 ICIIPARAIRIC2- - - -I

14 0.0°171 4.3-0 0.2462 114 N-IA 21.41 °.0IN -.,, " -" ,.,

W al l 
A o . _

14 °.020 5-.713I 0.540 0.34N 5.240 MA 7.11 0.110511 1.V 1.0001. ,.6

-. .- " I....

NITRATE

13.0 1 IA IA VA 4.21 0.40 19.00 Uww MIIC 2

13 0.2000 4.00001 0.90001 LAND0 Z.1700 IA 50 0.0 151 lGIiW 7

14 21.00I 235.5000 6•o.5se 111.776u 1.%2'1 IA 0.01 ol.d 113.25e n-L.dbrlt 7.8

RADIWM224 PCI/L I
10 1 0.0000 666.9000 16.966 NAIA 0.0 1.0505 4115.0510 NCUMPARMIEIC 9

ILADJUI-Ul PI/L I

10 0.0000 3.000 0.5500 IANA IA 30.01 0.0000 2.1000 MrWARINCIC 2
Note %be date at each location wee evsraed before tke statistical calculations were parlarned
10 Statistical malma to the 99 percent one aided confidence interval. a a 0.01
2) The simipermtric distritutlaq was used become the iwidelected values comprise awe then 15K Of thes GaqAs.
7) the lognoa.u distributgion was used because the date failed the nrust -distribution test.
8) The aen io 9eaIsric. the etandard.devielion I& Ihe velue to divide or -ultiply with the geostric wsr..
9) The nomwu arstic ditrlbution wea used because the date tailed the nonmal dislribution t1st and Includes valme SO.) )

P
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) Tailings Fare liater ou&.- -1 its
Lyaimaters 550.556, 600-604, 640.~6i
$111: 6ajot GARMD JACIIOM
08117j09 To 01/15900
369051 DAlE: 07/07/90

)

PARAMETIE UNITS CK515 zl Of STATISTICAL SAM"E
SIM.AM of b-' I 90 COMOC IMAM * ISIS I 'Maw OF g miasma NININA Ioa OXMM MEAN OfVIAMION VAIIAII(S 0 lACES *$NinaM U IlMa life sam

SELENIMI G.I

14 0.00I '.570 _;-"I - A 11 Z5.0 .- "- .*-.4j.OIw"-,IAc

SILICA i"10 I.

is 1"-" -. 0 - 35.646 1.01 NA 0.0 24.-"' 51.4" LOO"-- 7.'
SILWG I"

14 I .O0-" 0.06I 0.00I I 7•" ' "1.4 .. 'IC a

14 395.500 SM.000o M.81.0 740.6519 1.39R7 NA 0.0 554.291 935a"6 Lomas" 7.5

SFCIFIC COmDCTAIic 13110/0

is 620.0000 15M.41000 9180.00 1147.0110 1.3337 MA 6.0 5331.504 1Z35.1Z16 LOUUEW. 7.5

14 3.9133-u 5120 563 5.0564 1.163 MA 0.0 6.5421 5.6w1 LI.NOGUW. 705

12 l" 0"00 70 37 0 1.249. NA 0.0 2''.7"6 403.4271 '-"-A. 7.5

14 8.0401 60.0000 0.000 MA MA 12.4 0.0500 0.4W0 IGUALWEIEC I
IE''IW C * 06 I6

15- -- 6.3= 1-- 1 . 12.2622 1.2539 *A 0.0 10.5192 14.23 LCW.MA 7.5

TIALLIWM MGIL

14 0 .000 0.050 0.0500 IIA NA NA 100.0 0.050 0.050 UOWA3MIEIIC 2

note the date at each locatio was averaged before the statistical calc1tiuons were performd
e Statistical miiium io the 99 pe•cent m aided confidence Interval. a a 0.01
2) lbe noiparimrlc distribution was used because the nondetected values coqmrise owe then 15M 0f the sales.
7) .he logmmlmi distrilbutlon was used because the date tailed the norma& distribution test.
5) The men Is petric. lbe stand"a deviation to the value to divide or multiply with the geomtric mOan.

.IT

I|



lailinga Pore UWter Quality Statistics
Lysie ters 550-5$6, 600-604. 640-"46
Si6E: rAJOI GCAtiO JUNCIIJIN08i17'/89 10 01115190)

IEP0I1 DAIE: 07101190

4"

0>

PARAMW1LR AM~ UNITS Wil. I OF SIAIISIICAL AMS"
STANDOARD OF WIN 9U aMIUM~i4 INIMUAL 61511111111,01 1`001#O 01 J 4M 111INN I MKIAM 01AN MEAN 01WIATIiW VARIATION PMICISI 11111180 M 1158 119 misON

1106118-230 I CIJL

D .90 2.6=00 16.6"1 12.96r3 2.5m9 IA 0.0 2.6157 "4.MU LOGI(WA 7,8

a 0.60m5 0.01701 0.0025 MAA NA 15.0 0.002 0.0170 UOMPASMEIRIC 2
TOTAL. DISSOLWE SOLIDS HGI.

13 14563.0000 1055.0000 6457.000 660.30W 1.29010 MA 0.0 5447.3447 8019.1179 LOGNOUWL 7.4
TOTAL. "IJEAIIL USISOGEN HG/I

13m m m~~1~ 'i~ 'oml 10.2m V.631I I 7.7 19. 162 556.4400 "Mo6m" 1
U R ANIU M I W I L 1.

14 1 0.070j 2./00 0.9S00 0.7177 5.3430 IA 0.0 0.2573 2.5464 LO111MW

VANDIU WAIL -

14 0.0000 2.3 1.305 0.6522 14.0123 IA 7.1 0.10W2 t .3453 LOWGIW

ZINC WGIL

1il 0.00-u 7.0N3I 0. 6 0.2%44 5.8069 NA 17.1 1 .CUM 1.0191 &.0INAL

Note the dale at each location wae averaged before the staisitical calculationms mar performed
0 statistical malim Is the 99 percent si aided conildevme Interval. a a 0.01
2) lhe momarameric disrllallon was used because the nondetected values comprias ewe than 151 of the 68*es.
7) tb. lopwwiwo distribution we used because the date failed lhe normal distribution test.
6) lTe meon Io eowmtric. Ie eend"erd deviation Is the value to divide or multiply with the gemtric oan.

IWU1J DATA UIWWE:116 1 J&%PM I jI01WII000W.bAT

7,8

7.8

1.8

)) )
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Groundwater qualitY of the IKancos Shale and the Dakcota

Sandstone.
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TOiM S"lckirowund watar qaility to Usecee hum ee st the
Chewy disposal sit*. Colorsda

SITE: UIJ0S C€iiEM UKEi'II
0T/2/06 tO 06/27/90
REPORT DAtE; 0W23190

PARMILIE MM UNITS C"Ff. x OF STATISTICAL RAI"EI SIAIDAMO OF Nm 9 COMiFID9I•" SMIIVAL hIStI$IuIOU3 loaf
90 h1 MINIS S IU HAXMWM I WAIAM N E~ I VIAIION VARIATION OFElCTS I uIMIi NKU.M* IWP9 NOTE

ALKALIMNIUW OWL CMOS

7A 6.0 212.110a MU" 336.N1IU 7.81

7 ="---0 0.4300 0.1250 0A MA MA 45.0 6.0o50 0.4300 NOMIPAUEIC 2

' 0.00 4.5000 N0.500 A HANA NA 55.0 0.L0 4.5000 nNUMMEIC a
ANiIIIOUV NIG/L

6 0.0015 0.0410 1 .007 IA IA IA 36.4 0.0615 0.4410 NPCARAM IC 2.6
AR14 I~ MI

7.00i4 O.• 0.00NA NA I mA 10 00 T.004,4 OW o m NIPM IC 2

7.00 0 .060O . 60o9J HA ma ma 52.9 0.020 O.060 umwM ilC 3

6- 0.037i 0.8m50 0.0037 44 ma m 100.0 9.00Y7 LONG0 NOW*RUM IC 2.61

4 0.0001 1.7200 0.1900 IOA Ia IA 533.O 0O065 O.T2O ImuPMJI IC 2,4

IoWO 0 date at each location wei averOed before the statistical cOIculatiens OrCO perormud
e Statislical msmaj is the 99 percent ane aided confidence Interval. a 0 0.-0
1) Date free a minimajn of 4 locations mat be availablo for the statistical Onl o, is.
2) The noupremiric. distribution wa used because &be nonue ected vatueo c= rsl'se more than 151 of the amples.
4) 1he etot. rongo Is the 87.5% confidence Interval Oue to a smpie gig* of 4. the amAlme is th 95."5 er sided confidenco Int.
6) the *gat. range Is the 96.91 can idence Interval d"e to a sizo e*I& Of 6. w sike i&"l he 4s 55 MU e a ided co•liddsoe iM.
7) the lowrimlt distribution mer used because the date failed the normli distriiutiOn test.
I) Ite mom It goamntric. the staendrd deviation is the value to divide or .utiply Wilhthe Uametric mat.

) ), )
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table 3.36 osuum itr q~asIItV In tk 1s~ "qe at th
Cheney dispoma& site. Coloris&

SITE: CRJos CwtiUI ""M8ai3

KralGTI 01: Ofli/90

PI ItEE UNUITS CmU1. 9 Of S1*11511CM. IU1AG
51USI OF No "a owls""i ularga& siugmas.la fool

# of WWIn Hmil.m mID a wm ot"m Y KAI OWIATION V#AIIAImNKIECIS almUWM MItulax -~l 31soi

W-- -

7' 1.500 4Q2.00 204.20b0 10.525 3.9072 ma 6.6 a9u. 5345l a1oiMI. 7

CA1*AWM1Om GALAMU

3 Ll~ .03 .. 03 UIA I 4.7 I ma WOm I

OIW!M WOGL

7 0005 6613 o000 ma ma a .0 a*. aeim uow"WRIC a

4-1= maj4.61 6 10.0.4 0~ Sr.6W UCWMEIUIC 2.6

7 0010 6030 0010 m4m ma 76.5 n 0.010 .30 wUOwUUT3C a

*. O .301 0.00 im a 100 635 O.Go0 OUsu'MM IC 2.6

FLUORIDE
Y 0.1=1 1.60300 0.452 0.54571 2.16111 ma .01 6.2165 1.3630 LmuNOi. I's

'IQ
)

Noag the dael at .scb Iccation No. avereved before the statistical calculations We performe
*Statisticat mataimum 1he 99 percent am ai1ed confidence Into. vs 1, a 0.01
1)ate. froma sinimus of 4 iscatioem mast be available for the statistical anal~Ias.

2) the monpremstric distribtiotln sise used because the mo -1etacted volume Cowlese No e than 151 Of t"e Oampes.
6) The sats. raug Is the ft.9 confdenco Interval OAtoa *e~ else *0.. 6. lb. musausmI to e Ow .59 am skied maism~ue In..

*7) Tb. logiurmi distritb~len was used bsecause the date failed the normI diasribut ion test.
8) Tbe momis Saggetric. Thbs teulard deviation Is IMe vsalu to divide or multilpy with Owe oseric. seen.

fIgo



Table 3.36 1ackeramd water qsIftY 14 the flumes2f "a e the
Cheney dispeali site. Caterad

SITE: CAJOS CNIMET RE5I3MI
011/71/6 10 06/27/90
111FMIs DATE: 08/23i00

Sb

0' C

0
9).

PARW111 Gf. I OF STATISTICAL RNVJE
S1AMMlS Of IMI ga CUNIsUiDI INTERVAL 1115111110S101 Wa C OF P 3111M I EMAXs. MAIM6 KAII 06VIAli(U WARIAIEH DETECTS 11MOM "aNisno 1111 moll

GI1QSS EALF UCII

6 6.U0m 0.020 .00 IA IA 114 69.a LIM LIM AwsMsiic 2,6

Y 12.001 60.0000 -01.7607 61.4101 LOIS5 UA 0.0 16.055 226.U15 XI~IMM 7.41

W~L

7 0.010 9.6m0 0.2210 Lis%9 m.m1 u 5.0 0.0419 L." LaII011 I's

6 .00 0002 c iORIA I 91.7 651 0.I 10III'MMUI3 2.61

6~1 M.15 011 .41 I A NA 31.3 0Mi1n 6.1150 IWMAMMIIC 2,6

70 N.A6 M.20 000 Au A 94.71 0.020 Lam~ UW*~miliC a
11IT8111 H/

7 I .00 5.00 N.A0 "A GAM 6. 05 3.1000 wWMMIRICI a

)

*o0e tbe date at each ocatign We aevoered before the statistical ccuisatiom ware parked
* Statisticat maIfmm Is the 99 percent am sided confidene Interval. a a 0.01
2) the wmrmetric distribution ese used because tm mladetacted varues cowrise oe than $15 of the soopte.
6) the stot. r~ne is the 96.9Z confidence interval on to a &apt* site of 6. The .. aimm is the 96.5• am aided cuenfidono Ing.
7) the loinouml distribation wes used become the date oleled the norosl distribtiolo tlst.
Q) The mean is psaotric. It estasndrd deviation is Ote value to divide or multipty with the 0eonstric men.

))



)\ Table 3.36 Seckao. ,er41 y nte*a w ta
Cheney disposlsite qjISyI.Sh ean ee h

SITE: W403) CWH91 M6UEnI
471ZF/66 IQ OW27/9A
REPIN DMIE: OW2AGsn

)
4-

~ -

STAiNAIO of OIN 9UOIMU~ INhlMaAL 10I511RIWIN NOo
it OF VMJ WI11MM OiMN 1EIaM Mao DEVIATION VMIAIICN 091C06 OUNIMM MIAM* 116 log

4 0.031" SAJI Od4f 04 Ma 35.3 Mm.66 0.3108 10190wW I~ C 2.4

7 ,3m .0= $.Viol LIM01 2.029S ma .0 L3.0 U.3"~ 40"W" 7.01

.7 0.10 1.3mo0 0.300 Ma m 31.31 IM"n 1.350 iMAI w Z

a 7 0.0500 iJN .4"01' ma Ma ma1 355 1 SAW 1.8w0 UOINMMSTIC a

-ILI- - -10 OW

7AM 40mw ~ W.i 0.15 ma"5 2.a MA 33.0 4.3313 45.9w UMOc 3.8

SILICA MILI

r .40.6" 43.000 150.63m 5W.9153 4.8m~ ma 0.0 ".M5 U93 LNInIML its

7 804.6100 3150=1 Ma3.0000 53.3514 .4.09 m.0 6M."75 UIW.d50 L0OUW.L 7.6

lot, ath diato ecah ketalo mus aver~aed bef ore the stat istica caJc~aeto lwri "r psiod
* Sgtisticotl o"Iam to the "9 pervai am aided confidence l~ate#v . a a 0.01
2) The u#ermsatric distirbutio as toe md because the nondatected, volume co~lse swe, than U5S o'the SWISS..
4) The atot. r~w to the 87.55 confidence interval do toee sample mile, of4. The omM... Is Uhe 93.41 eo aided Conti ldateS.
6) Ike Sate. rove Is the 96.9Z Confidence Interval An toe sa mope mile, of . %be wwaim.. Is the 96.51 s ai ded cuIdefte Int.
Y) The ioepmml, dletrlmstios mes used because the daeS failed the narool distribution teast
6) The amu to sometric. She *tan~wd deviation Is the value ts, divide or multIpiy mIth 08e Smoetric 10ea0.

11 A9



I ~ 5-'

S.-

Table 3.39 Df , ndstone water %pi Ify statistics at the
Cheney disposal site, Grand Jt.xu;..ri Colorado

SITE: CRJO3 CNENEY RESERVOIR
02/02190 10 06129/90
REPORT DATE: 08/23/90

(
V V

PARAMETER NAE lI UITS I
# OFS"WI MINIMU I MAIU SEDIAN I 1EAN

STANDARD
DEVIATION

COEFF.
OF

VARtIATION

XzF STATISTICAL RANGE

DETECTS
I CONFIDENCE INTERVAL DISTRIBUTION FOOT
MINIMN MAXIMUM TYPE NOTE

r,
1, W;JSe AIdU

pa" C

SELENIUMI MG/L

6 1 O.OOZ51 0.00501 0.00251 NA NA NA 63.3 0.0025 0.0050 NONPARAMETRIC 2.6

SILICA - $102 1NG/L 11

6 1 8.0000 "6.0000 1 18.35001 21.2333 13.176? 0.620 0.0 3.1317 39.3350 NORMAL

SILVER NGIL

.6 0.00501 0.00501 0.00501 NA MA NA 100.0 0.0050 0.0050 NOUPASAMETRIC 2.6

SODUM I NG/ I

6 14210.00001 7020.00001 5930.00001 556.6667 1012.9692 0.,1760 0.0 4365.0947 7148.23M? NORMAL

SPECIFIC CONDUCTANCE i-4b/Cm

2 15.5900 21000.0 M 1 10-0.9501 NA %A NA 0.0 .A NA o.K ,, I.

STRONTIUM" I-IL

6 1 3.5900F 9.05001 7.7200 7.1650 2.0867 02904 0.0 4.3184 10.0516 NORMAL

SULFATE I ML

6 6.2000 I 175.00001 54.30001 67.016? 61.8021 0.9222 0.0 -17.8843 151.9176 NORMAL

6 0.0500 10.00001 0.1700 NA A NA 50.0 0.0500 10.0000 NONPARAMETRIC 2.6

5 1 16.90001 22.10001 19.00001 19.4-200 1.8939 0.0975 0.0 16.2463. 22.5937 NORMAL

THALLIUM MGIL

3 1 .00 0.10001 0.0500 NA NA NA 66.7 NA MA UtNNO ,

* Statistical mls. Is the 99 percent one sided confidence Interval, a a 0.01
1) A minin of 4 samples mat be available for the statistical analysis.
2) The nownperetric distribution wee used because the nondetected values comrlise more then 15% of the samples.
6) The stat. range ts the 96.91 confidence interval due to a sample size of 6. the maximm Is the 96.5% one sided confidence Int.

I I)



Table 3.39 Dakota Sandstone mater quality statlutics at the
Cheney disposal site. Grand Junction. Colorado

SITE: GRJO3 CHENEY RESERVOIR
02102190 TO 06129190
REPORT DATE: 08123190

(

II

18 4

, Z&3,4,l

PARAMETER AM UNITS COEFF. % OF STATISTICAL RANGE
STANDARD Of NON 982 CONFIDENCE INTERVAL DISTRIlUTION FOOT

0 OF SWP NINIRNI NARIMJN MEDIAN NEAN DEVIATION VARIATION DETECTS NINIMJ MXIMML * TYPE NOTE

MAGNESIUM GAIL

6 1 13.7000 42.0000 22.5000 26.7167 10.7682 0.4031 0.0 11.9238 41.095 ML

MANGANESE MG/L

6 0.0200 0.39001 0. 0.0809 3.5524 MA 0.0 0.0142 0.615 LOGNORHAL 7.8

NERIOUY RIL

6 0.0001 0.0910 . 1 NA A NA 83.3 0.0001 .0910 NýOEAATRIC 2.6

NOLUDERNti ROG/L

6 0.0050 0.2100 0.0500 NA IIA NA 33.3 0.0050 0.2100 NONPARAMETRIC 2.6

NICKEL MAIL

6 0.0200 0.0200 0.0200 NA A NA 100.0 0.0200 0.0200 NOPARAMEtRIC 2,6
NITRATE "aG/

6 0.5000 10.0000 1.7500 NA NA NA 50.0 0.5000 10.0000 NONPARAMETRIC 2.6

PHOSPHATE RO/L

6 0.12001 11.4000 2.6000 1.4390 5.4103 NA 0.0 0.1415 14.6324 LOGNORMA 7.8

POTASSIUPI RG/L

6 14.0000 111.0000 71.6500 67.216? 39.0866 0.5815 0.0 13.5212 120.9121 MOU

RADIUN-226 PCI/I

6 1.5000 32.0000 2.8500 4.7334 3.6747 NA 0.0 0.7920 28.2906 LOGNOWAL 7.8

MADIUN-228 PCIIL

6 3.4000 48.0000 23.5000 25.066? 15.7915 0.6300 0.0 3.3730 46a.63 NORmAL
d

S tatistcael nolUtm Is the 99 percent one sided confidence interval, a a 0.01
2) The nowpxrmetric distribution was used becouse the nowdetected values cowgrise more then 152 of the samples.
6) The stat. range is the 96.92 confidence interval d"e to a aomple site of 6. The maxiu is the 98.5 aerm aided confidence Int.
7) The lognoir|a distribution was used becouse the date failed the noserm distribution test.
0) The men is gemetric. The standaMd deviation Is the value to divide or multiply with the gementric mean.
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lable 3.39 ak Mstone water quality statistics at the

Cheney di., site, Grand Junction, Colorado
SITE: GRJ03 CHENEY RESERVOIR
02/02/90 TO 06/29/90
REPORT DATE: 08/23/90

(

.2

CYLe- I;t s ý -

Statistical mxia n Is the 99 percent one aided confidence Interval, a , 0.01
2) The now rmetrlc distribution was used because the non etected values comprise more than 15 of the asmples.
6) the stat. range Is the 96.9% confidence interval due to a sampte site of 6. The maximum is the 98.5 one sided confidence int.
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CTable 3.39 Dak • 'stone water quality statistics at the

ChIeney dispos"t site, Grand Junction. Colorado
SITE: GRJO3 CHENEY RESERVOIR
02102/90 TO 06/29190
REPORT DATE: 08/23/90

(

PARAMETER NAME UNITS COEFF. X Of STATISTICAL RANGE
STANDARD OF NON 98Z CONFIDENCE INTERVAL DISTRIBUTION FOOT

UOf SAMPI MIN011M I MAIMOI MEDIAN MEAN DEVIATION VARIATION DETECTS MINIIUM MAXIMUM TYPE NOTE

ALKALINITY IPlL CAC03

5 15667.00001 9139.00001 M81.00001 7439.2000 1329.8636 0.178 0.0 5210.7352 9667.6646 NORMAL

ALMINM* GI/L

6 0.05001 0.0500 1 0.05001 NA - NA NA 100.0 0.0500 0.0500 NONPARAMETRIC 2,6

AMMONIUMI MG/L

6 1 5.2000 8.00001 6.05001 6.2667 1.06901 0.17 0.0 4.798 7.7352 NORMAL

ANTIMONY MGlL

.3 1 0.00151 0.0015 1 0.00151 NA NA NA 100.0 NA NA UNKNMU i

ARSENIC PNlL

6 1 0.00501 0.00501 0.00501 NA NA NA 100.0 0.0050 0.0050 NONPARAMETRIC 2,6

BARIUM PGA L
6 -4.44001 36.0000 33.30001 27.2567 '13.1413 0.4821 0.0 9.2037 45.3096 NORMAL

BERYLLIUM PO/L

3 0.0025 0.0025 0.00251 NA NA NA 100.0 NA N&A N31WKNOI 11

SOG"" AI I/L

.6 F.500 3- .1300 2.04501 2.2633 0.62171 0.2747 0.0 1.4093 3.1174 NORMAL

CADMIUM GI"L

6 0.0005 0.00051 0.0005 N IA NCA NA 1100.0 0.0005 0.00%05 NONPARAMTRIC 2,6
CALCIUM P/L I

6 14.50001 42.00001 33.80001 31.6833 9.70161 0.3062 L 0.0 1 18.3557 4S.01101 NORMAL

* StatIstical maxiuta: in the 99 percent one sided confidence Interval, a N 0.01
1) A minim.. of 4 sejles o.ut be available for the statistical analysls.
2) The noparametric dl'.t#-I.ion was used because the nondetected values copprise more than 15% of the amples.
6) The stat. range Is tho • ?Z confidence Interval "ue to a sample size of 6. The mvaimm Is the 9".51 ae sided confidence Int.
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Table 3.38 DakT atone water quatity by perameter at the
Cheney disposal uitee Grand Junction. Colorado

SITE: GRJ03 CHENEY RESERVOIR
02102190 to 06/29/90
REPORT DATE: 08123/10

(

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION PARAMETER
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE LIMIT UNCERTAINTY

TEMPERATURE 0977' 06/28/90 F014 ID 0 C - DEGREE 22.1
0978 02112/90 0001 ID 0 19.0

TlALLIUN 0971 02/19/90 0001 ID 0 MG/L 0.1 0.1
0977 02102190 0001 ID 0 0.1 0.1
0978 02112/90 0001 I) D 0.1 0.1

TOTAL DISSOLVED SOLIDS 0971 02/19/90 0001 KD 0 MG/L 15300. 10.0
0971 06/28190 F014 iD 0 18300. 10.0
0977 02/02/90 0001 I1 D 12100. 10.0
0977 06/28/90 f014 ID 0 10500. 10.0
0978 02/12/90 0001 ID 0 15410. 10.0
0978 06/29/90 F014 KO 0 15500. 10.0

TOTAL KJELDANL NITROGEN 0971 02/19/90 0001 ID o MG/L < 1. 1.0
0977 02/02/90 0001 ID D 5. 1.0
0978 02/12190 0001 ID 0 1. 1.0

URANIUM 0971 02/19/90 0001 ID o MOIL t 0.003 0.003
0971 06/28/90 F014 KD o 0.0032 0.003
0977 02/02/90 0001 ID 0 4 0.003 0.003
0977 06/28/90 F014 ID 0 0.0004 0.003
0978 02/12/90 0001 I!D 0 1 0.003 0.003
0978 06/29/90 F014 ID 0 0.0004 0.003

VANADIUM 0971 02/19/90 0001 ID 0 MGAL 9 0.01 0.01
0971 06/28/90 F014 ID 0 .03 0.01
0977 0210Z/90 0001 ID o t 0.01 0.01
0977 06/28190 F014 ID 0 4 .01 0.01
0978 02112/90 0001 ID D 4 0.01 0.01
0978 06/29/90 F014 ID 0 1 .01 0.01

ZINC 0971 02/19/90 0001 ID D MG/L 1.36 0.005
0971 06/28/90 1014 ID 0 1.41 0.005
0977 02/02/90 0001 ID 0 4.06 0.005
0977 06/28/90 F014 KD 0 .039 0.005
0978 02/12190 0001 ID 0 D 0.005 0.005
0978 06/29/90 F014 ID D .005 0.005

FOMqA TION OF COMPLETION CODE:
KD - DAKOTA SANDSTONE

PARAMETER VALUE INDICATOR (PVI): a a LESS THAN DETECTION LIMIT

FLOU RELATIONSHIP CODE:

D - DOWiN GRADIENT

DATA FILE NAME: J:%DART GRJ03\GUWI0020.DAT



Table 3.35 Dakota ( * water quality by parameter at the
Cheney disposetaslve. Grand Junction, Colorado

SITE: GRJO3 CHENEY RESERVOIR
02102/90 T0 06/29/90
REPORT DATE: 08/23/90

(

I.L Q-'S Oj1

LOCATION SAMPLE FORM FLOW UNITS Of PARAMETER DETECTION PARAMETER
PARAMETER NAME IO LOG DATE ID COMP REL. MEASURE PVI VALUE LIMIT UNCERIAINTY

SILVER 0977 02/02/90 0001 ID 0 MG/L ( 0.01 0.01
0977 06/28/90 1014 KO0 0 .01 0.01
0978 02/12/90 0001 KID 0 0.01 0.01
0978 06/29/90 F014 ID 0 .01 0.01

SODIUM 0971 02/19/90 0001 ID 0 MG/L 6100. 0.002
0971 06/28/90 1014 IO 0 7020. 0.002
0977 02/02/90 0001 ID 0 5010. 0.002

L09 17rr 06/28/90 o014 ID 0 4210. 0.002
0978 02/12/90 0001 ID 0 6440. 0.002
0978 06/29/90 F014 ID 0 5760. 0.002

SPECIFIC CONDUCTANCE 0971 06/28/9 F014 iD O 0 INO/CM 21000.
0977 06/28/90 F014 IDO 0 15.59

STRONTIUM 0971 02/19/90 0001 KD 0 MGIL 9.00 0.1
0971 06/28/90 1`014 I 0 7.43 0.1
0977 02/02/90 0001 ID D 3.59 0.1
0977 06/28/90 F014 ID 0 6.03 0.1
0978 02/12/90 0001 ID 0 9.0s 0.1
0978 06/29/90 1`014 D 0 8.01 0.1

SULFATE 0971 02/19/90 0001 ID 0 MG/I. 94.2 0.1
0971 06/28/90 fO14 IO 0 18.1 0.1
0977 02/02/90 0001 ID D 175. 0.1
0977 06/28/90 1014 ID 0 6.2 0.1
0978 02/12/90 0001 ID 0 66.2 0.1
0978 06/29/90 F014 ID 0 42.4 0.1

SULFIDE 0971 02/19/90 0001 ID 0 MG/IL 10. 0.1
0971 06/2a/90 F014 ID 0 .1 0.1
0977 02/02/90 0001 KD 0 • 1. 0.1
0977 06/28/90 1014 KO D .1 0.1
0978 02/12/90 0001 KO 0 3. 0.1
0978 06/29/90 f014 ID 0 0.29 0.1

TEMPERATURE 0971 02/19/90 0001 KO 0 C - DEGREE 16.9
0971 06/28/90 F014 (0 0 20.1
0977 02/02/90 0001 ID 0 19.0

FORl4ATION Of COMPLETION CODfs
KID - DAKOTA SANDSTONE

PARAMETER VALUE INOICATOR (PVI):

FLOW RELATIONSHIP CODE:
0 - 0OW GRADIENT

- Lth THAN DETECTION LIMIT



Table 3.38 Oak stoe Water o v by permmeter at the
Chemy dil ,.. - its, Grand it , Colorado

SITE: CRJ03 CHENEY RESERVOIR
02/02/90 TO 06/29/90
REPORT DATEs 08/23190

(

ýCL 0.! cv9(ol
tk ,0,6 i!l

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION PARAMETER

PARAMETER NAME I0 LOG DATE ID COMP REL. MEASURE PV! VALUE LIMIT UNCERTAINTY

PHOSPHATE 0978 06129/90 F014 I!D MG/L 11.4 0.1

POTASSIUM 0971 02/19/90 0001 ID 0 MGIL 30. 0.01
0971 06/28/90 F014 ID0 0 67.3 0.01
0977 02/02190 0001 KD 0 14. 0.01
0977 06/28/90 F014 IO 0 I11. 0.01
0978 02/12/90 0001 I) 0 76. 0.01
0978 06/29/90 F014 KD 0 105. 0.01

RADIUM-226 0971 02119/90 0001 ID 0 PCI/L 3.5 1.0 0.6
0971 06/28/90 1014 IO 0 1.7 1.0 0.5
09T7 02/02/90 0001 KD 0 32.0 1.0 2.2
0977 06/28/90 1014 10 0 2.2 1.0 0.5
0978 02/12/90 0001 IO D 17.9 .1.0 1.6
0978 06/29/90 F014 KO 0 1.5 1.0 0.5

RADIUM-228 0971 02/19/90 0001 ID 0 PCI/L 3.4 1.0 1.9
0971 06/28/90 F014 ID 0 18. 1.0 2.
0977 02/02/90 0001 ID 0 35.6 1.0 3.3
0977 06/28/90 F014 ID D 48. 1.0 2.
0978 02/12/90 0001 ID D 16.4 1.0 2.6
0978 06/29/90 1014 ID D 29. 1.0 2.

SELENIUM 0971 02/19/90 0001 ID 0 NG/L 0.03 0.005 -
0971 06/28/90 f014 IKD 0 0.005 0.005
0977 02/02190 0001 ID D 0.03 0.005
0977 06/28/90 F014 IO 0 .005 0.005
0978 02/12/90 0001 ID 0 • 0.03 0.005
0978 06/29/90 F014 KD 0 • .005 0.005

SILICA - S102 0971 02/19/90 0001 ID 0 MG/L 13.7 2.00971 06/28/90 1014 ID 0 46. 2.0
0977 02/02/90 0001 KD 0 17.1 2.0
0977 06/28/90 1014 ID D 8. 2.0
0978 02/12/90 0001 ID D 19.6 2.0
0978 06/29/90 F014 ID 0 23. 2.0

SILVER 0971 0211990 0001 ID1D NMG/L 0.01 0.01
0971 06/28/90 F014 IO 0 • .01 0.01

ORAI O IF COPETO CODE:
FORMATION OF COMPLETION CODEt
ID - DAKOTA SANDSTONE

PARAMETER VALUE INDICATOR (PVI):

FLOU RELATIONSHIP OWE:
0 - DOWN GRADIENT

4 - LESS THAN DETECTION LIMIT



Table 3.38 DOf dstone water quality by parameter at the
Cheney diap,..- site. Grand Junction, Colorado

SITE: GRJ03 CHENEY RESERVOIR
02/02/90 TO 06129/90
REPORT DATE: 08123/90

(

~MP L

Lfl
Lfl

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION PARAMETER
PARAMETER NAME 10 LOG DATE ID COWP REL. MEASURE PVI VALUE LIMIT UNCERTAINTY

NOLYSDEUNW 0977 02/02/90 0001 ID 0 INGL 0.21 0.01
0977 06/28/90 F014 1D D .07 0.01
0978 02/12/90 0001 RD D 0.05 0.01
0978 06/29/90 F014 ID 0 .05 0.01

NET GROSS ALPHA * 0971 02/19/90 0001 ID D PCI/L 84.97
0971 06/28/90 F014 KD 0 -2.20 -
0977 02/02/90 0001 KD 0 96.97
0977 06/28/90 1014 KD D 74.T3
0978 02/12/90 0001 KD 0 -1.03
0978 06/29/90 F014 RD D -0.27

NICKEL 0971 02/19/90 0001 RD D MG/L ( 0.04 0.04
0971 06/28?/0 1o14 RD D 0 .04 0.04
0977 02/02/90 0001 KD 0 0.04 0.04
0977 06/28/90 F014 lD 0 ( .04 0.04
0978 02/12/90 0001 ID 0 9 0.04 0.04
0978 06/29/90 F014 RD D - .04 0.04

NITRATE 0971 02/19/90 0001 RD 0 NG/L 0.1 1.0
0971 06/28/90 F014 RD D 3. 1.0
0977 02/02/90 0001 RD D 0.1 1.0
0977 06/28/90 1014 KD 0 10. 1.0
0978 02/12/90 0001 KR D 0.1 1.00978 06/29/90 F014 RD 0 4. 1.0

P" 0971 02/19/90 0001 R! D SU0 7.80
0971 06/28/90 F014 RD 0 7.44
0977 02/02/90 0001 RID 0 7.21
0977 06/28/90 1014 RD D 7.66
0978 02/12/90 0001 RD 0 7.43

PHOSPHATE 0971 02/19/90 0001 RD 0 MG/L 3.2 0.1
0971 06/28/90 1`014 RD 0 2.6 0.1
0977 02/02/90 0001 RD 0 0.12 0.1
0977 06/28/90 r014 RD o 2.6 0.1
0978 02/12/90 0001 RD 1 0 0.3 0.1

N WET GROSS ALPHA (GROSS ALPHA - UIANIIM) WITH 1 H4G URANIUM w 686 PCI

FORMATION OF COMPLETION CODE:
RD • DAKOTA SANDSTONE

PARANCTER VALUE INDICATOR (PVl): q - LESS THAN DETECTION LIMIT

FLOW RELATIONSHIP CODE:
0 - DO" GRADIENT



Table 3.38 Dakota Sandstone u Ver quality by parameter at the
Cheney disposal site Ji Junctlon, Colorado

SITE: GRJO CHENEY RISES'
02/02/90 TO 06/29/90
REPORT DATE: 08/23190

L-c O.OclI 4

ttI L: e~

0Coslix

BJ& a

LOCATION SAMPLE FORM FLOW UNITS OF PARAMETER DETECTION PARAMETER

PARAMETER NAME ID LOG DATE ID COWP REL. MEASURE PVI VALUE LIMIT UNCERTAINTY

GROSS BETA 0978 06/29/90 F014 KD D PCI/L 77. 0.5 95.

IRON 0911 02/19/90 0001 D D MG/L 0.50 0.03
0971 06/28/90 F014 KID .51 0.03
0977 02/02/90 0001 ID D 0.42 0.03
09T7 06/28/90 F014 KD 0 .25 O.O3
0978 02112190 0001 oD o 0.89 0.03
0978 06/29/90 f014 ID P .47 0.05

LEAD 0971 02/19/90 0ool i D p NG/L 4 0.01 0.01
0971 06/28/90 F014 ID 0 0.01 0.01
0977 02/02/90 0001 3D o 0 0.05 0.01
0977 06/28/90 F014 lD D P .01 0.01
0978 02/12/90 0001 ID o 4 0.01 0.01
0978 06/29/90 F014 ID 0 .01 0.01

MAGMESILUM 0971 02/19/90 0OOl KD D MG/L 42. 0.001
0971 06/28/90 1014 I P 37.6 0.001
0977 02/02/90 0001 ID 0 23. 0.001
0977 06/28/9o F1014 D 0 13.7r 0.001
0978 02/12/90 0001 go D 22. 0.001
o07a 06/29/90 1014 I D 22.0 0.001

MANGANESE 0971 02/19/90 0001 ID 0 MG/L. 0.02 0.01
0971 06/28/90 F014 I0 0 .03 0.01
0977 02/02/90 0001 )D 0 0.21 0.01
0977 06/28/90 1014 1D 0 .03 0.01
0978 02/12/90 0001 ID P 0.39 0.01
0978 06/29/90 1014 )D 0 .19 0.01

MERCURY 0971 02/19/90 0001 I) 0 WG/I • 0.0002 0.0002
0971 06/28/90 1014 ID 0 .0002 0.0002
0977 02/02/90 00D1 ID 0 0.0002 0.0002
0977 06/28/90 Ili. , I. D 0 .0002 0.0002

k 0978 02/12/90 Wl.: I KD 0 < 0.0002 0.0002
0978 06/29/90 F014 ID 0 .091 0.0002

MOLYIOWIE 0971 02/19/90 0001 ID 0 MG/L 0.01 0.01
0971 06/28/90 F014 KD 0 .O 0.01

FORMl IO OF OMPLTIO0CODE
FORMAT11ON OF COMIPLETION~ CM:1•
ID - DAKOTA SAND)STONE

PARAMETER VALUE INDICATOR (PVl): ' - LESS THAN DETECTION LIMIT

FLOW RELATIONSHIP CODE:
0 - OM GRADIENT

) ) )
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Table 3.38 Dakota Sandstone water quality by paraeter at the
Cheney disposal site. Grand Junction, Colorado

SITE: GRJ03 CHENEY RESERVOIR
02/02/90 TO 06/29/90
REPORT DATE: 08/23/90

zI 4DL

SIHDL

8.11

LOCATION SAMPLE FORM FLOU UNITS OF PARAMETER DEJECTION PARAMETER
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVI VALUE LIMIT UNCERTAINTY

COBALT 0971 06/28/90 F014 KD D MG/L ( .05 0.05
0977 02/02/90 0001 KD 0 0.01 0.05
0977 06/28/90 1014 ld 0 •c .05 0.05
0978 02/12190 0001 KD P • 0.03 0.05
0978 06/29/90 1014 KD D < .05 0.05

COPPER 0971 02/19/90 0001 IK 0 MG/L 0.02 0.02
0971 06/28/90 5014 ID 0 t .02 0.02
0977 02/02/90 0001 KD 0 • 0.01 0.02
0977 06/28/90 F014 KO 0 P .02 0.02
0978 02/12/90 0001 ID a 0.01 0.02
0978 06/29190 F014 ID 0 4 .02 0.02

CYANIDE 0971 02/19/90 0001 ID P MG/L 0.02 0.01
0971 06/2/19 1`014 ID 0 4 .01 0.01
0977 02/02/90 0001 ID 0 0.02 0.01
0977 06/28/90 1014 ID 0 • .01 0.01
0978 02/12190 0001 ID 0 • 0.02 0.01
0978 06/29/90 F014 ID 0 .01 0.01

FLUORIDE 0971 02/19/90 0001 ID a MG/L . 1.6 0.1
0971 06/28/90 F014 ID P 1.6 0.1
0977 02/02190 0001 ID P 2.0 0.1
0977 06/28/90 1014 ID 0 2.2 0.1
0918 02112190 0001 ID 0 1.2 0.1
0978 06/29190 1014 ID P 1.4 0.1

GROSS ALPHA 0971 02/19/90 0001 ID P PCI/L 86. 1.0 94.
0971 06/28/90 1014 ID 0 0. 1.0 120.
0977 02/02/90 0001 KD 0 98. 1.0 71.
09r? 06/28/90 1014 DO 0 75. 1.0 72.
0978 02/12/90 0001 KD ; 0.0 1.0 76.
0978 06/29/90 5014 1iD 0 0. 1.0 140.

GROSS BETA 0971
0971
0977
09T1
0978

02/19/90
06/28/90
02/02/90
06/28/90
02/12/90

0001
1`014
0001
F014
0001

IO
ID
ID

ID

P
P
0
P
0

PCI/L 146.
100.
0OS.

160.
0.0

0.5
0.5
0.5
0.5
0.5

79.
100.
48.
60.
68.

FORMATION OF CCNIPLETION LOGE:
FORMATION OF COMPLETION COOEr
D) - DAKOTA SANDSTONE

PARAMETER VALUE INDICATOR (PVI): 4 " LESS TUN DETECTION LIMIT

FLOW RELATIONSHIP OWE:
O - DOW GRADIENT

) ) )
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Table 3.38 Dakota Sandstone water qcua.Jali IV Parameter at the

c:heney disposal site, Gradw Jumctiaqi, 1 rado
sii* R•JOJ CHE•EY RESERVOIR
0io,. "M TO 06/29/90
4 pv' DALE: 08/23/90

LOCAl' * I

SAMPLE FORM I FLGA UNITS OF DETECTION PARAMETER

PARAMETER NAME

BERYLLIUM 
02/02/90

to

OW

"11G DATE
SAMPLELFORMEFLO AL UNICS OfID COMP REL. M4EASURE PARAMETER

VALUE
-DETECTION

LIMITPVT
PARAMETER

UNCERTAINTY

L I: cjo

AICL:66

z 140L
a. 0swji/

______________ tBERYLLIUMN 02/102/90
02/12/90 0001

0001
KDd
KD

0 4G/L 0.005
4 0.005

0.005
0.005

BORON 0971 02/19/90 0001 KD D MGL 1.96 0.1.
0971 06/28/90 F014 ID 0 2.1 0.1
0977 02/02/90 0001 ID D 1.99 0.1
0977 06/28/90 FOI4 ID D 1.5 0.1
0978 02/12/90 0001 10 D 3.13 0.1
0978 06/29/90 F014 KD 0 2.9 0.1

CADNIUN 0971 02/19/90 0001 KD D MG/L 4 0.001 0.001
0971 06/28/90 I014 ID D 0 .001 0.001
0977 02/02/90 0001 KD 0 0.01 0.001
0977 06/28190 F014 ID 0 < .001 0.001
0978 02/12/90 0001 ID 0 4 0.001 0.001
0978 06/29/90 1014 ID 0 • .001 0.001

CALCIUM 0971 02/19/90 0001 ID 0 MG/L 32. 0.01
0971 06/28/90 F014 ID 0 38.0 0.01
0977 02/02/90 0001 ID 0 28. 0.01
0977 06/28/90 F014 ID 0 14.5 0.01
0978 02/12/90 0001 KD 0 42. 0.01
0978 06/29/90 f014 ID 0 35.6 0.01

CHLORIDE 0971 02/19/90 0001 IK D 0 G/L 4640. 1.0
0971 06/28/90 F014 ID D 4490. 1.0
0977 02102/90 0001 I•D 3360. 1.0
0977 06/28/90 F014 ID 0 3040. 1.0
0978 02112/90 0001 KD 0 4130. 1.0
0978 06/29/90 F014 ID 0 4850. 1.0

CHROMIUN 0971 02/19/90 0001 I D 0 G/L 0.01 0.01
0971 06/28/90 F014 KD 0 .01 0.01
0977 02/02190 0001 ID 0 4 0.01 0.01
0977 06/28/90 F014 ;J D 4 .01 0.01
0978 02/12/90 0001 IKD D 0.01 0.01
0978 06/29/90 F014 ID 0 .01 0.01

CONALT 0971 02/19/90 0001 1 KD 1 MGIL 4 0.03 0.05

FORMATION OF COMPLETION CODE:
ID - DAKOTA SANDSTONE

FLOW RELATIONSHIP CODEE:
D O-ON GRADIENT

PARAMETER VALUE INDICATOR (PVI): 4 - LESS THAN DETECTION LIMIT

) )
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J• Table 2.38 Dakota Sandstone water quality by parameter at #he

.. .-. or.: ate, :rand lubction, fooIPrpdo
SITE: GRJ, LHEWET RESL;W.Vai
02/02/•i 10 06/29/90
REPORT DATE: 08/23/90

-d °DL

0. 003 W111/

LOCATION SAMPLE FORK FLOU UNITS Of PARAMETER DETECTION PARAMETER
PARAMETER NAME ID LOG DATE ID COMP REL. MEASURE PVi VALUE LIMIT UNCERTAINIY

ALKALINITY 0971 02/19/90 0001 KO D MG/L CAC03 7699.
0971 06/28/90 1`014 KD D 9139.
0977 02/02/90 0001 KD D 6630. "
0977 06/28/90 F014 KG 0 5667.
0978 02/12/90 DOW KD D 7861.

ALUMINUM 0971 02/19/90 0001 KG D MG/L 0.05 0.1
0971 06/28/90 F014 KOD A .1 0.1
0977 02/02/90 0001 Kd D ( 0.05 0.1
0977 06/28/90 F014 KG 0 • .1 -"
0978 02/12/90 0001 KO D 0 0.05 0.1
0978 06/29/90 1`014 ID D 0 .1 0.1

AIMMONIUM 0971 02/19/90 0001 KG 0 IKGL 6.1 0.1
0971 06/28/90 F014 KG 0 8. 0.1
0977 02/02/90 0001 KIG D 5.3 0.1
0977 06/28/90 1014 KG 0 6. 0.1
0978 02/12/90 0001 KG D 5.2 0.1
0978 06/29/90 F014 KG d 7. 0.1

ANTIMONY 0971 06/28/90 1011. KD 0 MG/L .003 0.003
0977 06/28/90 F014 KG 0 1 .003 0.003
0978 06/29190 f014 I)D 0 .003 0.003

ARSENIC 0971 02/19/90 0001 KG 0 MG/L • 0.03 0.01
0971 06/28/90 1`01. KG 0 c .01 0.01
0977 02102190 0001 K D < 0.03 0.01
0977 06/28)90 F014 KD 0 4 .01 0.01
0978 02/12/90 0001 KG 0 0.03 0.01
0978 06/29/90 f014 KG 0 .01 0.01

DARILII 0971 02/19/90 0001 O D " hG/L 4.44 0.1
0971 06/26/90 fO4 KGD 0 18.5 0.1
0977 02/02/90 0001 KG 0 38. 0.1
0977 06/28190 .1014 KG 0 34..1 0.1
0978 02/12/90 0001 KG D 36. 0.1
0978 06/29190 F014 ID 0 32.5 0.1

lEIYLLIUN 0971 02/19190 0001 1K 0 MGIL 0.005 0.005

0.60 s tis4 FORMATIONl OF COMPLETION CODE:
Ko - DAKOTA SANDSTONE

PARAMETER VALUE INDICATOR (PVI): q - LESS THNA DETECTION LIMIT

FLOW RELATIONSHIP CODE:
D - DOWN GRADIENT

) ) )
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IIMIkA 11T1¥1•K J..(;k)ltl,•

]IAXIMIIM CONCENTRATION OF- CONSTITUENTS .for GROUNDWATER PROTE CTION
(6ummarld from fDKAQ .JNAI. EPA Gr"rnlV."ater Standardm (o- 1/VU))/-v /

,Table I . CONCENTRATION LIMITS

(Concentratlons of these constiLtuents @hal not ekceed

the fo)3owsng 31mito or background, whichever to hghrr)

Arsenic (As-
barsum (ba)

Cadmium (Cd)

Chromium (Cr)

Lead (Pb)
Mercury (Hg)
Molybdenum (Mo)

Nitrate (as N)
Selenium (Se)
Silver (Ag)

0.05 mIn/)
1.0

.01

.05

.05
.002
.I

10.0 (- 46.0 mng/I NO 3 )

.01

.05

Benzene (Cyclohexatriene) O.005 mg/]

Carbon tetrachloride .005

p-Dich~orobenzene(fenZene. J,1-di-) .075
ll-Dichloroethylene(Eth neI, 1-di-) .007

Endrin .0002

Ethylene dichloride .005
tIndane .004

Hethoxychlor 0.1
Hethyl chloroform .20
Toxaphene .005
2,4-D .1
2.4,.5-TP .01
Trichloroethylene .005
Vinyl chloride .002

Combined Radium (Ra-226 & 228)
or-hined Uranium . U-234 & 238)

Gross Alpha (excluding Rn 4 U)

5 pCi/I
30 o
1 5 "

(- 0.0O1 mg/3)

Appendix I - LISTED CONSTITUENTS
(Partial list: only Inorganics w/o HCLs)

Antimony and compounds, N.O.S.

Aluminum phosphide #

beryllium and compounds, N.O.S.
- Calcium chromate -

Carbon Disulfide

Carbon oxyfluoride I

Cyanides (soluble salts and complexes). N.O.S.

Nickel and compounds, N.O.S.

Strontium sulfide 0
Thallium and compounds, N.O.S.
Vanadic acid, ammonium alIt 0

Vanadium pentoxide 0

Zinc phosphide 0

N.O.S. - Not Otherwise Specified; Slgnifies all members of this

general class, Including those not specifically named In Append.]
I

ADDD when Jhis Appendix rep) ced fppendix IX, 49 CFI 264

Note - €obalt. Copper, SulphldeJTin. lVanadium, andVZinc were DELETED

when this Appendix replaced Appendix IX
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2F' h'1 0

Elements contained in hazardous constituent compounds

_ Aluminum (Aluminum phosphide) 0.1

Cyanide (Soluble salts and complexes) 0.01

Fluoride (Carbon oxyfluoride) 2.2
Strontium (Strontium sulfide) 10.1
Sulfide (Strontium sulfide, carbon disulfide)

<MDL
<MDL
BG
BG

.10.0 BG

MCL- Maximum concentration limit as defined by the EPA.

(Secondary drinking water standards are being used for

copper and zinc).

<MDL- Concentrations in background groundwater were less
than detection. For these constituents, the concentration

limit is the same as the laboratory detection limit.

BG- Concentration limit is based on the statistical
maximum concentration of background water quality.



Results

The PCL is the same as the EPA MCL for the following hazardous
constituents, arsenic, chromium, lead, nitrate, selenium, silver,
and uranium.

The statistical maximum concentrations of barium, molybdenum, and
the activities of net gross alpha and radium-226/228 exceed the EPA
MCLs and are therefore used as the PCL.

There are certain hazardous constituents and elements in hazardous
constituent compounds that do not have any predetermined
concentration limits. For these constituents, the PCL will be
based on the statistical maximum of background concentrations.
This includes the following hazardous constituents, vanadium,
fluoride, strontium, and sulfide. In the case where the hazardous
constituent was not detected in groundwater, the laboratory
detection limit will be used as the PCL. This was done for the
following hazardous constituents, antimony, beryllium, cobalt,
nickel, aluminum and cyanide.

Conclusions

The proposed con,:entration limits for hazardous constituents in the
Dakota Sandstone at the Cheney disposal site are listed below.

HAZARDOUS CONSTITUENT

Antimonv
Arsenic
Beryllium
Baririm
Cadmium

Chromium
Cobalt
Copper
Net gross alpha activity
Lead
\Mercurv

Mo1ybdenum
: i .keI

R ,l idjm-226 L -228
S-- 1 n i irn

I. I Ij in

111n.l• i li l

CONCENTRATION LTMITZ

0.003 <MDL
0.05 MCL
0.005 <MDL

45.3 BG
0.01 MCL
0.05 MCL
0.05 <MDL
1.0 MCL

97.0 B ;
0.05 MCL
n.091 Be,
0.21 BC

,-, • ') B';
7 S . 0 B G;

M (3
fi -. I B MC.

",~ I . "1 "



Purpose of Calculation

The purpose of this calculation is to determine proposed
concentration limits for hazardous constituents and elements of
hazardous constituent compounds in groundwater at the Cheney
disposal site in Grand Junction, Colorado.

Overview of Method

For those hazardous constituents that have an EPA MCI. (arsenic,
barium, cadmium, chromium, lead, mercury, molybdenum, nitrate,
selenium, silver, uranium, and the activities of radium-226/228 and
net gross alpha) background concentrations (listed in table 3.38)
are compared to the groundwater standards. If concentrations are
less than the standard, then the proposed concentration limit (PCL)
will be the same as the EPA MCL. When background concentrations
exceed the groundwater standards, the statistical maximum of
background is used as a replacement to the EPA MCL. There are
certain hazardous constituents and elements in hazardous
constituent compounds that do not have any predetermined
concentration limits. For these constituents, the PCL will be
based on the statistical maximum of background concentrations.
In the case where the hazardous constituent was not detected in

grounwagtr,-, he ,labolatoryvdete•ion limit l will be use a the

Ass umptions

The assumptiotn being maMde in this c=L,-u1 ation is that the

background monitor wells and number of samples are an accurate
indication of background groundwater quality.

Data Source

DOE sampling results from UMTRA Data Analysis and Retrieval System
(DART). See tables 3.39 and 3.39.

Attachments

I) List of EPA hazardous constituents and their concentrution
limits. (Those underlined in blue are the constituent whose PCL is
the same as the EPA MCL.

2) Ta:hlt 3.38 is a list of wator qxialitv data for the background
monitor wells. (Pos~idp ea.h hazardous ,constituent is a comment or
how itS PCL was determined.)

3) Table 3.19 is a list of water q,,alitv statistics for backgro,,nd
mori tor- w-11ls. For thos, hazarr otis ,onn rtitfjerits LhaL (Io not hiv-.
a con.- ntL'.1t on limit, tho st.atist m tnaximjrn I ' chos~ n .i• Lh,
PC1..
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WLILEN¶T -B.7316 16.2670 -24?.¶M5

2N06, 1 -38.M523 -. 2713 -38.7211
SIAN!c6; -35.59i5 -1.7555 -37.240k

iO5LARi' -35.M:9 -2.E527 -36,453
ZN5-2, 2 -25.E3Y2 5.42:5 -31.251&
CD) M-.~A& -7.5705 M3.M4 -2).5659
GAN'IFIA CD -,4'ihrMS -2;.669i

CB6L2 -22.6295 -. 5545 -22.&753
CDCL2, 1 -22.6313 -:.65S5 -21.5724
CDL2L2. -22.6334 -1.950 -20.641
tD(OC)2 -5.4950 13.65DO -15.1450
CDN'CL -14.67..k 3.72E1 -17.7925
CD3(2*.)k -S3. ?::,6 22.562ý! -75.6165
CD3ODi2(S- -S9.6266 L.7122: -%6.i::6
CD'4 W 6 -55.5512 2B.4f2D-no:1
h OINE N -5.i936 15.2152 -21 ,6,c
ct2503 -5.3E58 9.5269 -15.5368
CCt504 -42.066! .3139 -42.3K7
CS.4, 1 -42.D6!2 -!.4W9 -40.6154

SO0O,,7. -42.M726 -. 7453 -L'
<E•X -50.3747 -51.735n .

CDB;2, 4 -2E. -2.623? -26ao
K: R7AL -".1646 4.55 -i.A734

CCTUk\!T -2:.2239 -4.9272 -15.2i66
•.•:• 43•1a -,.a., - - .z•

C~ET[• -22.7946 -:3.2665 -9.525:

•AEECD! -3.Ed6 13.3511 -16.i6EZ
LIT4;G: -3.B576 13.179i -16.2675

K:2•C3 -25.1:22 -. 1752 -25.70
LA;\lV -42.7455 -. Di92 -42.64i3
F53Z2524 -45.536: 12.9526 -56.E157

F 41 34 -45.2237 3.Z50 -72. Mý
-2.9 50 Ii.762i -4.735

- 5 22.45 -32.5615
•!..EE2= -39.6625 -7.554 -31.51_,2 . 5

r.!N, Ulm -7.1155i 76.5753 -223.7i12
FE(0-02 -3.051 6.5428 -11.6319
LAAJDNI -11.6565 .6200 -12.2765
FB2(OH)3 -14.7455 8.7900 -23.5355
M[DEiij. 46675 -17.4622' -31 .2253
F2(O(') -6.176 7  26.20N2 T32.3767
U2 -26.4973 -5.4274 -21.0299

Fa(OFi")6 -45.9280 21.-I22 -70.t282
ELFui -42.6242 -37.3407 -5.463

10.6396 34.0959 -23.2N93
FOD.LAhD M2.O3E1 23.5317 -12.6536
WU'STITE 3.8903 12.3577 -6.4974
F11.*CLAS " I.M 22.5245 -1i.5156
PMAG-TER 21.0603 4S.2021 -21.1533

O 6.5433 13.5075 -6.6M2
F-•O.LT 6.5433 14.4416 -7.4913
CA-OLiVI 17.7529 39.1656 -21.4D27
LO1ITE 17.762i 40.7472 -222.643
CA35iD5 26.6224 76.8555 -45.2331
MONTICEL 17.9521 31.6576 -13.7[i5
AKEMiN] 24.M954 49.6163 -24.72DB

'ýf -7- ý 1.1,1 _I * ~ l

"7



KA25.Nf
K2SC3

0~2GAS)

NA'. SE
FERROSEL
hoLSYSDN

MaLrbEw,ANN

-26.315D
-31 .73Z2
-27.8135
-27.6114
-27.6C'4
-26. 1677

4.153i
-11.2.281
55.1517

-116.3716
-116.96LE
-25.1276
-77.4in5

S.t'331
8.2712

-3 .W56
-3.1265A
7. P: 0

-42.7926
-is. 1705

-7.7:H7
463.2TM575

-129 .6566

_7fl92 .15

-31.3451
-40.0014

-21.2475
-24.66W&

-3M4

-622 .623

1N2
M1

SIX-



218

210
210

2742182
215

224

226
227
23D
231
233
272
273
274

2E2
2E3

26i
286

251
3-.4

370

F37
L 3-3

PSCL + 1.0
PFBL2 A, .0
FBL3 - -I.0
FiCL4 2- -2.C

Fi(O.0)2-L

FB! 6;c)2 .0
FB,.+ 1.0

FBR2 AD .0

:)03 -1 .0

P )4 -2B.0
FP88.0 + 1.0•

PH"03 - -. 0
|-5003 AO .XP8'O04 - -2.0
iSHZO : 1.0

11W3 - -1.0
12.03 A3.0

2•;•• .E

u (i;;4 A-

U0ý.?3 3.0

•'• "3 3.0

LI02D-t +; '.D
UC20:0 A .r

U02Z3). -" •0

•D.•- -1..

5E--2 -7.
5.:-- -7.:

.?:'Z,2- -1,.0

4.538 70-218

3.437450-15

1.657320-20
7.572489-22
1.23:270-17
1.02767M-4E
6. 044930-21

-5.368•-21

8.573220-26
2.727550D-16

1.464070-28
1 .735870-.17
1.277EZ2.-02

7.446840-"3
4.532740-22

7.52546'4-24

3. , -

I.4427FZ-23

3.72746".,-15

3 6E:8E.'-'5

2."'£7:0'08

-27.6343

-19.76D5
-21. 1242
-16.9065

-17.535
-2D.6511

-23.7764

-7.7i37
-20.2685

-25.0665
-15.5642
-27.6344
-16.7605
-1.8535
-2.7213

-27.3437
-2.4007
-7.8352

-23.1275

-18.262

-7.7555
-25.6513

-16.1246

-24.5252

-22.6620

-6.7425
-10.3357

-7.6549

3.513520.-If
1.30419D-20
2.67U455-22
1.75326,-1.
E.55EIID-1
6.17i354-21
1

1.305540-07
1.416550-Be
4.24073D-21
8.7763M5-26
2.76B680-16
5.6116C0-25
1.36564D-17
1 .900430-2

1.144028-03
3.56635D-26
I.U63110-03
5.60140t-u5
8.610000-25
2.634D.2-25
7.0z5'7-15
3.4:7510-11
3 . 7 z.D-

2.550010-31
5.4D602D-23
9. 5730n3>20

4.!3m60-23
1.71337D-26

3.3•E4!A'-lS

1.423430-07

4.68ES•-h1

-17.4430
-18.4542

-17.3236

-25.6573

-15.55466

-26.2509

-16.66i6

-2.6416

-27.&178
-2.3726

-6-25.2.7
-2.0657

-15.5546

-16.8467
-1.5n76

-30.5ES4-2U.416

-*7.3SwB9
-17.478S
-25.17
-22.90

-27.576i
-14.1:37

-6.4674
-:7.32i5

-7.7525

-27.7M6

7.8531D-ra1
1. B2225•:tL'1

7.665310-01

3.83-2HI0 a
3.832850-01

7.6698310a0I

1.0222504-0
1.02225 D00
7.86831)-'01
1.02225•0-3.e3285D-ti
7.UM81D-D1
7.665310-11
1.B2225D+OB

7.68310D-B!
1.15540D-01
3.6328-02

7M632M-:1

7.6531'D-01

7.568310-01

7.868w310-01

3. 32850-z1

7.6683':0-C

L." 6S-. 10c.
-.4:65
-. 4:6B

-. 04,

.Nib

-.101.1

1054

.0"F6
-. 4165

-.1041

.•nii

-.1041

-. 1041

-. 4165
-. 5537-
-. •415
-. :•

-. j .

.06•5

-.Z%6
-. ••

-.SL.7

I/

---- LOOK ?K I-A.

LOG WAr LO KT LCF•A8E

URANXN:T
3302 (AM
U405 (C)

U3IE 6)
L'S; 0 (C
U03 (C)
P..Y iTE
i-'..12 (Di:

URANO:nA

ARAOONIT
ART]NiTE

CAL.CITE

CELESTIT
C4A.CED0

-11.1542
-1134542
-43.735i
-3:.20E7
-15.3555

59. 3 772

-5.376-1
-5.3E81

-2i.0842
-15.7085
-25.7337
-E.6674
2.3B50

11.B:74
-B.8074

-26.7376
-3.6562
itoi

-14.3636
-8.5102

-41.2746
-6.1E26

-17.3iB2
8.2625

12.046i
5.9255
5.7353

-11.6461
17.40N
-I.S341
-6.24!9
10.4070
17.5155

-8.4153
-6.4565

2.ALD i C JS-
G JAF/KT

-2.9440

"2.ALS3
~4 1.i70~.76,357

Z0.4233
15.3042
5.1184
4.6381
33.19;i

S-.6256
-8.1020

20.26fl



EOLO]TE
EFFSO'dTE
5-EFOLIT

FE3(O•)6
FE•)2 .7

FES F.=T
FE2(,04)
FOSTERI.
OEETHITE

&REENALI
SE.si.|E]

GYFPSU
HAITE
fEMA7ITE
t.L%'ITE

HYDRAGN
JAR.O.TE

Fv;N!TE
A•1E2

51i02(AG
5 02 (A iF
£TRE IA.

TFIRMNA
TEEM0. 1T

FYPMLLS!

E XSY'TE

PYRO.RQi
RAN[Mil7

W2(SO4)
72N PEAL
ZNrL2
SMITFOS"N
ZX03) 1
ZNCOW2
ZN "(0))3
WD" (N•)B
ZN2(04)2
ZN4 (0V)6
ZNO(A:TsI

INIIiTE

AS (A)

-17.5656•
-25.5'7,4

10.323i
,5.0251

14.D466
2.4579

-40.8554
-9i.,65i2

15.1214

4.1500

-25.7366
-2.005
10.0 605

-19.9619
-23.7909
-55. 06722
-10.65U
-21.1126

10.06•:5
-6.655"

14. S23
-32..9!5
-274.2s23
-7.3i6i
-E.7021

-53.653B
-3.5 6j6

-15.7152
-3. M/2

-3.5i62
-5.6713

-24.235:
-7.3732
45.5519
10.3536

16.7103
27.D269
6.3352
5.3544

-11.39Z3

-36 .56

-25.2566
-51.1005.

-15.5535
-22.12,6
-22.1261
-2.t]51

-13.056
-2i.2303
-41.4100
-46.24,2

-2.4177
-2.4177

-40.395
-47.25-5
-47.2555

-16.7672

-2.2!52
15.7600
15.2006E

46.5si6
10.27:05

-3i.2656
3i.66!5
25.6621
14.2173
20.5100

-159.B-u21.
-11.573

1.55A2
23.4,76

-25.2467
-7.3041
29.3950

-39.95L5
-14.30:0

33.0113
-1.'E568
31.7784
-2.E',3

-4.1646
-! 0. C:i3

-2.1141
-5.2306

-4. 04,

.2M66
55.2626
42.5126
14.3233
03.73"-33
52.2745.
6377.n502
15.7243
25.55"3

-10.3516
2.2220

-31.3U6.

47.-433

7.5208
-9.8776

-10.26DC

3E.5000

7.5BOD
28.4000
11.3100
11.7538
20.7608

-17.516
-47.20;2

-6.740-5
-.7953

-23.355.2
-6. 45LA

-13.1777
-32.80•5"
-7.E,125
-I .VO2E

-131.57B7
-11.54.6
-9.1578

-16.630D
-5.6694

-20.8753
-3.53D47

-13.&2M2
-5.7151

-16.068
-87.4530

-. 890E
-6.51ll26

-22.•5:1,U
-. 5•,-

-17.7261
-30.0412

15.34!
-3.2L*-*

-5.3145

-i.C522
-I.D822

-6.62
-7i.:740

-7.BE!5
-13.71C7
-32.515•
-33.12i7
-33.337
-33. 5 642
-U .7633

-7.4051
-16.6385
-1.0387

-11.0V473
-5.1784

-31.3612
-135.8525
-31.2573
-27.0747

-12.2471
-11.8661
-13.5151,
-26.6B56
-61.73D3
-45.51DO
-74.6452
-13.7277
-14.1711

-101.1603
-2.7571
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TOT k- K
CA

CL

ALA
KA

S
Sl
Si

U

SE

A .6&!9l7D-)5
2.U1577-:-Z

3. 2523.- •E

1.63256::'.-•6

1.4577530-7
I .0957iD-~z

3. D23;0.-:4

. 92.,3D2•-•7

-4 .3314

-1.4942

-3.936'
-3.1474

-6"6363
-1.9626

-A .265~5

-4. Sal 1

-6.6773
-6.7424

-o-6
Im IAýU, B7 ý <2 2-

*-- *Q(ITI OF sc~LL 1.,:ON---

F-z 7.277
E a 23

A;iv1'Y~ f•2C a .9967

E,'T•;CAL ALE a ,35::

O.7A, CA;v• a 1.4&.-2

0 SFEt~ES

. ,r~£ - - 7 •i.AY L• • h -v AT1v: TY LO• A:i2U:iY rAM"A

2E-
3 i~zc
9 E-

ii CA2+
12 C 2+
13 CL-
27 FE 24

21 PS 71+
22 MIN 24
24 NA+
27 RS 2-.
2 504 2-

37, W2 2
34 2K 24

3- rr ~7-

-2.D
i.0

2. D

-" .1C

2.D)
I.D

-2.[,
2.1)

2.0

2.r
2.0

-2.0

4 .69'376D-Z

5.547130-t.i

2.5764M-22

6. 69378-D4
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Attachment D: PIMEEQE model predicted dissolved species and
minerals-saturation indices on various constituents present in the
Mancos groundwaterg Well 982.
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Atteohment Ci PREZEQE (model) predicted dissolved species and
minerals-saturation Indices of various constituents present in the
Manoos groundwater, Well 981.
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Attachment A: On-site measured parameters of groundwater
condition in the Mancos Shale at the Cheney site.

WELL TDS* ALKALINITY TEMP
•*FOUNDATION NUMBER Eh(mV) -pH (bg/1) (=g/1 as CaCO3) (C)

ALLUVIUM o08 206 7.48 o170 327 14
ALLUVIUM 812s 227 7.36 664 286 12
ALLUVIUM 820 24 7.49 1630 24
ALLUVIUM 828 -20 7.51 620 474 24
ALLUVIUM 8292 208 7.23 680 401 23
ALLUVIUM 904 111 7.31 966 422 13
ALLUVIUM 965 221 7.09 798 290 15
ALLUVIUM 966 247 7.31 812 349 13
ALLUVIUM 967 255 7.40 760 259 12

MANCOS SHALE 811D 57 7.14 4320 457 10
MANCOS SHALE 981 -252 8.38 4220 1148 22
MANCOS SHALE 982 -355 7.22 6210 1002 14

DAKOTA SANDSTO 977 -22.5 7.21 12100 6630 19
DAKOTA SANDSTO 978 7.43 15410 7861 19
fDAXOTA SANDSTO 971 7.80 15300 7899 17

SLABORATORY MEASUREMENTS MADE ON SAMPLE COLLECTED
ALL OTHER MEASUPMONTS MADE IN FIELD FROM 11/89-2/90
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Attachment B: Chemical analysis of groundwater in Wells 981 and
982 in the Mancos Shale at the Cheney site.



respectively.

The values of the saturation indices and the dissolved species of
the hazardous constituents are read off directly from the computer
print outs presented in Attachments C and D.

C. Assumptions

1. The calculation represents thermodynamic equilibrium reactions
with no consideration for time dependence of these reactions
(kinetic effects). This is a reasonable assumption as the
reactions involving the constituents of interest are probably
instantaneous.

2. The thermodynamic data base adequately represents the minerals
and the dissolved species that are present in the Mancos
groundwater. The data base is not adequate in that a) the number
of minerals and dissolved species for the elements for which data
is present are limited, and b) for a number of elements (for
example, bismuth, copper, cobalt and chromium) no data is in the
data base.

D. Material properties

Not applicable.

E. Data Sources

Thermodynamic data, chemical equations, procedures for calculation
of the dissolved species and saturation indices for minerals
containing hazardous constituents are in PHREEQE data base of the
UMTRA Project file maintained at the DOE's Albuquerque office.
The groundwater data used in the calculation are in Attachments A
and B of this calculation.

F. Solution

The details of calculations performed is voluminous and are not
attached. However, they can be exactly reproduced using PHREEQE
and the chemical input parameters shown in Attachments C and D,
with the input oxidation-reduction potential held constant and the
density of the solution being I gram per milliliter.

The dissolved species and the saturation indices of minerals for
the groundwater in wells 981 and 982 are shown in Attachments C and
D respectively. The dominant dissolved species and the minerals
containing selected chemical elements including the hazardous
constituents of interest are highlighted in these Attachments.

G. Conclusions and Recommendations

1. The data presented in Attachments C and D strongly support the
t£ field observations (Attachment A) that the groundwater in the



Mancos Shale underneath the proposed disposal cell is in a highly
reducing geochemical condition. Methane gas was produced during
drilling -of wells into the Mancos Shale; the modeling data show
that the groundwater is supersaturated with respect to methane
(well 982) and pyrite, and the chemically reduced ditselyed-species Pr

•' of various elements including those of sulfur, iron, arsenic, \
A40 le%4 molybdenum, selenium and uranium are predicted to be

dominant in the Mancos groundwater. This highly reducing
geochenical condition coupled with the alkaline pH condition will
insolubilize the hazardous constituents present in the Grand
Junction tailings pore leachate.

2. The saturation indices of the hazardous constituents presented
in Attachments C and D show that the Mancos groundwater is
supersaturated with respect to cof finite (USiO4), sphalerite (ZnS),
greenockite (CdS), galena (PbS), ferroselite (FeSe2), native
selenium (Se) and molybdenite (MoS). Therefore, these hazardous
constituents are predicted to precipitate in these mineral forms
as the tailings leachate mixes with the Mancos groundwater. The
concentration of other hazardous constituents in the Mancos
groundwater was below their detection limits.

H. Results

The dissolved species and minerals-saturation indices of the
various constituents of interest, including the hazardous
constituents, are highlighted in Attachments C and D. Also see
the conclusions above.

I. References

See the cover sheet of this calculation.

J. Attachments

Attachment A: On-site measured parameters of groundwater
condition in the Mancos Shale at the Cheney site.

Attachment B: Chemical analysis of groundwater in Wells 981 and
982 in the Mancos Shale at the Cheney site.

Attachment C: PHREEQE (model) predicted dissolved species and
minerals-saturation indices of various constituents present in the
Mancos groundwater, Well 981.

Attachment D: PHREEQE model predicted dissolved species and
minerals-saturation indices on various constituents present in the
Mancos groundwater, Well 982.
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DETERMINATION OF DISSOLVED SPECIES AND MINERALS SATURATION INDICES
OF THE HAZARDOUS CONSTITUENTS IN GROUNDWATER OF THE MANCOS SHALE
UNDERLYING THE PROPOSED DISPOSAL CELL AT THE CHENEY SITE, GRAND
JUNCTION, COLORADO

CALCULATION NUMBER: GRJ03-07-90-14-14(01)-00 ( WAS REPORTED AS
GRJ03-07-90-13-06(02)-00 IN THE LATEST GRAND JUNCTION RAP).

A. Purpose

The batch and column test data presented in Calculation GRJO.-07-
90-31-06(01))-00 demonstrate that the hazardous constimLtents
present in the Grand Junction tailings pore water will be
attenuated by the Quaternary alluvium and Mancos'Shale underlying
the disposal cell at the proposed Cheney site. The purpose of this
calculation is to determine if the geochemical condition of the
groundwater where it is present in the Mancos Shale underneath the
Cheney site, is also conducive to attenuation of the hazardous
constituents by chemical precipitation.

B. Overview of Method

The numerical computer code PHREEQE was used to determine a) the
dissolved species of the hazardous constiutents in the groundwater
of the Mancos Shale and, b) the saturation indices of several
minerals that contain these hazardous constituents. The dissolved
species indicate which species of a chemical element is stable in
the solution. Saturation index on the other hand, is a measure of
solubility of a mineral, that is, whether a mineral precipitates
or dissolves in a solution of known chemical composition and
condition. The computational details used by PHREEQE are provided
in Parkhurst and others(1980).

The input parameters for this computation consisted of the
following types:

a) On-site measured parameters of the Mancos Shale groundwater
geochemical condition. These parameters are: oxidation-reduction
potential, pH, alkalinity, electrical conductance and temperature.
The measurements were made following the procedures described in
the UNTRA Project Standard Operating Procedure No. 16.1.13. The
data are provided in Attachment A.

b) Concentrations of several dissolved constituents including the
hazardous constituents that are present in the groundwater. The
chemical analysis of groundwater in wells 981 and 982 are provided
in Attachment B.

The input parameters used in the computation for the groundwater
from wells 981 and 982 are summarized in Attachments C and D
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Wale 3.39 D( -- vtone water quality statistics at the
Cheney disposal site. Grand Junction, Coloredo

SITE: GRJO3 CHENEY RESERVOIR
02/02190 TO 06/29/90
REPORT DATE: 08/23190

(

PARAMETER NAME UNITS COEFF. %0 o STATISTICAL RANGE
STANDARD OF NON 98M CONFIDENCE INTERVAL oISTRIPUTION FOOT

#Of SAMP "II0U" IMAXIMA I MEDIAN INEAN DEVIATION VARIATION DETECTS MININM MAXIMIJ * TYPE NOTE

TOTAL DISSOLVED SOLIDS MG/IL
6 1 10500.0000 18300.0000 15355.0000 14518.3333 2780.8662 0.1915 0.0 09.1033 18338.5634 M L

TOTAL KJELDANL NITROGEN MG/IL

3 0.5000 5.0000 0.5000 NAN NA 66.7 NA NA NWmai I

URANIIM WGIL I

6 0.0004 0.0032 0.0015 NA NA NA 50.0 0.0004 0.0032 NOMPARAElTRIC 2.6

VANADIUM4 MGIL

6 0.0050 0.0300 O.05O0 NA NA NA 83.3 0.0050 0.0300 NONPARAIMETRIC 2.6

ZINC 0G0L

1 6 1 002 .06001 0.695 N NA KA 33.3 0.0025 4,60ON WTII 6

r j Coe. cnjt641a'ej
txlýu* of

4 Statistical moxnin Is the 99 percent one sided confidence interval, * s 0.01
1) A miniu of 4 seaples mint be available for the statistical analysis.
2) The orperametric distribution was used because the nondletected values comprise more then 151 of the samples.
6) The stat. range Is the 96.91 conf dence interval due to a asale size of 6. The muxlm is the 96.51 one sided cenf Idence Int.

INPUT DATA FILENAME: J:=DATlGRJOS3\GmI00Z0.DAT


