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1.0 WATER RESOURCES PROTECTION STRATEGY SUMMARY

~\“?J 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) & 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 1imits 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
Na 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 & 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/1) (40 CFR 192.11(e)) and the
groundwater 1is not considered to be a resource. Furthermore, the
uppermost aquifer 1ies 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 1imits proposed for the uppermost aquifer are hypothetical
because no gqroundwater monitoring dis proposed for the uppermost

aquifer.

0 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




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. A1l hazardous constituents that
exceeded 1laboratory method detection 1Timits were identified. The
hazardous constituents (40 CFR 192 Table 1) didentified at the Grand
Junction site include: arsenic, barium, cadmium, chromium, net gross
alpha activity, 1lead, mercury, molybdenum, nitrate, radium-226 and
-228 activities, selenium, silver, and wuranium. Hazardous consti-
tuents that are elements, and elements contained in hazardous
compounds (40 CFR 192 Appendix I) dnclude: 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.

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.

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.

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.

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 1impact
qroundwater in the alluvial paleochannels.

-2-



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
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

jnventory 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 gqroundwater from within the affected area, concentrations of
contaminants dissolved in the qroundwater 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 qroundwater 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.







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 layver. 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 [] riprap 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 c¢ell location was selected after an extensive
-hydrologic characterization, discussed 1in Attachment 3. The Cheney
disposal cell area does not overlie any saturated zones within the
alluvium.

It §s necessary to establish the foundation of the base of the
disposal cell 4in 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 groundwater
protection are climate and infiltration of precipitation, drainage of
tailings pore water, geochemical attenuation of hazardous constituents,
and placement of the contaminated materials 1in the ce]l These are
discussed in the following sections.
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2.1.1 (Climate and infiltration of precipitation

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\—
snowmelt 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 silightly 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 1ittle 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 1limit 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 steadv 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 1important 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

A
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{1
2.1.3

2.1.4

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
s 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.

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(01)-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.

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-02-90-02-02-00,
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 10~5 cm/s. The unsaturated hydraulic conductivity of the
tatlings 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



greater the value of N, the less sensitive are the changes in
hydraulic conductivity with moisture content. Laboratory testing
resulited in alpha and N values of 0.34 (per meter), and 1.M
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 materiais will be placed in the disposal cell to
minimize infiltration into and through the cell, and to minimize
the build-up (ponding) of transfent drainage. Therefore, the
Tower-permeability vicinity property materials will overlie the
high:r;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 dncorporation of the disposal cell design features
discussed in this section.

2.2.1 Disposal celi 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 in N
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 vears 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 overiying

()
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~ Table 2.1 Disposal cell components for protection of water resources

at the Cheney disposal site, Colorado

Cell componenta Descriptiond Purpose
[
Riprap rock - Type-A riprap Resists PMP storm events,

Sand bedding

Compacted Mancos
Shale

Radon/infiltration
barrier

Clean £i11 dikes

Graded sands

Excess material ex-
cavated from the cell

Alluvial clay from

the disposal site

with a saturated
hydraulic conductivity
of 1 x 10-7 em/s

Compacted Mancos Shale
from the disposal cell
excavation

revents channelization
of rainfall runoff

Prevents riprap from
*punching® through to
underlying lavers;

prevents riprap from

migrating into under-
lying lavers

Provides frost protection
to underlving 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

8See Figures 2.3(a) and 2.3(b).
bsee Section 3.3.5 of the Remedial Action Selection Report for a full
description of the disposal cell components.

-12-



layers. Uniformity of hydraulic conductivity of the radon/infil-
tration barrier will be ensured by adherence to design specifi-
catfons 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.

-13-
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3.1

3.0 DISPOSAL AND CONTROL OF RADIOACTIVE MATERIALS AND
NONRADIOACTIVE CONTAMINANTS

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
aquifer at the Cheney disposal site. The basis for the supplemental
standard is the 1imited use (Class 1I1) 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 111 designation because the TDS content is

greater than 10,000 mg/] (40 CFR 192.11(e)). Groundwater in the Dakota
Sandstone is not considered a water resource.

There are two basic requirements for a suppIementa1 standard (40 CFR
92, 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 1is 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
hydrogeoloqically 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
jsolated 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 3s hvdrogeologically disolated 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
1imits have been established, based on the EPA Maximum Concentration
Limits (MCLs) or the statistical maximum background concentrations, as
appropriate. The DOE 1is reasonably certain that the hypothetical con-
centration 1imits could be met at a hvpothetical point of compliance in
the uppermost aquifer because of the hvdrogeologic 1dsolation of the
Dakota Sandstone from any potential contaminated seepage from the
disposal cell.

-15-



The EPA groundwater protection standards consist of three components:
1) a 1ist of designated hazardous constituents; 2) a corresponding list
of proposed concentration limits for the constituents; and 3) a point of
compiiance (NRC, 1989). These three components are discussed below. N—

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 materfals, 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 criterfa: 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)(111), or Appendix 1X of 40 CFR 264. Screening for
organic chemicals listed in Appendix I or Table 1 was conducted as
part of the site characterization.

Hazardous 1inorganic 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 din hazardous constituent compounds that exceed
laboratory method detection 1limits include (Appendix I of 40 CFR
192.02(a)(3)(i)): aluminum, [] cyanide, fluorine (as fluoride), []
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 1imits

[

Because compliance with the groundwater protection standards
at the Chenevy disposal site is based on narrative supplemental
standards, concentration 1imits 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. GRJ-01-91-15-02-00). "
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Table 3.1 Hazardous constituents and elements contained in hazardous
constituent compounds at the Grand Junction processing site,

Colorado
Hazardous constituentsd ' Mean concentration of elementb
Antimony 0.006
Arsenic 0.092
Barium . 0.034
Beryllium : 0.003
Cadmium 0.0M
Chromium ~ 0.005
Cobalt : : : 0.090
Copper 0.049
Lead 0.005
Mercury 0.0001
Molybdenum 0.246
Net gross alpha activity¢t 261 pCiN
Nickel - 0.342
Nitrate 1.13
Radium-226 & -228 19.5 pCi/N
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) 0.0M
Fluoride (carbon oxyfluoride) 4.46
Strontium (strontium sulfide) 5.05
Sulfide (strontium sulfide, carbon disulfide) 0.050

8Appendix 1 of 40 CFR’ 192. 02(a)(3)(1), Appendix IX of 40 CFR 264, or Table 1
of 40 CFR 192.02(a)(ii4).

Mean concentrations from chemical analysis of lysimeter samples from
tailings and vicinity property materials; see Calculation GRJ-07-90-15-01,
Appendix A to Attachment 3 for calculation of mean concentrations; concen-
trations are in mg/1 unless noted; pCi/) = picocuries per 1liter. .
CNet gross alpha [] (excluding radon and uranium); 1 mg/)l uranium = 686
pCi/1 activity).

dappendix 1 of 40 CFR 192.02(a)(3)(1).
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Jable 3.2 Hvpothetical concentration 1imits for the uppermost
aquifer (Dakota Sandstone) at the Cheney disposal site

Concentration 1imit

Hazardous constituentsd Value Sourceb
Antimony 0.003 8G
Arsenic 0.05 MCL
Barium 45.3 BG
Beryllium 0.005 BG
Cadmium 0.01 MCL
Chromium D.05 MCL
Cobalt 0.05 BG
Copper 1.0 McLE
Lead 0.05 MCL
Mercury 0.091 BG
Molybdenum 0.21 BG

Net gross alpha (pCi/1)
Nickel

(o)
~J
(=]
(o]
12

=
2
Slal

Nitrate (as nitrogen) 10.0 MCL
Radium-226 and -228 (pCi/1) 15.0 BG
Selenium 0.01 MCL
Silver 0.05 MCL
Uranium 0.044 MCL
Vanadium 0.03 BG
Zinc 5.0 MCLE
"Elements contained in hazardous constituent compoundsd
Aluminum (aluminum phosphide) 0.1 BG
Cvanide (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
84azardous constituents identified in the tailings at the Grand Junction
processing site (Table 3.1). Concentration in mg/1 unless noted.; pCi/l=
picocuries per liter.
bMCL = maximum concentration 1imit (40 CFR 192.02(2)(3), Table 1).
BG = statistical maximum background concentration.
CEPA secondary drinking water standard MCL.
SAppendix 1 of 40 CFR 192.02(a)(3)(1).
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3.2

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.

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 1laboratory
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 1long-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- N—
ple computer runs with the various conductivity values using the
UNSAT2 computer code providing 1insight into possible moisture
redistribution scenarios (see Calculation GRJ-05-91-12-05-00),
Appendix_ A of Attachment 3).

Results indicated that transient drainage of construction
water will exit the base of the cell through fractures within five
yvears after completion of construction. Slight ponding of water
js possible in tajlings overlying weathered portions of the Mancos
Shale. Maximum ponded depths ranqe 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 Geothemical 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. N

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
1imits 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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3.4
(1

Natural, stable materials have been proposed for use in construction of
the Cheney disposal cell so that long-term performance 1is 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.

GROUNDWATER MONITORING PROGRAM

Groundwater in the uppermost aquifer (Dakota Sandstone)
beneath the Cheney disposal site 1is not a current or potential
source of drinking water and meets the EPA criterion for Class III

(1imited use) designation because the concentration of TDS is in

excess of 10,000 mg/1 (40 CFR 192.11(e)(1)). Post-closure monitor-

ing 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 hydroqgeologically 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 gqroundwater in

3.4.1 Uppermost aquifer
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 qroundwater 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 vield to a well and the low population
density resulting in low demand for water.

The disposal cell has been located and designed to restrict
miqration 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 1is not 1likely 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 Jeachate 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- i

ment practice to provide an indication that the disposal cell is
operating as desiqned 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
(adiacent to the northwest and southwest corners of the cell--
Fiqure 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 recharqe or from seepage of leachate from the disposal
cell. MWater samples from the monitor wells could be analyzed
periodically for anticipated hazardous constituents to determine
if qroundwater 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 1in 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 gqroundwater 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 1implemented 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 1is nearly zero (see Section 3.2); therefore, the
necessity for corrective actions at the Cheney disposal site is highly
improbabtle.
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4.0 CLEANUP AND CONTROL OF EXISTING CONTAMINATION

The DOE 1is 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 B8 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 1level 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 1in 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.

(1
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ks S
GEOCHEMICAL ATTENUATION OF CONTAMINA®IONS BY SOIL: ATTENUATION
CAPACITIES OF THE GEOLOGIC MATERIALS BENEATH THE PROPOSED DISPOSAL
CELL AT THE CHENEY, GRAND JUNCTION, SITE. A |

CALCULATION NUMBER: GRJ03~-07-80~13-06(01)-00.

A. Purpose

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

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

B. 0verview.of Method

* The attenuation capacities wvere determined using data from column
and batch tests performgd following the general procedures
described in Attachment A Ycf this calculation. Several composite
samples for the Quaternary alluvium and the Mancos shale were
tested. The composite samples were prepared using the available
drill cuttings, and grad sarmples from the freshly opened pits at
the Cheney site. The composite samples are described in Attachment
B. Additionally, sanmples 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 175-4). :

The conmposite samples of alluvium and Mancos shale vere
characterized for the physical and chernical parameters that contrel
attenuation capacities. These parameters dinclude grain size
distribution, acid neutralization potential, scil pH, cation
exchange capacities, and content of various reactive minerals anad
chemical constituents. The physical and chemicaa/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
seleniun were used for the batch tests, and also for the initial
column tests. The compgbition of this groundwater after spiking
is shownfAttachment D-1. 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, seleniunm,
uranium, wvanadi and zinc in this test fluid were elevated by
spiking with wn 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 composif;{sample.
The reproducibility data are provided in Attachment D-3.

A conmplete 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.

j C. Assunptions

1. The composite samples used for the tests represent the
Quaternary alluviur 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 nurber 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
randorly collected subsamples; however, these latter composites do

@' Dot reflect the special variability unlike the drill-cuttings
composites. ‘ :

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

This is 2 reasonable assumption for both of the test fluids used
because of the following reasons. The chenistry of the groundwater
from the well 589 is generally similar tec that of the tailings pore
vater. The composite test solution prepared by mixing water
samples from the lysimeters installed in the tailings should
closely represent the chenistry 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

ufluid.

. 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 more 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



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. (i3 13 € enservathie 4ﬂv7ﬂﬁ‘m)

“é. Material Properties

The physical and chemical properties of the composite sazples ysed
in the batch and colunn tests are presented in Attachment C.

/ « 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

Assune that the concentration of a hazardous constituent "X" in
test fluid is A mg/l, and the concentration of "X" in the leachate
from the batch or column test is B »g/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 2.349/1
and that in the batch leachate of the Mancos Shale composite is
0.007Ymg/1l (Table 1). Percent As attenuated is calculated as
follows: ) N

2.3 - 0.007 4
Percent As attenuated = -~ X 100 = $8,.7.

2.3

The concentration of the hazardous constituents in the test fluid
and the percent attenuvatioff of these constituents for the batch
test isyiven in Table 1.

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,
cadrmium, molybdenum, nickel, selenium, uranium and zinc. Because
of the very slow flow rate through the shale sanmples, column test
data are vailable only for the alluvium sanmples.

G. Conclusions and Recommendations

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

}‘;‘u
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measurable attenuation for molybdenum.

Chemical &nalysis of the first effluent pore volumes through the
columns of the alluvium samples are shown in Table 2. The data
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 twe samples containing
'p:at which partially attenuated fluoride; all materials released
nitrate. -

The concentrations of strontium, fluoride and nitrate in the
groundwater o©f 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 colurmn 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:v//
apounts of molybdenun, 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 tsyor belij'the EPA groundwater standards.

In summary, the batch and coclumn test data demonstrate that the
alluviun and the Mancos Shale underlying the proposed disposal site
will attenuate the hazardous constituents present in the tailings
pore water; and it 4is 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.
Srwlt oGt , bt T T4
Results

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

References
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TABLES AND ATTACHMENTS

Tables
Table 2 b o], 4o Description
st .o '
I.V/ Test fluid composfkfon and hazardous constituents

attenuation data from batch tests.

Chenical analysis of the first effluent pore volumes in
colunmn tests

~ N

3 Percent hazardous constituents attennated trom the first
: effluent pore volumes in column tests.

Attachment Description

A~/// Batch and column test procedures.

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

/ N M. ~ LK 4 )

c @%ysi 1 and chenical propenzzig of the composite
sanples.

D-1V Conposition of the spiked groundwater from well 58S5.

D=2 Hazardous constituents detected in the pofe wvater
of the Grand Junction tailings.

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

the first effluent pore volumes of the triplicate

D-4 (: Reproducibility of column tests: Chemical analyses of
coclumns of individual test materials.

£-V// Groundwater quality of the Mancos Shale and the Dakota
Sandstone.
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j;esults of the batch tests, cheney disposal site, Grand Junction,
Colorado

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

As Cd- Mo Se
Test solution ' 0.076 €.20 / g.4
Test pad Alluvium .
(GCM-2, =3 and =4) 0.016 / <0.005 / 0,  4.80
(99.3) (93.4)Y (o)) - (42.9
Homogenized Alluviuﬁ
(GCM=-1) 0.024 / o.oos‘/ o/  3.50 .
- (998.0) (82.1) \(0) 58.5)

Mancos Shale (GCM-5) [ 0.007 0.005 / 5,25 / 2.10 /
(99.7)]  (93.4)" {is. (75)




Hazardous constituents

Table 2 —

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

Concentration in mg/1
Sample No 178-1 179-2 1798-3 178-4 176-4410% Peat

peat
Al < 0.50 <0.50 <0.50 <«0.50 0.533 0.566
Sb <0.001 <0.004 0.0013 0.006 <0.001 - 0.001
As 0.003 0.005 0.0057 0.005 0.006 0.012°
. Ba 00100 <0010 (0.10 0010 <°l1 . 0010.
Be ' <0.050 <0.05 <0.05 «<0.05 = <0.05 0.05
Br 0.420 0.85 14.33 5.47 2.077 0.2133
cd 0.0006 0.0008 0.001 0©0.0008 0.001 0.0012
Ca 548.33 503 908 503 650 1600
Cl 1900 2033 8433 3067 1866 1400
Cr <0.100 <0.1 <0.10 «¢0.10 <0.1 0.1
Co <0.05 <0,05 <0.05 <0.05 <0.05 " 0.05
Cu 0.20 0.10 <0.310 0.167 <0.133 0.10
F 1.6 1.67 1.733 2.533 0.467 0.20
Fe <0.2 <0.2 <0.20 «<0.20 0.133 0.433
Pb <0.001 <0.001 <0.001 <0.00% ,0.001 0.001
¥g 531.77 500 423 673 505 473 ‘
Mn 0.533 0.50 0.10 <0.10 0.60 2.933 N
Hg : <.0002 <.0001 <.0001 <.0001 <.0001 0.0001 -
Mo -3.033 2.6 1.10 1.67 0.633 0.50
Ni 1.2 1.167 1.033 1.33 1.533 0.90
NO3 340.20 77.43 438.4 584 €68 1935
PO4 0.167 0.167 0.233 0.10 0.233 0.967
K 26.67 20.0 .0 25.0 16.70 26.67
Se 0.567 0.67 0.20 1.43 0.70 0.03
$i02 26.16 22.0 " 17.83 26.83 36.0 £§5.83
Ag <0.05 <0.05 <0.05 <0.05 <0.05 0.05
Na 3076 3720 4183 5682 3358 458
Sr 8.92 808 11092 10032 707 9.33
504 7486 8150 7066 11566 6130 2879
Tl <0.01 <0.01 <0.01 <0.01 <0.01 0.01
TDS 14528 15589 16286 21822 13220 8755
U 0.8633 0.114 0.0427 0.108 0.0984 0.0057
\ Y <0.100 <0.10 <0.1 <0.10  «<0.10 0.10
Zn 0.233 0.1617 0.20 0.133 0.267 0.267
(1) Arithmetic mean of three column-effluents for each
xaterial :
AR
,{l

e’



Table 3

" Percent hazardous constituents atfenuated from the first pore

Hazardous constituents

volumes in the column tests, Cheney disposal site, grand
Junction, Colorado

Percent hazardous constituents attenuated
Sample No 178-1 178-2 179-3 178-4 178-4+10X peat peat

As 9.4 $9.91 99,89 99.91 99.89 99.76
_Cd £9.91 99,86 ‘99.85/199.89 89.83 - 99,86
Mo 31.14 40.91 §86.07 62.05 85.61 B6.64
Ni 78.95 179.53 ©7.32 £0.12 73.10 84.21
Se 82.82 79.79 §93.94 656.58 78.79 $8.09
v £5.38 97.04 ©9.96 987.20 87.56 99.84
in ©6.97 9$7.83 §7.40 88,27 - 86.53 87.49
97,\"9
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_REVISED PROCEDURE: Section 16-1-8 Date: 05-1288 Effective: 10-27-88

. Date: March 7, 1990

TITLE: Baich and Column Yesting

10

2.0

3.0

PURPOSE

Provide 8 procedure to poflorm batch and column leach tests on wranium mil tallings,
solls, sediments, or combinations and mbdures thereo!.

'$COPE

This procedure is applicable to TAC and is contractiors or subzontratiors who have
responsibilities and dulies 1o perform batch or column leach experiments, Further,
gonionsl of Section 10.8.2 entitied *Packaging and Shipping Procedure for Unassayed

silings Samples®, Section 14.4.1 entitied *Soll and Rock Core Borehols and Test Pit
Logping®, Section 16.1.10 entitied °Fie!ld Measurements of Waler Samples for
Temperature, Conduclivity, pH, Alkalinity, and Tota!l Acid®, and Section 16.1.13 entitied
*Field Measuremenis of Oxidation/Reduction Fetentia! (Ep) in Water Samples®, are also
epplicable 10 this procedure. }

SAFETY GUIDANCE

Safety procedures outiined In this section must be foliowed when applicable to sample
coliection, molsture content determination, baich leach experiments and column lsach
experiments. Exposures 1o hazardous chemicals and radicactive materials must be kept
as low as reasonadbly achisvable in accordance with the ALARA principle. Al hazardous
and radicactive materlals must bs properly stored and transported (Section 10.8.2).

3.1 Analysts handiing hazudous and/or radicactive samples must weer appropriate
attire (0.9., rubber gloves, lab coal, glasses and dust masks) to limit unnecessary
exposure.

32  Atlire, where practicabls, shall be disposabls and will be disposed of in a

designated contalner.

- 3.3  Alanalysts working at the Rad Lab must have and wear 8 TLD badge to document

radiation exposure(s). -

3.4  Analysts must be properly tralned in the use of radiation survey melers prior to

conducling sample of conlamination surveys.

35  Alradioaclve materials stored In the North Bay or Gootéch areas must be signed
ot using the Log Books for each aree.

W) ) :
' b‘\ﬂ Ji

{o



4.0

. 8.6 Analysts must exercise caution and provide controls when practicable 1o prevent }/
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unnecessary exposure, contamination of laboratory equipment and release of
hazardous ang/or radioactive materials. e

-

8.7 Al hazardous chamicals such as acids must be properly stored when not in use.

3.8 Containment must be provided when liquids contalning hazardous and/or
radicaclive materials are being used, -

3.9  Every attemp! must be made to pvold production of mixed wastes by separatin
chemical and radioactive wastes whenever possidle. :

310 Analysts must immediately notlty the Radistion Protection Officer I radiosctive
materials are released and notify the Laboratory Mansger if hazardous chemicals
are released. -

3.11  §Eplied or relessed hazardous and/or radioactive materials mus! be cleaned up &s
quickly s possible foliowing notification procedures of 8.10.

312 Conlaminated labware and decontamination wash solutions must be placed |n
geperate designated disposal containers. '

CHEMICALS AND REAGENTS

41 Llaboratory Reagent(s)-Consult with Geochemist or Hydrologlst to determine
reagent grade chemicals, reagents, or other solutions required for experiment.

42 Synthetic Ground Water-an squeous solution comprised of reajent grade
chemicals or solutions that approximate ground waler sample concentrations
based on previous laboratory results. Ses 8.1 and §.1.

A ALTERNATE. Mix distllied water with tallings, soll, sediments, or other
combination(s) and mixture(s) of samples. Filter and use the fitirate for the
experiment. Record welght of sample and volums of distilied water used.

4.3 Lixivianis-an agqueous solution that contains a compound which will promote the
dis;ogl:.;ﬁon or desorption of soluble constituents within the agqulfer matrix. e 6.1
‘n 290 )

A Prepare lixiviant solution(s) as required by the Geochemist or Hydrologlst.
Record weight of lixiviant(s) added to liquid and volume of liquid used to
prepare solution. Epecty lixiviani(s) used. NOTE: UQuid may be distilled
water, ground water, or other sutiable liquid. :

B. Prepare IxMani(s) In solid form, as required by the Geochemist or

Hydrologlst. Weigh Exiviani(s), mix with sample or add ixiviant to eolumn.

Seo B.1 or B.2 below. Record weight of lixiviant(s) and sample used.

Spectly Iixant(s) used. NOTE: Sample may consist of tallings, soll,

;gi?inl. grgc pre-<Cetermined combination and mixture of these media.
Jand$.1,

b

1. Determins lixtani(s) to be used, welgh out appropriate sfiquot, and mix
well with sample. Add mixture 1o column as directed in §.4.
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2. Determing lixiviani(s) to be used, welgh out an appropriete aliquet, wnd
8dd 1o column as a single unmixed layer. NOTE: Place Uixiviant on top 9/

or bottom of eolumn. 7 i'
. ’ |
44 Walor, delonized (ASTM Class Il or batter). See Reference 11.2. 4y
45 Nitric Acld: HNOgs. Reagent Grade (~70%: ~16 M or~16 N).
46  Slicasand |
47  Radiac Wash or equivalent (Uss for radicactive decontamination).
A 0% (vM Radiac Wash Bolution: Add =800 mL of Radiac Wash to 8 2,000
ml graduste cylinder contalning ~=1300 mL of deionlzed water and mix well.
Add delonzed water to the 2,000 mL mark and mix well. Pour solution into
8 polyethylens container labelied with *~30% (v/v) Radiac Wash Solution®,
*600 mL Radiac Wash/2,000 mL delonlzed water, date, and inltials.
B.  ALTERNATE. &% (wN) NagEDTA Solution: Add 50 grams of Tetrasodium
EDTA reagent powder to 8 1000 mL volumetric flask and add ~500 mlL of
Cistilled water 1o dissolve the EDTA powder. Add distilled water 1o the 1000
ml merk on the flask and mix solution well. Pour solution Into plastic
container. Labe! eontainer with *DeCon Bolution®, *~5% (WN) NasEDTA
Solution®, *80 g NasEDTANter ©f distilled water”, add date, and inttial.
Dispose of solution into foxic or hazardous waste container afier 68 weeks
ang replenish solulion with a fresh batch of EDTA solution,
EQUIPMENT AND SUPPLIES
B.1  Portable Radistion Survey Meters:
A Beta-Gamma
B. Alphs Scintiliation
62 Top Lloading Balante, 0.1 g
£3  Analylical Balance, 0.10 mg.
8.4  Wrist Action Shaker: with timer and sutomatic/manus! operation
E5  Conductivity Meter with thermometer |
8.6 pH Meter, with sutomatic temperature compensator (ATC) and with expandable
= reagout. :
8.7 Thermometer
g8  Refrigerator sst a1 4° C.
£5 Drying Oven: 0-200°C. Range
610 Pump, peristattic: with variable speed, whh 3/1€° Ld. tubing.
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811 Pyrexor polysthylens beakers: &0, 100, 180,250,400 mbL _
€.12 Pyrex or polysthylene Erlenmeyer Sasks: 125, 250, 500, 1000 mL }/ \W —
£.13  Pyrex or polythylens graduate cylinders: 80, 100, 250, and 800 mL | '4\"’

. 834 Pyrex fitter flask, heavy duty: 2000 mL
s Pyrex or polysthylens filter apparatus: 80, 300, 800 mL
8.16 Fitters: |
A Membrane ﬁrior; 0.45 u, 2 diameter .
g. Glass fiber fiter (for column(s); 75 mm diameter, Micron Separations, tn:f.

C. :’o!;gthylom fiter disc (for column(s); ~4* cllameter and with 1525 holes In
» disc.

D. Minl-Capsule fiter (No. 12123) or equivalent: 0.45 um, Gelman Sciences
517 Stoppm: | |

A Rubber; Nos. 7, 8,9, and 10

B. Bakelite or o'qum!oni (for columns); machined, 4" diameter wih 3/16° 0.d. x

~3" length glass or polyethylens tube located in center of stopper. Two (2)

each for each column. ‘

g.18 Egm(s). polycarbonate. Purchase from loca! supplier and cut into appropriste
A ~12" x ~4&"Ld.
B. ~4F x ~4'L0.

8.18 Tygon tubing or equivalent:
A Y16Ld x 1/16 wall
B. 12ld x 1/&wall

E20 Plastic Pans: ~12 width x ~14"length x ~8 helght

§21 Aluminum pans (1o hold sample): disposable

2§22 Laboratory Log Book

€0 PROCEDURE: Sampls Collection

o  Safety guidance provided in 8.0 must be followed, as applicable, for this
procedure.
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6.1
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6.4
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H the LEMLMM portions of Seclion 10.6.2, are app lca‘ﬁo o this
procedure. N the gemples sre_unconieminaled, porions ©f Section 14.4.1 are

applicable to this procedure. Sample coliectors must be famlliar with and use
appropriate portions of Section 10.8.2 and Section 14.4.1. .

Collect tallings, soll, or sediment samples with clean utenslis and store in sample
containers. Mix sample well, S

Detormine radioactivity of sample and record valus In URMr on sample Cats shee!
and 7!1) sample container. NOTE: Use calibrated poriable radialion survey
meter(s). ~

Propare lops of tes! plis and oim holes according to Section 14.1.4 of the
Albugquerque Operations Manual.

The methods for cieaning labware used to collect the sample(s) wx_il bs dependent
upon the components of interest, (0.p., samples collected for organic analyses
should not come in contact with plastic, etc). '

PROCEDURE: Moisture Content Determination or Preparation of a Drisd Sample

]

©

4

72

73

74

75

Safety guidance provided In 3.0 must bes followsd, as applicable, for this
procedure.

&e ASTM Method 2216, see Rmrom: 1.1

Weigh 100 g aliquot of sample into a sample container labelled with sample
Kentification number. Record nel weight as ‘we! weight". Sample consists of
tallings, soll, sediments or any combination and mixture thereo!.

A ALTERNATE. Msample ks to be anﬂyicd as 8 wet sample, omH all of 7.0
and proceod direclly with 8.2 or §.2.

Piace sample contalner into a drying oven, se! temperature controlier to 100° C.,
close oven ¢€oor, and turmn oven on. Check temperature reading on the
thermometer periodically,

A Oven ghould be located In an exhaust hood or should be vented oul of the
bullding with appropriate exhaust tubing. ,

Dry sample for 412 hours. Upon ecompletion of drying tUime, shut off oven, and

allow sample 10 00! 10 room temperature. NOTE: Length of drying time depends -

on type of sample and amount of molsture in the sample.

Welgh sample and record net welght 8s *Dry Weight'. Record the foliowing

information in the faboratory fog book: A) Cate and time ©f delermination, B)

sample numbaer, location, and description, C) mass of sample before drying ("We!

wo;g:g. D) drying ime and temperature, and E) mass of dry sample (Dry
aight).

Calculate and report parcent molsture as follows:
% = (WelWeight-Dry Weight) + Wel Welpht x 100%.

s

b
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7.6 Pulverize cried sample by placing sample Into § or 4 hesvy duty plastic bags and
crush sample nto fine dust by beating bag with 8 rubber maliet. Mix sample by

shaking and tumbling bag. NOTE: N necessary, use additional bags if bag(s) are
punctured. .

A ALTERNATE. Use 8 mortar and pesUe 1o pulverize the sample.
7.7 Sample now ready for analysis,

PROCEDURE: Baich Leach Experiments

° Safely guidance provided in 3.0 must be followsd, as epplicadle, for this
procedure, .
——

° ”Poﬁorm Batch Lesth Exp.rlnionts sccording 1o the JEG-modified version of ASTM
Method 4316-83. See Reference 11.2. o
- ety ¢8 -+ B - e & mamn 5y - . R - . .
81  Consult with Geochemist or Hydrologist to Getermine method of batch preparation
' and use of solution.

A Should sample(s) be analyzed In wet.or dry form? Ehould solid lixiviant(s)
be mixed with the sample? -

B. What kind of Exiviant(s) will be used? Wil lixiviants require mixing before
use? What is the compostion of the lixiviani(s)? Mixtures? What will
*groundwater" consist of (i.e, distilled water, synthetic groundwater, sie

speciiic groundwaler, or other solution)?

C. What volume in mL will constitute 8 *Pore Volume? Afer what pore
volume(s) should samples be coliected?

B2 Welgh 200 g of 8 wel sample Into a 1000 mL Erlenmeyer flask labelled with sample
number. Welgh sample to the nearest 0.01 g and record weight as wet weight.
. NOTE: Sample Is tallings, soll, sediment, or 8 combination and mixture thereol.

A ALTERNATE. Weigh out 75 & & ¢ of a drisd and pulverized sample into a
500 ml Erfenmeyer flask. Weigh sample to the nearest 0.01 and record
welight as dry weight.

83  Add ~-80 ml of distilled water to the flask and mix sclution. Record volums In log
book. Siopper flask. NOTE: Use, if required, synthelic ground water (ses 3.2),
she spocific ground waler, or Ixiviant solution (see 3.3) as 8 leach medium. Add
kquld volume equa! 1o ~four (4) times the amount of solid sampls.

A ALTERNATE. Add ~300 mL of distlied waler 1o the fask of 8.2A. Stopper
fiask. Record volume in log book. See NOTE of 8.3.

8.4 Mount flasks on Wrist Action Shaker and tighten clamps 80 that flasks do not
move. Piace a plastic pan benesth flasks 80 that leaks or spllis may be caught in
the pans. CAUTION: Neck of fiask or clamp may break dus to excess pressure.

'l 'o‘!
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Turn on shaker and shake samples for 60 minutes. During shaking perlod, check
fiasks periodically to make sure they are secure and to see H liquid and samples
are mixing well. ¥ necessary, siop shaker and tighten clamps. Aler shaker stops,
aliow samples to se! for 24 hours.

Repeat 8.5 onoe more. Alow samples 10 se! ovorn!éht Chack stoppers and flasks
for leakage. -

Repest 8.5 and 8.6 each day for two (2) more days. NOTE: Samples must be
shaken twice 8 day for thres (3) days. '

Without agliating sample solution, loosen clamps and caretully iomqvo flasks from
the shaker, loocsen sioppers, and place samples on lab bench.

\

Fitter sample solution into a clean 1000 mL erlenmeyer fiask labelled with sample
number and gently mix solution. Observe and record physical description of the
filirate (e.g., Clear, cloudy, color, eic). NOTE: Record date and time of semple
coliection, sample number, and descriplion. '

A NOTE: Assomble filler apparatus as foliows: Place ~ 5-6 feet of clean
3/16° 1.d. tygon tubing into peristaltic pump ang hand tighten screws. To
outlet end of fitler apparatus, sdd Minl-Capsule filter (see £.16D) and tiphten
hose clamp. Rinse uni wih ~1000 mL of distilled water. Unli now ready
for sample and filtration. NOTE: Adjust pump rale {0 desired speed.

Divide filtrate Into appropriate aliquots for fis!d or laboraiory analysls.

A Pour & 200 mL aliquot into a precieansd 16 oz. sample botlle. Acidity
aliquet 1o pH 2.0 with 23 mL of HNO3 and mix well. Labe! bottie with
sample identification, *M*, *"HNO3 addeg’, Cate, inlials and comments (i
any). Refrigerate sample a1 4° C. Ship samples to the laboratory for metals
delermination,

B. Pour 8 200 mlL aliquot into a precleaned 16 oz. sample bottle. Labe! bottle
with sample Identification, *A-1°, °No preservative added”, date, intials, and
comments (f any). Refigerate sample &t 4° C. Ship samples to the
laboratory for anlon determinations.

C. Pour 8 100 ml aliquotinto a pre<cleaned 16 oz. sample bottle. Labe! bottle
with sample Kentfication, *Paramelers®, °No preservative added®, date,
Inlials, and comments (i any). Refrigerate sampls at 4° C.

Perform chemica! measurements at the time of collection according 1o sample
analysis requirements (e.g., pH, En. Conductivity, excess lixiviant, and alkalinity).
Use aliquot from 8.10C above. Use paragraphs 7.0, 8.0, and 6.0 of Section 16.1.10
for these measuremenis. : :

A Calibrate pH Meter. Record siandard(s) used as well as cate and time of
calibration. Measure sample pHs and record data.

B. Calibrate Redox Potentia) (Ep) Meter. Record standard used as well s
" date and Lime of calibration, B%easuro sample Exg and record dete. NOTE:
Use Section 16.1.13 for thess measuremsnis.
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C. Calibrate Conduttance Meter. Record date and time of calibration as well
as slandard(s) used. Measure sampls conduciance and record data.

D. ¥ sample volume permits, determine alkalinity of sample. Record date on
sample analysis sheel. -

- 812 Dispose of sample by adding ~80 mL of distllled water to flask and swirling sample

$.0

.
1} o

ixiure until sample s suspended. Quickly pour sample solution into a radwaste
container. Rinse flask with =50 ml of distilisd waler and repea! swirling. Pour
solution into & radwaste container labelied with *Radiosctive Waste®, Btte name,
and cale. Add contaminated fabware and sample wasie solution(s). Etore In
Radwaste sicrape area. '

8.13 Ciean uncontaminated fabware (0.0., beskers, fiasks, eic.) by sosking labware .

overnight In ~80% (vA) Radiac Wash and by washing them with a fsboratory
Celergent. Rinse labware 8 minimum of three (3) times with hot water foliowed by &
minimum of three (3) rinses of delonlzed waler (see 3.1) and aliow (abware to alr

cry.
A.  Soak uncontaminated labware ovor'nl%ht in 8 30% (vVv) Radisac Wash
Solution. Save solution for 6-8 weeks. Dispose of solution inlo designated

tadwasie containers and fill the sosk container with fresh solution of dilvted
Radiac Wash. NOTE: As an alternate, use ~5% (w/v) NayEDTA Solution.

PROCEDURE: Column Leach Experiment

° Safety guidance provided In 3.0 musl be foliowsd, as applicadls, for this
procedure.

$.1 Consult whh Geochemist or Hydrologist to determine method of ecolumn
preparation and collestion of eluates. '

A Should sample(s) be snalyzed in wet or dry form? Should solid likiviani(s)
be mixed wih the sample and added o the column or added 10 the column

as & single laysr? Should vacuum be used during part or all of column

procedure? Should groundwater or lixiviant be added to the top or bottom
of !tho t;olumn? Should sample be eluted from the top or botiom of the
column

B.  VWhat kind of lixviant(s) will bs used? Wil ixiviants require mixing before
use? What is the composition of the Ixiviant(s)? Mixtures? -

C. Wha! volums In mlL Wil constitute a *Pore Volume? After what pore

A volume(s) should samples be collected? What liquid, I required, will be

contained In the reservolr (e.9., distilied water, synthetic groundwater, shte
speciiic groundwater, kxiviant solution, eic.)

$2 Delermine radicactivity of the sample In uRMNr. Record value on sampls data sheet
and on sample container. NOTE: Compare radioactivity values of that on the
sample confsiner 10 the sample 1o be processed. U necessary, consull whh
Geochemist/Hydrologist 1o delermine laboralory precautions o be exercised when
processing the sample.

1R
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8.6

8.7
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Assemble column for experiment. | v l’i[ft‘

A Take a clean column (~12" x 4" 1.d)) and Insert 8 machined stopper. NOTE:
Apply & small amount of inert lubricant on the side of the stopper and push
otopf:r) into column. Use same procedure for longer column (l.e., ~45" x
~‘. offe .

8. Place column onto eolumn rack and tghten clamp.

C. Place & plastic pan directly undemneath the column 80 that any leaks or
spllis from the column may be coliectsd.

D.  Throughthe open end of the eolumn, add a fm.i disc (~4" dia).

E. Add a glass fiber fitter (75mm dia.). Piace the fitter so that it is adjecent to
and lies fial on the fiter disc. NOTE: Use a rod or other suliable instrument
to properly insert and place the fiter.

F. . Add~100 g of sliica sand onto filler and leve! layer of sand.

Column now ready for sample (l.e., tallings, coil. sediment, or pre-
determined combination and mixture).

Welgh ol 8 prodeiorminod amount of sample and sdd sample 10 the column.
Record weight of sample. Pack column. This is one tift", :

A In tah; gvem that solid lixiviants are to be added. prepare sample ascording
10 3.3 B.

Continue 5.4 untll ten (10) fts or ~10” of sample have been added o and packed
in tge oo!urgn. NOTE: The density should result in 8 transmissivity factor equal to
10 10!10' cm/sec. The upper two Inches of the column will serve as 8 fiuld
reservolr,

Complete filing of the column by adding ~100 g of slica sand onio the topmost!
layer of the sample.

Plase 8 & diameler glass fiber filler on top of the sllica sand layer and a filier disc
on 1op of the fitter. A

anee a Bakelle siopper Into the top of the ecolumn and push siopper into the
column. NOTE: Lubricate the sides of the stopper with petroleum or sllicons Jelly.

Connect one end of the column 1o 8 2000 mL filter flask with §/16 L.d. tygon tubing
and the other end of the column 1o 8 reservolr with 3/16° L. tygon tubing. Adjust
reservolr height to ~60 inches from 1op of column. This Is sometimes called
*head”. NOTE: Reservolr will contaln a solution specified by the Geochemist or
Hydrologist. &e8 8.1. ' ' ‘ '

Open reservolr and allow Eiquid to flow Info column. Allow the column 1o fill with
Equid and the solids 1o become saturated with the iquid. When column has besn
salurated with fiquid and Bquid. begins collecting In the collection flask, adjust
column exit flow rate fo one pore volume per Cay OR 1o flow rate spectied by
Geochemlst or Hydrologisl Adjust the head to ensure a minimum fiow rate of one
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&oro volume bnr five days. NOTE: A pore volume Is the amount of liquid
saturate the sample in the column, :

Collect sample(s) for analysls directly from the column effivent siream and ater
elution of the foliowing pore volumes: 2, &, 10, and immedistely before termination
of the experiment. NOTE: Determine and record effiuent characteristics {e.g., date
end time of sample ooliection, sample number and description, physical
cescription &:,. ciear, cloudy, brown, yeliow, eic.), excess lixiviant, or any other
paramelers that may be spacific to the typs of experiment). .

Divide sample hto appropriste aliquots for Sield or laboratory anslysls.

A Pour & 100 ml aliquot into 8 precleansd 16 oz. sample bottle, Acidity
aliquot to pH 2.0 with 1.2 mL of HNO3 and mix well. Label botlle with
sample Kentification, *M°, 'I%Noa added’, dats, inltials and comments (i
any). Refrigerats sample at 4¥ C. ﬁ ,

B. Pour 8 100 ml aliquot Info a pre<clsaned 16 o2. sample bottle. Labs! bottle
with sample Kientification, *A-1°, °No preservative added”, date, inltials, and
comments (f any). Refrigerate sample a1 4° C.

.C.  Poura 100 mL aliquot into 8 pre-cieansd 16 oz. sample bottle. Labe! bottle

with sample identiiication, *Parameters®, °No preservative added®, date,
inktials, and comments (f any). Rerigerate sample at 4° C.

Perform chemical measurements al the time of collsction according to sample
snalysis requirements (e.g., pH, Ep. Conductivity, excess lixiviant, and alkalintty).
Use aliquot trom 6.12C above. ¢ paragraphs 7.0, 8.0, and §.0 of Section
16.1.10 for these measurements.

A Calibrate pH Meter. Record standard(s) used as wall as cate and time of
calibration. Measure sample pHs and record data.

B. Calibrate Redox Potentia! (E&) Meter. Record standerd used as well 8s
Cate and time of calibration. Measure sample Epe and record data. NOTE:
Use Section 16.1.13 for these measurements.

C. Calibrate Conductance Meter. Record date and time of calibration as well
as siandard(s) used. Measurs sample conduciance and record date.

D. ¥ sample volume permlis, dslermine alkalinkty of sampls. Record data on
sample analysis sheel.

Conclude the experiment 8 the end of 20 days or upon addition and elution of 8
spocliied numbaer of pore volumes. :

Dlsassofnblo column apparatus and dispose of sample h1$ 8 ragwaste contalner
labelied with "Radicactive Waste®, Site name, and date. AZS sample waste
solution(s) and contaminzied labware.

Clean uncontaminated lsbware (e.9., beakers, fiasks, etc) by soaking lebware
overnight In ~30% (v/v) Radisc Wash and by washing them with 8 laborstory
Cetergent Rinse labware a minimum of three (3) imes with hot water foliowed by 8

[ ‘?J
quired (/- o
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gwgn!mum of thres (3) rinses of delonlzed water (see 8.1) and aliow labware to alr Y\l‘\'ﬂ
- Qry. g

A Boak uncontaminated labware overnight In a 80% (V) Radiac Wash

Solution. Save solution for 6-8 weeks. Dispose of solution Inlo designated

- radwaste contalners and fill the sosk contalner with tresh solution of diluted
Radiac Wash. NOTE: As an afternate, use ~8% (w/V) NaqEDTA Solution,

ATTACHMENTS

REFERENCES
11,1 ASTM, 1984. *Laborstory Determination of Water (Molsiure) Content of 8oll, Rock,
-+ ang Eoll Aggregate Mixtures®, Method D2216. Eoll end Rock, Buliding Stones:
Yolume 04.08. ASTM, 1816 Race St., Phlladelphla, PA.

112

ASTM, 1884, *Distribution Ralios by the Short-Term Batch Method®, Method 43196,
P§on and Rock, Bullding Stones: Volume 04.08. ASTM, 1616 Race SL, Philadelphie,
A .

PROCEDURE REVIEW AND APPROVAL
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Reviewsd By: Task Manager Date

" Reviewsd By: Guarry usurmﬁo Manager Date

Approved By: Fropa Marager] _ ' Date
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Description of the composite sarples used in the batch
and colurmn tests.

Sample No Sample Type

GCM-1 Drill cuttings composite of the alluvium° well 835
cuttings were used

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

GCM-3 ' Same as GCM-2 but'from a different location within
‘ the test pad 2

GCM-4 Same as GCM-3 above but from another location
within the test Pad 2.

GCM-5 Mancos Shale composite prepared by using several
subsamples form the test pad 1 used for the
infiltrometer test.

179-1 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.

179-2' The 178-1 composite mixed s;th 10 percent Hancos
: Shale.,

179-3 Top Soil composite prepared using the available
, cuttings from the drill holes at the Cheney
disposal site.

179-4 Alluvium composite prepared using the available
grill cuttings and screened to finer than one inch.

| j:‘-‘q«t’
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JACOBS ENGINEERING GROUP, INC.
ALBUQUERQUE OPERATIONS
MINERALOGICAL AND CHEMICAL
CEARACTERIZATION OF SEDIMENT SAHPLBS
FROM COLORADO
-;—:$ FOR SAMPLES GCM-1, GCM-2, ccx-s', GCM-4 AND GCM-5
(See Attachment B for sample description)

By
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BACKGROURD AND OBJECTIVE

-

- Jacobs Engineering Group, 1Inc. requested a chemical and
mineralogical characteritzation of five sediment samples from

Colorado. The—8ARD
veathszed shale—outerepn 2

'rhe cbjective of the study was as fonovész

. Bulk Mineralogy

- Includes a preliminary stereomicroscopic examination with

a description ©f the overall mineralogical features and

bulk x-ray diffraction analysis. Speciel attention will

be given to any minerals other than clays or geolites

- -+ which could exhibit sorptive capacity (e.g. hydrous Fe/Mn
i oxides, jarosites, Al-hydroxides).

. Detailed Clay Mineralogy

Includes the identification of clay and clay-like minerals
by x-ray diffraction analysis on the clay £raction in
' various sample mounts (random, oriented, g¢glycolated,

‘heat-treated mounts). SEM analysis may be used to assist
in microchemical characterization.

j LV . Size Analysis for Sand, Silt and Clay Fractions
Size analysis for sand, silt and clay fractions will be

! . | rfn:g:tf:g.sl.owed by x-ray diffraction anglysis of the size
l . Cation Exchange Capacity

. Acid Neutralization
!_ . Acid-Soluble Fe and Mn

. Gypsum Content
l . Pyrite Content
l . Total Carbon and organic Carbon

The laboratory work was performed under Jacobs Engineering
I Purchase Order No. Subcontract 34-6705-5-85-0052,
f

W
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SAMPLES RECEIVED AND METHODS OF STUDY

rive sediment samples were received at the PMET Jaboratories on
August 3, 1589. The samples were subjected to routine chain of

custody procedures (PMET letter of August 7, 1985). The s
designations are given in Table 1 below. . ) .&mple
Table 1

Sample Designations
PMET No. : ‘Customer I.D. . _ weiqht(q)
108-1 GCM-1 tfiwim GoprX 807,11 ) / :
108- 2 809.60 A
108-4 GCM-4: = =« ‘S 3g5.g5 addiFronel
125:5-----------------?E!f:f.:ozg‘.- .?:‘:’--80‘015 d(“r,fhph

The laboratory work included sample preparation, chemical

analyses, optical microscopy, x-ray diffraction analyses, and
micro-screen analyses. ' -

The as-received samples were weighed and thoroughly blended. ‘
Thereafter, adequate portions were split out for the laboratory "
work. The methodology ©f the chemical and mineralogical N
analyses as well as the quality control procedures were
according to our report of July 10, 1989.
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. concentrations are elevated. However, substantial amounts of
- the sulfates are due to iron sulfates.

Sty

SRR DISCUSSION OF RESULTS
g&,,ﬁ??ai;uical'Charactérizmtion

L3E .

yoido. The samples are characterized by a low cation exchange capacity
¥:1" ehich ranges from 15.1 to 17.4 meq/100 ¢ and reflects a clay
242~ mineralogy which is dominated by micas, 1llite and kaolinite
%7.3.- with minor amounts of swelling clays. Due to elevated
¥'¢ ' carbonate contents, the samples exhibit a high neutralization
F 47  potential. The sulfide content is very low whereas sulfate

The results of the'ﬁhémical characterization are presented in

Table 2.
S . Table 2 .
é Chemical Characterization of Sediment Samples
l gsample Designations
Element GCM-1 GCM-2  GCM-3  GCM-4  GCM-5
‘ - Organic C,% 0.35  0.41 0.06 0.03 0.64
\@’ Total S,% 0.64  0.37 0.25 0.37 0.08
Sulfide S,% 0.04 <0.01 <0.01 <0.01 <0,.01
{ Sulfate S,% 1.73  1.07 0.87 1.01 0.13
Acid Sol. Fe,\ 2.82 2.26 2.26 2.81 1.77
I Acid Bol. Mn,\ 0.055 0.062 0.086 0.051 0.03
Cat.gx.c‘p.'
(meg/100 g) 17.2 17.4 15.1 16.2 15.6
Exchangeable Ca,
l (meq/100 @) 98.3 79.6 80.3 $8.6 71.1
Exchangeable Mg,
- (meg/100 @) $.13 _ 4.48 5.57 7.09 4.80
l Exchangeable Na,
(meg/100 ¢) 4.54 4.76 4.58 2.79 - 4.53
Exchangeable K, _
(meg/100 g) 0.82 0.7% 0.88 1.39 0.71
Neutr. Potent. 170 107 188 94.3 271
(t Caco3/ 1000 t soll)
Poteptial Acldity 0.13 0.06 0.16 0.10 0.22

(t K /1000 ¢t s0i})

S
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siineralogical Characterization

The (alluvial?) sediment samples (GCM-1 to GCM-4) consist of
gray-brown, sandy, calcareous material which contains
significant amounts ©of heavily altered veolcanic rocks. The
alteration has zresulted in the formation of wvariocus -clay
pinerals and considerable amounts of (hydrous) diron oxidation
products. Except for sample GCM-2, all samples including the
shale are characterized by substantial amounts of carbonates.

sample GCM-5 consists of a. slick, laminated heavily altered
gray-green clay shale containing mnoticeable amounts of
disseminated mica. .

The UV-light examination did not indicate the presence of
fluorescent minerals. Minor to trace amounts of magnetite and
ferromagnetic rock fragments (mostly ©f 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
a very weak response level in samples. GCM-1 and GCM-2.

Mineralogically all samples contain major amounts of gquartz and
clay minerals with variable concentrations of calcite and
feldspar (albite). Very low concentrations (<1t wvolume) 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 noticeadble amounts of
geolites (primarily analcite and minor wairakite). Zeoclites
are common authigenic silicates in (saline) lake gediments. It
is tentatively concluded that the wairakite (hydrated
Ca-Al-silicate) may have formed through geolite alteration.

Following are the petrographic sample descriptions.
Sample GCM-1- |

-

Brovn-gray, calcareous sediment with high calcite content. The
calcite is in part well crystallized. The sample contains
considerable amounts ©f alteréd voléanic rock fragments which
consist of dark gray to red Porphyritic fine grained rocks.
The £ine 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 ultratine (<10
micron) disseminated pyrite. e clay minerals contain large
amounts of pigment-like hefiatite. ©Gome bDrecciated and/or
agglomerated particles which are cemented by hydrous iron
oxides, hematite and magnetite. A minor amount of the iron

Yo o
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oxides contain unoxidized residual sulfides. Noticeadble 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 quart: particles as well as ferruginous carbonate~
" concretions (caliche-like). The ¢£iner particle £ractions
contain minor amounts of bleached mica and chlorite-bearing
volcanic rock fragments. Most of the rock particles contained
in the sample are heavily altered - some beyond the possibility
of conclusive Jddentification. Contains small aggregates of
svwelling clay. Major source of clay minerals appears to be
heavily altered <£ragments o©f volcanic zrocks and/or their
‘pyroclastics. : ~ -

Sample GCM-3

Gray-brown, calcareous gravel £raction with angular to
subrounded, heavily altered rock fragments. This sample is
petrographically similar to sample GCM-2. Many of the
limonitic 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
bricciated/agqlomerated rock material which is cemented by iron
oxides. . :

Sample GCM-4

Light brown, celcarecus, 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 carbonacecus 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 ©f 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
summarized and quantified in Tables 3A and 3B. )
) t'dh

%



. Table 3 _
Overall Petrographic and Mineralogical Characteristics
of Bediment/Shale Samples
A. Petrographic Characteristics*
GCM-1 GCM-2 . GCM-3 GCM=-4 GCM-5

- Component ~ (In & volume)

Rock fragments  35-45 550 350 1 <10
Clay 8-15 10-20  20-25 8-15 3350
Iron Oxidatien  15-20 20 10-20  20-25 <10
carbonates 10-15 <10 10-20  20-30 - 20-30

B. Mineralogical Characteristics®** ULk m/ysfw—r-d'/\

(other than clay minerals)

Mineral
Quartz Major Major Major Major Major
Calcite Moderate Minor Moderate Moderate Major

" Dolomite Minor Minor Minor Minor  Minor
Zeolites Minor Moderate Minor Min-Mod, -
Muscovite Min-Tr. Trace Trace Minor Min-Mod.

Albite Moderate Major Min-Mod. ninor' Trace

Major = 30->50%
Moderate = 10-30%
Minor = £§-10%
Trace = 14-1 3

* Based on stereonicroscope examination

«t  Based on bulk x-ray diffraction analysis

Further details would reguire petrographic thin section study
and subseguent 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 summarited in Table 4.
A
b
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Table 4 . Y
Total Amounts of Sand, §ilt and Clay Fractions ‘
Band gilt Clay
Sample . (463 micron) (=63+5 micron) (-5 micron)
Gem-1 57 A wt. 21 8 wt., 22 % wt.
GCM-2 S0 4 " 6 "
GCM-3 ge " 7" 7"
GCM~-4 7 " 14 " 16 "
" GCM-5 e " .23 " % "

When evaluating the total clay content as established in Table
4 by physical classification, the following features should be

" considered. ' In scoil/sediment samples containing larger

feldspathic rock <fragments and which are partially eor
completely altered to clay or clay-like minerals, the actual
total clay content may be slightly higher than obtained by
sizing. 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 sire €ractions and

microscopic work, the following semi-gquantitative clay
distribution has been established.

Contained Clay- (& distribution)

Sample gsand Fraction , Silt F;actnon Clay Fraction

GCN-1 <5 15-20 75
GCM-2 : 20-25 20 €0
GCM-3 15 20 €5-70
GCM-4 10-15 15 60-70
GCM-5 <5 10 85-50

- O o O > o & & ey -y Y- r ¥or ¥ ¥ X ¥ ¥ 2 F J F B J F _F I JZ X X F F ¥ F ¥ ZF JF T F F N F ¥ g g PR Sy e

The determination ©f clay minerals was facilitated through
x-ray diffraction analysis of various sample mounts (random,

.oriented, g¢glycolated, heat-treated) prepared £from -2 micron

clay fractions.

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

7
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keolinite-smectite, smectite-illite) occur mostly 4in mi
amounts. The clay minerals in samples GCM-1 and ng-l exhigzi
poor crystallinity and/or submicron particle sites. The major
clay minerals in the weathered shale sample GCM-5, d.e.
kaclinite and dioctahedral 4llite, show a good degree of
crystallization.

gamples GCM-2, =3 and -4 contain minor but distinct amounts of
geclites (analcite). The presence of the analcite-related
geclite (alteration?) mineral wairakite in samples GCM-1 to
thgzgi vas :ilr:adyt deicribed earlier in ¢this zreport. 1In
a onh nor ¢o trace amount

chlorite-'-mica were found in Sample sc:x-sz ., 1nterstn.t1£ied

A summary of the clay mineraleogy and a c‘emi-quantitative

.us_.essment of the clays is shown in Table S.

Tadble §

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

Samples

:%%nlé GCM-1  GCM-2 ScM-3  GCH-4  GOM-S
Montmorillonite Minor Moder. Minor - Minor
?22 ggzﬁ: ) Major  Major  Moder. Trace  Trace
Kaolinite- Moder. Trace Trace - -
Smectitet® '

Kaolinite | Moder. Major Major Major Major
giﬁ:.:hednl - - - Major Major
Smectite-Illitet* - - - Major -
Analcite - : Trace Minor Trace -

* interstratified

T
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CONCLUSIONS

<

f""” . The sediment samples (GCM-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

5 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
exhidbits a clay content of 75%. -

. All samples are characterized by a complex clay mineralogy
vwhich consists primarily of micas, illite and kacolinite
with minor amounts of swelling clays (montmorillonite,
interstratified kaolinite-smectite, smectite-illite). 1In
addition, there are noticeable amounts of  geolites

(analcite and wairakite).

l . The cation exchange measurements are in agreement with the
' ‘clay mineralogy which showed that kaolinite, muscovite and
il1lite are the dominating clay phases. These minerals
! exhibit low cation exchange capacities ©of less than 20
meq/100 g. The analyzed cation exchange capacity of the
five samples ranged from 15.1 to 17.4 meg/100 g.
! o' A typical feature of the samples is a significant
carbonate content which consists ©f calcite and dolomite.

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

In addition to «clay minerals and geoclites, minor

adsorptive effects can be expected £rom hydrous diron
oxidation products which occur in pigment-like
disseminations and as particle coatings throughout the

sample material.

WB/mk£
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BACKGROUND AND OBJECTIVE

Jacobs Engineering Group Inc. reguested a chemical and
mineralogical characterization of seventeen soil samples from
the Cheney Reservolir site near Grand Junction, Coleorado.

The objective of the uork,yas as follows:

Bulk Mineralogy

Includes a preliminary ctereomicroscopic examination with
a2 description o©of the overall petrographic and
mincralogical features and a bulk x-ray analysis. Special

“attention will be given to any minerals other than clays

or teclites which could exhibit sorptive capacity (e.g.,
hydrous Fe/Mn -oxides, jarosites, Al-hydroxides).

Detalled Clay Mineralogy

Includes the identification of clay and clay-like minerals

by x-ray diffraction analysis on the clay fraction in

various sample mcunts (random, oriented, glycolated,

heat-treated). SEM analysis may be used to assist in
microchemical characterization.

Size Analysis for Sand, £ilt 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
HCl-Soluble Fe
HCl-Soluble Mn

Gypsum Content

Pyrite Content

Calcium Carbonate Content
Total Carbon

Organic Carbon

So0il pE & Eh

Determine the Overall Mineralogy of an Unknown Rock 5amp1e

The laboratory work was performed under aacobs zngineerinq.
subcontract purchase order 34-6705-5-950-0014.

Joan°
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_EANPLES RECETVED AND METHODS OF ETUDY

Seventeen samples were received at the PMET laboratories on
December 13, 1989. The samples were subjected to routine chain

. of custody procedures (PMET letter of December 18, 19859). The
_ sample designations are given in Table 1 below.

Table 1
Sample Designations

:szi No. Jacobs Designation Weight(g)

175-1 GRJ-03 5-Mancos Contact w/o CL&GC Comp. 1111.0
-2 " " " L "

+ 10% Mancos Shale 10581.25

-3 . " 1-5' Composite Top Soil . 652.66
-4 " Screened Alluvium MK 1047.46
-5 GRJ-03 B18 : 170.0
-6 " 821 140.0
-7 " 825 199.0
-8 " 833 1-5' 193.0
-9 " 901 1-5' 142.0
«10 " 933 1-5° 190.0
-11 " 538 1-5" 244.0
-12 " 941 1-5° A 175.0
=13 " 953 232.0
-14 " 958 . 166.0
«15 " 959 1-5! 150.0
-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 175-5 to 175-16 were submitted for
measurement of soil pH, Eh and carbonate content. One sample,
179-17, was submitted for bulk x-ray diffraction analysis only.

The laboratory work 4included sample preparation, chemical
analyses, optical microscopy with modal analyses, microchemical
staining, screen analyses, Xx-ray diffraction analyses, and SEM

microscopy.

The samples as received were examined microscopically prior to
any separation work. Thereafter, each sample was thoroughly
blended and adegquate portions were split out for the laboratory
work. In addition to the standard microscopic carbonate
analyses of samples 179-5 to 179-16, bulk x-ray diffraction

o740
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enalyses were also performed on each of these samples. Thig
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 asT™
method 9045 for measuring soil pH. The Eh was measured
according to ASTM procedure D 1458-76 (electrometric
measurement ©f oxidation-reduction potential). For solution
extraction, a satursted soil paste was prepared. The
methodology ©f the chemical and mineralogical analyses as well
as the quality control procedures were according to our report
submitted to JE on July 10, 1589, ‘



|
!

Bellis w~ -

SEP 'S0

DISCUSSION OF REBSULTS

Chemical Characterization

Eamples 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 HCl-soluble dron (3.6 to
S.4%) were found in all samples. The cation exchange capacity
in the four samples is low, ranging from 11.7 to 17.8 meg/100
g. However, all samples exhibit a high neutralization
potential ranging from 110 to 183 tons CaC0./1000 tons of soil
due to the presence of vast amounts ©f cirbonates. The pH
measurements indicate weakly alkaline soil pH.

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

A4 ;‘a"



Table 2

Chenical Analynis of Sediment Samples
Prom Cheney Resecvolir

./ Ssaple Desfignations -

. Nemant !79- 1 I?'?-;_ 179-3 179-4 179-5 1719-6 11927 179-8 [79-9 179-10 79- 1 179-[2_ 179-13 ﬁ9'll 179-1%
Totel C, X 1.48 1.61 2.07 .51 | 1,35 3.68 2,47 a1 1.48  1.49 1,27 2,28 1.6 2.53 2.0%
Carbonate C, £ 1.2 1.39 1.98 1.42 \ t.01 . 222 39?7 1.11 ¢ 1.1 2,03 2,67 2,26 1.82
Organte C, £ o.n 0.2) 0.21 0.09 | 0.3 0.31  0.25 0.3 0.37 031 0.6 023 0.19 0.27 0.22
Totat 5, X . .. . 0.7 0.7% 0.7¢ 0.7
Sulftde 8, £ ° S0t en,02 <02 ¢€0.02  <0.02 -

Sulfate S, X 0.70 0.73 0.7% 0.77
PC1-Sot Fo, £ S.A s.e 3.8 3.6 _
¥CL-Sol Mn, X 0091 0089 0037 0,082 .
o, ev* 108 100 102 110 ss 108 12 ss 1ne 113 7 80 »” %0 s
e : 7.08 7.97 .03 s.12 | 2.7 5.18 8.28 8.49 781 299 817 .25 5.18 .11 8%
Rxrhergnadle Co®? 2.4 73.6 137 8.4
Exchergasble Ng® 2.92 3.7 .64 A - _
Rrchengeshble Nat® 0.563  2.28 2.17 .38 .
Evchangestle K% 0.297 0.377 0a.973  0.M8 : ' ~
Exchengasble M Porcentege 483 173  13.6  22.8 - <,

o L
Vavtealln. Potentisl 17¢ 110 19 1o "a’
(Tons CacO, /1000 Tons %011) (2)
Potantiyl Actlity 0.0 002 «<0.01 0.02 , ),/ o, ‘4
(Tome 1" /1000 Tors Sot1) - '.1 ad 9
*Relstive te Rydrogen, A-rlem Sign Convention ' ' q’

**In wey/100g
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Mineralogical Charqcteriziiion

All four samples represent similar petrographic characteristics
and can be classified as lithic, calcareous-clayey, sandy
solils. The samples contain substantial amounts of rock
fragments most ©f which appear to be of basic dgneous 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 sampléﬁ contain large amounts of carbonates most of which
consist o©f fine-grained calcite which is often intimately
admixed with clay or dron oxidation products. Sample 175-4

‘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 ©f the carbonates have

originated from the alteration o©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) <£ormation. 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.

Anocther 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 so0il sample material exhibits poor consclidation. Minor to
trace amounts of geolites are associated with the dark
(volcanic?) rock <£ragments primarily in form of wvesicular

-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.
a|
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? Table 3
- Overall Petrographic Characteristics
} of 8o0il Bamples from the Cheney Reservolr Site
' : Sample Designations
petrographic - )
p Feature 176-1 178-2 178-3 178-4
| Color Gray-green Gray-black Red-brown Brown-gray
Geiger Counter . '
Response - - - -
Effervescence :
Carbonate Test High High High Bigh
, Short~wave - Gypsum Gypsum Gypsum Gypsum
, UV Response Calcite Calcite Calcite Calcite
[ Presence of '
. Ferromagnetics 1-3% 1-3% 1-3% 3-4%
I‘ Rock
: Fragments 30% 30-35% 25-30% 30-35%
l Carbonate . | .
Content* 10-15% 10-15% - 15-18% 15%
I Gypsum 2 : -
. Content* 5-10% 5-10% _ 3-5% 10-15%
| Classification  Lithic -  Lithic Lithic Lithic
Calcareous- Calcareous- Ferruginous Ferrugin.
Clayey Sand Clayey Calcareocus- Calcar.-
Sand with Clayey Sand Clayey
, High Shale Sand
i Content

-
L Y ¥ r ¥y ¥ X ¥ ¥ ¥ X X F X X JL K X 2 X Y1 X 2 X X 2 2 1 J2 X X X 2 X 2 2 £ £ 2 X X 2 X T ¥ ¥ ¥ ¥ 3 %X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 3

All data in volume §&. c
t Fstimate based on selecg

Sample 175-1

-
s

ive staining.

-
.

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 velcanic rocks, chert, calcarecus \

Y14 :
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 gandstone - and rhyolite. Bignificant amounts ©f the rock
fragments exhibit attachments/coatings o©f clay minerals,
Relatively coarse-grained gypsum occurs as light brown,
vosette~like aggregates. : ‘

s;mpie 179-2

plack to light brown lithology characterized by large amounts
of basic volcanic (or 4gneous) rock fragments, calcite and
significant amounts of shale fragments (158). Due to the
higher amounts ©f clay introduced by the shale, this sample
exhibits considerably more particle agglomerations. The suite
of rock fragments 45 virtually ddentical with the 1lithic
material found in Sample 179-2. 2eclite minerals appear to
occur in the vesicular volcanic rocks. Most of the limonite
particles are coated with manganese dentrites. 'Noticeable
amounts o©f heavily oxidized clayey to feldspathic rock
fragments with hematite dispersion. Minor amounts of
rosette-like, coarse~grained g¢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 velcanic (or fgneous)
rocks which contained significant amounts o©of biotite and/or
hornblende. The sample contains swelling clays most of which .
appear to be iron-~bearing. Presence of geolites is indicated
in association with wvesicular volcanic rocks. The sand
fraction contains large amounts of roots and wood particles.
Minor amounts ©f 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 $ilt size particle fraction is high in mica

minerals (=mostly muscovite).

Sample 175-4 ;2

Light brown, sulfate and -carbonate-rich silicea sand with large
amounts ©f 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 Jdron oxidation &and bleaching of the
ferromagnesian minerals. The sample contains noticeable




= amounts ©f <rosette-like and acicular gypsum as well as
2 sandstone ‘fragments with calcite cement.

¢ The bulk x-ray diffraction analyses of the as-received material
> confirmed that quarte and calcite are major sample constituents
> . followed by moderate amounts of feldspar (anorthite), gypsum,
- and. titanite, In addition, - minor 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

R © pepersr = X T X L L L L L L L X T 4

. In addition to the four main characterization samples, eleven
- soil samples were submitted for determination of pH, Eh, and
x - carbonate content only. One sample, 179-17, was submitted for

* x-ray Giffraction analysis. The eleven samples exhibit overall
:. 9 mineralogical-petrographic characteristics which are similar to
- gample 175-1 to 175-4.

> X-Ray Diffraction Analysis of Sample 179-17

.-------------------.-----------—------Q--.

P - This sample was received as a two-inch specimen described eas
> £lint 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.
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- Table 4
Mineralogy of Sample 175-17

Mineral ' Eregyengx'

Portlandite Major
Calcite . ' Minor
wermlandite Minor

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

Ca-Silicate (hydrateéd) Minor
£ L4
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/ The minefaloqical modal analysis of the soil samples are

summarized &n Teble 5.

Table § _
Mineralogical Modal Analyses of Cheney Reservoir Samples

vol.% Vol.% Vol.% . Vol.%

gample Sulfide* Total Clay**t Carbonate Gypsum
179-1 ] &6 17 12
' -2 1 a0 - 313 10
-3 <l 40 10 5
-4 <l 29 19 : ) 15
-S .8, n.a. 9 n.a.
-6 " " . 19 "
- " “ 17 "
-8 . [ o 16 o
-9 o o 10 "
«10 " o 11 ) (4]
-11 " ) 17 ”
-12 " " 20 )
-13 T om " 12 "
-14 " : n 13 "
-15 o " ‘ 18 ' ]
16 " 1] 11 "

Based on point count and cross-count analyses of dry bulk

samples, oil immersion grain mounts and polished sections.

t Primarily pyrite

*x Includes all clay and clay-like minerals contained in all
size fractions . :

n.a. = not analyzed

Clay Mineralogy

Prior to the x-ray diffracticn analyses of the -2 micron clay
fraction, the total amounts o©of sand, silt and clay were
determined by wet screening of a 50-gram blended sample split.
All size fractions were thoroughly examined by optical and
x-ray methods for major and minor mineral censtituents. The
results of the screen analyses are summarized in Table 6.

'
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; . S Table € S
Total Amounts of Sand, Eilt and Clay Fractions

sand Fraction §ilt Fraction c1ay'rraction

;;i. sample (+€63 micron) (=€6345 micron) - (-5 micron)
e : Wt. ‘ ' "to ‘ Wt. ‘
. 1794 66.09 11.8¢ 22.07
= -2 66.96 11.62 21.27
A -3 44.75 ©12.3¢ 42.91
142 -4 63.72 - 13.29 - 22.99
:" ----------o------.....-—--.----0------------.;-----'..-------
35 | A |

The subsequent optical microscope analyses showed the following
miner;logical characteristics of the sand, silt and clay
fractions.
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Contains primarily rock ftagments and siiica sand particles

*A 2

Ef* with minor amounts of sulfates and mixed argillic/iren
i oxide/hydroxide particles. Minor clay concentrations occur in
2 this fraction due to partially altered feldspathic rock
e 2y fragments and/or clay minerals being aggregated with other sand
b3y  fraction constituents. The sand fractions of samples 175-1 and
g EX)-- 179-2 consist basically of rock fragments (>60%) whereas sample
32T 179~3 45 dominated by silica sand with only 5-10% =rock
e fragments. Sample 179-4 is characterized by increased amounts
e of iron alteration products admixed with silica sand particles:
== and 10-20% rock fragments. 3 :
539

fgggg:‘ silt Fractions

g 35 . The silt fractions consist predominantly of quartr particles
e  with consideradble amounts (25-45%) of mica (muscovite),

o)

carbonates and minor sulfates. The clay content of the silt
fractions is low ranging from 1 to S%.
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Clay Fractions

(

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, g¢glycolated, heat-treated)
prepared from -2 micron clay fractions. :

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

TGARIYUT Y 1opqre - .
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Table 7

f‘ Semi-Quantitative Clay Mineralogy of Cheney Reservoir
i Samples (-2 micron fraction)
X Frequency .
;§~ Sample Madjor Major-Moderate Minor-Trace
_Lé'.- . .
’ 179-1 Montmorillonite Muscovite® Dioct. Illite
Kaoclinite Smectite-mica
175-2 Montmorillonitex*t* Kaolinite Dioct. Illite
Muscovite Smectite~mica
179-3 - Montmorillonite Muscovite
Kaolinjtenss
Dioct. Illite
179-4 Montmorillonite Muscovite
. Kaolinite
* Mixed layering of the mica is indicated by a series of
reflections on the low-angle side of the 10 A spacing.
L When compared to sample 175-1, sample 175-2 has a
slightly higher (5%) montmorillonite and muscovite
content. :

Lehad 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 calcarecus-clayey and sandy soils with a
high amount of rock fragments and gypsum. The additicnal
eleven soll 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 dis
‘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 meqg/100 g, weakly alkaline pH and high neutralization
potentials ranging from 110 to 183 tons CaCO./1000 tons of
soil. The determination of the quantitativé significance
of zeclites introduced by certain vesicular volcanic rocks
would require additional laboratory work.
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p-1 . Composition of the spiked groundvater from well s 9x*?

0 Codet GRJIDS
ietion 1Dt 6§28
nple 1Dt 01

nple Date Timss BB/D7/BY

- : Leb No.

t BP-W1/04E55
Dats Recesivesd: OB/DE/E?

ol o o cammuinll
Perametere
Chloride ' : 1100. mgsl PH - R0OP
Sulfate 3%89. mg/] v -222 v
Sodium, dissclved $90 mg 71 -
Potassium, dissclved 54, mgs 1 bl = 233 ey
Magneeium, dissolved ) - 308 M5/ 1 Temg ~24.0 %
Calcium, dissolved $00 mpl '3 £
Boren, dissclved .55 mgr) & - 5,600 amtay
Fluoride . 3 mg'lk\\u\m.t:5 Ly
Hitrogen, ammonie ’ 122. mgsl ok ato
Nitrate a3 ND3 -el mg]
€ilice, dissolved 1¢ mg/1
Phosphate .. .5 mg/l
Aluminum, diseolved .21 - mg”/}
Ant imony, dissclved : .002 np/l
1 i _2.3 mg/)
Berium, dissclved : .03 mg/l
Ladmium, dissplved 2 «07¢ mg/l Y
Chromium, dissclved -.01 mg/) NN
Cobalt, dissolved . .01 mg/l
- Copper, dissoclved .01 mg/1
lron, disscolved . -.02 mngl
Wﬁ =.001 mg /]
Manganese, dissclved 1.67 mg/ o~
Mercury, dissclved -.0002 mg/1
Molybdenum, dissclved €.20 mg/l
- Nickel, dissolved ~.02 =g/l
Celenjum, dissolved 8.4 mng/l
. €ilver, disscolved ' .01 ng”/l
- Etrontium, dissolved s. w5/l
Tin, dissolved -.1 ng”1
Vanadium,-dissolved -.01 mgrl -
Zinc, dissolved .02 mp”/1l )
Solicds, total dissclved 6554, ng7l

-

ezarkst

otes Ncghtive sign "-* denctes that the value is less then “¢*

M VU, Poulsen, Laboratory Dirscter

24.& V. Bolionsihl.
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Batardous constituents

v
b-7

/

cOmpoiitionl ©f the test fluids prepared by mixing water

saxples from the lysizeters
pile, and spiking with known concentrations of hazardous

constituents,

4
KA
N1
KO
1 2]
®O4
(3}
[ 33
$10
SN
$04
SR
SDS
<L

X

(1) The composite uater sarple was
sacples from the tailings lysizeters

=

< .08
< 80
5.9
N

<€ .10

380
99
678,

o

Decexber

AA

AA

prepared

installed in the taslings

Analysis date and ceoncentration, =g/l
Decenber 319. 1589

28, 1889

d

o8
8.4
8

el
<05
08
€70.
« 7000
230,

«020
4042,
8.8
6656,
010
3.881
is.8
2.7

>/

Yo’

wvater

by mixing
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Reproducibility of column tests: Chernical analyses of
the first effluent pore volumes ©of the triplicate
columns of individual test xaterials.
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EON OF LEACHATE DATA FROM COLLMN

wViy

TEETS FOR ALLUVIUM (-GC,-CL)
FIRST PORE VOLUME

BR

(V.

c.c

~
[ =]

I U I 3 s
o~ €3

[ =]
3
€y .

w
o 30 0y

(=]
N e Ny . - . o
) =N CI R 0 - LI U UY s N o)W

¢ D.OS
179
£.2
%37

¢ 0.0
¢ 0.02
15894
0.483

0.3

COLUMN COLUMN
NJMEER NPEER
(1] £52
¢ DS ¢ 0§
¢ 0.001 ¢ 0.00¢
C.00¢ 0.004
« 0.1 0.1
¢ 0.05 ¢ 0.0S
3.2 3.8
D.51 D.15
0.000¢ .ot
85 £30
1700 1800
¢ 0.1 (¢ 0.
¢ 0.0° ¢ 0.05
0.1 0.2
1.9 1.4
¢ 0.2 ¢ 0.2
¢ 0.001 ¢ 0.00¢
830 $00
0.¢ .S
L.0CC1 0.0001
3.2 3.2
1.2 1.3
0.7 803
0.1 0.2
3 30
0.5 .5
2.9 2
¢ 0.0 ¢ 0.05
kH 3925
9.35 .2
3N L3
¢ .0 ¢ 0.0¢
¢ 0.L2 ¢« 0.02
12838 14990
0.&8 .32
¢ 0.1 ¢ 0.1
0.2 0.2

Se—ple %
179 = |
MEAN ST
0.5 0
0.001 0
0.003333  D.001184
0.1 0
0.05 0
3.583333  0.3%4729
0.2 0.238117
0.0006 0.£C01
§48.3333 2020725
1900 264.875¢
0.1 0
0.08 .0
0.2 0.1
1.4 0.1
- 0.2 0
0.00: g
S31.6bb6 3253203
0.832333  0.057735
0.000166  0.0CD1IS
3.032333  D.288475
1.2 £.1
AUL.2  4D5.2%8
0.368646  0.057735
26.665b5 5773302
0.566646  0.118470
26.16656  0.7%372
0.0% 0
3076.666  1129.184
B.916606  D.47518
TUES.6LL  725.8493
0.0 L
0.02 0
14528 §455.D8Y .
0.843333  D.244L087
0.1 D
0.233313  0.0577

27



COMPARISON OF LEACHATE DATA FROY COLLMN
TESTS FOR ALLWVIUM (-GC,-CL)1CS MANCOS SHALE
FIRST PORE VOLUYE

3AINTEIRPRSETCRERYE

MeCHUHRUERSATZEEA

[ =]
[l [=] -
uou:—oagnwgau
YR O P OO = U €D == N O~

”~~

e )

N CR e + b s o » M
o

oo
A

¢ 0.01
¢ 0.02
1632
0.0e8

¢ 01
0.1

U ~S U RD O N

(&0 =]
e v pd s e
UL Un O €3 »o O

-~
U'. g'
[ = . N -]

o

¢ 0.0Y
¢ 0.02
15780
g.09%

B B
0.2,

Se—yple E

174 - ¢

PEAY 510
£.s 0
0.00¢  D0.00519
0.004s46  0.0005T7
0.1 0
X N
. 2.85  0.18077
0.853333  D.DLL5E3
 0.00086 . 0.000152
$03.3333 35,1884
" 2033.333 - 6.7
0.1 0
£.05 0
0.1 0
1.656686  0.057735
0.2 0
0.00¢ 0
5t B
0.5 B
D.00C1 0
2. 0.2
116666  D.0STI3S
TN 121728
D.6ktth  D.OSTIR
2 13267
0.66bt6  0.057T3
2 1.80TH

0.0 D
00 206.2159
B.1EI3I  D.LODLS
Wb A405.095¢
£.0 D
0.02 )
15588.66  647.3590
0.114333 0055408
£.1 D
0.166666  0.0S7735 -



,12,25,33,41,49,57,45,73,81,89,97,45,83,01,C%,07.

"\ OF LEACKATE DATA FROK COLLMN
. TEETS FOR TOP SOIL
FIRST PORE VOLUE

59
&L ¢ D05
£ <0.001.
e 0.00%
B ¢ 0.1
BE ¢ D05
B 3.2
® 1
£ 0.0
LA 900
o 3200
¢ 0.1
0 ¢ 0.05
W ¢ D1
3 1.8
fEOC D.2
£ 0.001
” (3%

R
m\"/ 0.0001
" 1.2
Nl £.9
803 440
P04 0.1
« 5
73 £.2
510 21
A5 ¢ B.0S
* 4x
3] 11.5
504 7055
R K}
- ¢ 0.02
m 15520
v 0.043
v 0.1
N 0.2

¢ 0.0

~
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1
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AN §TD
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0. 0
0.05 0
2.5 0540632
W.IRB 05T
0.0009%  0.000057
LT 1443
UTII 2060445
0.1 0
0.05 0
0.4 0
4T3 0115470
0.2 D
0.001 :
122,333 20,2075
0.1 "
0.0001 0
11 0173205
1033333 0157752
384 99949
0.233333  0.Z305D
5 0
0.2 0
12,6333 3.753203
p.os D
93,333 S2.0u14t
10.91646  D.944484
Wb 12.%M4
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IPARISON OF LEACKATE DATA FROM CoLLM:

TESTE FOR ALLLVILM ((17)

FIRST PORE VOLLYE

856 I,
F 8 « 0.8 ¢ 0.5
8 p.01s ¢ D.D01
A5 p.0os 0.00¢
BA 0.1 £.1
BE ¢ 0.0S ¢ 0.05
8 3.8 i
BR 7 0.22
©  0.0008 -7 0.00
T its 52
o 2400 0
R ¢ 0t 0.1
0 ¢ 005 ¢ D.LS
al] 0.2 ¢ 0.1
[ 4 2.5 2.6
FE ¢ 02 ¢ 0.2
B ¢ 0.0C: < L0.00:
- 173 280
. ¢ b1 ¢ 01
W 0.000;  C.0CO:
" 1.7 1.2
Nl 1.1 1.1
N3 A92.8 818
PO L.: 0.1
' k1) 20
3 1.6 1.8
510 2 Kb
A& (DS (0.5
" ” 4345
SR 10.2 10.5
SO 1045 12570
n ¢ 0.0 ¢ 0.0}
1> T O (8 174 ( 0.02
w19 2447
Y 0.0% D.152
v 0.1 0.1
p. | D.t 0.2
e .15 $IY
En
MK

~ e o
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© = T
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179 -
MEAN 1341}
0.5 . 0
D.005&4  D.DDEDS2
p.005 0.001
0.1 o
.08 . (1]
4.733333 0. UZRD
S.473333  4.680412
D.0008 D.0002
03,3333  33.25144
3064.668  63D.4407
£.1 1]
p.0%
D.166bb6  B.OET73S
2.833323  b.OETIES
0.2 0
D.0CS D
473.3333  1072.508¢
D.t 4
0.000:33  0.00D3S?
$.66566L  D.4%0524
1,133333 D057
8840333 W.BND?
D.4 0
‘& B.GLD2N
1.4333 D.47258:
256 83333 4. 222450
p.0s
BLB1. 8L EMETR3
10,3168 D.34DT7
11864 1038.%%
p.0{ )]
n.I2 D
21822  258B.228 -
0.108  D.D3TINS
p.t )
AT D.DETTE
.87 —
0.'¥7

113
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12,25,33,41 ,49,57,45,73,81,89,97,A5,83,(1,09.,D7,

.'vy

TOMPARISON OF LEACHATE DATA FROM COLLMN
TESTS FOR ALLWVI

845
& D
s8¢ 0.001
& 0.003
B 0.1
g€ ¢ 005
B 1.3
BR 0.5
o 0.0012
£ 400
ol 1820
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< 0.001
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0.230940
D.115470
293.8844

0.05773% .

2.88475
0.519615
1.802775

]

932.8495

1. 38148
1120.812
D
L

1810

o B kove
0
B.0S773%

&

v)

%
.\SQ"'Q“
&
™
P o 179- Y%



CONPARISON OF LEACHATE DATA FROM COLLMN

TESTS FOR PEAT Pﬁﬁf
FIRST PORE VOLUME . —
62 &3 (] FEAN s10
L C 0S g7 ¢ 0S8 0.565656  0.115470
$8 0. 0.001 ¢ 0.0C1 .01 0
&S 0.011 0.01¢ 0.011 - D.D126b4  D.002886
BA 0.1 - 01 0.1 g.1 0
BE ¢005 (<005 ¢ Q.05 .08 0
8 ¢ 0.1 ¢ 0.i ¢ 0.1 0.1 0
Br D.28 .08 0.28 - . 0.213333  0.11470
0 0.0013 L.00:1 0.0013 0.001233  0.000115 .
A 1600 1620 1600 1600 0
o8 1L 1400 1400 1420 !
®r 0.1 ¢ D1 0.1 0.1 o
€0 <005 ¢ D05 LIS 0.05 !
o ¢ 01 ¢ 0.1 ¢ 04 0.1 0
¥ 0.2 0.2 0.2 0.2 0
113 0.4 0.9 0.4 0.433333  0.0S773%
B (00Dt  ¢D.OCY ¢ £.001 "~ 0.001 0
5 40 ) &S0 §73.3333 8.8
* 2.9 3 2.9 2.933333  D.0STTS
G 0.0001 p.00s2 £.0001 0.000333  0.000087
m ¢« 05 ¢ 05 ¢ DS £.5 0
Nl c.e 1.1 0e 0.9 0.17320%
w3 153 19381 19354 1934966 D.780SE5
PO 1 0.9 1 D.966668  D.057735
£ e N 5 26,6066 2.8807%8
3 0.03 £.03 0.03 0.03 0
slio 8.5 5.9 8.5 $5.83333 1.184700
& ¢ Ds 0D DS 0.0% 0
L L0 458 440 438.3333 2,880
SR 9.2 8.4 9.7 9.333333  D.43%0ES
=504 2824 2588 282 2878.665 9468544
n ¢ oo ¢ 0.0 ¢ 0.0t p.01 0
sN- o2 b2 ¢ f.m o.m 8
e gne e g8 878333 39.28981
v p.00? <0003 - 007 0.005666  D.D0Z309
v 0.1 ¢« 0.1 0.1 0.1 )
by | 0.3 0.2 8.3 D.266685  B.OSTIS
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Hazardous constituents detected
of the Gr

and Junction tailings.

Teilings Pore Mater Guality Statistics

Lysimsters $50-5%6, 600-604, 640-646

SIIE: GRJIOY GrAMD JUnCI 30N

08/17/89 10 01/15/9%0
REPORT DAIE: 07/01/90

in the pore water

PARASKETER NANE univs COEFF. | X OF STAVISTICAL RANGE
oo wwe] minimm | wainn | moian | s | seviation [vastatiouloetccs| - mimtan - maatm | i [more
faLxasimary UL CACD)

n 7.0000] 679.0000] 173.0000| A7B.e4N|  3.6401| 00| 9.0 509,047 LocomL | 7,8
ALLBLL LN et

“ o500 7.9l 0| m " M | 20| emw 3700 mwsnemnic| 2
awouiL wn ,

3 .0000) 802.3333]  303.5000] 243.9303)  2.8709) ma 0.0 | 103508 534.349| Locwomwl | 7,8
ANY L0y nesi

“ 00015 s3]  sm2| m - M| s 0.0015  8.0093 |nowearnerRIC 2
" |ARSENIC ne/L :

% o.0m0] M| eawrl  eoms| sl wm 36| o.oae 03w (opmmw | 7.8
Rl wn - '

% 0.010] o0 - saM2| wm - M| ) 0.0233  8.0300[nourasneEiaic| 2
BERTLL I s

“ s.00s] emo| eoan| wm (1) M| s 0.0  0.0125{moweasneraic| 2
{somcn s )

u e.2000]  2.0000] o.ae0| ez LT wm 00| o e.mep| Locwew | 7,8
Casmum "L

" o005 e.an| eois] o]  wzosw| wm | w3 0.0019  0.007] Locsomws | 7,8
cALCUm LT} ’

* «s.5000] 1005.0000] 323.5000] S4T.0e8|  t.2475| WA 0.0 | I &9.219| Locomws | 7,8

Bote the dete of ench lecation wee sveraged before the statistical calculetions were performed

* gististical manimm lo the 99 percent one sided confidence Intervel, & » 0.01

2) The nonpereasstric dletribugion uss wmed because the nondetected valuss comprise more than 13X of the samples.
7) The logwrmal distribagion was wed becoms the dats falled the normel distribution test.
8) The meen is geemstric. The stamierd devistion s the valus to divide or muitiply with the gecmetric meen.

~~

)

)
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Tallings Pore Mater Quality Siu.istics
Lysimsters $50-556, 600-604, 640-646

SIIE: GRJIOY GRAND JUNCY 0N
08/17789 10 01/15/90
REPORY DAIE: 07/07/90

PARAMETER MANE N' Thf CoEFF, | X OF STATISTICAL RANGE
8 OF sa] nininm Mximmn NEDIAN NEAN D::m mlzlumrc:u ml(l::'l'lmﬂ.:::.:‘t .“'::zuu gl):
CULORIDE "L

” 296.7500] 1830.0000] 1044.7500]  925.9734 .67 m 0.0 | 623.0405 1376.1709| Locwomwl | 7,8
Chmanitm >

“ 0.0050]  o.0525] 0.0050] WA " m | a2 0.0050  0.6367|noweArneETRIC] 2
COBALT "KL

% 0.0230| ©0.6300] o0.000 wa " wm | % 0.0250  6.3000|mowrssnetRIC] 2
COPPER /L _

N 0.0100] 3.0333] o.492] w " m | we 0.0100  2.4050|mowearmeEnaic) 2
CTANIDE 7N .

" 0.0600]  8.1400] 0.0000 0.010] 1.6020] A .8 0.0489  0.1030| Loomomwt | 7.8
FLUORLDE nG/L

% 0.7000] 15.2000]  4.7000]  4.4638] 2.410] mA 0.0 2.3 8.0001) tocwomws | 7,8
GROSS ALPMA i

'3 113.0000] 8020.0000] sss.0000] TRe.TWE2| 4612 WA 0.0 19.3478 3730.1908( Locwomwt | 7,8
GROSS BETA rciL

) 109.0000] 2675.0000] 6¢6.0000] S83.5358]  3.exs| wa 0.0 | 1765463 1941.9950] tLocwomms | 7,8
7% . nG/L

%“ o.0150] 213.5000]  8.3000] 4.4329| 20N W | W3 0.5181  37.9285| Locmomas | 7,8
Ao /L

“ 0.00¢0] eo.0670] o0.0050] w A m | 536 0.0050  0.0453|uowraraveraic| 2

Note the data at each location was everaged before the statisticel calculations were perfosrmed
* gratistical maxioum is the 99 percent one sided confidence Intervel, & = 0.0
2) The nonperametric distribution wes used because the nundatected valuss comprise more than 15X of the sasples.
7) The lognormel distritaution wes wsed because the dete failed the normel distribution test.

8) The meen lo geometric. .

The stenderd devietion fs the valus 1o divide or multiply uith the geumstric mean.



Tallings Pore Water Guality Statistics
Lyslmmters 350-556, 600-604, 640-646

SIVE: GRJOV CRAND JUMCTIOM
03/17/89 10 01/15/90

% REPORT DAIE: 01/07790
2, G e e O N ] g
.% u‘;‘, 0 0F Sl mintmm | saximm | mepias NEAN DEVIATION |VARIATION|DEVECTS| Minlam  mAXLN © 117, 3 wOlE
> RAGHES L "L
[t “ | se.000] s12.3000] 265000 25039  vemr| w | o0| zosew  3st.70ms| Loceoms | 7.8
MANGANE SE /L
1 1 1.9300 8.33133 4.69T5 4.6007 1.6435 A 0.0 3.2416 6.332¢] LocommAl | 7,8
NERCURY /L
6.0001 0.0003 0.0001 7 (7Y 7 5.7 0.0001 0.0003 {mowraRARETRIC| 2
MOLYR0EMM e/t
1) 0.0617 6.3500 0.2462 7 uA (7Y 2.4 0.0930 o.wlmmc 2
MICKEL nesL A
" 0.0200 3.nun 0.5400 6.3420 5.2000| A 7.0 0.1058 1.18  Locuoewl | 7,8
MIIRATE /L T
2 0.3500] 3465.0000 1.1333 A NA uA 2.1 0.4000  1420.0000 | MONPARNETRIC| 2
PNOSPHATE /L
3 0.2000 4.0000 0.9000 0.8700 2.7T00| mA 5.0 0.4078 1.8537] tocuoml | 7,8
POTASSIUN nsL
113 21.0000f 233.5000 47.5000 70.7768 1.9421 A 0.0 &.2308 113.2551] locwomsal | 7,8
RADIUN-226 it
10 0.0000] 668.9000 18.9667 (T (7 uA 0.0 1.0565  413.0500 | MONPARMETRIC| 9
RADIm-228 PCi/L
) 10 0.0000 3.8000 6.5500 (T 8A NA 30.0 0.0000 2.9000 | MONPARARETRIC| 2

Note the dete at each location was avereged before the statisticel calculations were performed
* Statistical maximm is the 99 percent: one sided confidence Intervel, a = 0.01
2) The nunperesstric distribution ues used becawme the nondetected valuss comprise more than 13X of the samples.
7) The lognormal distribution was used because the date failed the normel distribution test.

8) The meen {o goamsiric.

The stendard.deviation ls the value to divide or sultiply with the geometric mean.

) The norparemetic distribution wes used because the date failed the normel distribution test and includes valuss 30.

)
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) ) Yaliings Pore Uater OQue. /zuthtlu
Lysimeters 550-556, 600-604, 640-646
SITE: GRJIOT GRAND JUNCTION

08/17/69 10 01/15/90 ' (=N
REPORT DATE: 07/07/90 ‘ {y

PARAMETER NANE ] wars COEFF. | X OF | STATISTICAL RANGE B\\;“
& OF saw| RINlmN RAKI NN NED AN NEAN D::m mlzlulu:::u ml‘lxl‘l:l.wﬂl:::.lv‘t ...“::'.lu i :::
SELENIUN Twen ,

% 0.0023)  0.8700) -0.0732 " BA (T 5.0 0.0025 | J.4000 sowraravEIRIC| 2
SILICA - 8102 st ) f

13 w.000|  a3.0000] 39.7500]  35.6res|  v.ekor| wa | 0.0 2.6t 51.0601| LocuomaL | 7,8
siLver /L '

W 0.0026]  o.0208]  0.0050) WA " mo| ne 0.0033  0.0109|NoNPARMEIRIC| 2
™ /L ;

% | so.5000] t1ze5.0000] 77s.00] meste]  vwm| w | e s mese| ocwew | 7.8
SPECIFIC COMDUCTANCE TV ] 3

15 | 6200.0000] 15000.0000] 9100.0000] 10r7.0010]  v3T| w | 00| ausnseer 1zmsencle]  Lowoms | 7,8
STRONTIUM G/ '

“ s soee0]  s.om|  sase| e 0.0 43420 3.4209| Loawowwl | 7,8
SULFATE /L

12 | 2mwe.5000] «87.0000] 3327.3000] 33783908 tAum] w 0.0 | 20347067 <ozs.27| Loosomwt | 7,8
SULFI0E "/

*“ 0.030] e0.0000] o.0500] " “w o e 0.0500  6.0500{mosPARneETRIC| 2
TENPERATURE ' C - DEGAEE

5 6.3000] w.700] 125000 12.2622] 1253 0.0 | 105192  14.2939] LosomaL | 7,8
THALLIUM s

T o.0500] o.0500] o0.0500] wa - M |100.0] oc.050  0.0500/noearmrnic| 2

Note the deta st eech location was sveraged before the statistical calculations wsre performed

* gtatistical amximm s the 99 percent one slded confidence interval, « = 0.01

2) The nonperametric distribution ues used becaume the nondetected valuss comprise more than 15X of the sasples.
7) The lognormel distribution nee used because the deta falled the normal distribution test.

8) The mean is goomstric. Ihe standerd deviation (s the valus to divide or aultiply with the geomstric meen,



Tallings Pore Uater Quality Stetissics
Lysimeters 550-556, 600-604, 640-646
SITE: CRJIOV CGRAND JUNCTIONM

Note the dets at eech (ocation wse aversged before the stetistical celculations were performed
® gtatistical manimm o the 99 percent one sided confidence interval, a » 0.01
2) The nonperametric distribution wes used because the nondetected valuss comprise more than 15X of the sasples.
7) the lognormel distribution wes used beceuse the data felled the normel distribution test.

8) The msan s geametric.

JNPUT DATA FILENANE: 43 \DART\GRJOT\GR10005.0AT

08/17/89 10 01/15/90
REPORT DAIE: 07/07/90
PARANETER NANE wiTs COEFF, | X OF STATISTICAL RANGE
8 OF SNWP] Ainiam RAXIaN NEDIAM NEAN D:::::: VMI:'“ 0‘:“:“ mﬂlal‘l:.mml:::.;‘t ”',=:="“ x:
ThORIN-230 Kin
3 3990 29.0000] ss0] w2wen|  2swe| m | 00| 2657 e.ams| Locwmw |70
T . st
. o.0s|  oom| ocoos| wm " w | me| oz e.er|wmemnen) 2
TOTAL DISSOLVED SOL1DS NG/t
13 | 4563.0000] 10345.0000] ess7.0000] eop.30t0| v w | o0 surar sownm| Loccews | 7.
TOTAL KJELDANL MIVROGEM NG/t
1 0.500] 71000 23.0000] as.2e9|  wests] w | n7|  woesz  sse.seos| Locwom | 7.8
URANILUM /L .
% o.orso] .|  oveso] eamr| s w | co| eanm s’ Lo | 7|
VANAD 1N /L o ! o .
% om0 arem]  tome|  eese2| woms| w | v et e woowew | 7,8
™ st o
w | ows] rewm]  oame]  emu| sasel m | 7o) oass  raow) wocew | T8

The stonderd deviation §s the valus to divide or multiply with the geametric msen.
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Table

-
.

Background water quality in the Nences Shale at the
Cherwy disposal site, Coloredo
SITE: GRJOJ CMENEY RESERVOIR
07727186 10 06/27/9Q
REPORT DAIE: 00/23/90

<

PARAMETER NN wiiTs COEFF, | X OF STATISTICAL RANGE :S
oof snw| miwimm | maiem | meolan nEAN é\'.m ml::uu bEvECTS ’“.f.‘?.‘.‘.i..""“.ii‘l.‘.ﬁ‘i pm::;mu ot \i‘—
ALKALLNATY WG/L CACO3 ‘

7 260.0000] 1219.0000] 577.0000]  454.6434 M7, w 6.0 212.0025 9713346 Lommomwl | 7,8 |
AL s B '

T 0.0500] 6.4300] o.ame] wm " m | 0 0.0500  0.4300|nowaraneTric| 2
e ' o '

v o.500] 4.5000] 63000 WA Y m | oss.e 0.0500  4.3000|moweannETRIC| 2
ANT100MY nG/L

¢ 0.0013 6.0410 0.0072 M " " 36.4 0.0813 0.0410| RONPARNETRIC| 2,6
MSENC nGn

? 0.004]  0.0005 0.0050| mA " w | 0. 0.0046  8.0005 | uPARNETRIC| 2
SAR N an _ ’

Y 0.0200]  8.0600 0.0400 " (7 (7 52.9 0.0200  0.0500| NONPARNETRIC] 2
SERTLLIUN s '

¢ . 0.0037|  0.0050 0.0037| wA " w | 1000 0.0037  0.0050|nowPARANETRIC| 2,6
saz0u KA s

¢ 0.00] 17200 o.moo] wm w | w | B3] eose  1.720|scesanenic| 2,4
BROMIOE /L ‘

3 1.0000]  5.5000 1.2000] wA - Y 0.0 A " TP

Note the date at coch (ocation was avereged before the statistical calculations were performed
® statistical msximam is the 99 percent one sided confidence (nterval, & = 0.01

1) Deta from & minimm of 4 locations must be availsble for the statistical
2) The nonperamstric distribution wes used because the nundetected veluss

4) The stat. renge s the 87.5% confidence interval dus 10 & sample size of 4,

8) The moen 1s geometric,

N

)

;::"l’y.h.

se mofe

than 15X of the samples.

The msaimm (s the 93.8% one sided confldence ing.
6) The stat. renge is the 96.9% confidence interval dus to & sanple size of 6. The msximm {3
7) The lognormal distribution wes weed bocause the dete feiled
The starxiard devistion s the valus

the 96.5% one sided confidence ins.

the normal distribution test.
1o divide or multiply with the geometric ssan.
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Toble 3.36 Beckground weter quality in the Nencos Shele ot the
Cheney disposal eite, Colorede

07721786 10 06/21/90
REPGRT DATE: 00/23/90

'SIVE: GRJO3 CHENEY RESERVOIR

JPARANETER NVE TS COEFF, | X OF STAVISTICAL Rance
eor swe| minvam | mums | wepian | oeviation [uaniatscuoerers i nazim ¢ e Juore
CAOMILS | e

7 . 0.8005] e.0050 0.0018 [ “ w | 2 0.0003  0.6030|novPwrNETRIC| 2
CALCIUN nsL

T 115000 ¢62.0000] 204.2000| te5.523¢] 3e0r2] ma. | 6.0 209050 32613 Lomomw | 7.8
" {CATIOW/ANION SALANCE 3 '

3 2.%00]  e.0000] 13000 ™ “ | wr " - o |9
CLORIDE /L B |

7 29.4000] 2000.0000] 230.0000] 313.3838]  S.é0n] M 00| o DGR w7,
Cmoniine | | wn

7 o.0000] e.00] o.0m0] m M| m | 0] ecme  e.er0|mesemenic 2
cosaLY s

¢ 000 o030 eaxmo| wm ™ | 100.0 0.050  ¢.0250|mowraanetnic| 2,6
orrER ' %
K o010, o0 o010 wm " m | s 0.0100  9.0300|monParneTaic] 2
CYANIOE s .

. 0.0050] 0.0050] 0.0050] - Y wm | v00.0 0.0030  ©.0050 NONPARMRETRIC| 2,6
FLUORIDE L7 ' v

7 0.1900]  t.6000] 0.4325] 0.5457]  2.1601] m 0.0 o.ates .34 toawomw | 7.8

Note the date at sech location wee aversged bafore the stetisticel calculations were performed
¢ scatisticel manimm {s the 99 percent one sided confidence interval, ¢ = 0.01
1) Data from & minimm of 4 locations mut be avallieble for the statistical anslysis.
2) The nonperessteic distribution wes used becauss the nondetected valuss conprise more then 15X of the sesples.
6) The stat. rangs ls the 96.9% confidence intervel due 10 o sample slae of 6.
7) The lognormal distritution wes used becoume the deta falled the norml distribution test.
8) The meen ls geomatric. Uhe standard deviation 18 the velus te divide or multiply with the gecmstric meen.

The manimum is the 96.5% ene sided contlidence ing.
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Table 3.36 Beckground water quality in the Mances ghale ot the

Chensy disposel site, Colerade
SITE: GRJIOJ CuENEY RESERVOIR
07/27/86 10 06/21/90
REPORT DAIE: 08/23/90

PARNETER MAME (" 111 ) COtFF. | X OF STATISYICAL RANGE
o of sne| iniam | waxoem | ol nEAN .25‘."3‘.‘: vm:wu oe:zo:u muﬁ'.'.'.'.m&:::'-“ﬁ lm::;mu g:
GROSS ALPHA N o
7 6.0000] 73.5000] 1s.0000] 20.3s| 25760 5.9 6623 @ Locomw | 7,8
GROSS BETA xin ' .
7 9.6500] ev.0000] 18.3500] 20.6624]  vmi0| wma 5.9 2.8 41.2M| ocwmw | 7,8
inow nsL '
.7 o.cs00] o.5w0] - o.mso|  e.ess| 2000 wm s.0| 003  0.3w0| Losmom |78
LEAD " _
. o.050] 0.0200, oe.0008] w - m | w2 0.0038  0.6200|sowmaneEmic| 2,6
MAGNES UM NG/
7 12.0000] 260.0000 91707 et.0001] 29ms| W 00| w.amz zemsz| Lomoma | 7,8
NANGANESE N 7.8
v | e.0:0] o0l o.220] e.s%| 305 m 5.0 0.001  0.4064| Losmomws | 7,8
nEACURY LTS _
o 0.0000] e.0002] o001 wa " “m | ny 0.0000  0.0002|uonParmnETRIC| 2,6
MOLYROEMN "
Py e.015] easo] e.0em|  wa " M| 33 0.013  0.1150 | maeanmeTaic| 2,6
NIQEL >
14 0.0200 0.0280 6.0200 A " " ».7 0.6200 6.0280 | nowPameETRIC| 2
MTAIE sn
7 " 9.5000 3.8000 1.7200 A uA [ ) 40.0 6.3000 3.8000 | nONPARANETRIC) 2

Note the data st each location wes avereged before the ststisticel celculations were performed

* stacistical maximm ls the 99 percent one eided contfidence intervel, a = 0.01
2) Yhe nonperemetric distribution wes Used beceuss the nondetected veluss compr
6) The stat. renge s the 95.9% confidence interval dus 1o & sample size of 6.

-,

)

Lo d

ise sore than 15X of the samples.
The ssximm is the 96.3% ens alded cenfidence int.
7) The lognonmet distribution wes used because the dete falled the normal distribution test.

8) The mean s gecmstric. Ihe stenderd deviation fe the value te divide or sultiply with the geametric meen.

Pl



Table 3.36 Beckgre ,.!ur auality in the Nences Jhele ot the
Cheney dispasal site, Colesado :

. SITE: GRJIOI CwENEY RSSERVOIR

QT727486 10 06/27/90

REPORT DATE: 08/23/790

PARANETER NAE (T 114 ] COEFF. | X OF STAVISTICAL RANGE
oor wwe| mninm | mavem | ot | meas | oeviarion |variationloercers '“.;T.".L’““J:la"-‘l‘ﬁ e it
PHOSPUATE Twcn

¢ o.orso] 3w eurs] w N M | B3 o.o78.  0.3100 mmmsanseraic| 2,4
POTASSILN wn

] a.a) w000 5.9500] - s8]  2.0295) m 0.0 24430 15234 - Loswommt | 7,8
ADIN-22¢ ’cin |

7 s.om0] 1.300] o0.300] wm - “m | 3 00730 1.3500|nawarmETarc| 2
RADIUN-228 "in »

7 | o500 1.0000] eas00f m - wm | sy 0.050  1.0000{wowaneTac| 2
SELENIUN ‘ L

7 0.00%] o.10m5| e.0155] “ “m | ne 0.000  0.%0v5| waaneraic| 2
SILICA - 8102 e - )

s s.6000] «2.0008] 10.6500] w3 2=mH| W Y 58 6.5 Locomw | 7,8
siLER ne/L

. 0.0030] o.00r5] e.000 WA " m | es 0.0038  0.0073 [uwsanmnnic| 2,6
SQD N L 7/

7 00.6000] 2445.0000] 1125.0000] sa2.367| 4.0o2] wa | es| sz 2em.a508] Loowomw | 7,8
SPECIFIC COMDUCTANCE w0/

7 | ese.0667] &500.0000] 1873.0000] 1008.9055] 233 wma 0.0 | em.e2¢ s200.077| Locwomen | 7,8

Note the date st eech lecatien ume evereged before the statistical calculetions were performed
* statistical meximm fo the 99 percent one sided confidence intervel, a = 0.01
2) The ronparssstric distribution wes used because the nondetected valuss cosprise more than 15X of the samples.

4) The stat. rarge {8 the B7.5X% confidence interval dus 1o & sanple size of 4,

The maximss is the 93.8X ene slded confidence ing,

6) The stat. renge s the 96.9% contldence interval dus (o & semple size of 6. The muximm {s the 96.5% ene elded centidence int.
7) Yhe lognormel distritagtion wes wed becauss the date falled the normel distribution test.
8) The muen s geomstric. Ihe standerd deviation is the velus to divide or multiply uith the geometric meen,
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Table 1.39 o( ¢~ ndstone uster Q. ity stetistics at the

Cheney disposel site, Grend Jur-{;:n, Colorado
SITE: CRJOS CMHENEY RESERVOIR
-~ 02/02/90 10 06/29/90
REPORT DATE: 08723790

PARAMETER MAME NI TS COEFF. | X OF |  SIATISTICAL RANGE
- : STANDARD of WON | i% CONFIDENCE INTERVAL| DISTRIBUTION]FOOT

7 oF soe| minnem mAxImM | wEDIAN ~ MEAN OEVIATION |VARIATION|DETECTS| MINIMM  MAXDIM @ 1PE NOTE
SELENIUN nG/L

6 0.0025 0.0050 0.0025 NA nA NA 83.3 0.0025 0.0050 | NONPARANETRIC| 2,6
SILICA - S1O2 HG/L

6 8.0000] 46.0000] 18.3500 21,2333 13.1767] o0.6206] 0.0 31317 39,3350 womwAL
SILVER nG/L

6 0.0050 0.0050 0.0050 "A nA " 100.0 0.0030 0.0050 | nonPaRareTRIC] 2,6
soniun "/

6 4210.0000] 7020.0000] $930.0000] S756.6667] 1012.9692] 0.1760| 0.0 | 4385.047 7148.2387]  NORMAL
SPECIFIC CONDUCTANCE UNHO/ON .

2 15,5900 21000,0000| 10507.7950 nA "A " 0.0 A NA UBXNOM 1
STRONT UM "G/L

6 3.5900 9.0500 7.7200 T.1850 2.08671 ‘0.2904| 0.0 4.3184 10.05%6]  wommar
SULFATE MG/L

K 6.2000]  175.0000]  54.3000 67.0167]  61.8021] o0.9222] 0.0 ~17.8843  151.9776] wommAL
SULFIDE NG/L

[ 0.0500 10,0000 0.1700 NA "A nA 50.0 0.0500 10,0000 |wowParArETRIC| 2,6
TEMPERATURE C - DEGREE

5 16.9000 22.1000]  19.0000 19.4200 1.8939] o0.097s| 0.0 16,2463 22,5037 mommAL
THALLIUM nG/L

3 0.0500 0.1000 0.0500 uA N uA 68.7 NA NA UNKNOUN 1

* Stetisticel meximum s the 99 percent one sided confidence interval, a = 0.0}
1) A sinimm of 4 samples sust be available for the statistical snalysis.

2) The nonperametric distribution wes used because the nondetected ve
6) The steat. range {s the 96

D,

lues comprise more than 15X of the semples.
9% confidence interval due to a semple size of 6. The meximum s the 96.5% one slided confidence tnt,
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Table 3.39 Dokout'a Sendstone uater quality stetistics at the
Cheney disposel site, Grend Junction, Colorado

SITE: GRJOS CHENEY RESERVOIR
02/02/90 10 06/29/90
REPORT OATE: 08/23/90

PARAMETER MAME uniTs COEFF. | X OF STATISTICAL RANGE
STANDARD Of NON  J9BX CONFIDENCE INTERVAL| DISTRISUTION]FOOT

# OF SAMPL NINTMUN MAX SN MEDIAN MEAN DEVIATION [VARJATION|DETECTS NENTMUN MAXIMUM * 1YPE NOTE
MAGNESIUM NG/t

6 13.7000] 42.0000] 22.5000] 26.7167]  10.7682] o.40m] 0.0 11,9238 41.5095| wommaL
MANGANESE NG/L

6 0.0200 0.3900]  0.1100 0.0809 3.55] A 0.0 0.0162 0.4615| Locomur | 7,8
MERCURY _ na/L N

6 0.0001 0.0910|  0.0001 A A A 8.3 0.0001 %g @mmc 2,6
HOLYSOENM /L —

6 0.0050 0.2100]  0.0500 M Y A 33.3 0.0050  0.2100|wonParaveTaIC] 2,6
NICKEL "

6 0.0200 0.02000  o0.0200 A M m | 100.0 0.0200  0.0200{wonPARMETRIC] 2,6
NITRATE MG/L

6 0.5000  10.0000]  1.7500 A A A 50.0 0.5000  10.0000|NOKPARAMETRIC] 2,6
PHOSPHATE nG/L

6 0.1200]  11.4000]  2.6000 1.4390 5.4103] m 0.0 0.1415  14.632| tocomuy | 7,8
POTASS LI nG/L

6 16.0000] 111.0000] 71.6500] 67.2167| 39.086| o0.5815| 0.0 13.5212 1209121 wommar
RADILM-226 PCIN

6 1.5000]  32.0000]  2.8500 . 73% s.en?| 0.0 0.7920  28.2906] 1ocwomuL | 7,8
RADILM-228 Pci/L

6 3.4000]  48,0000| 23.5000| 2s.0667| 15.7015| o0.6300| 0.0 33730 46.7603| wommat

* Statisticel maximum (s the 99 percent one sided confidence intervatl, a = 0.01
2) The nonperametric distribution was used becsuse the nondetected va
6) The stet. range {s the 96.9% confidence intervel due to a semple s
7) The lognormel distribution wes used becouse the dets fafied the normal distri

lues comprise more than 15X of the samples.
fze of 6,

The maximum is the 98.5% one sided confidence int.
. bution test.
8) The mean is geometric. The stendaid deviation Is the value to divide or msitiply with the geometric meen.
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PARAMETER NAME wITS coerf. | x of STATISTICAL RANGE
stawoaro | of NOW 98X COMFIDENCE INTERVAL| DISTRIBUTION|FOOT
#of soe| minnm | maxmem | meptan weAw | oEvIATION [variaTiON|DETECTS|  MINmmm mAxiem o wee  |wore) .
CHLORIDE | G/L
6 | 3060.0000] 4850.0000| 4310.0000 «0s5.0000] 731.7035| o0.1791] 0.0 | 3079.8183 S090.1897]  wommAL
CHROM1LM MG/L
6 0.0050|  o0.0050] o0.0050] WA ™ m | 100.0 0.0050  0.0050|nonpARAMETRIC| 2,6
COBALY /L
6 0.0250]  ©0.0250] 0.0250] WA " m | 100.0 0.0250  0.0250{mouparametRIC] 2,6
COPPER n/L -
3 0.0100]  o.0200] 0.0100] W A N 6.7 0.0100  0.0200|NonPARAMETRIC] 2,6
CYANIDE oL
:: 6 0.0050]  o0.0050] 0.0050] wa A m | 100.0 0.0050  0.0050|wonParanetRIc) 2,6
!uon Jo - P'Oro FLUORIDE /L
e bk ' is ! boasd 6 1.2000]  2.2000]  1.6000 1.6667]  o0.37] o0.22%| o.0 1.1551 2.1782|  wormaL
+ Shahisticel warimom [cross atpua PeI/L .
F boekgwnd um*‘“a‘ 6 0.0000] 9a.0000] 37.5000] WA A m | 33 0.0000  96.0000|wonparadeTRIC] 2,6
-2 mgld GROSS BETA PN
s 0.0000[ 160.0000] 102.5000] WA A A 16.7 0.0000  160.0000 |wonpaRAMETRIC| 2,6
1roN nG/L
6 0.2500f  o.s000] o0.4850]  o0.5067]  o0.2108] 0.4156] 0.0 0.217¢ 0.7960|  woRMAL
LEAD HG/L
6 0.0050]  o.0t00] o0.0050] wa A A 83.3 0.0050  0.0100|wonPARAMETRIC]| 2,6
* Statisticel maximum is the 99 percent one sided confidence interval, a = 0,01

A

&

Table 3.39 oax(
Cheney dis}..

SITE: GRJO3 CHENEY RESERVOIR

02/02/90 10 06/29/90
REPORT DATE: 08/23/90

lstone water quality statistics at the
site, Grand Junction, Coloredo

2) The nonperametric distribution was used because the nondetected va

6) The stet.

range le

lues corprise more than 15X of the samples.
the 96.9X confidence interval due to a sample size of 6.

The meximm is the 98.5X one sided confidence int.
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Vable 3.39 oak( stone water quality statistics st the
Cheney dispasat site, Grand Junction, Colorado
SITE: GRJO3 CHENEY RESERVOIR
02/02/90 10 06729790
REPORT DATE: 08/23/90

PARAMETER NAME UNITS COEFF. | X OF STATISTICAL RANGE
STANDARD OF NON 98X CONFIDENCE INTERVAL]| OISTRIBUTION|FOOT
# OF SAMP| NMINIMUM MAX I UM MEDJAN MEAN DEVIATION [VARIATION|DETECTS MINTHUN MAXTMLN * TYPE NOTE
ALKALINETY NG/L CACOY
s 5667.0000] 9139.0000| 7861.0000] 7439.2000] 1329.8636] o0.1788] 0.0 | 5210.7352 9667.6648] woRMAL
ALUMTNUM nG/L
6 0.0500 0.0500 0.0500 " (7 m | 100.0 0.0500 0.0500 | NoNPARANETRIC] 2,6
AFNONTUM nG/L
6 5.2000 8.0000 6.0500 6.2667 1.0690{ 0.1706] 0.0 47982 7.7352]  NomMAL
ANTIMONY NG/t
3 0.0015 0.0015 0.0015 " NA WA | 100.0 " " uncwows | 9
ARSENIC NG/L
6 0.0050 0.0050 0.0050 " ") | 100.0 0.0050 0.0050| NONPARANETRIC| 2,6
BARIUM MG/L
6 ‘4.4800] 38,0000 33.3000] 27.2567]  13.%413| o..821] 0.0 9.2037  45.3096|  wommat
SERYLLIUM nG/L
3 o.005] o0.0025] o0.005] W M m | 100.0 " " woom | 1
BORON /i
6 1.5000 3.1300 2.0450 2.2633 0.6217) 0.2147] 0.0 1.4093 3.1176]  wommat
CADMIUM NG/L
6 0.0005]  0.0005 0.0005 A NA m | 100.0 0.0005 0.0005 {wonPARAMETRIC| 2,6
|carctim G/L
6 145000 42.0000| 33.8000]  31.6833 9.7016] o0.3062| 0.0 18.3557  45.0110)  wommaL

* Statisticet menimue: in the 99 percent one sided confidence Intervel, « = 0.01
1) A minimm of & semiies must be svailable for the statistical snelysis,
2) The nonparamatric di-t+itutfon wes used because the nondetected vetlues comprise more than 15X of the sasples.

The maxismm s the 98.3% one sided confidence int.

6) The stet. renge s the

- 7% confidence intervel due to & semple size of 6,
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Table 3.38 Dako( stone water quality by parameter at the .

Cheney disposel site, Grand Junction, Colorado
SITE: GRJO3 CMENEY RESERVOIR
02/02/90 10 06/29/90
REPORT DATE: 08723/90

LOCATiON SAMPLE|FORM]FLOW] UNITS OF PARANETER DETECTION PARAMETER
PARAMETER NAME L LOG DATE 10 [COMP|REL.| MEASURE Vi " VALUE Linty UNCERTAINTY
TERPERATURE oor? 06728790 | FOT4 | XD | D C - DEGREE 22.1 - -
w78 | 02/12/9 | 0001 | 1o | 0 19.0 . .
THALL 1M oor1 | 02719/90 | 0001 [ ko [0 | ment < 0.9 0.1 -
0977 | 02/02/90 | 000y | k0 | 0 < 0.1 0.1 .
w78 | 02/12/90 | 0001 | o | o 0.1 0.1 .
TOTAL DISSOLVED SOLIDS oor1 | 02/19/90 | 0001 [ ko [0 | Mert 15300, 10.0 .
oor1 | os728r90 | fors | 1o | o 18300, 10.0 .
o077 | 02/02/90 | 000y | ko | o 12100, 10.0 .
0977 | 0ss28/90 | f016 | ko | o 10500, 10.0 .
o978 | 02/12/90 [ 0001 [ | 0 15410, 10.0 .
o978 | 0ss29/90 | foré | w0 | 0 15500, 10.0 .
TOTAL KJELDANL N1TROGEM 0971 02/19/90 J 0001 | x0 | D MG/L < t. 1.0 -
oor7 | 027029 | 0001 [ ko | b s. 1.0 .
. 0978 | 02/12/90 | coo1 [ w | o < 1. 1.0 .
wn
& URAN 1A oor | 02/19/90 [ 0001 [0 [0 | man < 0.003 0.003 .
o971 | oes28790 | fors | s | o 0.0032 0.003 .
MCL‘ 0.044 hﬂj’ ( 0077 | 02/02/90 | 0001 | 1o | o < 0.003 0.003 .
0977 | 06726/90 | fors | o | o 0.0004 0.003 .
0978 02/12/90 1 000Y 1 kD | D < 0.003 0.003 -
oors | 06729790 | vors | o | 0 0.0004 0.003 .
o VANAD [LH 0971 | 02719790 [ 0001 [ 0 [0 | mant < 0.01 0.0 .
favesrom See 0971 | 0s/28¢90 | roré | 1o | 0 .03 0.01 .
0077 | 02/02/90 | 0001 | ko | 0 < 0.01 0.01 .
lobly 3.37 o077 | 08/728/90 | F014 | w0 | 0 < .0 0.01 .
0078 | 02/12/90 | 000y | k0 | 0 < 0.01 0.0 .
0978 | 06/29/90 | ror¢ | xo | 0 < .01 0.01 .
T o071 | 02719/90 | 0001 { to [0 | mon 1.3 0.005 .
[\,1(', - n5.0 wj 0071 | 0sr28/90 | rors | ko | o 1.41 0.005 .
0977 | 02/02/90 | 0001 | o | 0 4.06 0.005 .
dlm h\ 0077 | osr28/90 | ror¢ | wo | o .039 0.005 .
L 0978 | 02/12/90 | 0001 | o | 0 < 0.005 0.005 .
watt S(c 0978 | 06/29/90 | Fo14 | 1o | D < .005 0.005 .

FORMATION OF COMPLETION CODE:
KD - DAXOTA SANDSTONE

PARAMETER VALUE INDICATOR (PVI):

< = LESS THAN DEVECTION LIMIT

FLOW RELATIONSHIP CODE:
D - DOWN GRADIENT

OATA FILE NAME: J:\DART\GRJO3I\GLQ10020.DAY
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Table 3.38 Dakota ( ® water quality by parameter at the

Cheney disposal siwe, Grand Junction, Colorado
SITE: GRJOI CHENEY RESERVOIR
02/02/90 10 06/29/90
REPORT DATE: 08723790

LOCATION saupLE [rorn | FLow| wwits of PARAMETER | DETECTION | PARAMETER

PARAMETER NAME 10 | wocoare | 10 |cowe|rer. | measure  |pv VALUE umir  |uwcertannry
SILVER 0977 | 02/02/90 | 0001 { k0 [ 0 | menr < 0.01 0.01 .
.. 0.05 Hﬂl ( 0977 | o06s28/90 | f016 | xo | « .01 0.0 .
0978 | 02712/90 | 000y | 0 | 0 < 0.0 0.0 .
o978 | 0672990 016 | k0 | 0 < .01 0.01 .
SOOI o971 | 0271990 [ 0001 [ 0 | 0 | ment 6100, © 0.002 .
0971 | oss28/90 | fo16 | 10 | 0 - 7020. 0.002 .
0077 | 02/02/90 | 000y | 0 | 0 5010, 0.002 .
— 0977 | 06726790 | fo16 | k0 [ 0 4210, 0.002 .
o978 | 02/12/90 | 0001 | o | 0 6440, 0.002 .
0978 | 0ss29/90 | r014 | 10 | 0 5760, 0.002 .
SPECIFIC CONDUCTANCE o971 | oss28/90 | rors [ k0 [0 | wemoren 21000, . .
oor? | 0672890 | 016 | 10 | 0 15.59 . .
, STRONTIUM o911 | 02719790 | 0001t {0 [0 | monL 9.00 0.1 .
" 0971 | o0ss28/90 | 014 | k0 | 0 7.43 0.1 .
o o977 | 02/02/90 | 000y | k0 | 0 3.50 0.1 .
; 0917 | 0672890 | rors | 0 | 0 6.03 0.1 .
0978 | 02712790 | 0001 | 10 | 0 9.05 0.1 .
o978 | 0672990 | f014 | o0 | 0 8.01 0.1 .
SULFATE o971 | 02719790 { ocot { k0 [ 0 | mert 9.2 0.1 .
oon1 | oss28/90 | 016 | 0 | 0 181 0.1 .
o917 | 0270290 | 000y | w0 | 0 \7s. 0.1 -
o977 | 0ss28/90 | fo1¢ | oo | 0 8.2 0.1 .
0or8 | 02/12/90 | 000y | xo | 0 6.2 0.1 .
0978 | 06/29/90 | f0t6 | k0 | D a2.4 0.4 .
SULFIDE o911 | 02719790 .{ 000y [ 0 |0 | ment 10. 0.1 .
0971 | oes28/90 | 014 | k0 | 0 < K 0.9 .
0977 | 02702790 | 0001 | k0 | 0 p 1. 0.1 .
0977 | 0672890 | vo14 | ko | 0 < ) 0.1 .
0978 | 02/12/90 | 000t | xo | 0 3. - 0.1 .
0978 | 06729790 | 014 | ko | 0 0.29 0.1 .
TENPERATURE 0971 | 0271990 [ 000y [ ko | 0 | ¢ - pecree 16.9 . .
oon1 | oss28/90 | to1s | ko | 0 20.1 . .
0977 | 02702/90 | 0001 | ko | D 19.0 . .

FORMATION OF COMPLETION CODEq
KD = DAKOTA SANDSTONE

PARANETER VALUE INODICATOR (PVI):

- LESS THAN ODETECTION LINIY

FLOM RELATIONSHIP CODE:
D - DOMM GRADIENT




i ~ Table 3.38 Dak stone wster o ' :y by perameter st the
] AR Cheney dispu._. site, Grend Ju. .. Coloredo
DTN o SITE: GRJO3 CMENEY RESERVOIR
AN = = 02/02/90 10 06/29/90
\ N REPORT DATE: 08/23/90
LOCAT ION sanpLE | Foru|FLow| uNITS OF PARAMETER | DETECTION | PARAMETER
PARANETER NAME 10 | rocoate | 10 |cowe|wer.| measure  [Pvi VALUE LINIT  UMCERTAINTY
PHOSPMATE o978 | 06729/90 | fots { ko | 0 | ment 1.4 0.9 -
POTASSIUN o971 | 02719/90 | 0001 | 10 | 0 | menr 30. 0.01 .
0971 | 06/28/90 | F014 | k0 | P 61.3 0.01 .
o977 | 02/02/90 { 0001 | 1> | O ", 0.01 .
0977 | 0ss28/90 | F014 | 0 | O 1", 0.01 .
0978 | 02/12/90 | 0001 | kv | O 76. 0.0t -
o978 | 06/29/90 | F014 | kD | 105, 0.01 -
' l'l(;"’"l‘b RADIUN-226 0971 | 02719/90 | 0001 | 10 [0 | pCinL 3.5 1.0 0.6
A-bto 0971 | 06728790 | Fo14 | xp | © 1.7 1.0 0.5
foble 1.39 0977 | 02/02/90 | 0001 | K® | O 32.0 1.0 2.2
e¢ . 0977 | 0672890 | FOW [ D | O 2.2 1.0 0.5
0978 | 02712/90 | 0001 | ko | O 17.9 .1.0 1.6
0978 | 06729790 | k016 | kD | D 1.5 1.0 0.5
' RADIUN-228 0971 | 02719790 { 0001 { 1 | 0 | PCin 3.4 1.0 1.9
& 0971 | 06/28/90 | F014 | 0 | D 18, 1.0 2.
b 0977 | 02/02/%0 | 0001 { ko | O 35.6 1.0 3.3
' 0977 | 06728790 | 014 | ko | @ 48, 1.0 2.
o978 | 02/12/90 | 000t | k0 | 0 16.4 1.0 2.6
0978 | 06/29/90 | F014 | 0 | D 2. 1.0 2.
SELENTLN 0971 | 02719790 | 000t { 1 {0 { MG/t < 0.03 0.005 -
cl = 0.0l mg / oor1 | osr28/90 | rors | oo | o 0.005 0.005 .
0977 | 02702790 | 000t | k0 | D < 0.03 0.005 -
0977 | 06728/90 | FO14 | o | D < .005 0.005 -
0978 | 02/12/90 { 0001 | w0 | O < 0.03 0.005 .
0978 | 06/29/90 | k0% | ko | D < .005 0.005 -
SILICA - $102 0971 | 02/19/90 | 0001 | 1 | 0 | e/ 13.7 2.0 -
0971 | 06728790 | f014 | o | 0 4. 2.0 .
0977 | 02/02/90 | 0001 | k0 | 0 7.1 2.0 -
0977 | 06/28/90 | FO1& | kD | D 8. 2.0 -
0978 | 02/12/90 | 0001 | 0 | ® 19.4 2.0 -
0978 | 06/29/90 | F014 | x0 | O 2. 2.0 -
.. SILVER 0971 | 02/19/90 | 0001 [ k0 | 0 | me/L < 0.01 0.01 -
cL=o. 65 m / { 0971 | 0sr28/90 | Fors | 1o | o < -0 0.0t .

FORMATION OF COMPLETION CODE:
KD - DAXOTA SAMDSTONE

PARAMETER VALUE INDICATOR (PVI):

< - LESS THAN DETECTION LINIT

FLOW RELATIONSHIP CODE:
D - DO GRADIENY
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Tabte 3.38 Da

dstone water quality by parameter at the

Cheney disp..-s site, Grand Junction, Colorado
SITE: GRJOY CHENEY RESERVOIR
02/02/90 10 06/29/90
REPORT DATE: 08/23/90

LOCATION SAMPLE | FORMIFLOW| tNITS OF PARAMETER DETECTION PARAMETER
PARAMETER MAME 10 LOG DATE 10 |COMPIREL.| MEASURE eVl VALUE LNty UNCERTAINTY
MOLYSOENUM o0or7 02/02/90 | 000 | kD | O MG/t 0.21 0.0t -
0977 | 06/28/90 | FOY4 | kD | D N4 0.0 -
0978 § 02/12/90 | 000% | xD ] D < 0.05 0.0t -
o978 06/29/90 1 04 [ XD | D 05 0.0V -
NET GROSS ALPMA * oo 02/19/90 j 0001 [ D | D PCIN 84.97 - -
(24 06/28/90 { fO14 | D | D -2.20 - -
0977 | 02/02/90 | 000Y | XD | O 96.97 . -
0977 | 06/28/90 | fO14 | @ | D ".73 - -
0978 02/12/90 | 0001 | ¥ | D -1.03 - -
0978 06/29/90 | €016 [ kD | D -0.27 - -
NICKEL (24 02/19/90 | 0001 | XD | D MG/t < 0.04 0.04 -
oon 06/26/90 | FO14 | kD | D < .04 0.04 -
0977 02/02/90 | 000% | kD | O < 0.04 0.04 .
oor7 06/28/90 | FO14 { D | D < .04 0.04 -
o978 02/12/90 | 000 | k» | D < 0.04 0.04 -
0978 | 06/29/90 | FO& [ kD | D < 04 0.04 -
NITRATE oon 02/19/90 | 0001 | ® | D nG/L < 0.1 1.0 -
097 06/28/90 | FOI4 [ KD | O 3. 1.0 -
0977 | 02/02/90 | 000Y | @ | D < 0.1 1.0 -
0977 1 06/28/90 | 014 | 1@ | D 10. 1.0 .
0978 02/12/90 1 0001 | kD | D < 0.1 1.0 -
0978 | 06/29/90 [ k0% | D | D 4. 1.0 -
PR o7 02/719/90 | 000t | D | D sy 7.80 - -
oo71 06/28/90 | FO14 | XD | D T.44 - -
0977 | 02/02/90 | 0001 | kD | O r.2 - -
0977 | 06/28/90 1 fOt6 [ kD | 0 7.66 - -
0978 02/12/90 | 0001 | s | D T.43 . .
PHOSPHATE 0971 02/19/90 | 0001 | kD { D MG/L 3.2 0.1 -
(24 ] 06/28/90 | FOY6 J D | D 2.6 0.1 .
0977 | 02/02/90 | 0001 { 1 | 0 0.12 0.1 .
oorr 06/28/90 | f014 | D | B 2.6 0.1 .
0978 02712790 | 0001 | xD» | D 0.3 0.1 .

* MET GROSS ALPMA (GROSS ALPHA - URANIUM)

FORMATION OF COMPLETION CODES
KD - DAKOTA SANDSTONE

PARAMETER VALUE INDICATOR (PVI):

< - LESS THAN DETVECTION LINMIT

WITH 1 MG URANIUN = 686 pPCI

FLOW RELATIONSHIP CODEs
D - DOWM GRADIENT
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— ' ) Table 3.38 Dakots Sandstone vui'er tpallty by por-nter at the
\ - Cheney disposal site d Junction, Coloredo
U AN SITE: GRJO3 CHENEY RESEL" ..
S 02/02/90 10 06/29/90
& REPORT DATE: 08/23/90
, LOCATION SAMPLE | FORM{FLOM| UNITS OF PARAMETER | DETECTION | PARAMETER
PARAMETER NAME 10 | tocoatE | 10 |cowelrer.| measure  |pwi VALUE LIMIT  |UNCERTAINTY
GROSS BETA 0978 | 06/29/90 | 703 | 0 | 0 | PCInL . . 0.5 95.
1now 0979 | 02/19/90 | 0001 | k0 | 0 | Mot 0.50 0.03 .
0971 | 06728790 | ¢0%4 | w0 | 0 51 0.03 .
0977 | 02/02/90 | 0001 { @ | 0 0.42 0.03 .
oorr | 06s28/90 | 016 | 0 | 0 .25 0.03 .
oor8 | 02712/90 | 000t | k0 | o 0.69 0.03 .
0978 | 06s29/90 | f014 | ko | 0 &7 0.03 -
LEAD o971 | 02/19/90 | 0001 | | 0 | manL < 0.0 0.01 .
o971 | oss28/90 | k014 { 0 | 0 0.0 0.01 -
UC L. 0.05w¢/% , 0977 | 02/02/90 | 0001 | w0 | 0 < 0.05 0.01 -
- 0977 | o6s28/90 | roré { @ | o < .01 0.01 .
0978 | 02712790 | 0001 | 0 | 0 < 0.0} 0.0 .
0978 | 06/29/90 | f014 | 0 | 0 < .01 0.01 .
. MAGNES 1LM o971 | 02/19/90 | 000t | 0 [0 | went 6. 0.001 -
& 0971 | o6s28/90 | 1014 | 0 | D 37.6 0.001 .
o w77 | 02/02/90 | 000t | 1 | 0 2. 0.00% -
: 0977 | 06s28/90 | roré | 0 | D 15.7 0.001 -
o978 | 02712790 | 000t | | 0 22. 0.001 -
o978 | 06729/ | fo%é [ o | 0 22.0 0.001 .
MANGANESE o971 | 02/19/90 { 0001 | @ [0 | mest 0.02 0.0t .
097y | 06/28/90 | Foté | 0 | 0 .03 0.01 .
o977 | 02/02/90 | o001 | w0 | 0 0.21 6.0! .
o977 | os728/90 | fore {0 | 0 .03 0.01 .
o978 | 02/12/90 | 000t | w0 | 0 0.39 0.01 .
o978 | 06/29/90 | 014 | 0 | 0 A9 0.01 .
NERCURY 0971 | 02719/90 | 0001 | 0 | 0 | Mant |« 0.0002 0.0002 -
o971 | 06728790 | ¢0%% | > | 0 < .0002 0.0002 -
UeL. 0.69 o977 | 02/02/90 | 000t | o | b < 0.0002 0.0002 .
) i botl\ p . 0977 | 06/28/90 | 4. XD | D < .0002 o.ooog -
{hg vl O w78 | 02712790 | ouii [ k0 | 0 < 0.0002 0.000; -
fox 0k \Jr 0978 | 06s29/90 | #01& | 0 | 0 .09 0.0002 .
' MOLYBOEMM . o1t | 02719790 | 000y | | 0 | mant < 0.01 0.01 .
e ML_ 3,39 o971 | oss28/90 | fors [ w0 | 0 .05 .0
FORMATION OF COMPLETION CODE: FLOM RELATIONSHIP CODE:

&D - DAKQTA SANDSTONE 0 - DOWN GRADIENT
PARAMETER VALUE INDICATOR (PVI): < - LESS THAN DETECIION LINIT

) )
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. S~ - Table 3.38 Dakota Sendstone water quality by paremeter at the
N N Cheney disposal site, Grand Junction, Coloredo
) ~_ \6_) SITE: GRJO3 CHENEY RESERVOIR
) - 02702790 10 06/29/90
& O : REPORT DATE: 08/23/90
_ LOCATION SAWPLE | ForM| FLOM] UNITS OF PARAMETER OETECTION | PARAMETER
PARAMETER NAME 10 L0G DATE | 10 [come(ReL.| measure  |Pvi VALUE LIniY UNCERTAINTY
<DL -{CoBALT 0971 | 06/28/90 | F016 | @ | D | Mot < .05 0.05 -
0977 | 02/02/90 | 0001 { x0 | D < 0.03 0.05 -
0.5 “\9’ { : 0977 | 0ss28/90 | 016 | w0 | 0 < 05 0.05 )
0978 | 02712790 | 000y | k0 | 0 < 0.03 0.05 -
% : 0978 | 06/29/90 | fF0%6 | XD | D < .05 0.05 -
. ‘ COPPER 09;: gglgww 000t {0 |0 | men 0.02 0.02 -
mp.l‘u., mcel - 09 /28/90 | FOI6 | kD | O < .02 0.02 .
( L “ | o9rr | 02702790 | 0001 | x0 | 0 < 0.01 0.02 .
Lo wmyg/e 0977 | 06/28/90 | 014 | ko | 0 < .02 0.02 .
o978 1 02/12/90 1 0003 | x0 | O 0.01 0.02 .
0976 | 06/29/90 § FO14 | kD | D < .02 0.02 -
ZMDL CYANIDE 097y | 02/19/90 [ 0001 | 0 | 0 | et < 0.02 0.01 .
o971 | 06/28/90 | ¥014 [ k0 | O < .01 0.01 .
06,014 0977 | 02/02/90 | 0001 { kD | O < 0.02 0.01 -
. hq[( 0977 | 06/28/90 | f014 [ ko | 0 < .01 0.01 -
0978 | 02/12/90 J 0001 | 0 | © < 0.02 0.01 -
0978 | 06/29/90 | f014 | @ | 0 < .01 0.01 -
o O H/' FLUORIDE 0971 | 02719790 | 000y | 0 | 0 | MG/t . 1.6 0.1 -
& Re Vs . 0971 | 06/28/90 | FON& | 1 | B 1.6 0.1 .
w 337 : 0977 | 02/02/90 | 000t | 0 | D 2.0 0.1 -
o : 0977 | 06s28/90 | ¥0%% | 0 | 0 2.2 R | .
0978 | 02/12/90 | 0001 | X | 0 1.2 0.1 .
o978 | 06729/90 | FO14 | x@ | D 1.4 0.1 .
GROSS ALPHA 097y | 02719790 f 0001 | k0 | P | PCistL 86. 1.0 9.
o971 | o6s28/90 | s0tk {0 | O 0. 1.0 120.
0977 | 02/02/90 { 0001 | kD | O 9. 1.0 n.
o977 | 06s28/90 | f014 [ x0 | 0 . 1.0 2.
0978 ] 02/72/90 { 0001 | @ | 5 0.0 1.0 76.
0978 | 06/29/90 | FO14 | xD | O 0. 1.0 %o.
GROSS BETA 097y | 02/719/90 | 0001 | k0 | 0 | PCi/L 146, 0.5 ™.
0971 | 06/728/90 | FOK4 J @ | D 100. 0.5 100,
o977 | 02/02/90 [ 0001 | 0 | O 105. 0.5 4.
0977 | 06/28/90 | §014 J 0 | D 160. 0.5 60.
o978 | 02712790 | 0001 { @ | O 0.0 0.5 68.
FORMATION OF COMPLETION CODE: FLOM RELATIONSHIP CODE:

KD - DAKOTA SANDSTONE : O - DOWN GRADIEMT
Pmtil VALUE INDICATOR (PVI): < - LESS VHAN DETECTION LIMIY

) ‘ )



“¢sv”

\\

—

T— \qﬂq \\Q:

-k \g—.

<MpL
0_005\45/ {

hMel: 6.9

I‘/ICL : 0.05

ZMDL
9.0Swy/(

Table 3.38 Dakots Ssndstone water qualily |w parsmeter st the

Cheney disposal site, Grend Junctian, *sredo
DO SIIF: RJO3 CHENEY RESERVOIR
‘ 03/0, -0 10 06/29/90
R ppe - DATE: 08723790
LocArr -+ | SANPLE | FORM|FLOW| UNITS OF PARAMETER ‘DEVECTION PARAMETER
PARAMETER NAME 10 L0G DATE 1D JCOMPIREL.] MEASURE PVI VALUE LINY UNCERTAINTY
BERVLLIUN 77 | 02/02/90 | Goot | x0 | D | mG/L < 0.005 0.005 .
U3 | 02/12/90 | 000% | D | D < 0.005 0.005 -
SORON oon 02/19/90 | 0001 } xD | D nG/L 1.9 0.1 -
0971 | 06/28/90 | FOI4 | KD | ® 2.1 0.1 .
o7 02702790 | 000t | xD | B 1.99 0.1 .
0977 | 06/28/90 | FOM | xD | D 1.5 0.1 .
0978 | 02712790 | 0001 | kD | D 3.13 0.1 .
0978 | 06/29/90 | FOW | xD | O 2.9 0.1 -
CADHIUH 0971 02719790 | 000t | KD | D MG/L < 0.001 0.001 -
0971 | 06/728/90 | 014 { @ | D < .001 0.001 -
oor7 02/02/90 | 000 | X0 | D < 0.01 0.001 -
77 06/26/90 | FOI4 | XD | O < .001 0.001 -
0978 02/12/90 | 0001 | XD | D < 0.001 0.00% -
0978 | 06/29/90 | FOL4 | XD ] D < .001 0.00¢ -
CALCIUM on 02/19/90 | 0001 | kD | D MG/L 32. 0.01 -
o9 06/28/9C | F0V | xD | D 38.0 0.01 -
o977 02/02/90 j 0001 | xD | D 28. 0.0% .
o9or7 06/28/90 | FOY4 | kD | O 14.5 0.0V -
o978 02/12/90 { 0008 1 k0 | D 42. 0.01 -
0978 06/29/90 | FOLL J D | D 35.6 0.0% -
CHLORIDE oor 02/19/90 1 0001 J XD | D nG/L 4640, 1.0 .
(24 ] 06/26/90 | FOIL | XD | O 4490, 1.0 -
0977 | 02/02/90 | 0001 } x0 { O 3360, 1.0 .
o9oT7 06/28/90 | FOI4 kD | D 3os0. 1.0 .
0978 | 02712790 | 0001 | xD { O 4130, 1.0 .
0978 06/29/90 | FO14 | XD | O 4850, 1.0 -
CHROMELM o7 02/19/90 | 0001 { XKD | D NG/L < 0.0t 0.01 -
o7 06/28/90 | FOW [ XD | D ' < .01 0.01 -
o977 02/02/90 | 000V J %D | O < 0.01 0.0t -
0977 | 06728790 | kON& | w2 | D < .01 0.01 .
0978 02/712/90 | 0001 | k0 | O < 0.01 0.01 -
0978 | 06/29/90 | FOVG | XD | O < .01 0.01 -
COBALY 097% | 02/19/90 { 0001 | KD | O | MG/L < 0.03 0.05 -

FORMATION OF COMPLETION CODE:
KD - DAKOTA SANOSTONE

PARAMETER VALUE INDICATOR (PVI):

< = LESS VYNAN DETECTION LIMIY

FLOW RELATIONSHIP CODE:
D - DOWN GRADIENT
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Ulr"_) %_ Table *.38 Dakota s:ndstone n:‘t‘;r quality by psrameter at *he
= creesv givpersl 2ite, o unction, Colarpdo
~ \Q‘ @ SITE: GRJCS LHENEY RESLAVOIR
N 02/02/90 10 06/29/90
§ REPORT DAJE: 08/23/90
2> :
LOCAT1ON sanpPLE [Form]|FLOW| uniTS OF PARAMETER DETECTION | PARAMETER
PARAMETER NAME 0 10G DATE | 10 |cowe|ReL.| measure  |Pvi VALUE LIMLT UNCERTAINTY
ALKALINITY 0971 | 02719790 §{ 0001 | xo | 0 | me/ cacos 7899. - -
0971 | 06/28/90 | ¥0% | x0 | O 9139. - -
0977 | 02/02/90 | 000t [ x0 | 0 6630. - .
0977 | 06/28/90 | F0% | 0 | 0 5667. - .
0978 | 02/12/90 | 0001 | x0 | D 7861. - -
‘ ALULMINUM o971 | 02719790 { 0001 [ xo | 0 | menn < 0.05 0.1 -
| o971 | os/28/90 | F01% [ ko | 0 < .1 0.1 -
: < MDL 0977 | 02/02/90 | 0001 | x0 | D < 0.05 ~ 0.1 -
i 0 0977 | 0ss28/90 | F0r6 | k0 | © < N “ -
A gl o978 | 02712/90 | 0001 | ko | 0 < 0.05 0.1 .
: 0978 | 06/29/90 | 014 | xp | 0 < A 0.1 -
AMMON T UM 0971 | 02/19/90 | 0001 | x0 { 0 | ment 6.1 0.1 -
0977 | 06728790 | F014 | ko | 0 8. 0.1 -
0977 | 02/02/90 | 000t { k0 | © 5.3 0.1 .
0977 | oss28/90 | f0%6 | k0 | o 6. 0.1 -
0978 | 02/12/90 | 000t | w0 | @ 5.2 0.1 -
0978 | 06729/90 | ro1s J k@ | 0 7. 0.1 -
ANTIHONY 0971 | o6s2ar90 | f0%6 { x0 |0 | mast < .003 0.003 .
<MD L ) o977 | oss2890 | fo1e | w0 | 0 < ~003 0.003 .
'0.003 “"J/‘ 0978 | 06/29/90 | FOY6 | xp | D < .003 0.003 -
ARSENIC 0971 | 02/19/90 | 0001 | x0 | 0 | me/L < 0.03 0.01 -
. 0971 | 06728/90 | 0% | k0 | 0 < .0t :.g: -
. 0977 | 02/02/90 | 000t | 0 | 0 < 0.03 .0 .
L - 0'05"3{ ( 0977 | 06728/90 | FOI6 | k0 | © < .01 0.01 -
0978 | 02712790 | 0001 { xp | < 0.03 0.0 -
0978 | 06/29/90 | 0% | x0 | D < .01 0.01 -
BARIUN 0971 | 02719790 | 0001 | x0 | 0 KG/L 4,44 0.1 .
‘ 0971 | oss28/90 | f0% | x0 | O 18.5 0.1 .
Lble 8.39 0977 | 02/02/90 | ooor | w0 | 0 38. 0.1 .
: 0977 | 06s28/90 | 5014 | x0 | D 3.1 0.1 -
0978 | 02/12/90 | o001 | x0 | D 36. 0.1 -
0978 | 06/29/90 | k0% | @ | O 32.5 0.1 -
LML PERTLLILM oory | o2719/90-] w00t | 0 [0 | men < 0.005 0.005 .
0.00 5 ma/{  FORMATION OF COMPLETION CODE: FLOW RELATIONSHIP CODE:
S J/ KD - DAKOTA SANDSIONE D - DOWM GRADIENT

)

PARAMETER VALUE LNDICATOR (PVI):

< - LESS THAN DETECTION LINMIT

)
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AXIMUM CONCENTRATION OF CONSTITUENTS for CROUNDWATER PROTECT)ION ’

/
(bummarfred from DRAF] FINAL EFA Groontuater Slanderde (of ‘/90){}/I/
(0 GFK 192.02))

Cll;ﬂﬁzz
Teble | - CONCENTRATION LINITS L
(Concentrations of thesc constitucnits shel) not enceed
the followsng limite OF backpround, wvhichever $» hipher)
Arsenic (As) .05 wp/)
Barsum (Ba) 1.0
_Cadmium (Cd) -0l
Chromsum (Cr) «05
Lead (Pb) 095
Mercury (Hg) .002
Molybdenum (Mo) .1
Nitrate (as N) 10.0 (= 4&4.0 mg/) NOB)
selenjum (Se) .01
Etlver (Ag) .05%
Benzene (Cyclohexatriene) 0.005 mg/l Methoxychlor 0.1 mg/:
Carbon tetrachloride .005 Methyl chloroform .20
P-Dichlorobenzene(nenzene.l,‘-di-) <075 Toxaphene .005%
l1,1-Dichloroethylene(Ethene,1,1l-di-) .007 2,4-D 1
Endrin .0002 2,4,5-TP .0}
Ethylene dichloride .005 Trichloroethylene .005
Lindane ’ .004 Vinyl chloride .002
Combined Radium (Re-226 & 228) S pCi1/1
Combined Uranium (U-234 & 238) 30 * (= 0.044 mg/1)
GCross Alpha (excluding Rn & U) 15 "

Appendix I - LISTED CONSTITUENTS
(Partial list: only inorganics w/o MCLs)

Antt;sony and cowmpounds, N.O.S.
Aluminum phosphide ¥
Beryllium and compounds, N.O.S.
Calcium chromate g -
Carbon Disulfide

Carbon oxyfluoride A ?
Cyanides (soluble salts and complexes), N.O.S.
Nickel and compounds, _ N.O.S.
Strontium sulfide ¢
Thallium and compounds, N.O.S5.
Vanadic acid, ammonium salt '
Vansdium pentoxide ’
Zinc phosphide ’

N.0.5. = Not Otherwise Specsfied; Signifies a)l) members of this
general class, including those not specificelly named in Append.l
¢ - ADDED when this Appendix replpced Appendix IX, 40 CFR 264
Note =~ YCobalt, /Copper, Sulphide,/JTin,/Vanadium, andV2Zinc were DELFETED
wvhen this Appendix veplaced Appendix 1X
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Aluminum (Aluminum phosphide) 0.1
Cvanide (Soluble salts and complexes) 0.0
Fluoride (Carbon oxvfluoride) 2.2 BG
Strontium (Strontium sulfide) 10.1
Sulfide (Strontium sulfide, carbon disulfiid

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 uranjium.

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 1laboratory
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 concentration limits for hazardous constituents in the
Dakota Sandstone at the Cheney disposal site are listed below.

HAZARDOLS CONSTITUENT : : CONCENTRATION LTMIT'
Antimony 0.003 <MDL
Arsenic 0.05 MCL
Baervllium : 0.005 <MDL
Barium ' 45.3 BG
Cadmium 0.0] MCL
Chromium 0.0:3 MCL
Cobalt 0.05 <MDL
Copper 1.0 MCL
Net gross alpha activity 87.0 BG
Lead 0.05 MCL
Mercury ) N.091 BG
Molvbdenum , : 0,21 BG
Vickel ' D.aa 2MDL
Nitrate 4a 1 MO
Radinum-226 & -228 T5.0 B
Seleniuym n,n: MO
Sy ver .05 mMCL
Lyraniugm N, liae MCI
Viareadiom [RIA e B

VAN 5.0 o
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Purposé 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 MCL (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

/i

groundwa Jaboratoryv ,dete ion limi will be use the
PCL . /ﬁu r{shwj AL MOM. flet Cw F@»— C N-‘!N%kf S Higheal

W! )y,

Assumptions

The assumption being made in this calculation is that the
background monitor wells and number o samples ‘are an accurate
indication of background groundwater quality.

Data Source

DOE sampling results from UMTRA NData Analvsis and Retrieval Svstem
(DART). See tables 3.38 and 3.139. :

Attachments

1) List of FEPA hazardous rnonstituents and their concentration
limits. (Those underlined in blue are the constituent whose PCL is
the same as the EPA MCL.

2) Table 3.38 is a list of water quality data for the background
monitor wells. (Pesi1de each hazardous constituent i3 a comment orn
how its PCL was determined.)

3) Table 3.29 is a list of water gquality statistics for backgronnd
maonitor we~lls. Far those hazardons sonstirtuents that do not have
34 concentration limit, the statistical maximum 15 chosen a5 Lhe
PCIL.
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Attachment D PHREEQE wmodel predicted dissclved species and
minerals-saturation indices on variocus constituents present in the

Mancos groundwater, Well $82. '
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1.812135-19

8.433810-37
é. 73:622-1(

7.;49aau-44
3.595870-1%
7.313440-20
2.588330-30
w 163210

§.406310-29

B

SATURATION INDICES

FHASE

URANIN:T
wz (s
w0y (C)
1308 (0)
wBIn (C
wé ()
Fé.2.5
UG3 (C)

-15.2702
=1.0678
-15.28¢4
=13,128¢
-5.3%i8
=7.8:05
=11.81%8
-1¢.3388
=.5.4284
=13.1440
-11.2614
-14.1954
~2.6438
-b.£576
=10.2041
=9.5305

~13.090) -

~18.3545
-5.0T2
~12.4i85
~31.25%2
=2i.1428
=18.8e12
=11.2i12
=7.4527
~43.2i87
A RUED
-28.755:
-ib.115
-15.519
=i3.3%%9
-12.5¢2Z
=20.1414
~25.4780
=22.26%%
=24.5uli
~22.3056
=22.3712
~24.2614
-18.E2ué
=16.26i%
=43.1378
1A%
«21.1397
=36.4437
=1§.135
=27.85%
-8.3877

<28.0267

2. 3%.%170-25

3. 3C:15u-,u
1.256160-38
1.325770-12
7.855270-18
3.033430-14
8.6i3330-14
2.253330-12
§.98E140-18
1.74530-03
2.034480-03
5.087300-11

2.956780-10
&.613850-14

4 .087880-1%
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1.5482465-13
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1.120390-14
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-15.5161
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38,3543
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«14.8331
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«25.9452

-5.472
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Lot KT L0b IAS/T
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=5.114¢ =14.5]¢8
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-28. 3389 =3(.2145
-37.92i6 =24.6372
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1.01351048T
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8.138%40-01
E. 13*9&5-2.
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B.138540-011
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1.G13510+00
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é. 356:& "JA
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-1 <082 0.01 mBG/L —— - -— -
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cu ( .02 0.02 mG/L -
F 1.5 C. 3 mE/L —— e _—
FE .23 ; 0.02 mE/L —
[T 140, S0, 1.0 PCI/L ___
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Attachment A:

condition in the Mancos Shale at the Cheney site.

On-site measured parameters of groundwater

’ WELL _ YDS* ALKALINITY TEMP

-FOUNDATION NUMBER Eh(mV) +H (xg/1) (mg/l1 as CacO3) (C)
ALLUVIUM 808 206 7.48 1170 327 14
ALLUVIUM 8118 227  7.36 €64 286 12
ALLUVIUM 820 24 7.4 1630 14
ALLUVIUM e28 -20 7.51 ' €20 474 14
ALLUVIUN 8292 208 7.23 €80 401 i3
ALLUVIUM 904 111 7.31 $66 422 13
ALLUVIUM 9€5 221  7.09 798 290 is
ALLUVIUM 966 247 7.2 812 349 13
ALLUVIUM 967 255 7.40 760 259 12
MANCOS SHALE 811D 57  7.14 4320 457 10
MANCOS SHALE §81 -252 8.38 4220 1148 12
MANCOS SHALE 982 -355 7.22 6210 1002 14
DAKOTA SANDSTO 977 -12.5 7.21 12100 €630 1
DAKOTA SANDSTO 78 7.43 15410 7861 19
DAKOTA SANDSTO 971 7.80 15300 7899 17

" %= LABORATORY MEASUREMENTS MADE ON SAMPLE COLLECTED
ALL OTHER MEASUREMENTS MADE IN FIELD FROM 11/89-2/90
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Attachment B: Chenical analysis of groundwater in Wells $81 and
982 in the Mancos Shale at the Cheney site.

a\M
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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. Assunptions

1. The calculation represents thermodynamic equilibrium reactions
with no consideration for time dependence of these reactions

(kinetic effects). This is a reascnable assumption as the
reactions involving the constituents of interest are probably

- instantaneous.

2. The thermodynamic data base adeguately 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

Thernodynanic 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 1 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 Etrongly support the

‘field observations (Attachment A) that the groundwater in the

16
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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 7
‘(well 982) and pyrite, and the chemically reduced disselved-species F
., ©of various elements including those of sulfur, diron, arsenic, -
?/j_cadai-u., nmolybdenum, selenium ‘and uranium are predicted to be
dominant in the Mancos groundwater. This highly reducing
geochemical 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 presentec
in Attachments C and D show that the Mancos groundwater is
supersaturated with respect to coffinite (UsSioé), sphalerite (2Zns),
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 xanccs
groundwater was below their detection limits.

H. Results

The dissolved species and minerals-saturation 4indices 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 wmeasured parameters of groundwater
condition in the Mancos Shale at the Cheney site.

Attachment B: Chemical analysis of groundwater in Wells $81 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 $81l.

Attachment D: PHREEQE model predicted dissolved species and

ninerals-saturation indices on various constituents present in the
Mancos groundwater, Well $82.
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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 GRJ03-07-
90~31-06(01))~00 demonstrate that the hazardous constiutents
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, 4is 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 UMTRA Project Standard Operating Procedure No. 16.1.13. The
data are provided in Attachment A.

b) Concentrations of several dissolved constituents including the
hazardous constituente that are present in the groundwater. The
chemical analysis of groundwater in wells 981 and 582 are provided
in Attachment B.

The input parameters used in the computation for the groundwater
from wells 981 and 982 are summarized in Attachments ¢ and D



Table 3.39 Bakote Samstons water quelity stetistice ot the
Cheney dispusal site, Grend Junction, Colereds

SITE: GRJO3 CHENEY RESERVOLN '

©2/02/90 10 06/29/90

REPORT DATE: 08/23/90

PARAVETER MANE wirs CoEFF. | X oF SIATISTICAL RANGE |
# OF sow] aluinm Xl NEDIAN NEAN “‘:m WI(A‘"N DEI'E:I‘ m.?:;l:w“l::::‘t .“':::G‘“u :::
TOTAL BISSOLVED SOLIDS /L

6 | 10500.0000] 18300.0000 15355.0000] 14518.3333 2780.8662] @.1915] 6.0 | 10698.1033 1EI36.56%| MowWL
TOTAL KJELDANL NITACGEN "L

3 . e.5000]  S.0000] o0.5000] W " m | 7 " " o |1
URANIUN st '

o 0.000¢] 0.0032] o015 ma “ “m | %00 0.0006  6.0032|uwssmeETaic| 2,6
VAMAD IUN ne/t

¢ .00l .o o.0050] wa “ w | B3 0.0050  ©.0300{mowrsnanETRIC| 2,6
2inc /L

¢ 0.003] 4.0000] o995 wm " w | B3 0.0025  4.0600{ONPARNETRIC| 2,6

* Statisticel smaimm is the 99 percent one sided confidence interval, « » 0.0}
1) A ainisums of 4 sasples smust be evalisble for the statistical enslyais. .
2) The nunperametric distribution wss used because the Rondetected valuss comprise more than 13X of the semples.

6) The stet. rengs s the 96.9% contidence intervel dus to o sesple size of 6. The mmsimm {e

INPUT GATA FILENARET J5\DART\GRJOI\GAQ10020.DAT

-
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the 98.5% ene sided cond ldence Int.
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Table 3.39 dskota Sendetons weter quelity statiatices ot the
SITE: Casds cacocr aciimois o Jsins Celerede
02/02/90 0 06/29/%0
REPORT DAIE: 00/23/90
PARANEER WANE 1* 111 COEFF, | X OF STATISTICAL RANGE
oof swe| minuem | maumm | weoian e | oeviation [vaaianiouorects| muman maxine| v o |t
RAGHES 1LY L ' .
¢ 13.7000]  42.0000] " 22.5000] 26.7167] 10.7¢82] w603 a0 w3 130  moww
MANGANESE » s '
. - 0.0200] o.w00] e.100] 0.0000] 3.s524| W 0.0 0.0U2  0.415] Loceomm | 7,8
NERCURY K ' |
. o.0001] e.m0]  0.0001] wa " " | &3 0.0001  0.0910|muraaneraic| 2,6
WOLYS0ENN K
¢ o.000] @.2100] o0.0500] wa " M | %3 0.0050  0.210(savmnETaic| 2,6
NICKEL ' L S
¢ 0.0200] e.0200] o.0200] W " m | 1000 0.6200  8.0200{nouewaneTaic| 2,6
NITRATE s ' )
P o.3000] 10.0000] v.7se0] “ m | s0.0]| e.35000  10.0000/ucuranmeaic] 2,6
PuOSPMATE | '
T e o.200] 1| . 26000  t0| S48 m .0 0. 115 %3] tomomw | 7.8
POIASSI "L
¢ 14.0000] 111.0000] 71.6300| 6T.2167| I9.0066| @.3015] @.0 13,5212 120.m21| womaL
RADIMN-226 i
o 1.5000] 32.0000] 2.8500] 4.73M]| S| W (Y 0.0  28.2906| Locwomws | 7,8
2ADIM-228 rcin
. P 3.4000  «a.000] 23.3000] 2s.0067] 1595|300 0.0 3370 76| momat

* statistical maiima s the 99 percent one sided confidence interval, ¢ = 0.01

2) The nonparamstric distribution wss wsed becouse the nondatected veluss comprise more ¢

6) The stat. range e the 96.9X conflidence interval dus to a sample slte of 6.
7) The lognormal distribution was wsed becauss the dete falled the normal distributien test.
8) The wsan s geomstric. The stenderd deviation {s the velue te divide or multiply with the geomstric meen.

)

-

)

The saximm

han 15X of the samples.

is the 75.5X one aided canfidence int.
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Teble 3.39 Bekote

SITE: GRJOI CHENEY RESERAVOLR
€2/02/90 10 06/29/9%0
REPORT DALE: 00/23/90

_atons weter guelity statistics at the
Cheney disposal site, Grasd Junction, Colerede

Iy

|Panareren wne ' s COEFF, | K OF |  SIATISTICAL RANGE |-
sor sne| mimiam | maximm | meosa Mam | oeviatios [vastatios|oevects v etore e st
SELENLUN L i
¢ 0.005|° 0.00%] 0.0023] wa " m | By 0.0023  0.0050/soaaaneTaic] 2,4
SILICA - SI1G2 ' /L ' ’
'y a.0000| 460000 183500| 2.1 1.7 6.208] 0. 3437 393350 NOMMAL
SILVER o nJL
I e.0050] e.us0| e.0050] WA - m | 10e.0 0.0050  0.0050/seeanemnic| 2,6
T Tmn _
6 | 4210.0000] 702e.0000] $930.0000] STSe.6ee?| 1012.9682] 0.1760] 0.0 | AWIONT THL.DE| W
SPECIFIC COMDUCTANCE 18e0/C0
2 13.3000] 21008.0080] 10507.7930 " (') (") 0.0 (7 o | wemom |9
STRONT I , - ~ A
o | 3ww| ososw| 7ol nowsel  2.007] 0.2904] 60 4316 100516 nomwL '
aLsATE ~ .
. 6.2000] .37.0000] 54.3000] eT.01r| 610021 e.92z2] 00| -1TAMI  HINN| e
SLFIsE " ' .
¢ 0.0500] t.0000] eam0] w. A " | se.e 0.0500  18.0000|cumanneeraic| 2.6
TEPERANRE ' C - DEGREE
s 36.9000] 22.1000] 19.0000] 19.4200]  t.0v9] e.0rs| 00| .23 25W| el
THALL I /L "
3 0.0500{ e.100] e.0500] WA A m | ey " " oaom | 1
e e Tt S,
2) The nonparemstric distritution wes used because the nondstected veluss conprise sore than 15X of the samples.

6) The stet. renge 18 the 96.9% contidence

,='====E§!——L

interval dus to o senple olie of 6. 1he maa

tmm (o the 96.3% ene oided contfidence Int.
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Table

Cheney
SITE: GRJIO3 CMENEY RESEAVOIA

sposel »

te,

‘Bskote Sandstons weter quslity statistice at the
ond umction, Colorede

02/02/90 10 064129790
REPORT DAJE: 08/23/90

PARAMETER MANE wills COEFF, | X OF STATISVICAL RANGE
o or e winmn [ waimn [ esian | mew | oeviation [vaniktionociecis|  menii x| o e oot
ALKALINITY MG/L CACO3 ‘
5 | sesr.oo0] 9139.0000] 7861.0000] 730.2000 1320.003| o.178] 0.0 | séw.TI2 wesT.ekes] womws
ALLIC LI ' "L

é 0.0500 0.0500 0.0500 (") NA | wo.0 8.0500 0.0500 | mowPARNETRIC| 2,6
AN "
) 5.20000  8.0000|  6.0500]  6.2667]  1.0600| 0.1706] . 0.0 V2 72| mowwL
ARTInouY "L

3 o003 e.015| - 0.0005] ma " “ | wo.e Y " o | 3
ARSENIC L
| 6 0.0030] 0.0050] 0.0050] W " m | we.e 0.650  0.0050|mwsanEnic] 2,6
SARIN st

¢ 4400  38.0000f 33.3000] 272567 .13 o.ca21| e.0 9.2037  43.30%| NomWL
SERTLLILN /L

3 - 6.0055]  e.00] 0.005] m " m | e Y " tnnas |9
[ ' mL A

¢ 1.5000] 3.0  2..50] 2263  e.62v7| e.2ner] 0.0 14003 3.007| momeAL
ARl . /L '

' 9.0005 0.0005|  o.0005| " w | w0 0.0005  0.0005|moweanntaic| 2,6
CALCIUN LY

¢ W.3000]  42.0000] 33.8000] 3t.ca33{  e.7016] 0.3062] 60| 13557 45.0110] mowmaL

® Statistical manlomam 1s the 99 percent one slided contidence interval, a » 0,01
1) A niniom of 4 saaples mut be evallsble for the statiatical enalysie.

2) The nonperemstric distribution wes used becouse the nundsiected veluse comprise sore than 15X of the sasples.
6) The stat. renge le the 96.9X confidence interval dus o & semple size of 6. The mmaimm o the 99.3% one sided canfidence int.
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Table 3.39 Ppakote Sarx

AEPORT DATE: 00/23/90

) ter quality statiatics ot the
Cheney disposal siv. . Jrend Junction, Colerede

SITE: GRJOI CMENEY RESERAVOLIR

02/02/90 10 06/29/90

PARMETER WNE wis EFF, | B 0F |  STATISTICAL RANGE |
SINDARD (+ G0N |90X COMFIDENCE BNTERVAL| DISTRIGUTION]FOOT

® OFf sl NlNimN L VT NEOIAN HEAN OEVIATION [VARIATION|DETECTS RIS Mk * 1), 3 [ 13
CULORIDE "L .

6 | 3040.0000] 4250.0000] «310.0000] 40e3.0000] TFS| eI e8| MMl sove.senr| wmw
CHRONILN /L

¢ 0.0050]  e.000] e.0m50] e (" | 100.0 6.0038  §.0050 muPARMETRIC 2,6
coBMLY s

6 ee50] e.a20] eo0] wma " | 100.0 0.0280  @.8230|mumanERic| 2,4
corPER . i '

6  0.8108]  .6.0200 0.0100] . A - " “.7 8.8100 0.8200 | mawsanemnic! 2,6
CYANIDE ' N ‘ _

6 o.0m50| e.esel eom0 wm " m | we.0 0.0050  0.0056|nmesanuTIc 2,6
FLUORINE L

¢ 12000  2.2000]  1.6000] @ 1.4667]  0.32¢| e.234| 0.0 L1550 2am2]  moma
0SS ALPHA xin o

¢ 0.0000] 9s.0000] 37.5000] ma ™ M | 13 0.0000  98.0000| mursanEETRIC| 2,6
GROSS BETA ’ xin

P 0.0000] 140.0000] 102.3000] WA - m | wr 8.0000  140.0000| ourarmETRIC| 2,6
1808 /L

¢ 0.500] o.900] e.es50] e.5067] o.2108] e.4136] 0.0 LA 6.T%0| wowwL
LEAD nst

¢ 0.0050] 0.0100] e.0050] WA " w | a3 0.0050  ©0.0100|nanranmeaic| 2,6

* geatistical menimm (s the 99 percent ene sided confidence interval, a = 8.01

.2) Yhe nonpersmstric distribution wes used beceuse the nendetected valuss cosprise more than 13X of the casples.

6) The otat. rangs 10 the 96.9% confidence interval dus te o semple slie of 6. The asximm i the 90.3% ene sided cond idence ing.
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Table 3.36 Beckgraund uater quality {n the Nences Shale at the
Choney dispossl site, Colerade
SIVE: GRJIOI CuENEY RESEAVOIR

07727486 10 06721190
REPORT DAYE: 00/23/90
PARAETER NANE usils COEFF, | X OF STATISTICAL RANGE
" 18 oF samP] RiNiN NAX LN ol NEAN o::m VAII::]N Dil.E:“ mlm:.mﬂ':::.:‘t ."t:::"“ g::

STRONTILM L :

7 v.2us0]  v.0000]  2.670]  3.3m6|  2.009] m 0.0 1415 8.5 (Locsomws | 7,8
SULFATE L

7 344.6000] 3690.0000| &75.2000] 920.8585| 2.970| wa | 0.0 365.4535 Z320.3500) Locwammi | 7.8
SULF 1DE nG/L ' '

3 0.0500] 16.5000] .020] WA " wm | ny 0.0500  16.5000|wonewraneTaic| 2,5
TENPERATURE C - DEGREE

7 12.6500] .7600] .0000] 16.230] v m 0.0 100146 26.075| Loceomws | 7,8
THALL I ~ I o

. o.000] 0.2 0.2 wA " w | 2| eome  e.ess|mesmmenic| 2,6
THORUN-~230 ' Kin

N * 0.0000]  @.6000]  0.0750 " " mo| e 0.0000  0.4000|owrasaneTRIC| 2,6
T /L .

¢ 0.005| e.530] o.0us| ma ™ m | @o| ' s e.u30|swanenic| 2,6]
TOTAL DISSOLVED SOLIOS ' "/, B _

7 a7s.«000| 7010.0000| «195.0000] 2vov.0an| 2262 w 0.0] NS0 7216620 Locom | 7,8
10TAL KJELDANL BITROGEN nes/L »

F 3.0000 4.0000 3.3000 HA A ¥A 0.0 NA [} (1« %] )

Note the dete at esch location wes sveraged before the statistical calculetions were performed
* statistical menimm is the 99 percent one sided confidence intervel, a = 3.01

1) Deta from @ minimm of ¢ locations must be avalieble for the stetistical ene
2) The nungeremstric distribution wes used because the hondetected veluss comprise
5) he stat. renge i3 the 93.8X contidence interval dus to & sssple size of 5. The mualnm
6) The stet. renge is the 96.9% confidence Interval dus 10 & semple slze of 6. The maximm

7) 1he lognormal distritagtion wes used becouss

8) The meen {8 gecmstric. Vhe stenderd deviation ie

iysle. ‘
sore than 15X of the semples.
is the 96.9% one sided confidence int.
s the 98.3% ene slded confidence int.

the data felicd the normal distribution test.

. )

the velus to divide or aultiply uith the peometric mean,
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) . : Teble 3.36 Beckgron. _.ater qality in the l-mv.dc ot the )
_ : Chenay dlspossl site, Coloredo '
SITE: GRJIOS CHENEV RESEAVOIR

* OT/2T/86 10 D6/27/90 ?‘
REPORT DAIE: 00/23/90 S’

PARANETER NANE Wi coere. | % of SIATISTICAL RANGE | ! g:;
o0f we| mumm | waam | wois | wem | oeviation [waranionloerecrs| . nonmam  naximm ] T e
TOTAL ORGANIC CARSON e , .

7 20.0000| . 104.0000] * 63.0000] Seveus| 2027 W | e0| B/B2  WeGK] Loaoww | 7.0

7 00027 o.010] o000 00065 tan] wa | we|  eem1  0.013 Lowomws | 7.8
VAMADILM L

7 o.0050] .10 .00 . m ™ | 3.0 0.0030 . 0.1300|norsnmeTnic] 2
uc : s , :

7 . o.0087] eoz0l ez m " “ | % 0.007  0.6230meranennic) 2

' Note the deta at each location wee averaged before the statistical calculations were performed
® gtatistical smximm is the 99 percent one slided conflidence intervel, a @ 0.01
2) The nonparematric distribution wes used becauss the nondetected veluss conprise more than 15X of the smples.
7) The lopnormal distribugtion wee used becaume the dete falled the normal distribution test.
8) The msen s goemtric. The otanderd deviation (s the welus te divide or aultiply uith the geemetris seen.

LIPUT BATA FILENANES 43\PART\SRJGIVENRT0019.0AT
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02/02/90 10 06/29/90
REPORT DATE: 08/23/90

Table 3.39 Da( _.detone water quality statietics ot the
Cheney disposal site, Grand Junction, Colorsdo
S1TE: GRJO3 CHENEY RESERVOIR

PARAMETER NAME miTs COEFF, | X OF STATISTICAL RANGE
STANOARD OFf NON 198X CONFIDENCE INTERVAL] DISTRISUTION]|FOOT
# OF SANP| NINIMUN NAX T MEDIAN MEAN DEVIATION [VARIATION|DETECTS NN RAXTMUN ¢ 1YPE NOTE
TOTAL DISSOLVED SOLIDS MG/A
6 10500.00007 18300.0000] 15355.0000] 14518.3333] 2780.8662| 0.1915] 0.0 | 10698.1033 18338.5634| wommat
TOTAL KJELDANL N1TROGEM MG/L
3 0.5000 5.0000 0.5000 HA NA NA 86,7 NA WA UNKNOWM )
URANTUM . MWG/L
6 0.0004 0.0032 0.0015 NA nA NA 50.0 0.0004 0.0032 [ NONPARAMETRIC| 2,6
‘VMI!H MG/t
0.0050 0.0300 0.0050 NA NA NA 83.3 0.0030 0.0300] nONPARAMETRIC] 2,6
TINC ne/L
6 0.0025 4.0600 0.6995 NA NA HA 333 0.0025 4.0600 | MONPARAMETRIC] 2,6
* Statistical meximm fo the 99 percent one sided confidence intervatl, « = 0.0%

1) A ainfmm of 4 sewples smust be aveilable for the statisticel snalysis.

2) The nonparsmetric distribution uas used because the nondetected velues comprise more then 15% of the samples,
6) The stat. renge s the 96.9X confidence interval due to a semple size of 6. The meximm is the 98.5X one sided confidence int.

INPUT DATA FILEMAME: J:\DART\GRJO3\GWQ10020,.DAT




