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SUMMARY

This study presents alternatives and preliminary design concepts for
tailings disposal and effluent evaporation ponds for the Uravan mill.
It is anticipated the mill will have a design life of 17 years and the
future design daily throughput of the mill will remain at the present
rate of 1,500 dry tons per day.

Three major groups of options were evaluated: 1) filtered tailings
impounded at a new site; 2) the construction of a new mill effluent
evaporation pond; and 3) a combination of the filtered tailings impound-
ment and mill effluent evaporation pond system located at a new site.
The scope of the study has generally been limited to evaluation cf
alternatives that include Long Park and Paradox Valley as possible new
tailings impoundment and/or evaporation pond sites. Detailed discussions
of site development options for Long Park are presented in this report.
Because of adverse geologic conditicas found within Paradox Valley the
discussions pertaining to the Paradox Valley sites are less detailed.

It has been assumed for this study that a filtration system will be
used in the mill circuit, resulting in the tailings leaving the mill at a
moisture content of 25 percent. Tnus, the tailings may be transported to
the selected site by means of truck haulage. The mill effluent, estimated
at about 510 gpm, will be transported to the new proposed evaporation
pond system by pipeline.

Long Park -~ The Long Park site is located about 5 miles from Uravan,
9.7 miles via the Long Park county road. The site is a relatively flat
upland basin sloping toward the northeast at a grade of about 4 percent
with a drainage area of about 1.8 square miles. The average elevation of
the site is about 6,300 feet, approximately 900 feet higher than the mill
area. There are about 6 to 25 feet of alluvial soil cover overlying
about 6 to 10 feet of highly weiathered claystone and siltstone. This
stratum is somewhat thicker to the northeast. A closely jointed sand-
stone underlies the siltstone and claystone. No ground water exists in
the upper 100 feet except for some perched water in the southwest corner
of the site. Existing mineral properties, mine workings and numerous
drill holes are located throughout Long rark. Most mine workings are in
excess of 100 feet below the surface. Shafts and adits would have to be
plugged in order to develop the site.

Six options for the tailings disposal and/or evaporation ponds have
been developed for the %ong Park site. These options are listed as
follows:

Option 1 - Complete below-grade burial of tailings in the central
portion of Long Park (Plate 6).

Option 2 - Partial burial of tailings on the west side of Long Park
(Plate 7).
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Option 3 ~ Partial burial of tailings on the east side of Long Park
(Plate 8).

Option 4 - An evaporation pond composed of a single reservoir to
impound effluent located in the central portion of Long

Park (Plate 9).

Option 5 = An evaporation system of a series of low embankments
within Long Park (Plate 10).

Option 6 - A combination of an evaporation pond and a tailings
impoundment system (Plate 11).

The options included in the filtered tailings impoundment system at
Long Park include the construction of 9.7 miles of improved roadway,
generally following the alignment of the Long Park county road. A
24~foot wide road would be paved with 5 inches of asphalt overlying 8
inches of select granular base course all placed on existing subgrade
soils. A truck and pup combination having a 114,000 pound GVW is pro-
posed for haulage. It is anticipated that 5 trucks would be hauling at
two shifts per day.

Lov seepage is expected below the tailings impoundment area. Since
the tailings are deposited in a low moisture condition, only 62.5 gpm of
water is entering the impoundment. As a result of 1) the characteristi~s
of che tailings to retain some of the water in their natural state
and 2) evaporation occurring in the near-surface deposited tailings,
overall seepage losses will be much less than the amounts of the water
inputted with the tailings.

It should be noted tha* site development concepts for new tailings
impoundment consider only the utilization of conventional earthwork
equipment for construction. It is anticipated that excavation into
the competent sandstone bedrock in excess of five feet would require
I asting. Since the bedrock is quite near the surface over the site,
the option considering complete burial of the tailings will be limited to
shallow trenches (10 to 20 feet deep). Thus, to develop an impoundment
for 17 years of operation, a large site area of about 350 acres will be
required. “uch a large-a.ea site development does not permit complete
isolation of the impoundment within the Long Park site. As presently
conceptualized the impoundment will cover all the relatively flatter
areas within Long Park. The existing county road which passes through
Long Park «ill thus pass through the impoundment area. Some roadway
realignment will be requ _d. Further, the tailings deposition in a
large area impoundment will exhalt a higher amount of radon than that of
a smaller impoundment when considering the areas to have equal protective
covering.

In ¢rder to limit quantities of earthwork involved with the develop-
ment of a complete burial option, it is assumed that the final reclama-
tion grade would be approximately parallel to the present surface grade
at Long Park (about 4 percent). Without long-term erosion protection,
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runoff over such a gra“e could cause serious channeling of the silty
reclamation cover.

Thus, 1.r environmer*~1l, design, and economic considerations, two
additional options were evaluated for partial burial systems with the
objectives of impr ‘ng the above discussed shortcomings of the complete
burial option .11 as conforming with the performance objectives
required by the NRC.

Long Park-Option 2, the layout and typical cross section of which
are shown on Plates 7 and 14, respectively, appear to be the most advan-
tageous. Option 2 consists of a 175-acre area located against the
hillside along the northwestern boundary of Long Park. The average
excavation depth within the impoundment will be on the order of 10 to 15
feet (20 feet maximum). An embankment with a maximum height on the order
of 50 feet would be constructed along the east side of the impoundment.
Diversion channels would re-route flood water during the operating life.
Reclamation wouid include an adequate cover and sideslopes no steeper
than 5H:1V.

The advantages of Option 2 include the fact that excavation and
reclamation cover quantities required to develop Option 2 are con-
siderably less than for any of the other options. Further, because of
its location within the Long Park area the Option 2 site is 1) the most
isolated from wind, 2) the most remote site within Long Park, 3) has the
smallest of the rainfall catchment areas for any of the options, and 4)
is such that the final reclamation cover may be placed at very mild
surface grades, thus reducing erosion potential. Based on the above
Option 2 is the most attractive site.

When considering the evaporation pond options at Long Park, the
most advantageous system .ould be Option 5 - multiple evaporation pond
system (Plate 10). This system includes a series of low embankments to
contain 10 clay~lined evaporation ponds over an area of about 350
acres. The system includes the construction of 9.7 miles of pipeline from
the mill to Long Park. The major advantage of this system when compared
with the other system at Long Park (single-reservoir storage) is the
operational and safety options associated with being allowed to adjust
inflows and levels of any of the ponds on an individual basis. Option 5
requires mure embankmenc fill and construction is less economical.
Option 5 evaporation pond layout doe: not consider space fer a tailings
impoundment area at Long Park.

Option 6, the option whereby an evaporation pond system and a
tailings impoundment area would both he con:ttructed at Long Park is shown
on Plate 11. A multiple-pond evaporation syitem would be constructed on
the west side of Long Park while the dry tailings would be placed in an
impoundment on the east side. Diversion channels would re-route flood
water during the design life.

iii
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Paradox Valley - Three separate sites, referred to as Paradox 1, 2
and 3 as shown on Plate 1, were c~nsidered in Paradox Valley. Paradox I
and 2 are 1,000-acre sites on ei ‘er side of the Dolores River and are
located near the northern escarpme. 3 of the valley. The sites grade to
the south-southwest at about 5 perc- :. Near-surface gypsum deposits are
present at the south end of the sites. Toward the north, alluvial
soil exists up to depths exceeding 45 feet and overlies sandstone and
limestone. The Paradox ” site is located at the southeast end of the
valley. The area has deposits of granular alluvial soils up to about 35
feet thick. The Mancos shale underlying the soil varies in thickness
from about 5 to 40 feet. Dakota sandstone uanderlies the shale.

In regard to the Paradox Valley sites, of major concern are the
numerour faults found to be associated with the ongoing salt deformation
and/or collapse of the anticline in the valley. These faults are con-
sidered active, although not capable of generating earthquake forces.
Surface ruptures to either clay liners or reclamation covers must be
considered as possible detrimental effects to the long-tera stability of
tailings containment areas.

The final selection of a tailings and mill effluent disposal system
must involve the consideration of economics, operational feasibility,
possible interfacing and/or interference with ongoing mining operations,
safety, environmental effects and regulatory positions. Of the tailings
disposal options considered, as stated previously, Long Park = Option 2
is the most advantageous.

iv

DasmaEs 2 ssOo0RE



TAILINGS STNRAGE AND EVAPORATION POND EVALUATION
LONG PARK AND PARADOX VALLEY SITES
URAVAN URANIUM MILL
MONTROSE COUNTY, COLORADO
FOR
UNION CARBIDE CORPORATION

INTRODUCTION

This report presents the results of our evaluation of the tailings
disposal and effluent evaporation pond options at the Long Park and
Paradox Valley sites for Union Carbide's Uravan uranium mill in Monrtrose
County, Colorado. The report evaluates alternatives to the continued
deposition of tailings into the existing tailings ponds located at the
mill by investigating options that consider the haulage of dewatered
tailings to either the Long Park site or one of three sites at Paradox
Valley. The locations of the sites with respect to surrounding surface
features are shown on Plate 1, Vicinity Map. The specific sites studied

are shown in more detail on Plates 2 through 5, Plot Plans.

This work was authorized verbally on February 20, 1980 by Dr.
Jack Kag~isu of Union Carbide Corporation and was performed under Union
Carbide's Contract No. EC 615 5230.

PURPOSE AND SCOPE

The purpose of this study was to perform a geote: 1ical evaluation
of various options for the haulage and disposal of dewatered tailings and
for the evaporation of mill effluent at sites within the Long Park and

Paradox Valley areas.

The disposal sites evaluated were limited to four sices; one site
at Long Park, two in the central area of Paradox Valley (Paradox 1 and

2 sites), and one at southeast end ot Paradox Valley (Paradox 3 site).
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In accomplishin;: this purpose, the following scope of work was

performed:

1. Review available information on potential sites in 1) the
central area of Paradox Valley, 2) in Long Park, and 3) in the
southeast end of Paradox Valley. This work includes:

a. Collection of general land use geologic, seismologic, and
hydrologic information.

b Determination of haulage distance and relative haulage
costs.

Ce A reconnaissance of the area by key study personnel.

d. Comparative evaluation of each site considering general
site amenability, and proximity to borrow areas.

e, Meetings with Union Carbide representatives to determine
selection of site location for further evaluation.

2. Perform a geotechnical field program that includes:

a. The drilling, logging, and sampling of 17 borings within
the site areas. Drilling 7 borings at Long Park; 2 at the
Paradox 2 site; and 8 at the Paradox 3 site.

be Conducting 18 packer tests and 1 slug test; 8 packer tests
at Long Park, 3 at Paradox 2, and 7 at Paradox 3. Also,
performing 1 slug test at Paradox 3.

Ce Installing 3 piezometers at Long Park and 4 at Paradox 3.

d. Excavating a total of 30 test pits in conjunction
with the site investigations at Long Park and Paradox
Valley.

e. Conducting a reconnaissance of the general ~.ea to
identify and sample potential off--.ite borrow material for
liners, drains, riprap and road construction.

3. Conduct a laboratory program consisting of gradation, Atterberg

limits, compaction, permeability, moisture and density, consol-
idation, compression strength, and water quality testing.
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4,

Perform engineering analyses consisting of:

b.

Cs

d.

f.

h.

1.

Evaluating <2ite factors which include geologic, seis-
mologic and hydrologic conditions.

Determining configuration, embankment design concepts, cut
slope angles, etc. of tailings disposal and effluent pond
alternatives.

Lining, underdrain, or dewatering design concepts, if
required.

Reclamation cover and stabilization conceptual con=
siderations.

Evaporation pond and tailings impoundment size, depth,
dimensions and internal diking determinations.

Pond embankment design concepts.
Pond lining requirements and design concepts.

Concepts related to the sequence of excavation, pit
preparation, disposal, covering, and reclamation of pits
during the life of the operation. .

Determining earthwork quantities.

Conceptualizing truck unloading operations and means of
distribution of tailings throughout the impoundment.

Evaluating tailings haulage concepts which includes
selection of truck haulage equipment, preparation of
pavement design, determination of earthwork and pavement
quantities and the evaluation of road reclamation require-
ments.

Evaluating a pipeline system for the transport of mill
effluent.

Prepare this summary report.
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TAILINGS DISPOSAL AND MANAGMENT OBJECTIVES

The design of tailings impoundments for the Uravan mill will be
governed to a large degree by the State of Colorado Department of Health.
Further, the state requirements will be in close accordance with the
regulations, guidelines, and branch positions of the Nuclear Regulatcry
Commission. The NRC's draft Generic Environmental Impact Statement
(GEIS) (USNRC, 1979) and proposed amendments to 10CFR40 (U.S. Federal
Register, 1979) {identify regulatory actions to be taken in order to
ensure that the uranium mill operations and mill tailings disposal are
carried out in a safe and environmentally sound manner. In the GEIS,
technical siting and design requirements are given, the objectives of
which pertain to long-term stability of tailings isolation, direct and
airborne radioactive emissions tailings disposal covering, seepage of
toxic materials, and emissions control during operations and isolation of

tailings.

As stated as part of these performance objectives:

The "prime option” for disposal of tailings is placement below=
grade, either in mines or specially excavated pits. The evalua-
tion of alternative sites and disposal methods performed by mill
operators in support of their proposed tailings disposal program
(provided in applicant environmental reports) should reflect this.
In some instances, below-grade 4isposal may not be the most environ-
mentally sound approach, such as might be the case if a high quality
ground water formation is relatively close to the surface or not
very well isolated by overlying soils and rock. Also, geologic and
topographic conditions might make full, below-grade burial impracti-
cable; for example, bedrock may be sufficiently near-surface that
blasting would be required to excavate a disposal pit at excessive
cost, and more suitable alternate sites are not available. In these
cases, it must be demonstrated that an above-grade disposal program
will provide reasonably equivalent isolation of the tailings from
natural ercsional forces.

1f tailings are disposed of above ground, the fo.lowing siting and
design criteria should be adhered to:

a. Upstream rainfall catchment areas should be minimized so
as to decrease the size of the maximum possible flood
which could erode or wash out sections of the tailings
disposal are:>.
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Ne Topographic features should provide good protection from
the wind.

Ce Embankment slopes should be relatively flat after abandon-
ment 80 as to minimize erosion potential and to provide
conservative factors of safety assuring long-term sta-
bility and isolation. The broad objective should be to
contour final slopes to grade which are as close as
possible to those which would be provided if tailings were
disposed of below grade; this would, ior example, lead to
slopes of about 10 horizontal to 1 vertical (10H:1V) or
less steep. In general, slopes should not be steeper than
about 5H:1V. Where steeper slopes are proposed, reasons
why a slope less steep than 5H:1V would be impracti-
cable should be provided, and compensating factors and
conditions which make such slopes acceptable should be
identified.

d. A full, self-sustaining vegetative cover should be
established or riprap empioyed to retard wind and water
erosion. Special concern should be given to slopes of
embankments.

e. The impoundment should not be located near a potentially
active fault where an earthquake could result in a ground
acceleration exceeding that which the impoundment could
reasonably be expected to withstand.

£. The impoundment, where feasible, should be designed to
incorporate features which will promote deposition. For
example, design features which promote deposition of
sediment suspended in any runoff which flows into the
impoundment area might be utilized; the objective of such
a design feature would be to enhance the thickness of
cover over time.

It is the intent of this study to present design concepts for
tailings and effluent impoundment in accordance with these above-

referenced performance objectives.

GENERAL PROJECT DESCRIPTION

The major elements of the Uravan operation are described in the
Environmental Report (Union Carbide, 1978). At present, the mill has a
design process capacity of 1,500 dry tons of ore per calendar day. The
remaining design life of the mill is 17 years, with an anticipated annual

tailings disposal rate of 547,000 dry tons per year (9.3 million toms of
of tailings over the design life).



For the purposes of this study, tailings will be transported from
the mill area in a filtered or dewatered, condition. Filters will be
used so that the moisture of the tailings will be recuced to a level
that will allow this disposal in unlined impoundment areas. It is
anticipated that the tailings produced by this process will have a
moisture content upon leaving the mill of approximately 25 percent. A
report by Dames & Moore dated January 5, 1979 titled "Handling and
Placement Characteristics, Belt-Filtered Tailings, Uravan Uranium Mill"
reported the following testing results of the tailings.

LABORATORY TEST RESULTS OF DRY TAILINGS

Property Results
Initial moisture content 22,6 - 35.7% (two samples)
Percent fines (minus #200 sieve) 23.5%
Permeability 1.7 ft/yr (at relative density of 80%)

2.9 ft/yr (at relative density of 40%)

In addition *o the tailings, liquid effluent from the mill will
be a maximum of abou: 510 gpm. This effluent will be transported from
the mill by pipeline to lined evaporation ponds.

Design parameters in addition to these presented above for tailings
and effluent disposal are presented in the appropriate sections through-

out the text of the report.



. TAILINGS IMPOUNDMENT AND EVAPORATION POND
CONSIDERATIONS AT LONG PARK

SITE CONSIDERATIONG

GENERAL

Site alternatives were evaluated to assess feasibility of the Long
Park site for development to: 1) impound filtered tailings; 2) construct
mill effluent evaporation ponds; or 3) a combination filtered tailings

impoundment-mill effluent evaporation pond system.

Impcundment of filtered tailings was evaluated for the following

three alternative storage configurations:

1. Option 1 - Complete below-grade burial of tailings in the
central portion of the site (see Plate 6).

2. Option 2 -~ Partial burial of tailings on the west side of
Long Park (see Plate 7).

3. Option 3 - Partial burial of tailings on the east side of
Long Psrk (see Plate 8).

Two options were evaluated for site development exclusively as an

evaporation nond area. These options are as follows:

1. Option 4 - A single reserveir impounded by a single dam located
in the narrow canyon northeast of Long Park (see Plate 9).

2. Option 5 - A series of lower embankments within Long Park
(see Plate 10).

Additionally, a combination evaporation pond-tailings impoundment
system (Option 6) was developed (see Plate 11).

In conjuction with the tailings impoundment option, a tailings
transportation system would be required. 1\ small truck fleet carrying

tailings from the mill to Long Park via an improved existing county road

. is proposed.
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Transporation of mill effluent for evaporation would require the

construction of a pipeline system.

The following sections present 1) the surface and subsurface
descriptions, 2) a brief discussion of the existing mine workinrs
and, 3) the six options for the aforementioned site development alter-
natives. Detailed discussions describing the various options addre:sed
are presented in Appendices F and G, Evaporation Pond Evaluations and

Evaluation of Tailings Dispcsal, respectively.

SURFACE SUBSURFACE DESCRIPTION

The Long Park site is an irregular shaped 90C-acre parcel of land
locacted approximately five miles south of Uravan, Colorado, as shown
on Plate 1, Vicinity Map and in more detail on Plate 2, Plot Plan-Long
Park. The site is on a relatively flat high mesa area directly north
of Paradox Valley. The site grades generally southwest to northeast
at an average grade of about 4 percent, with maximum vertical relief of

approximately 120 feet.

Site access is via the unpaved Long Park Road which 1is county
maintained. Several abandoned and active mine workings are present at
the surface and in the subsurface at the site. The remainder of the

site is open sagebrush-covered upland valley.

The land on which the evaporation pond, and/or tailings impoundment
area would be constructed and along which the Long Park road runs is
a complex mixture of ownership and jurisdictions including private,
BLM and AEC withdrawal land (U.S. Bureau of Land Management, 1975).

The long Park site is in the headwater region of an unnamed stream
that is tributary to the San Miguel River. The site has a small drainage
area of approximately 1.8 square miles with natural drainage courses
being ephemeral. The high elevations at the site preclude regional
flooding, although minor local flooding on the small drainage course is
expected.

EPAMES & MmOORE



A thin veneer of Quaternary alluvial deposits ranging from 6 to 25
feet in thickness overlies gently northeast-dipping variegated siltstone,
sandstone and claystone of the Jurassic Morrison Formation. No faults
are known or suspected to exist at the Long Park site. Individual
bed thicknesses range from 1 or 2 feet to beds in excess of 30 feet.
Generally, the upper 6 to 10 feet of bedrock are closely jointed, highly
weathered siltstone and claystone of the Brushy Basin Member of the
Morrison Formaticn. The Brushy Basin Member is underlain by the Salt
Wash Member of the Morrison Formation which consists primarily of

slightly weathered, closely jointed sandstone.

On the basis of field tests, the permeability of the underlying rock
strata at the sites investigated is moderately high. The rock units near
the surface are highly fractured and jointed which results in a secondary

permeability which is essentially independent of rock types.

Perched ground water was encountered in the southwest portion of the
site. The remainder of the site was dry to the depths investigated.
There were no water wells on record wi*hin the project area or its

vicinity.

A detailed graphical representation of the subsurface conditions as
encountered in the exploration borings and test pits conducted for this
study is presented in Appendix C, Geotechnical Investigation. Additional
discussion of the geology is presented ir Appendix A, Geology ard
Seismicity.

EXISTING MINE WORKINGS

Existing mineral properties, mine workings and numerous drill holes
are located throughout Long Park. Shafts and adits would have to be
adequately sealed, and mining below the facilities would not likely be
possible. Most mine workings are reportedly at depths of 100 feet or
more and it has been assumed that those would not have to be backfilled.
However, those workings would have to be monitored for seepage and
surface subsidence, and any contaminated seepage would be removed by
pumping. It is estimated that 12 to 18 shafts and adits presently exist

throughout the entire Long Park area.
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TAILINGS IMPOUNDMENT OPTIONS

GENERAL

The tailings impoundment options discusse®! in the succeeding section
were evaluated and compared during this study in an effort to select the
most feasible method of impoundment. Filters will be used in the
mill circuit and will result in the tailings leaving the mill at a
moisture content of about 25 percent. The tailings will be transported
to the impoundment irn their dewatered condition by using a truck haul

system. Both complete and partial burial of tailings were considered.

Site development concepts consider the utilization oi conventional
earthwor equipment for construction. It is anticipated that excavation
into the competent sandstone bedrocks in excess of five feet would
require blasting. Since the bedrock is quite near the surface over the
site area, the option considering complete burial of the tailings will be
limited to shallow trenches (10 to 20 feet deep). Thus, to develop an
impoundment for 17 years of operation, a large site area of about 350
acres will be required. Such a large-area site development does not
permit complete isolation of the impoundment within the Long Park site.
As presently conceptualized the impoundment will cover all the relatively
flatter areas within Long Park. The existing county road which passes
through Long Park will thus pass through the impoundment area. Some
roadway realignment will be required. Further the tailings deposition in
a large area impoundment will exhalt a higher amount of radon than that
of a smaller impoundment when considering the areas to have equal protec-

tive covering.

In order to limit quantities of earthwork involved with the develop~-
ment of a complete burial option, it is assumed that .he final reclama-
tion grade would be approximately parallel to the present surface grade
at Long Park (about 4 percent). Without long-term erosion protection,
runoff over such a grade could cause serivus channeling of the silty

reclamation cover.



Thus, for environmental, design, and ecoromic ccnsiderations, twvo
additional options were evaluated for partial burial systems with the
objectives of improving the above discussed shortcomings of the complete
burial option as well as conforming with the performance objectives
stated in the previous section entitled TAILINGS DISPOSAL AND MANAGEMENT
OBJECTIVES.

The following sections present general discussion of the tailings
haulage system, tailings impoundment and detailed summaries of the

proposed impoundment options.

TAILINGS HAULAGE SYSTEM

Site access from the mill will be provided via a partially realigned
and improved existing county road (Long Park Road). Road improvement
will involve the construction of a 24-foot wide paved roadway consisting
of a five-inch bituminous asphalt wearing surface overlying 8.0 inches of
select granular base course material placed on prepared existing subgrade
soils. Some amount of realignment of che existing centerline will be
required as some of the existing roadway has small radius turns. The
proposed route of the roadway is shown on Plate 12, Haul Road and

Alternative Pipeline Routes.

Based on economic considerations, a truck and pup combination having
a gross vehicle weight (GVW) of 114,000 pounds is proposed for haulage of
the filtered tailings.

For the options considering total burial, tailings will be end-
dumped from access roads developed along the sides of the trench. For
options considering partial burial, initially the tailings will be
end-dumped from roads developed along the embankment crest and afterward
from the roads that will be developed on the reclaimed surface as dis-
posal progresses across the impoundment area. Considerations have been
given to the time required for the tailings placed to adequately drain

and gain the necessary bearing capacity to support 1) the reclamation
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cover and 2) the roads developed on the reclaimed surface. Spreading and
compaction of tailings is anticipated to be performed utilizing conven-

tional wide-track-mounted dozers (Cat D-8, etc.).

TAILINGS IMPOUNDMENT

Since dewatered tailings are to be deposited in the tailings
impoundment, it is not intended that the impoundment bottoms be lined.
The expensive process of dewatering the tailings achieves the objective
of reducing seepage to the maximum extent that is reasonably achievable.
Seepage will depend on the content of the water within the near-dry
tailings. Since 1,500 tons of tailings with a moisture content of 25
percent will be impounded daily, a total rate of water entering the
impoundment is 62.5 gpm. A certain amount of this water will be retained
within the tailings material. For a typical fine sand material, assumed
to have eimilar water retention characteristics as the Uravan Tailings,
the specific retention is about 20 percent, where the specific retention
is defined as the percentage that will be retained against gravity
drainage from a saturated material to the *otal volume of the material.
Consequently, after densification through placement equipment and the
consolidation of the in-place deposited tailings, about 45 percent of the
tailings water is free water and will be allowed to either 1) drain
from the deposit into the underlying bedrock or 2) to evaporate at the

surface.

The remainder of the liquid will be held by capillary and surface
tension forces in the tailings matrix. Infiltration due to rainfall is
negligible in comparison with the net quantity of seepage. Therefore,
the net long-term quantity of seepage from .ae tailings disposal area
corresponds to approximately 27.9 gpm over a l7-year period. Further
discussion of the seepage is presented in Appendix D, Ground Water

Hydrology and Seepage Analysis.

Based on the relatively minor seepage expected, low permeability
or impermeable liners are not considered necessary for impoundment

construction. However, since a majority of the proposed impoundments
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will have bottoms developed in closely jointed weathered bedrock, condi-
tioning of the suirface bottom should be performea by discing, moisture
conditioning and subsequently compacting the upper 12 inches of the
exposed impoundment bottom to eliminate the potential for tailings
migration in otherwise exposed open joints. The average expected per-
meability of the in-place tailings is about 2 x 10"7 cm/sec.

A conceptual plan for construction of diversion channels for surface
water runoff control in the watershed areas of the proposed tailings
impoundments at cthe Long Park site is illustrated on Plates 6, 7 and 8
for Options 1, 2 and 3, respectively. The diversion channels would be
abandoned at the end of the milling operations. For each structure, the
proposed channel configuration is trapezoidal with bottom width of 20
feet, sideslopes of 2H:1V and average slope of 0.0l ft/ft along its
alignment. The hydrologic design basis and conceptual design details for

the diversion channels are presented in Appendix E.

Reclamation cover will be developed from proposed cut material
located within the impoundment area. The lowermost two feet of recla-
mation soils immediately overlying tailings will consist of clayey
materials developed from the upper several feet of highly weathered shale
bedrock exposed within the impoundment site. A24itional random soils
composed of silty sand, sandy silts and additional clayey soils will be
placed to provide additional erosion protection as required by the NKRC.
Evaluation to detormine the minimum thickness of cover necessary were
periormed and presented in the Uravan Environmental Report (Union
Carbide, 1978). Based on the data previously submitted, a two-foot thick
cover of clayey material will reduce the radon emission to well below 2

pci/nz-lec above natural background levels.

Embankment slopes will be graded to provide a final slope not
ateepcf than 5 horizontal to | vertical (5H:1V)., Self-sustaining vegeta-
tion would be established on the reclamation cover for surface grades
of two percent or less. Long-term erosion protection of the S5H:lV
sldeslopes of the embankment will be provided by placement of approxi-

mately 12 inches of gravel or rock riprap on the slopes.
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Initial embankments required for site development in the options
considering partial burial of the tailings wculd be constructed using
upstream slopes of 2H:1V with downstream slopes being constructed
JH:1V. A minimum crest width of 40 feet would be provided for truck

access.

Excavations in existing site soils would be constructed with slope
ratios of 2H:1V for cuts adjacent to proposed embankments. For the
option considering total burial, cuts excavated along the sides of

trenches could be constructed 1.50H:1V.

Summaries of specific site design parameters for the various im-
poundment options are presented on Tables 1A thrcough 1C, Design Para-

meters for Tailings Impoundment.

OPTIONS CONSIDERED

Option 1 Impcundment in Trenches Below Existing Grade

Filters will be used in the mill circuit resulting in tailings
leaving the mill at a moisture content of about 25 percent, and the
tailings will be transported from the mill by truck haulage. Impoundment
of cthe dewatered tailings would be in a series of trenches excavated to a
shallow depth ranging between 10 and 20 feet depending on a the depth to
and thickness of the underlying Brushy Basin shale. Over the site area
excavation below the depth of 10 to 20 feet would extend into non-
rippable Salt Wash sandstone or Brushy Basin shale and would require
blasting. Trenches would generally have a plan dimension of approxi-
mately 250 x 2,000 feet. Layout of a proposed 350-acre trench burial
system is shown on Plate 6, Tailings Impoundment Alternatives, Long
Park=Option 1. A sectional view of Option 1 showing existing topography,
proposed final ground trench excavations is shown on Plate 13, Section
C-C' - Tailings Impoundment Alternatives, Long Park-Option 1. On the
average, each trench will provide tailings storage for between five to
ten months of mill production or between 250,000 and 500,000 tons
of dry tailings.
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Initially, one trench will be constructed with the excavated
material being stockpiled for future reclamation use. Subsequent trench
excavation would begin sometime after the initiation of tailings place-
ment in the first trench, thereby allowing future excavated materials to
be utilized for reclamation of the precsding tailings trench as final
storage capacity of tailings is achieved. This excavation and reclama-

tion process would continue throughout site development.

Preliminary estimates of required excavation and reclamation fill
quantities indicate that a sufficient quantity of fill soils will be
available from proposed cut areas to provide a reclamation cover suffi-
cient to reduce the radon emission to below the 2pc1/m2-oec above mater-
ial background levels. In addition, these fill soils will be available
for site grading at the perimeters to conform to the surrounding topc=
graphy and to achieve final slopes of no eteeper than SH:lV. Soils
obtained from the shale material at the bottoms of the excavations will
be used to provide a two-foot thick reclamation cover required to be
placed on top of the tailings. The remainder of the reclamation cover
will be composed of random silty fine sands and sandy silts also exca-
vated from the pits.

As stated in the subsection entitled CENERAL within the tailings
impoundment options section, the rela*ively shallow depth to bedrock, and
the design condition that the tailings be below grade will require that
Option 1 will have a significantly larger parcel of land to be developed
for the required impoundment volume than that for either of the two
partial burial options. In addition, a substantially larger quantity of
excavation and reclamation earthwork is involved. Final reclamation
grading will be performed such that the surface contouring will be
simila= to that of the existing ground surface. Thus, the final grading
will result in grades of about 4 percent, and positive erosion protection
such as riprap may be required throughout the entire 350-acre tract of
land. Flattening of final site grades such that erosion protection would
not be required or reduced would involve large amounts of additional

earthwork.
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Option 2 - Impoundwuent Located On West Side of Long Park

Impoundment of filtered tailings on the west side of Long Park will
involve the development of a l75-acre area of the total site. This
impoundment option will take advantage of a natural basin to develop
maximum storage in a limited amount of surface area. An average excava-
tion depth of between 10 and 15 feet throughout the site would be required
to develop the necessary volume of storage and provide borrow material
for the construction of a low embankment required along the east side
of the impoundment area, in addition to providing a source for raclama-
tion cover material. The proposed impoundment configuration, developed
to provide an estimated 9.3 million tons of tailings storage (17-year
design life) is shown on Plate 7, Tailings Impoundment Alternative,
Long Park-Option Z. A profile view illustrating the Option 2 impound-
ment concept is shown on Plate 14, Section B-B', Tailings Impoundment

Alternative, Long Park-Option 2.

Overall site development would include the construction of a low

embankment along the east boundary of the area.

A possible construction sequence could be deve'oped such that
initially diversion channels and a portion of the impoundnent bottom area
would be excavated and the material used for embankment construction.
The excavation in the bottom of the impoundment would be that segment
nearest the embankment. After bottom preparation of the area, tailings
would be deposited and spread to final elevation. It is anticipated that
the exposed tailings slope will be stable at a slope 2.5H:1V. Subsequent
excavation of the segment of impoundment bottom adjacent to the first
segment would begin sometime after the initial tailings placement in the
«irst deposition segment. This excavated material would be utilized for
reclamation of the tailings placed in the first =egment. The excavation
and reclamation process would continue thrr.giout the site development.
The feasibility of this and other constructic alternatives would have to
be s ‘died in detail at a further date.
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Preliminary estimates of required excavetion and reclamation fill
quantities indicate that a sufficient quantity of fill can be developed
from solls excavated within the impoundment area. Should it be deter-
mined that more fill soils are required for reclamation, they would
be available from either diversion channel excavation or from nearby

borrow areas located outside of the impouidment area.

Pecause of its location within the Long Park area the Option 2 site
is 1) the most isolated from wind, 2) the most remote site within Long
Park, 3) has the smallest of the rainfall catchment areas for any of the
options, and 4) is such that the final reclamation cover may be placed at
very mild surface grades, thus reducing erosion potential. Further,
Option 2 provides the most economical alternative of the three options
discussed for tailings impoundment. Impoundment development could be
achieved on 175 acres of land with the least amount of earthwork required
for the three options considered. Based on the above Option 2 is the

most attractive site.

Option 3 - Impoundment Located on East Side of Long Park

Impoundment of filtered tailings on the east side of Long Park
would involve tli> development of a 205-acre portion of th: total Long
Park site. This impoundment option would take significant -dvantage of
an existing moderately deep natural basin for development of a majority
of the storage volume. Excavation to depths ranging between 10 and 15
feet throughout the site area would be necessary to develop required
storage volumes and provide a borrow souirce for the consiruction of a low
embankment along the western impoundment boundary as well as a source of
final reclamation cover. The proposed impoundment configuration as shown
on Plate 8, Tailings Impoundment Alernative, Long Park-Option 3, can
be developed to provide an estimated J.3 million dry tons of storage
(17-year design life). Proposed site development is shown in profile on
Plate 14, Section B-B', Long Park-Option 3.
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Site development will involve the construction of an earthen em-
bankment along the west side of the impoundment. Fill materials for
embankmert construction would be developed from within the impoundment
area immediate!v upstream of the embankment toe. By using a construction
sequence similar to that described for Option 2, upon completion of the
initial embankment configuration, subsequent required excavation within
the impoundment area would provide a continuous supply of soil for

reclamation as final tailings grades are achieved.

Preliminary estimates of required excavation and reclamation fill
quantities indicate that a sufficient quantity of fill soils will be
available from proposed cut areas to provide a reclamation cover atop
impounded tailings, including construction «. the final embankment
configuration using slope ratios of 5} - The reclamation cover will
be of sufficient thickness to reduce ¢ - radon emission to below the

required 2pc1/m2-sec above natural background levels.

Option 3 requires 205 acres for development as opposed to 175 acres
for Optiun 2. Excavation and reclamation cover quantities required to
develop Option 2 are conside-ably less than for Option 3. However,
because Option 2 and Option 3 could both be developed simutaneously at
the Long Park site, if the existing tailings now impounded at the Uravan
mill need to be moved, a combination of these two options could be

cosidered.

EVAPORATION POND ALTERNATIVES

GENERAL

This section summarizes alternatives for disposal of liquid effluent
from the mill by means of evaporation. Ma jor system components are
a pipeline sysiem which would approximately follow the county road
aligament for the mill to Long Park and an evaroration pond system to be
located within Long Park. Two options for design of the pond system were

considered: (a) a single reservoir impounded by a single dam located in
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the narrow canyon northeast of Long Park (Option 4), and {b) a series
of lower embankments within Long Park (Option 5). A combination evapora-
tion pond - tailings disposal system (Option 6) is considered in a

subsequent section of this report.

A more complete discussion of design considerations, basic ata,
evaluation methodology and study results 1is presented in Appendix F,

Evaporation Pond Evaluations.

PIPELINE SYSTEM

The pipeline route assumed for this study follows the app oximate
alignment of the existing county rnad as shown on Plate 12. Both six~-
inch and eight-inch diameter piplines were c nsidered The eight-inch
line was selected on the basis of economics. Design parameters and
considerations for transport of liquid effluent from the mill are sum-

marized on Table 2. The design is summarized on Table 3.

Construction, operation and reclamation of the required l0-mile
pipeline would be a major undertaking with considerable technical and
environmental considerations. Significant design considerations include
minimizing the potential for accidental release of the liquid effluent
due to natural causes, accidents, or vandalism; maintenance of liquid
temperatures above 40°F to reduce crystallization within the line;
inspection and monitoring of pipeline performance; economic factors; and

rights-of-way. The route was selected based upon the following factors:

1. Rights-of-way along the existing county road might be easier (o
obtain than a route across diverse surface ownership and
mineral claims.

2. The route would be highly accessible and avoids major cliffs
and canyons.

3. The route is relatively direct.

4. Additional land disturbance would be reduced.

DAMES & MOORE
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It is felt that a buried line would be best from the standpoint of
protection against accidental breakage, vandalism and temperature main-
tenance. The major drawback with a buried line is that inspection of the
condition of the line and monitoring for leaks would be very difficult.
Maintenance of temperature in the line during periods of shutdowns would
be sufficient for periods of 12 hours, and probably much more, for a
buried line. For an above-grade line or for extended subsurface standing
lines during very cold weather, insulation would be required. If
removal of crystal buildup within the line is needed, a specially

designed in-pipe reamer would be required.

A system for collection of accidentally released liquid would likely
be required. Such a system could consist of a ditch paralleling the
line which leads to lined collection ponds. For short, critical sections
a pipe-within-a-pipe could be used in lieu of ditches. Ponds will be
needed at the bottom of all low sections to hold the effluent should the
line have to be drained. In the event of a line break, some effluent

would probably seep into ditch banks and the ond bottoms.

To monitor for major breaks in the lin:, a series of pressure
sensors coupled with senders would alert operators to a serious pressure
drop and would aid in identifying the location of the break. Monitoring
the line for minor leaks would ra2quire an elaborate system of detectors
and senders. Such a system would likely be subject to many false alarms,
many failures and would be a high maintenance item. As a minimum,
the line could be periodically pressure checked and instrumented for
determining total flow at various points to detect long-term discre-

pancies in input and output.

At the end of operations, it is assumed that all pipe and con-
taminated equipment would have to be recovered and either decontaminated

or disposed of in the tailings area, and all disturbed land revegetated.
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EVAPORATION PONDS

Single and multiple evaporation pond layouts have been evaluated
as presented in Options 4 through 6 in the following sections. Para-
meters and considerations for evaporation pond design are summarized
on Table 4. Basic designs of the embankments, lining systems and
diversion systems were uniform for all the evaporation ponds. Typical
sections are presented on Plate 15, Typical Dam Section for Evaporation
Ponds. Table 5 summarizes construction data for the various evaporation

pond options.

Embankments have been designed with 3 horizontal to 1 vertical
(3H:1V) upstream and downstream slopes with a central core and chimney
drain. Upstream sloping cores might be justitied for final design and
could reduce clay volume requirements. However, the present design
is believed to be conservative and satisfactory for preliminary design
and cost estimation purposes. Stripping and stockpiling of the upper six
inches of soil across the site for final reclamation was assumed. In all

cases, the existing county road would have to be partially relocated.

Seepage control of the proposed evaporation ponds at the Long Park
site would be achieved by the placement of properly compacted three-foot
thick clay liner composed of weathered Brushy Basin shale. Permeability
of recompacted samples of the shales averages about 1.0 x 10-7 cm/sec

based on laboratory permeability tests.

The estimated average seepage rate during the l7-yeer operation for
single pond system (Option 4 as presented herein) is approximately 53
gpm. Because of sequential and/or intermittent filling of the multiple
.wnd system (Option 5 as presented herein, seepage loss rates are inter-
dependent on the systems operations. However, based on preliminary
evaluation, average rates of seepage loss for the multiple pond system
will be less than that estimated for the single pond (Option 4). Further

discussion of seepage losses is presented in Appendix D.
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Juring operation, wave action upon the clay liner would have to be
watched and erosion cuts maintained. Areas of particularly troublesome
erosion due to their steepness and orientation with respect to prevailing

wind would probably require slope protection.

Impoundments have been sized based on the time rate of filling and
average annual evaporation rate. Moderate volumes of effluent will be
impounded at the cessation of operations which will in turn require

several years for complete evaporation.

Contaminated soils and equipment would have to be disposed of in the
~sme manner as tailings from the mill. For this study, it has been
assumed for reclamation that the evaporation ponds will be covered in the

same manner as the tailings.

OPTIONS CONSIDERED

Option 4 - Single Evaporation Reservoir

Layout and major features of Option 4 are shown on Plate 9. The
reservoir would be impounded by a single 120-foot high dam and would
create a r:vervoir of 260 acres after 17 years. Channels would divert
normal runc€f around the impoundment, but the dam is sized to store the
probable maximum floud series without diversion. One mile of county road

would be rerouted.
Ma jor construction data are summarized on Table 5.

Option 4 requires considerably less earthwork for the embankment and
liner, is a simpler design hyd-clogically, requires less area, and less
road relocation than Options 5 or 6. However, the quantity of liquid
impounded at the cessation of operations is greater and the time required
for complete evaporation and reclamation would be much longer. The high

head of water in the system creates higher seepage rates.
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Option 5 = Multiple Evaporation Pond System

Layout and major features of Option 5 are shown on Plate 10. The
area would be divided into 10 evaporation ponds. Ditches and a central
channel through Long Park would divert PMF and normal runoff from the
ponds. A conceptual plan for construction of diversion channels for
surface water runoff control in the watershed area for the Option 5 site
is illustrated on Plate 10. Two miles of county road would be rerouted.

Table 5 summarizes major construction data.

The hydrologic design basis for the diversion channels is presented

in Appendix E.

Option 5 requires considerably more earthwork, distribution piping
is more complex, and disturbs much more land than Option 4. However, the
scheme is more flexible and will require less time to reclaim since the
volume of storage at the cessation of operations will be smaller than for

Option 4.

COMBINED EVAPORATION PONDS AND TAILINGS IMPOUNDMENT

GENERAL

Development of a combined system of tailings disposal and eva-
poration ponds at Long Park has been considered. Construction ond
operation of the combined system would be similar to that discussed for

the individual options, as presented previously.

-

Option 6, discussed in the following section, considers construction
of multiple evaporation ponds on the west side of Long Park and tailings

disposal on the east side.

OPTION 6 - COMBINED EVAPORATION AND TAILINGS DISPOSAL AREA

The layout and major features of a combined evaporation pond-

tailings disposal system is shown on Plate l1l. A multiple-pond system
would be constructed on the west side of Long Park while tailings from

ongoing milling would be disposed of on the east side, as discussed for
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Option 3 previonwsly. Ditches and a central channel would divert PMF and
normal runoff around the ponds and disposal area until abandonment. Two
and one-half miles of county road would be rerouted. Table 5 summarizes
ma jor construction data for the evaporation pond system. Major con.truc-

tion data for the tailings disposal system is presented in Table IC.

Drawbacks of Option 6 include the deferral time for final reclama-
tion of the impounded tailings, operational complexities due to the
combined operations and r- lamation activities, and a reduction in

flexibility of design and operation.

PARADOX VALLEY

GENERAL

Three sites located in the Paradox Valley were considered for
development of tailings impoundments or mill water evaporation ponds.
Locations of these sites designated as Paradox 1, 2 and 3 are shown
in relationship to one another and surrounding major topographic features
on Plate 1, Vicinity Map. Each site is shown in more detail on Plates 3,
4 and 5.

SITE DESCRIPTION

Paradox | and 2 are 1000-acre sites on either side of the Dolores
River and are located near the northern escarpments of the valley. The
sites grade to the south-southwest at about 5 percent. Near-surface
gypsum deposits are present at the south end of the sites. Toward the
north, alluvial soil exists up to depths exceeding 45 feet and overlies
sandstone and limestone. The Paradox 3 site is located at the southeast
end of the valley. The area has deposits of granular alluvial soils up
to about 35 feet thick. The Mancos shale underlying the soil varies in
thickness from about 5 to 40 feet. Dakota sandstone underlies the
shale.
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In regard to the Paradox Valley sites, of major concern are the
numerous faults found to be associated with the ongoing salt deformation
and/or collapse of the anticline in the valley. These fauits are con-
sidered active, although not capable of generating earthquake forces.
Surface ruptures to either clay liners or reclamation covers must be
considered as possible detrimental effects to the long-term stability of
tailings containment areas. Detailed discussions of site geolog, are

presented in Appendices A and B.

SITE DEVELOPMENT

As a result of the adverse geologic conditions associated with the
salt anticline located throughout the Paradox Valley, feasibility of site
development tur either evaporation ponds or tailings impoundments is
considered limited. Limited discussions of the site development options

considered will be presented in the following paragraphs.

Two options considering the development of evaporation ponds at the
Paradox 2 area and one considering tailings impoundment at Paradox 3 were
evaluated. Layouts of the Paradox 2 evaporation options are presented on
Plates 16 and 17. One option includes a single reservoir impounded ty a
single embankment. The second is for a series of lower embankments
creating a number of smaller evaporation ponds. Both options consider
the construction of a pipeline system to transport the effluent from the
mill. Also, both systems include synthetic material as a pond liner.
The option at Paradex 3 considers filtered tailings hauled by 80,000
pound GVW trucks from the mill, along State Highway 141 and 90, to the
Paradox 3 site. The tailings would be dumped and spread as partial
buried tailings in a 250-acre impoundment. The layout and section for

this system are presented on Plates 18 and 19.

General site design parameters for the various options ave

presented on Tables 4 through 5.



CONCLUSIONS

The selection of a system to dispose of all future tailings and mill
effluent generated by the Uravan mill will involve the consideration of
many factors. Such factors must include economics, operational feasi-
bility, postible interference and interfacing with on-going mining

operations, safety, environmental effects and regulatory positions.

This study has included the evaluation of tailings and mill waste
water disposal at two specific sites: 1) Long Park and 2) Paradox
Valley. For the purposes of the study, it has been assumed that a
filtration system will be used to dewater, the tailings to a moisture
content of 25 percent whereby the tailings can be transported utilizing

trucks.

Based on the preformance objectives set forth by the NRC, the "prime
option” is below-grade disposal. However, because of the topography and
geology of the sites in general, the most advantageous system of tailings
impoundment, and the most closely following all performaace objectives as
stated in the technical siting and design requirements of the Nuclear
Regulatory Commission GEIS, is Long Park-Option 2, the partial burial of
tailings on the west side of Long Park. The partial burial system is
placed in an area whereby the rainfall catchment is small, there is
relatively good protection from wind, the site is isolated from both
resident and transient populations and the area appears to be in the most

rez< nable location to promote long-term geologic deposition.

The most advantageous system evaluated for the mill effluent is
Long Park-Option 5, a series of lower embankments within Long Park.
By having a series of small ponds, the ma jor advantage is the operational

and safety options of adjusting iuflows and levels of any of the ponds.

Of major concern is, if either of Option 2 or 5 is selected, the
other option cannot be constructed. Should both a tailings impoundment
and evaporation pond system be desired at Long Park, the alternative
would be to select a system such as Option 6, the combination evaporation

pond - tailings impoundment system.
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Because of the potential for surface rupture caused by fault move-
ments from solutions and/or collapse within the Paradox Vallev Salt
Anticline, the long-term stability of the sites in Paradox Valley is
questionable. Even with further geologic study at Paradox 3 to further
investigate faults, the site will probably not conclusively be found

to be stable over the long term.
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TABLE 1A

TAILINGS IMPOUNDMENT SITE DESIGN PARAMETERS
LONG PARK - OPTION 1

Total Impoundment Surface Area - 350 &cres

Estimated Tailings Impoundment Capacity - 9.3 x lO6 tons

Site Preparation (Stripping) - 300 acres
Embankment Construction = none
Impoundment Bottom Preparation - 300 acres
Excavation Required - 6.9 x 106 CeVe
Reclamation cover = 5.96 x lO6 CeVe
Revegatation - 350 acres
Surface or Slope Protection = 350 acres
Total Site Drainage Area - 2.0 square miles
Length of Diversion Ditches Required - 26,500 1f
Excavation for Diversion Ditches - 3.9 x 105 CeYe
Diversion Ditch Riprap - 7,250 feet of lined channel

Length of Long Park Road to be Relocated - 8,000 ft



TABLE 1B

TAILINGS IMPOUNDMENT SITE DESIGN PARAMETERS
LONG PARK - OPTION 2

Total Impoundment Surface Area - 175 acres

Estimated Tailings Impoundment Capacity = 9.3 x 106 tons

Site Preparation (Stripping) - 175 acres
Embankment Construction = 450,000 ca.ye.
Impoundment Bottom Preparation - 160 acres
Excavation Required -~ 2.7 x 106 Ce¥e
Reclamation cover = 2.75 x lO6 Ce¥e
Revegatation - 175 acres
Surface or Slope Protection - 10 acres
Total Site Drainage Area - 1.2 square miles
Impoundment Site Drainage Area - 175 acres
Length of Diversion Ditches Required - 10,750 1f
Excavation for Diversion Ditches - l.6 x 105 CeVo
Diversion Ditch Riprap - none

Length of Long Park Road to be Relocated = 1,000 ft



TABLE 1C

TAILINGS IMPOUNDMENT SITE DESIGN PARAMETERS
LONG PARK - OPTION 3

Total Impoundment Surface Area - 205 acres

Estimated Tailings Impoundment Capacity - 9.3 x 106 tons

Site Preparation (Stripping) - 205 acres
Embankment Construction = 450,000 c.y.
Impoundment Bottom Preparation - 190 acres
Excavation Required = 3.75 x 10b CeYoe
Reclamation Cover - 2.84 x 106 CeYe
Revegatation - 205 acres
Surface or Slope Protection = 10 acres
Total Site Drainage Area =~ .8 square miles
Impoundment Site Drainage Area - 205 acres
Length of Diversion Ditches Required - 9000 1b
Excavation for Diversion Ditches - 1.3 x 10S CeYe
Diversion Ditch Riprap = none

Length o. Long Park Road to be Relocated - 750 ft



TABLE 2

DESIGN PARAMETERS FOR LIQUID EFFLUENT
PIPELINE TO EVAPORATION PONDS

Pipeline Design Rate = 500 gal/min
Liquid Temperature at Mill = 75 to 80°F

Liquid pH = 1.5 to 2

Liquid Density = 10 1b/gal

Crystalization Temperature 4.4°C (40°F)

Project Life = 17 years
Measures to minimize any release of liquid include:
a. Pipeline protected from vandalism or accidental breakage.

b. Automatic (electronic) means of detecting a pipeline
failure must be incorporated into design (alarm).

c. Means of preventing escape of liquid needed should line break
(e+g+, ditches and ponds).

d. Collection ponds needed at low points in the line to collect
liquid when draining line and in event of an emergency.

e. Means of inspection to evaluate condition desirable.

f. Liquid must not drop below 40°F (crystallization temperature
for extended period).




TABLE 3

EFFLUENT PIPELINE DESIGN SUMMARY FOR LONG PARK

Length Main Pipeline 53,705 feet

Number of Pumping Stations 19 pumps

Length of Power Line 7.88 miles

Number of Substations 5 substations

Electrical Consumption 5.96 million KWH/year

a. Pipe would be 8-inch diameter Driscopipe 8600 or equal.

b. Line would be buried 5 feet to protect against vandalism and
to maintain temperature except in rock where line would be at
surface in insulated box. Standing time to 40°F is 12 hours.

c. Emergency effluent collection-holding ponds would be con-
structed.

d. A series of pressure sensors would be installed along
pipeline to monitor for major breaks in line.

e. Periodic pressure testing of line and continuous metering of
flow to evaluate pipeline condition.



Liquid Discharge to Ponds

TABLE 4

DESIGN PARAMETERS FOR EVAPORATION PONDS

500 gpm

Average Annual Precipitation = 10.5 inches/yr

Average Annual Runoff from Undisturbed Areas

1.05 inches/yr

Average Annual Reservoii: Evaporation = 38.8 inches/yr - Long Park

Probable Maximum Precipitation = 11.9 inches (72-hr General Storm)

= 8,1 incghes (l-hr Thunderstorm)

100-year Precipitation = 4,0 inches (36-hr Duration)
1,000-year Seismic Event = 0.12 g
Seepage Rate = Negligible

a. System must be capable of diverting the PMF or storing

b.

the PMF series (l.4 x PMF + 100-year storm).

Topsoil will be stripped and stockpiled for subsequent
reclamation.

Facilities must be dismantled and area reclaimed.
Contaminated soil and equipment must be disposed
of in the tailings disposal site.



TABLE 5

CONSTRUCTION DATA FOR EVAPORATION POND ALTERNATIVES

EMBANKMENT VOLUMES
(thousands cu yds) DITCH VOLUMES ROAD RE-
DRAINS & (thousands cu yds) LINER VOLUMES LOCATION
OPTION SHELL CORE RIPRAP FILTERS EXCAVATIONS RIPRAP (thousands cu yds) (feet)
LONG PARK - OPTION &
SINGLE RESERVOIR 487 245 8.2 50.0 54.6 0 1,370 5,300
LONG PARK - OPTION 5
MULTIPLE RESERVOIR 2,300 1,520 90.0 530.0 164.0 18.7 1,700 10,800
LONG PARK - OPTION 6
COMBINED EVAPORATION 1,98' 1,393 78.7 485.5 95.9 18.7 1,440 12,800

AND TAILINGS DISPOSAL
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APPENDIX A

GEOLOGY AND SEISMICITY

GENERAL

Discussions of regional stratigraphy, regional structure, tectonic
history, potentially active faults and historical seismicity are included
in the Environmental Report prepared for the Uravan Uranium Project by

Dames & Moore (dated 31 August 1978).

The four alternative sites are situated in a linear northwest-
trending band that is 20 miles long and 2 miles wide. In terms of
seismicity, we believe that there is virtually no distir-tion from one
site to the next. Faults are known or suspected to exist under Paradox
1, 2 and 3 sites; none at Long Park. As discussed in the remainder
of this appendix and in Appendix B, Paradox Vailey Anticline Faults, the
faults are considered to be incapable of generating earthquakes exceeding
the general seismic "background” of the region. The stress regime
responsible for the faults is probably still active, hence the faults are

considered active from a ground rupture standpoint.

Table A-I, Stratigraphic Table, contains brief descriptions of
the lithologic character, thickness and age of the sedimentary rock
formations exposed in the salt anticline region of Southwestern Colorado.
The remaining paragrapl.s of this appendix contain brief descriptions of
the geology of the four sites considered as alternatives for tailings
disposal.

LONG PARK

The distribution of geologic units at the Long Park site is shown on
Plate A-l1A, Geologic Map-Long Park. Subsurface data are presented on
Plate A-1B, Geologic Section-Long Park, and logs of boring and test pits
(Appendix C).
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STRATIGRAPHIC TABLE

Sedimentary rock formations exposed in the salt anticline region of southwesiern Colorado
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In general, the rocks underlying Long Park consist of the Jurassic
Morrison Formation and the Cretaceous Burro Canyon Formatiorn in a uniform
and conformable northeast-dipping sequence. As shown on Table A-I,
Stratigraphic Table, the Morrison Formation consists cf two members, the

Salt Wash Member (lower) and the Brushy Basin Member (upper).

The Salt Wash Member is principally sandstone while the Brushy F-sin
Member is principally shale. The Burro Canyon Formation overlies the

Morrison Formation and consists of sandstone and conglomerate.

Preferential erosion of the Brushy Basin Member has resulted
in the general topographic configuration of Loug Park. A veneer of
alluvial deposits of presumed Quaternary age has accumulated over the
Morrison Fcrmation. The alluvial deposits at Long Park vary in thickness
from 5 feet to 20 feet.

Rocks of the Morrison and Burro Canyon Formations at Long Park dip 3
to 10 degrees to the northecasc. No faults have been mapped at Long Park

and none were observed during our field exploration at this site.

PARADOX 1 AND 2

The Paradox 1 and Paradox 2 sites are situated in geologically
similar settings on the northeast side of the axis of Paradox Valley.
The distribution of geologic units at these two sites is shown on Pla =
A-2A, Geologic Map-Paradox 1, and Plate A-3A, Geologic Map-Paradox 2.
Subsurface data are presented on Plate A-2B, Geologic Section-Paradox 1,
Plate A-3B, Geologic Section-Paradox 2, and logs of borings and test
pits for the Paradox 2 site (Appendix C). No subsurface investigation

wa.: performed at Paradox 1.

In general, the rocks underlying Paradox 1 and Paradox 2 consist of
the Pennsylvania Hermosa Formation. At Paradox 2 the Permian Cutler
Formation is locally exposed and the Triassic Moenkopi Formation is

thought to be present in the subsurface (see Plate A-3B).
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As shown on Table A-1, Stratigraphic Table, the Hermosa Formation
consists of two members. The Paradox Member (lower) includes a number of
lithologies but is principally salt. The upper member is unnamed and
consists of limestone. The Cutler Formation is principally conglomerate
and sandstone. The Moenkopi Formation consists of interbedded mudstone,
shale, sandstone and conglomerate and includes local gypsum beds near

Lae base.

Alluvial and colluvial deposits of presumed Quaternary age cover all
of the Paradox | site and most of the Paradox 2 site. The thickness of
ailuvial and colluvial deposits at Paradox | is unknown. The thickness
of alluvial and colluvial deposits at Paradox 2 is variable, but exceeds

45 feet in the NW 1/4, Sec. 23, T47N, RI8W.

The structure of the rocks exposed in the Paradox Valley is very
complex and caused by plastic deformation of the salt comprising the
Paradox Member of the Hermosa Formation (see Appendix B). In general,
the rocks strike northwest, parallel to the axis of Paradox Valley which
represents the ccllapsed crest of the Paradox Valley Salt Anticline.
Cater (1970, p. 57, 58) discusses in detail the structure of the Paradox
Valley Anticline.

Several faults have been mapped on Paradox 2 by Cater (1955a)
(see Plate A-3A). These faults are generally parallel to the axis of
Paradox Valley and probably formed in response to salt deformation and/or
collapse of the crest of the anticline. One fault has been interpreted
by Withington (1955) to exist in the subsurface under Paradox 1 (see
Plate A-2B). This fault is probably formed in response to similar

stresses as those causing the faults elsewhere in the Paradox Valley.

None of the faults mapped by Cater (1955a) or Withington (1955) are
shown to cut deposits of presumed Quaternary age. However, since
the faults are thought to have formed in response to salt deformition
(solution and flowage) and since the salt deformation processes are

probably continuing, the faults are considered active. Movement on these
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faults probably occurs as creep without the buildup of 'arge stresses.
Consequently, these faults are probably not capable of generating earth-
quakes which exceed the magnitude of the general “"background” seismicity

of the region.
PARADOX 3

The distribution of geologic units at the Paradox 3 site is shown on
Plate A-4A, Geologic Map-Paradox 3. Subsurface data are presented on
Plate A-4B, Geologic Section-Paradox 3, and logs of borings and test pits
(Appendix C).

In general, the rocks underlying Paradox 3 consist of the Cretaceous
Dakota Sandstone and the Cretaceous Mancos Shale. Alluvial deposits of
presumed Quaternary age blanket much of the site. The maximum thickness
of alluvial deposits was found to be 35 feet in the SE 1/4, Sec. 27,
T46N, RI6W.

The Paradox 3 site lies near the center of a structural basin
described by Cater (1970, p. 54) as "the downsagged unit at the south-
east end of the [Paradox Valley] anticline.” Cater (1970, p. 54=57)
discusses the structure of the downsagged unit and believes that it
formed during collapse of the crest of the Paradox Valley Anticline. He
states (p. 57) that "The central part of the downsagged basin is devoid

of structural complexities and in unfaulted.”

During our field exploration at Paradox 3, three small faults were
observed in the southeast bank of Dry Creek in the NE 1/4, SW 1/4, Sec.
34, T46N, RI6W. Two of these faults appear to displace the base of the
alluvial deposits of presumed Quaternary age and are therefore considered
active. The distribution of geologic units interpreted from our borings

suggests that two other faults may be present on this site. Faults

observed and suspected to exist at Paradox 3 are discussed further in
Appendix B.
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APPENDIX B

PARADOX VALLEY ANTICLINE FAULTS

INTRCDUCTION

The faults in the vicinity of the four sites are thought to be
related only to salt deformation (solution and flowage) and are, there-
fore, not considered to be capable of generating earthquakes exceeding
the general "background” seismicity of the region. The faults are
considered important with respect to surface rupture hazards as described

below.

ORIGIN OF FAULTS

Discussions pertaining to the origin and development of the salt
anticlines are presented in Cater's publication (1970, p. 63 ff.). To
briefly summarize, initiation of salt deformation began shortly after
deposition of the salt because of tectonic activity (p. 64). Some salt
flowage and intrusion occurred durng deposition of latest Paleozoic and
Mesozoic sediments (p. 64). Following deposition of latest Cretaceous
sediments, anticlines formed along the older salt structures in responce
to deep-seated deformation controlled by Paleozoic basement structures
(ps 65).

Collapse of the crests of the salt anticlines occurred in two
apparently widely separated stages. The first stage followed rather
closely the late Cretaceous folding; the second stage followed epiero-
genic uplift of the entire Colorado Plateau in middle and late Tertiary
time and is still continuing (p. 65).

The first stage was characterized by formation of collapse grabens
in places along the anticline crests. The grabens may have formed during

relaxation of stresses that caused folding (p. 65).



Uplift of the Colorado Plateau rejuvenated stream cutting and
increased ground water circulation. Erosion in stream canyons eventually
exposed the salt causing rapid solution and removal. With removal of the
salt, renewed collapse of the anticline crests began. Collapce of the
crests and associated faulting probably progressed in both directions
away from the points where the salt cores of the anticlines were first
exposad. Streams working headward removed material from both the salt

cores and the overlying sedimentary cover.

Cater (1970, p. 66) believes that downsagging of the sedimentary
cover occurred where originally the anticline was gently arched, faulting
without downsagging occurred where originally the anticline was strongly
arched. The main part of Paradox Valley is bounded by faults, and faults
have been observed near the axis of the valley as shown on Plate B-1,
Struc*ural Geology, Paradox Valley Region. Therefore, Paradox Valley is
interpreted to be the collapsed remnant of the strongly arched part of

the anticline.

Cater (1970 p. 66) believes that much of the collapse was caused by
flowége of the salt from parts of the anticlines covered by sediments to
parts where the sediments had been removed. Cater states "The basinlike
downwarp at the southeast end of the Paradox Valley anticline appears
to be almost if not entirely due to this process of salt removed by
flowage"” (p. 66). The basinlike downwarp is where the Paradox 3 site

is located as shown on Plate B-l.

To support his hypothesis of the importance of salt flowage as the
dominant factor in formation of the downsagged basin, Cater points out
that exposures of salt in the southeast end of Paradox Valley are 200
feet higher in elevation than the ground surface in the center of the
downsagged basin 2-1/2 miles to the southeast (p. 66). In addition, he
notes that sedimentary rocks not less than 1,500 feet thick are present

above the salt in the center of the downsagged basin.
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Cater's hypothesis of successive stage: in the development of the
downsagged basin at the southeast end of Paradox Valley is presented in
sketch form on Plate B-2, Development of Downsagged Basin, Paradox 3
Site.

PARADOX 1 AND 2

As discussed in Appendix A, faults are thought to be present in the
subsurface at Paradox 1l; faults are exposed at Paradox 2. Since the
stresses responsible for formation of the faults are probably continuing,
these faults must be considered active. Consequently, we believe that

the surface fault rupture hazard at Paradox | and 2 is significant.
PARADOX 3

INTRODUCTION

Because previous geologic studies in the area (Cater, 1970, 1955b,

Williams, 1964) recorded no faults at the Paradox 3 site, a detailed
discussion of the faults is appropriate. As stated in Appendix A, the
Paradox 3 site lies near the center of a structural basin described by
Cater (1970, p. 54) as "the downsagged unit at the southeast end of the
[Paradox Valley)] anticline.” Cater (1970, p. 54-57) discusses the
structure of the downsagged unit and believes that it formed by salt
flowage during collapse of the crest of the Paradox Valley anticline. He
states (p. 57) that "the central part of the downsagged basin is devoid

of structural complexities and is unfaulted.”

During our field exploration at Paradox 3, three small faults
were observed and two others were postulated chiefly on the basis of

subsurface data.

OBSERVED FAULTS

Three faults were observed within a zone 150 feet long in the NE
1/4, SE 1/4, NE 1/4, NW 1/4, Sec. 34, T46N, R16W on the scutheast bank

of Dry Creek. The locations of these faults a:: shown on Plate B-3,

3_3 DAMES 8 MOOSE




Geologic Map-Paradox 3. At this location, erosion in Dry Creek has
created a 30-foot-high embankment in which 15 to 20 feet of Cretaceous
Mancos Shale is exposed. The Mancos is covered by 10 to 15 feet of
coarse river deposits of presumed Quaternary age. The upper three feet
of the river deposits appear to contain a light gray pedogenic carbonate

zone (Cca horizon) overlain by brown B horizon or aeolian deposits.

The northeasternmost fault strikes west and dips 52 degrees to the
north. It is visible from the Quaternary/Mancos contact to the bottom of
the stream cut and does not appear to displace the Quaternary/ Mancos

contact.

The other two faults are 100 feet apart, strike about N 50°W
and dip away from each other at 52 degrees. Approximately 15 to 18
inches of apparent reverse separation was observed on each fault at the
Quaternary/Mancos contact. A small graben bounded by ithe reverse faults
is evident in the photograph presented on Plate B-4, Photograph of

Reverse Faults at Paradox 3.

No evidence of deformation of the ground surface was observed.
Because of the difficult access to the exposure, we did not examine
closely the Quaternary deposits for evidence of deformation. However, it
appears that the faults terminate in the Quaternary sediments above the

Mancos but below the pedogenic carbonate horizon.

POSTULATED FAULTS

Two concealed faults are postulated to exist in the S 1/2, Sec. 27,
T46N, R16W as shown on Plate B-3. The basis for postulating the exist~
ence of these two faults is interpretation of stratigraphy from exposures
and subsurface data. The postulated faults have been located on the

basis of topographic features.

If these postulated faults exist, they are apparently less than
about 4,000 feet long. Based on examination of aerial photographs, beds
of sandstone appear to be continuous across the projections of these

postulated faults.

B-4



As previously stated, we believe that the faults observed and
postulated on Paradox 3 site are a direct resul’t of sal* deformation
only. l..e northwest-trending reverse faults observed in the southeast
bank of Dry Creek probably formed in response to southwest-trending
compressional stresses created in the top part of the sedimentary layer

as it sagged in response to flowage of the underlying salt.

The sense of separation of the postulated southwest-trending
faults is not known. If they are reverse faults, some component of
compression in a northwest direction would be required. Such compression

could occur in the top of the sedimentary layer as it sagged.

If the postulated faults are normal faults, some component of
extension in a northwest direction .ould be required. The salt under the
downsagged basin probably flowed in a northwest direction; northwest

extensional stresses could have been created by such salt flowage.

SIGNIFICANCE OF FAULTS

As stated above, we believe that the faults in the vicinity of
Paradox Valley are directly related to salt deformation. Cater (1970,
pe 65) stated that the first stage of collapse of the salt anticline
crests probably followed closely the late Cretaceous iolding. The second
stage of collapse followed epeirogenic uplift of the Colorado Plateau in
middle and late Tertiary time and is still cont ruing.

Therefore, the processes of sa’t removal by flowage and solution are
continuing. Consequently, the stresses responsitle for formation of the
faults in the vicinity of Paradox Valley are still active, hence the

faults must be considered active.

We do not believe thut these faults are capable of generating
earthquakes exceeding the general seismic background of the region.
However, continued displacement along the fault could deform the ground

surface.
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and the faulted marginal anticline at the southeast end of
Paradox Valley. Reference: Cater (1970,page 66).
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APPENDIX C

GEOTECHNICAL INVESTIGATION

FIELD EXPLORATION

GENERAL

The field exploration portion of this investigation consisted of a
detailed subsurface investigation and preliminary geologic reconnaissance
of the three sites: Long Park; Paradox 2; and Paradox 3, and a regional
geologic reconnaissance to locate potential sources of riprap, base
course and clay borrow materizl. The field program began on March 3 and
was completed on March 28, 1980. Land acquisition and site access were

arranged by Union Carbide's Land Department.

SUBSURFACE INVESTIGATIONS

General

Subsurface material and ground water conditions at the three
sites were explored by drilling a total of 17 borings and excavating 30
test pits. Bulk samples of potential evaporation pond liner material
were obtained from shale and claystone exposures east of the Long Park
site. Additionally, bulk samples of near-surface subgrade soils were
obtained at both Long Park and Paradox 2 for evaluation of pavement
subgrade performance characteristics. The borings were advanced using a
truck-mounted CME-55 drill rig in conjuction with standard rotary
drilling techniques with air as drilling fluid. The test pits were
excavated with an MF-60 rubber-tired backhoe with a 15-foot reach. In
some instances, test pits were extended deeper than 15 feet by excavating

into the side and bottom of drainage channels.

A total of 7 borings and 11 test pits were located on the Long Park
site. The borings ranged in depth from 38 to 88 feet penetrating both

near-surface soils and extending into bedrock. The test pits ranged from
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6 to 18 feet in depth, and all but two, LP-2 and LP-10, were terminated
in bedrock. The locations of the borings and test pits are shown on

Plate C-1, Boring, Test Pit and Sampling Locatiuns - Long Park.

Ground water was encountered in two borings, LP-1 and LP-3, having
static water levels at 34.25 and 43.75 feet, respectively, below existing
site grade. Piezometers were installed in LP-1, LP~3 and LP-5 to enable
future monitering of ground water levels. Details of the piezometers

installed are tabulated below:

Total Depth Slotted Inverval
Boring _(In Feet) ___(In Feet)
LP-1 43.0 0 - 43
LP-3 88.0 0 - 88
LP=5 60.0 40 - 60

A water sample was taken from LP-3 for analysis. Testing procedures
and results are presented in the laboratory testing portion of this

Appendix.

Two borings and seven test pits were conducted at Paradox 2.
The borings, P-22 and P-24, were drilled to depths of 52 and 65 feet,
respectively. Test pits were excavated to depths ranging from 4.5 to 12
feet. Only three of the seven test pits were terminated in bedrock. The
locations of the borings and test pits are shown on Plate C-2, Boring,

Test Pit and Sampling Locations - Paradox 2.

Ground water was not encountered in any of the borings or test

pits.

Eight borings and 12 test pits were conducted at Paradox 3. The
borings ranged in depth from 45.5 to 64 feet. Test pits ranged in depth
trom 6.5 to 14 feet and 6 of the 12 were terminated in bedrock. The
locations of the borings and test pits are shown on Plate C-3, Boring,
Test Pit and Sampling Location - Paradox 3.

DAMES 8 MOORE
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Ground water was encountered in all but two of the borings, P-33 and
P-35, and in two of the test pits, P-36 and P-39. Ground water levels
are presented in conjunction with the boring logs and test pit logs on

Plates C-4A through C-4I and C-5A through C-5E, respectively.

Piezometers were installed in four borings to enable future moni-
toring of ground water level. Details of the piezometers installed are

tabulated below:

Total Depth Slocted Interval
Boring (In Feet) (In Feet)
P-34 19 9 =19
P-36 47 37 - &7
P=37 45.5 35.5 = 45.5
P-38 24 22 - 24

Ground water samples were taken from borings P-31, P-32, and P-36
for water quality analysis. Test procedures and results are presented in

the laboratory testing portion of this appendix.

The drilling and test pit programs at all three sites were conducted
under the direct supervision of experienced members of our geotechnical
staff who maintained continuous logs of each boring and test pit, noting
progress and material changes. The field logs and samples were returned
to our laboratory where they were reviewed and edited for consistency.
The edited boring logs for the three sites are presented on Plates (-4A
through C-41, Log of Borings. Results of the test pit exploration
program are presented on Plates C-5A through C-5E, Log of Test Pits.

Relatively undisturbed samples of the soils encountered were
obtained from the borings at frequent intervals utilizing a Dames
& Moore "U" type sampler described on Plate C-6, Soil Sampler Type U.
This sampler was driven using a 140-pound weight dropping 30 inches with
the number of blows being recorded for each succeeding six inches of

penetration or portion thereof. In addition, Standard Penetration Tests
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(SPT) were verformed in accordance with ASTM* D-1586-67 Method for
Penetration Test and Spifit-Barrel Sampling of Soils.

PYow count data recorded for the driving of either sampler are

presented on the boring logs, Plates C~4A through C-41.

Representative undisturbed samples of bedrock encountered were
obtained in general accordance with ASTM D-2113-70 Method for Diamond
Core Drilling for Site Investigation utilizing a Christensen double-tube
NX core barrel. Core recovery data and rock quality designation (RQD)

were calculated on the basis of field measurements.

Soil type: were classified in accordance with the terminology
described on Plate C-7, Unifisd Soil Classification System. Rock types
were classified in accordance with terminology described on Plate C-8,
Geotechnical Terminology for Rock Description. Description of additional

terminology used in describing rock not contained on Plate C-8 are as

follows:

L. 2 Recovery - the length of core recovered as a percentage
of the total length of coring attempted. The heavy vertical
lines dissected by short horizontal lines shown on the Boring Logs
represent core attempt intervals commonly known as "“core runs.”

RQD (rc quality designatirn) is defined as the sum of lengths of
sound pieces of core which are four inches in .ngth or longer
divided by the core run length attempted, expres. as a percentage.

Site Access

A moderate amount of roadwork was required on Paradox 2 and 3 sites
to fecilitate drill rig access. This was accomplished using a CAT D=4

tract 'r on Paradox 2 and CAT D-7 tractor on Paradox 3.

*American Society ‘or Testing and Materials.
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CEOLOGIC SITE RECONNAISSANCE

A geologic field reconnaissance was performed by experienced
members of our staff at all three site locations, Long Park, Paradox 2
and Paradox 3. Soil materials, rock outcrops and pertinent structural
features were noted and recorded. The results of the reconnaissance
were used to update available USGS* geologic maps of the area as shown on
Plates A-1A, A-3A ard A-4A, entitled Geologic Map - Long Park, Geologic
Map - Paradox 2 and Geologic Map ~ Paradox 3, respectively.

In addition, a regional geologic reconnaissance was conducted for
the purpose of locating gravel sources for riprap and road base course
and clay sources for evaporation pond liner, containment dike cores and
clay reclamation cover material. The locations of potential gravel and
clay borrow sources are presented on Plate C-9, Potential Gravel Sources,

and Plate C-10, Potential Clay Borrow Sources, respectively.

Gravel source materials indicated on Plate C-9 are generally
river terrace deposits of rounded to subround sandy gravels, cobbles and

boulders composed primarily of sandstone, quartzite, basalt and granitic
rock.

Clay borrow source materials indicated on Plate C-10, Area I, consist
of claystene derived from the Brushy Basin Member of the Morrison
Formation. Clay borrow available at Area Il located at the east end of
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