
 
 
 
 
 
 
 
 
 
 
 

Attachment 1. 
Geologic Verifications of Phase 1 and Phase 2 Cell Excavation 

 
“Geologic Characterization for the Phase I Excavation of the Crescent Junction, Utah, UMTRA 

Disposal Cell” (SM-4224-09-1051), December 2008 
 

“Geologic Characterization of Crescent Junction Cell Excavation Phase II,” April 2012 
 

Email of the approval of Jacobs Engineering Cell Conformance 



SM-4224-09- 1051

Geologic Characterization for the Phase I
Excavation of the Crescent Junction, Utah,

UMTRA Disposal Cell

December 2008

toiler

Work Performed by S.M. Stoller Corporation Under Purchase Order No. 4926
for Energysolutions, Moab, Utah. Energysolutions Performs Work for the
U.S. Department of Energy Under Task Order No. DE-AT3O-07CC00014



Geologic Characterization for the Phase I Excavation
of the Crescent Junction, Utah, UMTRA Disposal Cell

December 2008

Work Performed by S.M. Stoller Corporation Under Purchase Order No. 4926
for EnergySolutions, Moab, Utah. EnergySolutions Performs Work for the
U.S. Department of Energy Under Task Order No. DE-AT3O-07CC00014



n

Contents

1.0 Introduction. 1
1.1 Data Collection and Presentation 1

2.0 Quaternary Material 2
3.0 Mancos Shale Bedrock 6

3.1 Blue Gate Member 9
3.2 Prairie Canyon Member 10

4.0 Bedrock Surface 12
5.0 Structures 14
6.0 Geologic Findings 20
7.0 Implications for the Vertical Drainage Model for the Disposal Cell 21
8.0 References 21

Figures

Figure 1. Lithologic and Structural Features for the Excavation 3
Figure 2. View North of Contact of Weathered Mancos Shale Bedrock and Coarse Clasts in

Overlying Swale 5
Figure 3. Moist Area Around Location 8 (at the Short Stake) of September 3 on the

South Side Slope 5
Figure 4. Reddish Eolian Material Overlying Weathered Mancos Shale Bedrock at

Location 6 of September 3 on the South Side Slope 6
Figure 5. Depth to Bedrock 7
Figure 6. Abundant White Gypsum (Satin Spar) Along Joints and Bedding Surfaces in

Weathered Mancos Shale on Excavation Floor 9
Figure 7. Faintly Rippled Bedding Surface in Siltstone Bed with Vertical Joint Striking

N75W at Location 5 of November24 in the Northeast Floor of Excavation 10
Figure 8. Limonitic Siltstone and Very Fine Grained Sandstone Bed on North Side Slope

Near Northeast Corner of Excavation 11
Figure 9. Very Fine Grained Limonitic Sandstone Bed About 6 Inches Thick Near Center of

North Side Slope of Excavation 11
Figure 10. Dense Dolomitic Limestone Bed Near the Center of the North Side Slope at

Location 1 of September23 13
Figure 11. Stockpiled Dolomitic Limestone as Much as 3 Ft Thick Encountered During

Initial Excavation Into Bedrock South of Location I of September 23 13
Figure 12. Bedrock Contour Map 15
Figure 13. Geologic Cross Section A-A’ 16
Figure 14. In the Southwest Corner of the Excavation, Bedding Surface Strikes N5OW and

Dips 6 Degrees Northeast and Prominent Vertical Joint Strikes N57W 17
Figure 15. Bedding Surface Strikes N6OW and Dips 15 Degrees Northeast in Limonitic

Siltstone Bed at Location 6 of November24 17
Figure 16. View Northeast of Sag in Mancos Shale About 50 Ft Long and 3 to 4 Ft Deep with

Yellowish Orange Limonitic Siltstone Beds at Location 8 of November 13 18
Figure 17. West-Striking Vertical Joint System Spaced about 1 to 2 Ft Apart with Gypsum

Coatings at Location 11 of November24 19

SM. Stoller Geologic Characterization
December 2008 Page I



Appendixes

Appendix A Field Visit Reports
Appendix B Survey Locations, Coordinates, and Elevations

Geologic Cincladztoe Sit Stoller
Page II December2008



rl

1.0 Introduction

This report summarizes the geologic observations and measurements made from eight
investigative visits to the Crescent Junction, Utah, Uranium Mill Tailings Remedial Action
(UMTRA) disposal cell during the Phase I excavation of the cell in late summer and fall of 2008.
Phase I consisted of excavation of the west end of the disposal cell — which is about 25 percent
of the entire cell floor planned for excavation. Excavation visits started with a reconnaissance
visit on August 22 and were scheduled to occur weekly thereafter. After two more weekly visits,
the next five visits were at a longer frequency to correlate with the rate at which significant
geologic features were exposed in the excavation. The last visit was on November 24 when most
of the floor of the Phase I excavation was at final grade.

Investigative activities during each visit included:

• Determining the location of the contact of the unconsolidated Quatemary material and the
top of weathered Mancos Shale bedrock on the excavation side slopes;

• Describing the lithologic characteristics of the weathered Mancos Shale exposed on the side
slopes and floor of the excavation;

• Describing structural characteristics, such as strike and dip of bedding and joints, of the
weathered Mancos Shale; and

• Checking for the presence of any seeps or moisture that would indicate ground water.

1.1 Data Collection aHd Presentation

For each visit, a brief field report was prepared containing the objectives/activities of the visit,
observations/descriptions of significant geologic features found, a sketch of the status of the
excavation and significant findings, survey locations that were staked, photographs taken and
their description, and general comments. Descriptions and interpretations made in the field
reports should be considered as preliminary, and final interpretations were made after analysis of
all the field reports. These field reports are included in Appendix A of this report. Forty-six
photographs were taken of significant geologic features at some survey locations and at other
localities around the excavation. Each field report contains the photographs taken during that
visit.

Locations of the contact of Quaternary material and bedrock were staked as well as significant
lithologic variations and structural features in the bedrock. Sixty-seven staked locations from the
field visits are plotted on the Map of Survey Locations for the Excavation shown in Figure B 1
in Appendix B. The locations were surveyed by GPS, and the x and y coordinates and elevations
are also in Appendix B, Table B—i. Survey locations shown are numbered sequentially for the
date of the visit.

Geologic features observed and measured in the Phase I excavation are described in this report as
follows: Lithologic characteristics and thickness of the Quaternary material are followed by
Mancos Shale bedrock characteristics and the configuration of the bedrock surface. Structural
features seen mainly on the excavation floor in weathered Mancos Shale are then described. An
evaluation is made of the stratigraphic and structural features found and how they affect the
vertical drainage model for the cell, as described in the “Hydrologic Characterization Lateral
Spreading of Leachate,” Attachment 3, Appendix G of the Final RAP (DOE 2008).
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2.0 Quaternary Material

Unconsolidated Quaternary material overlies Mancos Shale bedrock and is exposed on the side
slopes of the excavation. The heterogeneous material consists of mud, silt, sand, gravel, and
cobble-sized clasts as large as 2 feet (if) in diameter that were deposited by alluvial and colluvial
processes from erosion of the lower and upper slopes of the Book Cliffs to the north. Coarser
grained (sand- to cobble-size) material is found in shallow swales cut into bedrock, and finer
grained (mud- and silt-size) material is found in successive sheet wash deposits up to the present
ground surface. Included in the Quaternary material are eolian (silt-size material) deposits that
are in discontinuous layers, generally in the lower part of the unconsolidated sequence. Geologic
information notes for some of the survey locations involving Quatemary material is shown in
Figure 1, the map of Lithologic and Structural Features for the Excavation, which is essentially a
geologic map that contains information on features at, as well as away from, survey locations.

Swales that contain the coarse alluvial material appear to be only tens of feet wide where they
are exposed perpendicular to their drainage direction in the north and south side slopes of the
excavation. Resistant coarse clasts in the swales are typically 6 inches to as large as 2 ft in
diameter (Figure 2) and consist of angular to subrounded cobbles and tabular fragments of
sandstones from the Blackhawk Fonnation and Castlegate Sandstone, both of which cap the
Book Cliffs. The coarse swale-fill is matrix supported by sand- and gravel-sized material; in
places, this material is cemented by calcite.

Swales that contained coarse alluvial material were checked for moisture where exposed on the
side slopes of the excavation. All were dry except for one small swale near the center of the
south side slope. Slight moisture associated with this swale, noticed in the September 3 visit
(Location 8), extended laterally about 20 to 30 ft, was about 1 to 2 ft thick, and was near the
contact of the top of weathered bedrock and alluvial material. This location appears to be in a
minor bedrock swale off the main north-striking bedrock ridge described in the Bedrock Surface
Section. This moist location was rechecked in successive visits — on October 9, it was noted to be
slightly moist and was photographed (Figure 3). On October 28, the location had dried out, and it
remained so in the succeeding visits on November 13 and 24. Apparently, a small amount of
water that had accumulated in this minor swale was exposed during August by the excavation.
The source of the moisture is not known, but could be from water used during the excavation or
from a rainfall event when the excavation depth was near the level of the swale. This small
amount of moisture dried up over the next two months.

Fine-grained alluvial material, mainly in the form of silt to clayey silt that is highly calcareous
and light brownish gray (IOYR 6/2), overlies the coarse material in swales and, in places
between swales, lies directly on weathered bedrock. These deposits are typically referred to as
alluvial mud and were deposited by successive sheet wash erosion from the Mancos Shale (upper
part of the Blue Gate Member) badlands on the lower slopes of the Book Cliffs.

Eolian material composed mainly of sandy silt is exposed along the side slopes of the excavation
as a distinctive, but discontinuous, reddish layer that may be as much as 3 ft thick. Actual color
of this material (which is bess) is light brown (7.5YR 6 4) and it may lie directly on weathered
bedrock (Figure 4) or it may overlie coarse alluvial material in swales.
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Figure 3. Moist Area Around Location 8 (at the Short Stake) of September 3 on the South Side Slope
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Figure 4. Reddish Eolian Material Overlying Weathered Mancos Shale Bedrock at Location 6 of
September 3 on the South Side Slope

A Depth to Bedrock map was prepared by subtracting the elevations of the top of the bedrock
from those of the original ground surface. This map, presented as Figure 5, essentially shows the
thickness of the Quatemary material. Depth to bedrock is least in a north-striking area
corresponding to the bedrock ridge in the west part of the excavation where depths are as little as
4 ft or less. Greatest depths to bedrock are as much as 18 ft or more along the east side of the
excavation from the center of the east side to the northeast corner.

3.0 Mancos Shale Bedrock

Weathered Mancos Shale bedrock was present at all places on the floor of Phase I of the
excavation at final grade; however, exposures were poor in many places because of smearing by
graders or a thin layer of broken rock covered the undisturbed bedrock. Deposited during the
westward transgression of the shallow Late Cretaceous Western Interior Seaway, much of the
Mancos Shale consists of calcareous mudstone from an open marine environment. As described
in the “Surficial and Bedrock Geology of the Crescent Junction Disposal Site,” Attachment 2,
Appendix B of the Final RAP (DOE 2008), the disposal site is in the upper half of the Mancos
Shale, partly in the Prairie Canyon Member, which represents a sandy interval deposited in a
nearshore environment. Below the Prairie Canyon Member is the Blue Gate Member, which
consists mostly of thick shale and mudstone deposited in an open marine environment, more
typical of the Mancos.
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The most general lithologic characteristic of the Mancos Shale noticed in the excavation was that
siltstone and very fine grained sandstone become more common from south to north across the
excavation. From this lithologic character, the estimated boundary of the Blue Gate and Prairie
Canyon Members was adjusted northward and to a northwesterly orientation from that shown in
Plate 1 of the “Surficial and Bedrock Geology of the Crescent Junction Disposal Site,”
Attaclmient 2, Appendix B of the Final RAP (DOE 2008). The northwesterly orientation of the
contact was modified to reflect and more closely parallel the northwest strike of beds measured
on the excavation floor.

3.1 Blue Gate Member

Most commonly, the open-marine Mancos Shale representing the Blue Gate Member consists of
silty shale or mudstone that is yellowish gray (5Y 7/2). This facies is also present but less
common in the Prairie Canyon Member. In most places where the weathered silty shale is
exposed on the excavation floor, white fibrous gypsum (of the satin spar variety) coats joints and
bedding surfaces (Figure 6).

Figure 8. Abundant White Gypsum (Satin Spar) Along Joints and Bedding Surfaces in Weathered
Mancos Shale on Excavation Floor

Thin limonitic siltstone beds, typically 6 inches or less thick that in places contain distinctive but
rare limonitic concretionary masses, are in the southwest part of the excavation floor. These beds
and concretionary masses are noticeable because they are harder than the weathered silty shale
and because of their yellowish orange (1 OYR 6/6) color. Resistant concretionary masses are
subrounded, as much as 6 inches thick, and as much as 2 ft long. The distinctive limonitic
concretionary masses appear in the Blue Gate Member in the south part of the excavation, but
were not in the Prairie Canyon Member in the north part of the excavation.
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3.2 Prairie Canyon Member

In the north part of the excavation, limonitic siltstone beds become more common and very fine
grained sandstone beds also appear near the north edge of the excavation. A distinctive resistant
layer of dolomitic limestone as much as 3 ft thick, but of short horizontal extent, is exposed near
the center of the north side slope of the excavation. These coarser grained and more resistant
facies are characteristic of the Prairie Canyon Member, as defined by Cole and others (1997).

Indications of shallow water deposition were seen in the Prairie Canyon such as ripple marks
(Figure 7) and fine carbonaceous material in siltstone beds and carbonized wood fragments and
sole marks in very fine grained sandstone. Distinctive yellowish orange limonitic siltstone and
very fine grained sandstone beds are exposed on the northeast floor and north side slope
(Figures 8 and 9) of the excavation. Fine framboidal pyrite was seen in very fine grained
sandstone beds on the north side slope. Only a trace of burrowing was noticed in the very fine
grained sandstone, unlike the heavily burrowed and bioturbated sandstone described in the
“Surficial and Bedrock Geology of the Crescent Junction Disposal Site,” Attachment 2,
Appendix B of the Final RAP (DOE 2008) that is exposed east of and stratigraphically higher
than the sandstone in this Phase I excavation.

t

a 4’V ~ .9

Figure 7. Faintly Rippled Bedding Surface in Siltstone Bed with Vertical Joint Striking N75W at Location 5
of November24 in the Northeast Floor of Excavation
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Figure a Limonitic Siltstone and Very Fine Grained Sandstone Bed on North Side Slope Near Northeast
Corner of Excavation

y

Figure 9. Very Fine Grained Limonitic Sandstone Bed About 6 Inches Thick Near Center of North Side
Slope of Excavation
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Limonitic very fine grained sandstone beds overlie (Figure 9) and underlie the dolomitic
limestone bed. A sandstone bed beneath the dolomitic limestone had carbonized wood
fragments. These underlying and overlying coarse grained beds indicate local shoaling of the
Mancos sea in short-lived regressive episodes. The occurrence of the dolomitic limestone and
surrounding beds of very fine grained sandstone with carbonized woody material is similar to the
lithologic facies described for the Prairie Canyon Member by Hampson and others (1999) who
interpret the depositional environment as tidally influenced fluvial channels. This depositional
occurrence may also be similar to that described by Chan (1992) for oolitic ironstone beds about
5 miles to the west of the site and at a similar stratigraphic level in the Prairie Canyon Member.
There, small sandstone channels with carbonate beds as much as 1 meter thick are more resistant
to weathering and are 10 to 20 meters across and 1 to 4 meters deep. The sandstones also contain
carbonized wood and are interpreted as delta-front to prodelta channels that scoured into the fine
grained Mancos deposits below storm wave base.

Unique to this excavation and not seen elsewhere in the Prairie Canyon Member in the disposal
site area is a dense, highly resistant, gray dolomitic limestone bed that is as much as 3 ft thick.
Where the bed is exposed in the present excavation near the center of the north side slope, it is
only as much as 1 ft thick and extends laterally for only 30 ft or less. Here, the bed is medium
dark gray (N4) on a fresh surface, is limonite stained along the top surface and along joints, and
contains no visible fossils (Figure 10). Just south of the small area of dolomitic limestone
outcrop, a thick accumulation (as much as 3 ft) was encountered during initial excavation into
bedrock. This thick resistant material was reportedly only 50 ft or less in lateral extent and was
stockpiled for future use as riprap (Figure 11). The thick accumulation of dolomitic limestone in
the stockpile was assumed to be a southward extension of the bed seen during excavation of the
north side slope where the exposed bed did not exceed a thickness of 2 ft. The exposed lateral
extent of this bed is small (30 ft or so), but the orientation or strike of this accumulation is not
known.

4.0 Bedrock Surface

Fifty of the survey locations were staked for the elevation of the top of weathered Mancos Shale
bedrock during the progress of the excavation on the four side slopes. It was not feasible or safe
to stake top of bedrock locations as they were exposed during the early stages of excavation.

Top of bedrock elevations from the side slope locations were used to supplement and refine the
bedrock contours derived from previous wells, test pits, and boreholes shown in the Bedrock
Contour Map in Plate 3 of the “Surficial and Bedrock Geology of the Crescent Junction Disposal
Site,” Attachment 2, Appendix B of the Final RAP (DOE 2008). In this report, the Bedrock
Contour Map, revised from the side slope locations from this Phase I of the disposal cell
excavation, is shown in Figure 12.
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Figure 11. Stockpiled Dolomitic Limestone as Much as 3 Ft Thick Encountered During initial Excavation
Into Bedrock South of Location I of September23
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Figure 10. Dense Dolomitic Limestone Bed Near the Center of the North Side Slope at Location I of
September23
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Although the bedrock surface broadly mimics the gentle south slope of the surface topography in
the site area, the bedrock surface contains some subtle ridges and swales. New bedrock contact
data from this investigation further defines the north-striking bedrock ridge in the west part of
the excavation. Along this ridge, the excavation has progressed the deepest into Mancos
Shale — as much as 20 to 25 ft. Sites of least excavation into Mancos Shale (as little as 3 to 4 if)
are along the central and north parts of the east side slope. In the west part of the north side slope
along the axis of the bedrock ridge, the contact of the top of bedrock is shallow and not exposed
because the top of the side slope has been regraded (obscuring the contact). Notes of coarse
alluvial material exposed along the side slopes shown in Figure 1 coincide in places to minor
swales shown in the Bedrock Contour Map (Figure 12).

5.0 Structures

Structural features in bedrock were noted on the side slopes as the depth of the excavation
advanced. Most observations were along the north side slope where the excavation cut deepest
into Mancos Shale. Most lithologic and structural observations in Mancos Shale on the floor of
the excavation were made during the last visit to the disposal cell on November 24 when final
grade had been reached on most of the Phase I excavation floor. Structural measurements ~ oints
and strike and dip of bedding) and lithologic information from exposed Mancos Shale are shown
in Figure 1. Also shown in Figure 1 is the line of Geologic Cross Section A-A’, presented as
Figure 13, across the excavation from the southwest to the northeast corner. The cross section
was prepared using structural, lithologic, and top of bedrock information from the field visits.
This section is approximately perpendicular to the strike of bedding in the Mancos Shale.

Strike and dip of bedding was measured at only nine locations (Figure 1), mainly because
bedding surfaces were poorly exposed on the excavation floor. Except for one strike of N2OW
measured on a minor bedrock flexure, strike of bedding varied from N5OW to N8OW and
typically was N6OW. Dip of bedding varied from 5 to 15 degrees NE. Except for one dip of
15 degrees measured on a minor bedrock flexure, dip of bedding measured in the south part of
the excavation was from 5 to 8 degrees (Figure 14). Dip of bedding in the north part of the
excavation was slightly steeper, from 12 to 15 degrees. In the north part of the excavation,
limonitic siltstone beds of the Prairie Canyon Member were slightly more resistant than the silty
shale beds of the Blue Gate Member and provided a few exposed bedding surfaces that could be
measured (Figure 15).

The northwesterly striking bedding surfaces in the present excavation are slightly different than
the westerly striking bedding measured on a few outcrops of dolomitic siltstone concretion beds
north of the disposal cell shown in Plate 1 of the “Surficial and Bedrock Geology of the Crescent
Junction Disposal Site,” Attachment 2, Appendix B of the Final RAP (DOE 2008). Also, the dip
of bedding measured in the present excavation is slightly steeper than what was measured
(5 to 6 degrees) in outcrops to the north. The more northwesterly strike of bedding and steeper
dip of beds in Mancos Shale may be because this west part of the disposal cell excavation is the
closest part of the disposal site area to the salt-cored Salt Valley Anticline, only about I mile to
the southwest. The northwest strike of bedding is parallel to the strike of the anticline, and
steeper dips are probably the expression of minor flexures on the northeast flank of the anticline.
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Figure 14. In the Southwest Corner of the Excavation, Bedding Surface Strikes N5OW and Dips 6
Degrees Northeast and Prominent Vertical Joint Strikes N57W

Figure 15 Bedding Surface Strikes N6OW and Dips 15 Degrees Northeast in Lirnonitic Siltstone Bed at
Location 6 of November24
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Minor structural sags in Mancos Shale bedding were noticed in several places in the excavation.
One sag in the southwest part of the excavation (Figure 1) appeared to be a flexure expressed by
steeper dip (15 degrees) of bedding and a strike ofN2OW. Two other sags are well exposed near
the center of the north side slope of the excavation. The two sags are about 100 ft apart and each
one is about 50 ft long and 3 to 4 ft deep, as expressed by bedding (Figure 16). Also, yellowish
orange (limonitic) coloration is characteristic of the bedrock in the sags, and beds outside the sag
are the normal yellowish gray color.

i Mane ii e

a
a-

Figure 16. View Northeast of Sag in Mancos Shale About 50 Ft Long and 3 to 4 Ft Deep with Yellowish
Orange Limonitic Siltstone Beds at Location B of November 13

The bed of dense, resistant dolomitic limestone also crops out in a slightly lower stratigraphic
position between the two sags. The sags were only exposed in the side slope and were not seen
when first exposed by the excavation; therefore, the strike of these structures is not known. The
origin of these two sags is not clear from the exposures. Because the sags are on both sides of the
dolomitic limestone, the most plausible explanation for their origin is that they represent local
draping (during deposition) of strata over the thick dolomitic limestone bed. What is best
exposed (Figure 16) is the abrupt change in bedding inclination and the yellow orange color of
beds within the sag. The limonitic coloration could have been caused by the oxidation of iron
(pyrite) in these siltstone beds by ground water that moved along fractures associated with the
sag or flexure. The oxidizing ground water may have been present during periods of higher
precipitation associated with several glacial periods in the late Pleistocene Epoch, as suggested in
the “Surficial and Bedrock Geology of the Crescent Junction Disposal Site,” Attachment 2,
Appendix B of the Final RAP (DOE 2008). The structures are minor, occupy a small area, and
no evidence of present water movement or moisture was seen. No evidence of these structures
was seen immediately to the south on the excavation floor.
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Joints measured around the excavation (Figure 1) were essentially vertical and were exposed
more commonly than bedding surfaces. Exposed in the weathered part of Mancos Shale, most
joints in the excavation are tight, but some joints are open as much as 0.2 inch. Joints are
commonly coated with gypsum (in a crystalline form as satin spar and in the form of powder)
and are spaced about 1 to 2 ft apart (Figure 17). Joints are more common in the rock types in the
Mancos Shale that are more competent and brittle than the silty shale, such as siltstone, very
fine-grained sandstone, and dolomitic limestone. The orientation of the principal joint system
varied from west to N55W, and most commonly was N6OW to N8OW. At a location where a
bedding surface and the principal joint system were exposed, the strike of bedding was typically
10 to 20 degrees more northerly than the strike of the joint. Therefore, the principal joint system
is slightly different than a strike joint (same as the strike of bedding).

Figure 17. West-Striking Vertical Joint System Spaced about I to 2 Ft Apart with Gypsum Coatings at
Location II of November24

A secondary vertical joint direction was noted in only three locations (Figure 1). The secondary
joint system strikes from N15E to N35E, and with the principal joint system forms a roughly
orthogonal or conjugate set. One of the orthogonal joint sets was measured in the dense
dolomitic limestone bed about 2 ft thick when it was exposed on October 9.

No clearly exposed slickensides or other evidence of movement was seen on any of the joints.
The presence of abundant gypsum along joints in the weathered Mancos Shale is evidence of
previous movement of oxidizing ground water, probably during wetter times in the late
Pleistocene Epoch, but no sign of current ground water was seen.
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6.0 Geologic Findings

Significant geologic findings for the west end of the disposal cell exposed by the Phase I
excavation are summarized below:

Depth to bedrock (thickness of Quatemary material) is as little as 4 ft or less in the west part
of the excavation along the axis of the north-striking bedrock ridge. Bedrock depth is as
much as 18 ft or more in the northeast corner of the excavation.

• The strike of the siltstone and very fine grained sandstone beds observed in the excavation
floor are to the northwest; therefore, the contact of the Prairie Canyon and Blue Gate
Members of the Mancos Shale was adjusted slightly northward and to a more northwesterly
orientation than what was described in the “Surficial and Bedrock Geology of the Crescent
Junction Disposal Site,” Attachment 2, Appendix B of the Final RAP (DOE 2008).

• A dense, highly resistant, gray dolomitic limestone bed of short lateral extent in the north-
central part of the excavation may have formed in a delta-front channel during near-shoaling
conditions in the Mancos sea. Sags in the overlying bedding on both sides of the dolomitic
limestone bed may indicate draping of beds over this feature during or shortly after the
limestone was deposited. Localization of limonitic coloration in siltstone beds in these sags
indicates that movement of oxidizing ground water during wetter times in the late Pleistocene
Epoch along these structures is probably responsible for the coloration. No evidence of
present water was seen in these structures.

• Joints were mostly tight, but some were slightly open as much as 0.2 inch; they were
typically coated or filled with white powdery or crystalline gypsum and had no clearly
evident slickensides or other evidence of movement. Gypsum in the weathered Mancos Shale
indicates previous movement of oxidizing ground water probably in the late Pleistocene
Epoch along the joints, but evidence of present ground water was not seen.

• Fractures, joints, and other weathering effects in bedrock were observed to be less common
where the depth of the excavation increased into the weathered Mancos Shale along the west
part of the excavation floor in the area of the north-striking bedrock ridge. Conversely,
weathering effects are more obvious and well expressed in the east part of the excavation
floor where only a few feet of weathered bedrock have been removed.

• Dip of bedding in the north part of the excavation is slightly steeper (12 to 15 degrees) than
what was described for the disposal cell area (5 to 6 degrees) in the “Surficial and Bedrock
Geology of the Crescent Junction Disposal Site,” Attachment 2, Appendix B of the Final
RAP (DOE 2008).

• No evidence of present ground water was observed in the excavation.
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7.0 Implications for the Vertical Drainage Model
for the Disposal Cell

The vertical drainage of leachate from tailings placed in the disposal cell is described in
“Hydrologic Characterization Lateral Spreading of Leachate”, in Attachment 3, Appendix G of
the Final RAP (DOE 2008). According to the conservative assumption of the model, leachate
will migrate vertically down through the weathered Mancos Shale and become perched above
the unweathered Mancos. At the contact of the unweathered Mancos Shale, leachate will
gradually spread laterally away from the disposal cell footprint and leachate will be consumed by
slow vertical leakage downward into the unweathered Mancos.

Geologic findings from this characterization support the vertical drainage model. These findings
pertain only to the west end of the disposal cell, or about 25 percent of the planned total cell
excavation. None of the findings adversely affect or cast doubt on the model. Supportive findings
and implications are as follows:

• No ground water was seen in the weathered Mancos Shale.

• Joints in weathered Mancos Shale were vertical and mostly tight, but some were open as
much as 0.2 inch, which would facilitate leachate migration downward through the
weathered zone.

• Bedrock of Prairie Canyon Member of the Mancos Shale in the north part of the excavation
dips to the northeast at 12 to 15 degrees. The greater amount of siltstone and very fine
grained sandstone in the Prairie Canyon, as compared to the Blue Gate Member to the south,
could provide a more permeable pathway for leachate to migrate northward and downdip
through the weathered zone. This coarser grained bedrock contains more joints than the finer
grained silty shale typical of the Blue Gate Member, further facilitating leachate migration.
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Appendix A

Field Visit Reports

Dates of Field Visits

August 22, 2008
August26, 2008

September 3, 2008
September 23, 2008

October 9, 2008
October 28, 2008

November 13, 2008
November 24, 2008
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Date (continued): eZclvCti 9, aoo7

Description of significant geologic features (fractures, joints, weathering characteristics,
lithologic variations, strike/dip, depth ofoverburden, Mancos Shale contract, etc):

Moist a~.a en S Si exc~wa1i~. pt.t~ot c&t Lnca*owi t(€~0~~ 91€/os’).
About /00 yds Wu( Loco*o, I ({4wv.n 9/za/t’s)A s/ackpik of ~ra.y yects*c..t
d~/ov~if.’c- sJt,ttn,4~ (b10J<, n-9~, LeA a.4tChA .i 3 Pr). %~~k~ik €S unw-ea211.saj
5ya/ 5k4e. A E c~ 14 do/oi.s~4k sifluiin~a- d~ckpUe. 0rt1w3oi.~.4 joh~~b ≤t~-;
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07Z2.%~ od~e4jZ4 IJJO IA) we.
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Geologic Characterization of Crescent Junction Cell Excavation

Date: OefbCe4 ZS~ 2009 Geologist: O-ni~ ~oaai3 h-I-
Depth ofExcavation: 15-20 -Ii- B6SAmount ofMaterial Excavated: NA, .~ p~ Bra
Base Map Grid Number(s)

Objectives/Activities: (yLf&. ~.t4~co~4c~&.n S sides(e~ ._(e~ccv.d1in4t

~~L4t ktc.Al~ etpc~seJ a.a~ s-n bollwrn ~rjt~cc4ver1iciv~, wean.c poscit,Ia ~
€7VO144.41C’e of tot fliivwv?n3 e1uI~,sna.at.

cLa& a dcn±actcr( MeL.tca~ Sk~~& ~L-~A a.~.JovecIxI~tj
a 1(uvja( ,n.,t1z14 tc(~ wta..4 1~6-~rL AZtodepsn,t u(tYecva l~e-’1..

c44 C~ tt( 4e.~n AL~ tt~ e ntowtitd eKC44’4 kcM

N p4 .(dicpos4 cell.

Photographs (I]) number and description):

(000010 View NW.’-( &cSwJ. ekp.24d bynpptA6L. StAt

1000013 £~S.~f&t bta+~u~~ 3 uf ti.a.4aJMi’ato~ Ski& n.cJahn by ca-t-tse
aMw’rcmt’ ,~Je-~24 ~~,1t4’ c&4taattcte ‘4 ~-‘.j- ‘~-~~-‘ -

/ooølS\fle.w NW e a2aAcwv-~ j~razta~,.tJ Ms~ec SkaJoav.c.Ct~4
~ t$caVa*tfli

ioooo,~~4~ N420tt Slo~o2 4~lXc~swCtSfl

~ 3~ 4~- SE qLaca+~ 44 9/is/oR.
joocoib v;~ SE a~z.a’-e

(cooD?? View SC4to4ot-3ccolr.tn~
1000012 54ocjcpI It jk..~a 4ctiwtt~ 11s’t #Cat waa 9f-cwi weeat 4t

Survey points (ID number and location): y~. ot..wt~ pecsCt4 wtce idt.~tI&~A TI.~ ~.jI ka.
Survt/t.c( 4ur&~t~e ntatf ac—days. Tl~ a,.K(oeo4I~e..o I i4rn.~.t Jo

L0~~jf~on I. 4Iwu,~& Contact fw’ ~ SkSte a~4 (~vutCtnot/ q Iluviel 411 n~41e~ ~ 1.
e~t

L0~0ftei~ 9 Very 4Z~e 3rab,ad soAJdtrv..t,ye(Iuw4&1n~y $o yoyit4 kr.w.i, ohcrwt(. IA -t&a4
t.J 4€

Comments;
tnc’6 t%.. ~fl~A & b..aA4 vk+

fu iL4~1:zi(4J (st4t) sutvtk/ ~uMIs .v~e.Joa~.~j t4t~cJCtnfltt OA.e( ~tla’t.
7S0it1~IC CttAW~Ztt4tt4t WtqtCt w~O cb.cA, wa-w. (4osa~A los),~
dry (4 ~ety cL1 ~i&ovd co6~). At~ o&&vtct

20, ooo y13/1.a~, , tta~ exco~vZL’n bUd he. cL.n~~ ‘k ~
~ 3wa~L6.



Date(continued): O~toL at zg, wo~

— I,
Qs4~a ffi.IO.%t4i’C

heck

Observations/Descriptions of significant geologic features (fractures, joints, weathering
characteristics, lithologic variations, strike/dip, depth of overburden, Mancos Shale
contact, ete):
~ ~ett&ai Ma~na~ 9k2t Le~Le4 kao b4eA~ t~e SUp to-~tta
e,wava4iosi - Co/or 0F ‘t4~~ 6cn.~’I4 c4&t(&yellncnoi a
t4t I i’w.&anLtk~ ccn~~wa~ k~t4a ‘ft i&+y’ I~ +C.a* ~s &(~O1R ‘/~) 6~’niy(s ‘(7/a).

]ka(n’cI#vra intL~ ~kh~Hy of L~L,oMu% S’ tf 9/3/os cn.% S Slupzt.
k’o ol,viovs wa(s*UYC waS seen. flIb way ka.’.c. a. onttt~ 44c.~’.c,o~
c.9CtZtt tc9~* 1~S4 4A-t444 o~CtrvC6i t&€ po** 2 i~io~nt~is.

ose”-e~ 4W’- ~$t SE pat&r≤t&excawa*entLCts4rik~ t4SOUja.44

~ N a4&t .~4e eycavm*i~~.t~c1 ,~eke r4eovJ.
7La~t0(topdC ~zdi~a.ift4a~o” s~J~.( ove.4. mt(uv,~,Iw.#J-tZJ tna4
so+eA /n 44fit~ escavo~~.

ie 4i~ — ..-- ~ w~ 1-2 Wc~ -a

7]u c0-.ctZ6t r~ frp 4 we.~l~S A4a-.-ta~ Sits/a .t..J ove.~ Iyp%t~ sL4-~4 ~.Z&~hS wfl4
.v- 4 lbca+l’d~~o da-j 1~t l’J4Lp*~ w~fr4 Cd - Ona loeaMt,. (9) ant& H

I~tno.n.ivt4)fOflt r.,frt4 so....d_#Sts_bsAatnutif#tLfrk. I
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View ~AJf~JtV 4exL4w-a±~ ~-~-‘~i ..c- s

Vie~ ENE 4 4C-t4pS44 ~~€4.tev~j ~ecttadt.~L~
~ t~iâ 0~ app4&d~v.t ~ Mma.aoSAJt 4wt so .pi

3_ ‘~e( caIora4€an. ‘I. ~eJv ~n-t-~.t

4 btto’4~j ccn~étJ Pkaoe- r ~A.dthc-vt

Survey points (ID number and location): Tv.-e-L-e n~~we-~j ~ tne~tt
~ be.~ surnyecl Nove-~~ 14. a-,4. ía cwtno I t&tS.taL 12.

~ 9 12 - c.-4zt O4~LArtcZtQ≠taI fllo4w-n
5kdta- m~J QuaIeneuy aJ/uv%’(611 ~~itia~4.

S - e~c’~z~ o.(t~ppare~.Lt 507 ~L Ma-ac~a.~ ShaLc~~ ts.j
side sk1-c

Comments: TZ~4 t~a’..o i4. 4~4t&L ~~et&4, ~,lsi* ‘~ +4
q~ ~4~-c6~ (≤4nkc) cvrveypatflt$’~

r°~”r~- efa.w~ctd4ttai uug.aL. .~~C.&OA.. ~
~A Nove.4e.t, a~ dry. i)t t~-zto

cscaivotnt ttrUi ht t,-~ -j.., -q %‘tc~ ~-‘~J~ &ê~

Geologic Characterization of Crescent Junction Cell Excavation

Date: Nove.~ her 13, Zoos Geologist: Craly Caod/c.Q~Czr—
Depth ofExcavation: 20-25 ft BcsAmount ofMaterial Excavated: NA~ ~ p.*-’ Brea,t

Base Map Grid Number(s) acten

Objectives/Activities: cL~4 -R-vn-s~-i w~.te-c.1~€ &r 4’tZn aL,’~ej S sid.sloctxcmvwu..i
b0t&.- .~‘ exctw&t~ ,wb~tCpt~4LtL

~ ~teta.vtaC og’ea rW~wc vi~j equ~~n%a4i.

C4t~~_& espaeef ojntjtet1’j%t4c4’o ~k4~ ~h0~JLa..)
~tafl-tc~J Sa-1 ~t&~- ~tLr~~ 1”~- eLc.4~wtth2n,

I4.~4..t%C t~(Ca~& ~-fl~
cktcrtds2ap enAjA4e expose tk~ ca,&tct

chak i~ o~zt2Xep ~ dant~o..e~ d4mw~t≥ .Ln%44t%a atovt~ *~c N 42e&S lept
~(i-L~- cw-zc&”n. ~L an~ p~e6iy~c- 4S~44 Wat~ ,Ua4, ecp(cw~ thprese.icc

Photographs (ID number and description):
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Date (continued): f’JrJ~.t’4p~ f 3, 20 t ~

Observations/Descriptions of significant geologic features (fractures, joints, weathering
characteristics, lithologic variations, strike/dip, depth of overburden, Mancos Shale
contact, etc): r.w~e44v~n -)4 j~(~-~#4 et~~d4fl

€Xco~df7on tc4-~s not ctettn 40 4’n.Jpwkdoor -

lit I.ntlJJt4t 4f& vI~ct~ni 47 ~ Loc.a4in’ ~‘ 49/s/b? 1& S Lun4
~J ~Zt≤n4aa 4o ha.ctry.

4ee-s~~Z.-~ t€~SWp~ta(.tLt e~co4-.t~- ztWLL4~A p.’—~-’-~-4 A4~w~n Skit ~J
j.~A ,,4J~ a L~S~L~ crnt~t S gt,~iz~-, 4 IocXto~~~ o,ct&a E2Lrt,

e~Ice44nrtG~ N a~Lpt1a~A41oc2t 0-.tu(t~ ]7~~tae/bt44t~i&6
~ tt:i1~catt2tt 4i pteiat &~tQ~dA ~4t~ua.z~ t4 excovrnt,n

ap~v~J~at a~p ea1L 4-c e~t ~4e4%ZZ~t
ly’ t(-taeis.a e~$it

CM R~%t44 4 Loc~a4i~~ I~ Z &c~ 9/a3/ot), a-n ~ ($t~ ~OtO~~R)
soctI~v1°—~( 3-4ftdacf
~i 1h1~rna-n4 vt’~ 4~t~rai\.e4 saaJ4flnt newt ø&..- *& A-a.q eta
Ce(~IE)t~Ob%42t. 7i.a,.ta.&u&4tt~aoav ~ ~~s1~a ~‘ €~I Aa4~

Sketch: .~aot Vi 4 a J~.4.421t~4’rt — -& fi4..we4 SL~ ~..Jt~a- 162.~ bed s.~’ c1ot,~~t~.
;fr.a4zc~(.. Th~ AoIcw..U~.~ ~ )a~itr:c~tro J~~6 un4.t~4 e.%tf ~ Th~ a.J2t

a~ 4. 4lt~Ctd& j.4K ICt. a.ttm 4~ *1t,wtts/scictsv 44cr o~t6t-cfofo,nto j,isa4t~~t Zd fliEd I’U)4%
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Geologic Characterization of Crescent Junction Cell Excavation

Date: fl~yeii3tt P4) 2CC~ Geologist: Crq~ G~dk~j—~,.4 Liz ~iow6ik
Depth ofExcavation: ,W-~$ ft BCSS Amount ofMaterial Excavated: tIA, ao peat 2raøt
Base Map Grid Number(s) anon

Objectives/Activifies
ExewA~qSmAa2~4~sL 9te474~~44LZQ4 ak 47~J

Lea,- o(4&c&~4~~4 cd(1 excAv4M”~
e.trZtZZt er( Maat.catz S Ada bJ~J as)0C41fld~S

421 e)cca~nZZan
jqa4 ~tet~ 4z,o ~-ne~t4t

CL t64- dertns2tzc, L*%ütOnt a~% 14 14 A.L4 S lept
~ , ..~~cea&z~o ‘fttltnioy expkhi lix occurrt.’ice.~ct4es. __

ca~A4~~ e~-~.cLCiZ~ S Me
Photographs (ID number and description):

1000023 View NNt o4 1~ excavA*o,t,5& pew~Ee(aU.
/ z4 ~ SUt&ca. ~‘iiR Itw~o~’i 4~- it-nd ea(c It ?a Io~pc skckpileA bavUe.- 0(d0io~~i4h Is./ I 2-S V(ewE. C fr~OflIEC. sill .Jvc’3rsn4Jh~e.ne,n NEc.nns~ufrccatra*un

f 2~ Via-c’ N 4’ itn1onikc~ 1m4 frZCl 144k (peev?6~?5 t~~~5e)0~ N sick zlo~a.e.
\ J 27 Vita.’ NWsc 545 In M~ncos $h At 10c44f0n Wo€ “/a3los staked is cs.iler ocfruc~uy~.

( Loc.’rfi~’ 3, sfrikt twA cLip M siu~st1~k is NSOVh.nd 9 °I4&,yed&djoinl-(s N4OW7 ‘j 2.9 Lttalin 4, prornfnt..t vertical joint ,SfriIcM5 N?OWteZLZIwit4 5/flufli

1 ~O (sc-a+”un~L.J~ Meo~U..~ 1$NE, verlic.I3.Mrs. N7SW,.
I I ~~ 7Oclln1aJZctoZrvtLc4,’n54.r.,Lt.

I I 3t ~6ew C r~ fr~.. sii+sfn.a~L,~e4 wtt6 s~~1’~t-tL&r f t’i~ov4—.~e IS’
1 ~ View W .1 W-s*ikfs5i’ec*c4I~iot4cda1tAwi4{3y~-5’~M1 beIJinj sMIresN6DW!qwJA;psS’nç

Lot*lion II.

Survey points (ED number and location): Twetv—c- survotj pc~.zt w-a-~o~ t~~tjLf. 7tz~
~ .awwt.ijsd o~ Nav-c.Jai aq ~ ~ lOCfltc.2 I 1tt%.4rL4~ 12.

~ i ~ a - c~-m~e ./ ~v-aazLa1 Mats~c-~ 54~4 a.~4 Qua~na~
SL~W 6)1 ~mJ t~ ~I-&~ W~d~

~3 t4yn~ ia - Strike awLtt3~ of pa4nw~a4t.
.2n Mo-~t&ea SkJt 0t-n~~4

-iL eXca-y~t~.

Comments: Ttz~ ~ ,-f~ $~tJ%, us.nA4 ,~1;42t 4~ -t4
ni

~ jAa4zt%~ (s+&L~ Survey p..c.±~
~eojo~tta~( cta.taZt1atLot24~ ~Lt~ a,J vta-l~wt(sos)
fn to±~- Nrnl4S~t, anJ vesy 4~. Mact.e(14t- extasvo~t L.t0

*~nm-tztiaq. c&.~.sc~” -474ah4~ ~4t~t4~~ir~attea~t~~L ~4O±, t~tt4J.t44~ --

≤~ c.*fli%t4~ TZ4~~t4~n6.r ≠tz-4c~~1 LVC-S14tfl wt11L~p&a.



Date (continued): NavewM.i ~‘h

Observations/Descriptions of significant geologic features (fractures, joints, weathering
characteristics, lithologic variations, strike/dip, depth of overburden, Mancos Shale
contact etc) ~4tL4r2J~d~&p-~4+6t- 30~tA a-’a~t

~Aul &~
oar ~ a ia-a- SE cn~na-1 o~ f&tJtCs~tVfl4?6fl.o≤ad beaaa~~

Mtsc-1~ ojt4e- bej4n& cfl 4&exc~-t,n~..M°~ T~tZt .4~.

0f~,~e4rfr~ by ~r~4ers or 1+ ‘•-~ c.o-vn~ by &

T4-fl to ~4z~o ~4~- s~~Jait Efo~-t g.,t&t i,~4 sj)-ka~ ~..J~
fr a.vJJor keJ44’.ys&4tt~o s~ Ma.nc.o.~ c&a& LvSi~L. -

t~J7°VJ o~2 t~JWo~ciwe.an~’( ~t& 5141
0q~J-Gvw~s4oIr

.a,tt...wrn.t ckon

~ J.~- ~w~sitag~&& ~ I
qIIuvf.t( ~2Z..LJ_ t~J0 aJ.Ltioi~a/

14 ~
y;;r(eJcpasec(

At7.a.ttdpcv~t cr(’nfa 4fl4-l s~de ~slcj*a~, 2.4 9/23/02 ~ 4

~&...~ g 4 ‘11/13/02. 71s~~4A-a 4-a a 5a~ .c.~.-41tMa~ø.cm~ Sk.4~
6~tc( 4 dak~~~Zt~. I ~-aaZC.e- La a≠paó 4-.-±~~- N sfJa ~ (opt ~t2?W% 4&4’Afl A-d.4 $ afl2a~t.1%

Sketch: .~ a etj*z% ~z~.c446t~4a-~.
fl~a.. j4t~s~ ~ t~ t.tLt vtci fLot~44~ t.j~/~fot~ S sSac~c~c w-~6

~ a -a *ttsiaA 4-n ~
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Appendix B

Survey Locations, Coordinates, and Elevations
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Figure B—I. Map of Survey Locations for the Excavation
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Table B—I. Survey Location Coordinates and Elevation

Survey
Location Date Northinga Eastinga Elevatlonb
and Number

Located on August 26, 2008, Site Visit
8/26/2008 #1 6794202.42 2122318 4937.69
8/26/2008 #2 6794217.32 2122299 4945.32
8/26/2008 #3 6794280.5 2122296 4944.64
8/26/2008 #4 6794316.27 2122296 4942.78
8/26/2008 #5 6794387.06 2122289 4944.37
8/26/2008 #8 6794447.84 2122278 4947.76
8/26/2008 #7 6794397.22 2122312 4932.99
8/26/2008 #8 6794503.9 2122277 4946.96
8/26/2008 #9 6794585.37 2122271 4947.68
8/26/2008 #10 6794654.1 2122265 4947.87
8/26/2008 #11 6794726.79 2122259 4948.08

Located on September 3, 2008, Site Visit
9/3/2008 #1 6794185.5 2122467 4950.57
9/3/2008 #2 6794186.37 2122510 4952.79
9/3/2008 #3 6794197.99 2122562 4949.68
9/3/2008 #4 6794214.91 2122621 4945.09
9/3/2008 #5 6794216 2122672 4947.11
9/3/2008 #6 6794219.27 2122708 4947.83
9/3/2008 #7 6794229.93 2122771 4945.64
9/3/2008 #8 6794245.19 2122833 4941.76
9/3/2008 #9 6794247.56 2122899 4944.33
9/3/2008 #10 6794255.13 2122954 4943.36

9/3/2008 #11 6794259.34 2123011 4944.46
Located on September 23, 2008, Site Visit

9/23/2008 #1 6795954.248 2122678 4971.686
9/23/2008 #2 6795958.389 2122694 4972.525
9/23/2008 #3 6795973.473 2122680 4980.044
9/23/2008 #4 6795970.858 2122744 4975.172
9/23/2008 #5 6795980.301 2122794 4977.028
9/23/2008 #6 6795989.163 2122880 4976.431
9/23/2008#7 6795985.172 2122915 4972.614
9/23/2008 #8 6795990.248 2123231 4972.426

Located on October 9, 2008, Site Visit
10/9/2008 #1 6795909.734 2123244 4972.736
I 0/9/2008 #2 6795281.275 2123309 4955.852
10/9/2008 #3 6795162.332 2123321 4951 .973
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Table B—I. Survey Location Coordinates and Elevation (Continued)

Survey
Location Date Northinga Eastinga Elevationb
and Number

Located on October 28, 2008, Site Visit
1012812008 #1 6794519.303 2123399 4945.713
1012812008 #2 6794447.779 2123407 4945.065
10/28/2008 #3 6794835.501 2123357 4946.102
10/28/2008 #4 6794902.211 2123349 4946.679
10/28/2008 #5 6794967.642 2123341 4947.169
10/28/2008 #6 6795987.901 2122913 4973.917
10/28/2008 #7 6795987.899 2122979 4970.623
10/28/2008 #8 6795986.788 2123021 4968.048
10/2812008 #9 6795926.655 2122392 4974.54
10/28/2008 #10 6795910.53 2122282 4972.882

Located on November 13, 2008, Site Visit
11/13/2008 #1 6794310.946 2123377 4939.887
11/1312008 #2 6794302.625 2123239 4936.986
11/13/2008 #3 6795136.911 2123326 4951.568
11/13/2008 #4 6795233.578 2123319 4955.474
11/13/2008 #5 6795399.373 2123287 4954.419
11/13/2008 #6 6795584.781 2123274 4961.423
11/13/2008 #7 6796007.122 2123146 4970.285
11/1312008 #8 6795938.877 2122550 4970.743
11/13/2008 #9 6795497.374 2122175 4963.336
11/13/2008 #10 6795129.859 2122219 4953.745
11/13/2008 #11 6795060.2 2122227 4951.653
11/13/2008 #12 6795281.808 2122198 4958.326

Located on November 24, 2008, Site Visit
11/2412008 #1 6794823.826 2122250 4948.871
11124/2008 #2 6794934.862 2122239 4950.545
11/24/2008 #3 6795093.019 2122603 4946.53
11/2412008 #4 6795812.299 2122292 4964.202
11/24/2008 #5 6795624.381 2123042 4957.01
11/2412008 #6 6795344.5 2122850 4951.597
11/2412008 #7 6795040.423 2122892 4944.51
11/24/2008 #8 6794872.191 2122938 4940.486
11/24/2008 #9 6794787.356 2122948 4938.398
11/24/2008 #10 6794608.819 2123010 4934.219
11/2412008 #11 6794355.488 2122434 4930.248
11/24/2008 #12 6794475.557 2122510 4932.58

a In feet, Modified State Plane Coordinate System, Utah Central NAD 27
Li Feet above mean sea level
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Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 1 

 

Observations: Sandy silt layer, some clay mottles, small clasts of limestone, seems to be a continuous 
layer approximately 4 ft wide, approximately 10 ft below the original grade, gypsum crystals.  Clasts up to 
1/2 in.  No bedding present, possible eolian origin. 10 YR 4/4 (dark yellowish brown).   

 

Photographs (ID number and description): 

1: Silty Sand 

2: Continuous layer on south cut face below berm 

3: Looking west at layer 

4: Looking east at layer 

 

Survey Points (ID number and description): 

Northing: 6794364 

Easting: 2123940 

Measured Elevation: 4943.2 ft 

 

 

Comments: This face has some rilling, weathering, deposition, and vegetation growth 

 

 

 

 

 

 



 

Photograph1  

 

Photograph 2 



 

Photograph 3 

 

Photograph 4 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 2 

 

Observations: Layer approximately 3 ft above Location 1.  Silt.  Trace of fine grained sand.  Some 
gypsum crystals present, 10 YR 5/2 (grayish brown).  Approximately 5 ft below original grade.  Siltstone 
clasts up to 1-in.  Homogeneous.  

 

Photographs (ID number and description): 

5: Silt layer 

6: Looking east at silt layer 

 

Survey Points (ID number and description): 

Northing: 6794368 

Easting: 2124001 

Measured Elevation: 4945.0 ft 

 

 

Comments: Weathered face, some vegetation, rilling present. 

 

 

 

 

 

 

 

 



 

Photograph 5 

 

Photograph 6 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 3 

 

Observations: Angular clasts, more sand, 10 YR 5/4 (yellowish brown), gypsum nodules present, 
angular fragments of sandstone and shale up to 2-in.  Forms a ledge and then a slope on the face of the 
excavation.  Approximately 20 ft below original grade.  Rilling is abundant in this layer.  Sandy silt, 
medium grained sand, 3-5% clasts.  

 

Photographs (ID number and description): 

7: Looking east at more resistant layer below location 1, approximately 100 ft down to the east. 

8: Rilling/clasts 

9: Rilling, looking east 

 

Survey Points (ID number and description): 

Northing: 6794385 

Easting: 2124045 

Measured Elevation: 4938.4 ft 

 

 

Comments: Vegetation, more significant rilling, change in slope profile. 

 

 

 

 

 

 

 



 

Photograph 7 

 

Photograph 8 



 

Photograph 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 4 

 

Observations: Fissile, breaks into small, angular fragments.  Gypsum crystals present, increase in 
siltstone and sandstone clasts up to 1 cm.  Approximately 25 ft from grade.  Subangular clasts up to 7-in. 
Possible start of wewathered Mancos 10 YR 5/3 (brown).  

 

Photographs (ID number and description): 

10: Silty sand 

11: Silty sand layer, looking east 

 

Survey Points (ID number and description): 

Northing: 6794400 

Easting: 2124088 

Measured Elevation: 4933 ft 

 

 

Comments: Slope forms a slightly more resistant break, many pebbles, rilling present, not as much 
vegetation growth. 

 

 

 

 

 

 

 

 



 

Photograph 10 

 

Photograph 11 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 5 

 

Observations: Bedding noted, weathered shale, angular clasts, fissile, gypsum layers up to ¼” thick, 
limonitic stating present, clasts up to 2-in., 10 YR 6/3 (pale brown).  Too weathered for bedding 
measurement.  Increase in clay. 

 

Photographs (ID number and description): 

12: Bedding 

13: Bedding 

 

Survey Points (ID number and description): 

Northing: 6794409 

Easting: 2124132 

Measured Elevation: 4931.4 ft 

 

 

Comments: Bedding noted, less rilling. 

 

 

 

 

 

 

 

 



 

Photograph 12 

 

Photograph 13 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 6 

 

Observations: More competent shale, limonitic staining, angular clasts of shale, gypsum nodules, more 
homogeneous.  Approximately 3 ft from cell floor.  10 YR 5/2 (grayish brown).  Dense bedding planes.  
Moderately weathered.   

 

Photographs (ID number and description): 

14: Bedding 

15: Bedding 

16: Ledge looking east 

 

Survey Points (ID number and description): 

Northing: 6794425 

Easting: 2124216 

Measured Elevation: 4928 ft 

 

 

Comments: Near cell floor, forms a ledge in the slope. 

 

 

 

 

 

 

 



 

Photograph 14 

 

Photograph 15 



 

Photograph 16 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 7 

 

Observations: More compentent bedding, less weathered than location 6.  Calcite noted on bedding 
planes, N55W, 10NE is the general strike and dip of bedding.  Bedding is slightly undulating.  Gley 1 
4/10Y (dark greenish gray), fissile.   

 

Photographs (ID number and description): 

17: Bedding plane 

18: Bedding plane 

19: South face 

20: South face looking east 

 

Survey Points (ID number and description): 

Northing: 6794435 

Easting: 2124326 

Measured Elevation: 4929.1 ft 

 

 

Comments: Approximately 4-5 ft from cell floor, note that shale alluvium interface is higher in elevation in 
the SE corner of the Phase II cell.  

 

 

 

 

 

 



 

Photograph 17 

 

Photograph 18 



 

Photograph 19 

 

Photograph 20 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 8 

 

Observations: Note that the red lens increases in elevation and tapers out at this location, which is near 
natural grade. 

 

Photographs (ID number and description): 

21: Red lens 

 

Survey Points (ID number and description): 

Northing: 6794391 

Easting: 2124313 

Measured Elevation: 4950.1 ft 

 

 

Comments: N/A 

 

 

 

 

 

 

 

 

 

 



 

Photograph 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 9 

 

Observations: Contact of weathered Mancos Shale with alluvium.  Note the higher elevation of this 
contact in the southeast corner of the Phase II cell.  Limonitic staining present.   

 

Photographs (ID number and description): 

22: Mancos Shale in the southeast corner of the cell 

 

Survey Points (ID number and description): 

Northing: 6794413 

Easting: 2124339 

Measured Elevation: 4940.8.1 ft 

 

 

Comments: N/A 

 

 

 

 

 

 

 

 

 

 



 

Photograph 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 10 

 

Observations: Located on cell floor.  Bedded, limonitic stained Mancos Shale.  Bedding ½-2-in. thick.  
10YR 4/4 (dark yellowish brown). Bedding is N40W 3NE, possible black organics in bedding, calcite is 
present.   

 

Photographs (ID number and description): 

23: Bedding in Mancos Shale on cell floor looking east. 

24: Cell floor bedding, view is to the east. 

 

Survey Points (ID number and description): 

Northing: 6794476 

Easting: 2124313 

Measured Elevation: 4926.2.1 ft 

 

 

Comments: Isolated area of limonitic staining. 

 

 

 

 

 

 

 

 



 

Photograph 23 

 

Photograph 24 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 11 

 

Observations: Moderately weathered shale, very fissile, wavy, irregular bedding.  Bedding is 
approximately ¼ to 1-in. thick.  Approximately 3-4 ft from cell floor.  Limonitic staining, calcite on some 
bedding planes. Gley1 10Y/3 (very dark greenish gray). 

 

Photographs (ID number and description): 

25: Fissile bedding looking south. 

 

Survey Points (ID number and description): 

Northing: 6794549 

Easting: 2124435 

Measured Elevation: 4929.5.1 ft 

 

 

Comments: Forms a slope.   

 

 

 

 

 

 

 

 

 



 

Photograph 25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 12 

 

Observations: Highly weathered shale, very fissile.  Abundant limonitic staining on bedding planes.  
Breaks into sheets, no apparent bedding orientation.  This layer seems higher in elevation than in the 
south face. 

 

Photographs (ID number and description): 

26: Shale 

27: Looking at the south face of the cell 

28: Looking at the south face of the cell 

29: Looking at the south face of the cell, facing west 

 

Survey Points (ID number and description): 

Northing: 6794662 

Easting: 2124450 

Measured Elevation: 4941.6 ft 

 

 

Comments: No vegetation, less erosion, more shale outcropping.  Looks like the east face is nearly all 
weathered shale.   

 

 

 

 



 

Photograph 26 

 

Photograph 27 



 

Photograph 28 

 

Photograph 29 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 13 

 

Observations: Limonitic staining, bedding plane dipping more steeply, N40W 25NE, continuous on to 
cell floor approximately 15 ft.  

 

Photographs (ID number and description): 

30: Bedding 

31: Close up of bedding 

32: Cell floor 

 

Survey Points (ID number and description): 

Northing: 6794771 

Easting: 2124406 

Measured Elevation: 4934.3 ft 

 

 

Comments: N/A 

 

 

 

 

 

 

 

 



 

Photograph 30 

 

Photograph 31 



 

Photograph 32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 14 

 

Observations: Weathered Mancos Shale, more angular, less fissile, more clay.  Angular muscovite 
flakes are prominent.  10YR 5/2 (grayish brown).  Mottled light gray and orange, gypsum nodules are 
present. 

 

Photographs (ID number and description): 

33: Location 14 

 

Survey Points (ID number and description): 

Northing: 6795097 

Easting: 2124386 

Measured Elevation: 4945.9 ft 

 

 

Comments: No vegetation, less erosion, seems more compacted, possibly from truck traffic 

 

 

 

 

 

 

 

 

 



 

Photograph 33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 15 

 

Observations: Fissile, moderately weathered shale, limonitic staining, thin bedding, breaks into sheets, 
calcite noted on bedding places, thin interbedded gypsum layers, pyrite coatings.  Bedding is N20@ 10 
NE. 10YR 5/2 (grayish brown).  

 

Photographs (ID number and description): 

34: Bedding 

 

Survey Points (ID number and description): 

Northing: 6795362 

Easting: 2124354 

Measured Elevation: 4949.5 ft 

 

 

Comments: Note weathered Mancos Shale to near 25 ft from cell floor. 

 

 

 

 

 

 

 

 

 



 

Photograph 34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 16 

 

Observations: Mancos shale on cell floor, gypsum coating, more massive than bedded, mottled red and 
yellow.  10YR 4/2 (dark grayish brown). 

 

Photographs (ID number and description): 

35: Cell floor looking east 

 

Survey Points (ID number and description): 

Northing: 6795581 

Easting: 2124301 

Measured Elevation: 4951.4 ft 

 

 

Comments: N/A 

 

 

 

 

 

 

 

 

 

 



 

Photograph 35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 17 

 

Observations: Cell floor, Mancos Shale, limonitic staining, bedding present, bedding planes up to 2-in. 
thick.  N55W 4NE.  Pyrite coatings, some possible organics. 

 

Photographs (ID number and description): 

36: Bedding looking east 

37: Bedding looking east 

38: North cell wall 

39: North cell wall 

 

Survey Points (ID number and description): 

Northing: 6795932 

Easting: 2124185 

Measured Elevation: 4959.8 ft 

 

 

Comments: N/A 

 

 

 

 

 

 

 



 

Photograph 36 

 

Photograph 37 



 

Photograph 38 

 

Photograph 39 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 18 

 

Observations: Bed of Mancos Shale, abundant gypsum precipitation along fractures, more angular, less 
fissile.  Mottled black and yellow.  Clay present.  10RY 4/2 (dark grayish brown).  Approximately 10 ft from 
cell floor.  Pyrite coatings and calcite nodules present along bedding planes. 

 

Photographs (ID number and description): 

40: Bedding plane with gypsum 

41: Calcite nodules 

42: Calcite nodules 

43: View from a distance, looking north 

 

Survey Points (ID number and description): 

Northing: 6796120 

Easting: 2124082 

Measured Elevation: 4971.1 ft 

 

 

Comments: More resistant, forms a ledge. 

 

 

 

 

 

 



 

Photograph 40 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 19 

 

Observations: Small siltstone layer within weathered shale.  Abundant gypsum nodules, fine grained, no 
apparent bedding.  Approximately 15 ft below original grade, This unit is a lens with medium grained 
sandstone clasts up to 3-in.  The entire lens is approximately 5 ft wide and 30 ft long. 10YR 5/4 (yellowish 
brown).  

 

Photographs (ID number and description): 

44: Siltstone 

45: View from a distance facing north. 

 

Survey Points (ID number and description): 

Northing: 6796120 

Easting: 2123959 

Measured Elevation: 4977.9 ft 

 

 

Comments: No vegetation, highly compacted.  

 

 

 

 

 

 

 

 



 

Photograph 44 

 

Photograph 45 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 20 

 

Observations: Slightly weathered Mancos Shale, bedding up to 2-in. thick, abundant gypsum coatings, 
limonite staining, pyrite, fissile calcite veins on bedding faces.  N50W, 4NE.  10YR 4/2 (dark grayish 
brown).  

 

Photographs (ID number and description): 

46: Bedding, facing north. 

 

Survey Points (ID number and description): 

Northing: 6796083 

Easting: 2123859 

Measured Elevation: 4965.9 ft 

 

 

Comments: N/A 

 

 

 

 

 

 

 

 

 



 

Photograph 46 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 21 

 

Observations: Massive Mancos Shale.  Some yellow mottling, angular, more massive bedding.  This 
area is very compacted from truck traffic in the cell.  10YR 5/2 (grayish brown). 

 

 

 

Photographs (ID number and description):  

47: Location 21, view is to the east. 

. 

 

Survey Points (ID number and description): 

Northing: 6795994 

Easting: 2123755 

Measured Elevation: 4962.7 ft 

 

 

 

Comments: N/A 

 

 

 

 

 

 



 

Photograph 47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 22 

 

Observations: Mancos Shale, massive, some yellow mottling, very compacted in this location. 

 

 

 

Photographs (ID number and description):  

48: Location 48, looking east. 

. 

 

Survey Points (ID number and description): 

Northing: 6795781 

Easting: 2123841 

Measured Elevation: 4957.5 ft 

 

 

 

Comments: N/A 

 

 

 

 

 

 

 



 

Photograph 48 

 

 

 

 

 

 

 

 

 

 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 23 

 

Observations: Mancos Shale, fissile, calcite coatings, few limonite stains, no bedding planes noted.  
Gley1 10/4Y (dark greenish gray). 

 

 

 

Photographs (ID number and description):  

49: Location 23, looking southeast 

50: North wall of cell 

51: North wall of cell 

52: North wall of cell 

. 

 

Survey Points (ID number and description): 

Northing: 6795514 

Easting: 2123848 

Measured Elevation: 4951.4 ft 

 

 

 

Comments: N/A 

 

 

 



 

Photograph 49 

 

Photograph 50 



 

Photograph 51 

 

Photograph 52 

 

 

 



Geologic Characterization of Crescent Junction Cell Excavation 

Phase II 

 

  Date:        4/20/12                    Geologist:   Moran/Udovitsch                    Location Number: 24 

 

Observations: Mancos Shale, massive bedding, mottled yellow and black, gypsum coatings, no bedding 
present. Gley 1 4/10Y (dark greenish gray). 

 

 

 

Photographs (ID number and description):  

53: Location 24, looking southeast 

54: Close up of location 24 

55: Cell floor 

 

 

Survey Points (ID number and description): 

Northing: 6795062 

Easting: 2124175 

Measured Elevation: 4940 ft 

 

 

 

Comments: N/A 

 

 

 

 



 

Photograph 53 

 

Photograph 54 



 

Photograph 55 



 
                                         

Moab UMTRA Project 
 
 
 
 

2021 N. Hwy 191  Moab, UT 84532 
435-719-2800  Fax: 435-259-4893  www.energysolutions.com 

February 1, 2012 
 
 
 
 
 
To Whom It May Concern: 
 
 
The disposal cell was excavated from March to November of 2008.  The excavation was 
monitored by surveyors from Johansson and Tuttle with oversight from EnergySolutions 
personnel.  The final parameters and depth of the cell was surveyed by Johansson and 
Tuttle and this survey was sent to Jacobs Engineering.  Jacobs Engineering overlaid the 
design drawings with the survey data.  A discrepancy of 968 cubic yards was noted.  See 
the following email of the approval of Jacobs Engineering Cell Conformance. 
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