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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 | 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 thereafier. Afier 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 1 excavation was at final grade.

Investigative activities during each visit included:

e Determining the location of the contact of the unconsolidated Quaternary material and the
top of weathered Mancos Shale bedrock on the excavation side slopes:

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

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

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

1.1  Data Collection and 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—1. Survey locations shown are numbered sequentially for the
date of the visit.

Geologic features observed and measured in the Phase | 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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Figure 2. View North of Contact of Weathered Mancos Shale Badrock and Coarse Clasts in Overlying
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Figure 3. Moist Area Around Lacation 8 (al the Short Slake) of September 3 on the Scuth Side Slope
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Figure 4. Reddish Ealian Material Overlying Weatherad Mancos Shale Bedrock at Location 6 of
September 3 on the South Side Siope

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 Quaternary 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 | 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.

Geologie Characterization 5.0, Sioller
Page & December 2008



0002 e
7] = W15 ”
c 0211 &1 0026 i ;

7L Ln
14
A\ 1
i ] 10 2 4gT3.T,
\ 10 8
14 12 S5TT.028
\ 457543
4380044 \STEY T2 =
0009 i
(= [
T1Ed .f L R : | I 0037
[ e A y 0097 1 3
L il IR .
¥ ] 1 1 F ~ \ i ] i
14 r Lt “o i !
v A i
F r 1 I - \ ]
s P T - =4 LI i I
o £ Lp # %oues a
1 LI |
F ¥ [ | 1 | 1
-14 7 v T v X by 1
‘ ¢ P 1 ! - '
P ’ PR i I 33 3 ]
. ’ = A 0204 B -
/ E g o @ SO O e ’
t I.‘ ' { : L g b5 I
= 1 % — ] I I I |
0003 1 5\ ,.DG*II:I II v I I 'D.'_I1IB I I
L ‘\ "a'.l \ ‘1‘ : I ] : !.'.=; I 1!5 1
4363.336m LT T 1 Iy 1 ;
213 ey by ' 0028
, TR T T I i 1 \
N\ % / i i
e 3 v ) g \ .
\ A A £ g 1 \
‘I. e Y T i og2n .l \
g L R o A B o SR
i i ! i
\ i it 9 I \
1 i
» -y % I i " 1 X
A L Fa
4958.326m | I II II. i‘ ~4 §e el 'lIIL \‘ 5853
| I 1
i ] 1 ~ [
\ ' ‘1 "1. 3 o \ Smm— - m 4955474
4 12 1 & Thee” F XA ;
f ] LY 1 %
\ Voot ! \ i i s = m 4358873
=0 J001E N - 854,568
4993 795m | y i 1 i ~ - e - =Tl 4851
[ L] ! 1 1 b} ~ , ) m*'g, = :
i \ . ! -
951,653 ! ‘n. \ 5 ¥ 8 ' ! P ki
A ] S LY
"‘ I \ 14 16
1 1 i \ el
! 1 1 \ 0152
| 1 ¥ B 4847,169
i i X
[ \ Sy
] 4040 e S46.675
i
i
B 4mE 102 16
%

oood
14
i T
Fs
-
’
|
g,
!
' L] %
[ \
]
lym il \ ... lm_?;‘f'ld'\ x
: ! ] o041 [
A0 ass4, , R 4835887
/s 1( A041.76 45::.35 anda de \ \
wirE\n e
ma = .64
. . rﬁﬁ-
8 10 12
] i “
B 6 |
: 1 . 2 I
. 0208
IJ'I_:IE.. 0032 oo
434532 Survey Location and Contact Elevation
B ft. above mean sea level)
¢ Geotechnical Hole
. TestPi N toller
& Well
Dapth To Bedrock Contour
= = 2t Interval (Inside Excavation) : Depth to _Bedr[:rr.‘:k Contour Map .
21 Interval (Outside Excavation) R Crescent Junction Disposal Cell Excavation
200 100 o 200 Phase |
Approximate Position of Top and 1 .
Bottom of East Side Slope DATE: FILEHAME.
TOROTR COMT AT ST P December 29, 2008 BedrockDepth
Map Document. (H:\Energy SolutionsiG._Jct supportvals Projects\CellExcavation_Phasel BedrockDepth.mxd)
12126972008 — 21611 PM
Figure 5. Depth to Bedrock
Geologic Characterizalion
Page 7

S.M. Stoller
December 2008



This page intentionally left blank

Geologic Characterization S5.M. Stoller
Page & December 2008



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,”
Attachment 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).

Flgure 6. Abundant White Gypsum (Satin Spar) Along Joints and Bedding Surfaces in Weathered
Mancos Shale on Excavalion 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 (10YR 6/6) color. Resistant concretionary masses are
subrounded, as much as 6 inches thick, and as much as 2 fi 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.

5.M. Swller Gieologic Characlerization
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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 fi 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 sandsione. 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 deseribed 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.

=, G AF - LA s, : fo e

Figure 7. Fainlly Rippled Bedding Surface in Sillstone Bed with Vertical Joint Striking N75W at Localion 5
of November 24 in the Northeast Floor of Excavation
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Figure 8. Limanitic Sitstone and Very Fine Grained Sandstone Bed on North Side Slope Near Northeast
Corner of Excavation

Figure 9, Very Fine Grained Limonitic Sandstone Bed About 6 Inches Thick Near Center of North Side
Slope of Excavation
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Figure 10. Dense Dolomitic Limestone Bed Near the Center of the North Side Slope at Location 1 of
September 23

Figura 11. Stockpiied Dolomitic Limestone as Much as 3 Ft Thick Encountered During Initial Excavation
Inta Bedrock South of Location 1 of Septermber 23
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Figure 14. In the Southwest Corner of the Excavation, Bedding Surface Strikes N50W and Dips 6
Degreas Northeast and Prominent Vertical Joint Strikes N57TW

Figure 15 Bedding Surface Strikas N6OW and Dips 15 Degrees Northeast in Limonitic Siltstone Bed at
Location & of November 24
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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 of N20W. 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 fi 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.

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 Novembar 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,

Geologic Chareterization 5.M. Stoller
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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 N60OW 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-Stiiking Vertical Joint System Spﬂced'ﬂbaur 1 fo 2 Ft Apart with Gypsum Caalings at
Location 11 of November 24

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 fit 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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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.

e 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.

e 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
August 26, 2008

September 3, 2008
Seplember 23, 2008
Oclober 8, 2008
October 28, 2008
Navember 13, 2008
November 24, 2008
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Geologic Characterization of Crescent Junction Cell Excavation
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Geologic Characterization of Crescent Junction Cell Excavation
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Geologic Characterization of Crescent Junction Cell Excavation
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Geologic Characterization of Crescent Junetion Cell Excavation
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Geologic Characterization of Crescent Junction Cell Excavation

Date: Novewber |3,2008 Geologist:  Crelg Goodlentylot—
Depth of Excavation: 20-25 £+ B¢s Amount of Material Excavated! NA, as prn Brewt-
Base Map Grid Number(s) welerson
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Date (continued): Nﬂ,‘.w 13, 2.Ian 8

Observations/Descriptions of significant geologic features (fractures, joints, weathering
characteristics, lithologic variations, strike/dip, depth of overburden, Mancos Shale
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Geologic Characterization of Crescent Junction Cell Excavation

Date: Npvember 24, 2008 Geologist: Craig Goeclknight avel Liz Glowiak
Depth of Excavation: 20-25 £+ B65 Amount of Material Excavated: NA, as per Bresd
Base Map Grid Number(s) Andersen
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Date (continued): N avewbea 2, 2008

Observations/Descriptions of significant geologic features (fractures, joints, weathering
characteristics, lithologic variatmns. strike/dip, depth of overburden, Mancos Shale
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Appendix B

Survey Locations, Coordinates, and Elevations
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Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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



Photographl

Photograph 2



Photograph 3

Photograph 4



Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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.
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Photograph 6



Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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 Il

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 11



Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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

Observations: Bedding noted, weathered shale, angular clasts, fissile, gypsum layers up to %" 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.
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Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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 15
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Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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 Il cell.



Photograph 17

Photograph 18



Photograph 19

Photograph 20



Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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 Il

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 Il 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 Il

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

Observations: Located on cell floor. Bedded, limonitic stained Mancos Shale. Bedding ¥2-2-in. thick.
10YR 4/4 (dark yellowish brown). Bedding is NAOW 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 Il

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

Observations: Moderately weathered shale, very fissile, wavy, irregular bedding. Bedding is
approximately ¥ to 1-in. thick. Approximately 3-4 ft from cell floor. Limonitic staining, calcite on some
bedding planes. Gleyl 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 Il

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 Il

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

Observations: Limonitic staining, bedding plane dipping more steeply, NAOW 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 31



Photograph 32



Geologic Characterization of Crescent Junction Cell Excavation

Phase Il

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 Il

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 Il

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 Il

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 Il

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 Il

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 Il

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 Il

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 Il

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 Il

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

Observations: Mancos Shale, fissile, calcite coatings, few limonite stains, no bedding planes noted.
Gleyl 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 Il

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 54



Photograph 55
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ENERGYSOLUTIONS

Moab UMTRA Project

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.

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