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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor
identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of Crescent Junction,
Utah, as a possible site for final disposal of the Moab uranium mill tailings. The proposed disposal cell
would cover approximately 250 acres. Based on the preliminary site-selection process, the suitability of
the Crescent Junction Disposal Site is being evaluated from several technical aspects, including
geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical. The objective of this
calculation set is to present a compilation and comparison of all logs related to the ten coreholes drilled at
the Crescent Junction Disposal Site.

These data will be incorporated into Attachment 5 of the Remedial Action Plan and Site Design for
Stabilization of Moab Title | Uranium Mill Tailings at Crescent Junction, Utah, Site (RAP) and summarized
in appropriate sections of the Remedial Action Selection Report (RAS) for the Moab Site.

Method of Solution:

Ten coreholes (0201 through 0210) were drilled to depths of approximately 300 feet (ft) into the Mancos
Shale between September and December 2005 at the Crescent Junction Disposal Site (Figure 1). Soil and
core (rock) samples were logged in the field. Soil was described by the Unified Soil Classification System
and by the Munsell Soil Color Charts. The lithology of the core was described and color was classified by
use of the Rock Color Chart. Field logs were digitized and standardized using the gINT computer software
program (see the “Corehole Logs” calculation in RAP Attachment 5, Vol. I, Appendix A).
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Figure 1. Location of Deep Coreholes at the Crescent Junction Site

Geophysical logging of the ten coreholes at the Crescent Junction Disposal Site was performed by
COLOG (2006) during December 2005 (see the “Geophysical Logs” calculation in RAP Attachment 5,
Vol. I, Appendix C), and included an optical and acoustic televiewer, compensated density, neutron,
gamma, caliper, and induction tools.
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The objectives of the geophysical investigation were to: (1) identify relative shale or clay content, (2)
identify dip and dip-direction of bedding, (3) identify dip and dip-direction of fractures, (4) establish rock
quality designation (RQD) values, and (5) identify relative moisture content or water saturation.

Assumptions:
Not applicable.
Calculation:
Not applicable.
Discussion:

All of the logs generated during the field investigation are accessible as plates in Appendix A of this
calculation (one for each corehole), correlated by depth and elevation. Lithological descriptions are based on
logging of the core in the field and later digitizing the information using the gINT computer software program.

Descriptions of the various geophysical logs and interpretive uses are discussed in the COLOG (2006)
geophysical report. Geophysical logging results are also presented in that report for each corehole
logged. The geophysical logs on the attached plates are generally used as follows:

o The optical televiewer is based on direct optical observation of the borehole wall face. Precise
measurements of dip angle and direction of bedding and joint planes, along with other geological
analyses, are possible in both air and clear fluid filled boreholes.

e The acoustic televiewer is used below fluid level and provides a detailed, oriented image of acoustic
reflections from the borehole wall.

e The caliper log represents the average borehole diameter determined by the extension of three
spring-loaded arms.

e The principle behind density logging is the detection of Compton-scattered gamma rays that originate
from a small radioactive source housed in the probe. The intensity of the radiation reflected back to
the detectors is primarily a function of the bulk density of the media in which the gamma rays are
introduced and scattered.

e High-energy neutrons generated by a radioactive source housed in the probe interact with the media
surrounding the probe, including the borehole fluid and formation. The neutron count rate can be
related to total water content surrounding the tool. Because total water content in a saturated
formation is affected by clay content, lower neutron count rates are associated with higher clay
content.

e The induction resistivity measurement is made by using a magnetic field to induce electric current in
the material being surveyed. The magnitude of these electric currents is proportional to the
conductivity of the media being measured.

e The natural gamma log provides a measurement recorded in counts per second, which is proportional
to the natural radioactivity of the formation. This log is used principally for lithologic identification and
stratigraphic correlation, with a depth of investigation typically 10 to 12 inches.

e The RQD gives a quantitative classification of rock mass solidarity related to the amount of fracturing.

Identification and correlation of geologic units on the plates are based on interpretation of varying factors
and predominant features on several of the logs.

Conclusion and Recommendations:
Not applicable.
Computer Source:

Not applicable.
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Appendix A

Log Composites CRJ01-0201 Through CRJ01-0210
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Lithological Description

0-4.0 ft. SILT (ML); pale brown (10YR 6/3) with up to 10% siltstone and sandstone
rock fragments. Mostly alluvial mud derived from sheet wash. Less than 10% very
fine grained sand, highly calcareous.

Lithologic

CRJ01-0201

Symbol

Rock Quality Designation

(RQD)

20 40 60 80 100

Near Spaced Density
glcc
21 22 23 24 25 26 27 28 29
Far Spaced Density
glcc
2.5

21 22 23 24 26 27 28 29

Deep Induction Resistivity
(Ohm-m)
12 3 4 5 6 7 8 9 10 11 12 13 14
Neutron In Air
(CPS)
2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400

Neutron in Fluid

910 970 1030 1090 1150 1210 1270 1330 1390 1450 1510 1570 1630 1690

Depth (ft)
0

4.0-4.5 ft. SILTY SAND (SM); moderately calcareous, mottled, very pale brown

(10YR 7/4) and yellow (10YR 7/8).
4.5-5.0 ft. SANDSTONE; very fine grained rock fragment, yellowish gray (5Y 8/1),

slightly calcareous.
5.0-14.0 ft. WEATHERED MANCOS SHALE BEDROCK: 5.0-9.0 ft. highly weathered
silty shale, soft, mottled, from light gray (N7) to dark yellowish orange (10YR 6/6), with

~5% white gypsum and calcite crystals and masses, moderately calcareous.

9.0-12.0 ft. silty shale moderately weathered, layered, yellowish gray (5Y7/2),
moderately calcareous, several % small white masses of gypsum.

10.5-11.0 ft. thin layer of siltstone that is highly calcareous and dark yellowish

orange (10YR 6/6). 7
_ 125140 ft. shale becomes increasingly hard and less weathered. _ -
14.0-14.5 ft. Blow refusal @ 14.3 ft. No Recovery.

14.5-301.0 ft. MANCOS SHALE:
14.5-29.0 ft. mostly siltstone, light olive gray (5Y 5/2) wavy bedding, black

surfaces on some bedding is framboidal pyrite, slightly weathered, mostly horizontal
bedding plane fractures spaced 0.2 to 0.3 ft. apart. Inclined fracture (~45

Optical

Televiewer

degrees) @ 16.0 ft. with white gypsum and calcite. Thin clayey zone at ~16.5 ft.

17.9-22.0 ft. layer of abundant burrows filled with limonitic-colored, dark yellowish

orange (10YR 6/6) material, trace white calcite and gypsum. Horizontal fracturing

more abundant at spacings of 0.1 ft or less.

22.0-27.0 ft. slightly weathered, mostly siltstone, wavy bedded to bioturbated,

abundant horizontal fractures spaced approximately 0.2 ft. apart filled with gypsum.

Yellowish gray (5Y 7/2) to pale yellowish brown (10YR 6/2), moderately calcareous.

| V‘VT

_ _Care much more competent, despite the horizantal fracturing.

27.0-29.0 ft. slight to nonweathered, less horizontal fracturing filled with gypsum

and more dark bedding, which is largely colored by framboidal pyrite. Bedding

continues to be bioturbated and wavy. Mostly yellowish gray (5Y 7/2).

29.0-35.0 ft. 4.0 ft. recovery - core loss spread over entire run - core severely parted on

bedding with no angular fractures - core is moderately weathered, yellowish gray, some

gypsum crystals, core is in fragments and pieces up to 0.05-0.1 ft. thick (long).

35.0-45.0 ft. good recovery 9.6 ft. -still fractured and broken to about 42.0 ft. with

gypsum infilling and limonitic stain, normal dark gray coloration and the usual +/-5

degree bedding angle - all lost core is at top of the run. No major high angle

fractures in the run - broken core is generally on the nearly horizontal bedding

planes. Below 42.0 ft., core becomes largely unweathered.

45.0-55.0 ft. unweathered "fresh" core, moderate parting on bedding; some parting
on fissile zones. Good Run.

55.0-65.0 ft. very good run - relatively hard, moderately calcic claystone, dry
interior of core, horizontal bedding, usual crenulations and hairline gypsum fillings.

65.0-75.0 ft. very good recovery, breaks and parting on bedding, no fractures,
slightly fissile in spots - dry core interior- moderately to strongly calcic.

75.0-85.0 ft. very competent run - excellent recovery. Claystone, dry core interior,
slightly fissile from 77.0-78.0 ft., hard, moderately calcic, no fractures, no secondary
mineralization, no indication of water.

85.0-95.0 ft. dark gray, horizontal bedding ( at a 90 degree angle to core axis), thin
bedding laminations, hard, dry core interior, minor mechanical breaks on bedding,
short splinter from drilling stress at 92.7-93.0 ft.

95.0-105.0 ft. core splintered by mechanical stress from 97.0-98.5 ft., fissile break
at 99.2 ft. Hard, calcic, dry core interior, no indication of formation water.

105.0-115.0 ft. dark colored silty claystone (medium gray, N5) approximately 90%,
and light colored (very light gray, N8), very fine grained sandstone, which
represents bioturbated layers ~10%. Bioturbated layers are as much as 0.05 ft.
thick. Core hard and competent, dry when broken open. Bioturbated beds are quite
contorted in places. Trace fine carbonaceous and framboidal pyrite on bedding.

No natural fractures, slightly to moderately calcareous.

115.0-125.0 ft. core hard and competent, no natural fractures, dry when broken
open. Bedding along some bioturbated layers is inclined as much as 25 degrees.

125.0-135.0 ft. core is hard and competent, no natural fractures, dry when broken
open. Carbonaceous mats (up to 0.05 ft. long) occur on some bedding surfaces.
Trace fossil imprints on some bedding surfaces.

135.0-145.0 ft. bioturbated bedding increases to as much as 15-20% of layering.
Carbonaceous mats are on some bedding planes and they break easily. Core hard
and competent, no natural fractures, dry when broken open. Thin fissile layer at
~140.0 ft.

145.0-155.0 ft. bioturbated bedding in as much as 30% of layering. Core is hard
and competent, but breaks along finer grained, dark layers of silty claystone and
carbonaceous material. Thin fissile layer at ~149 ft. and 155.3 ft.

155.0-165.0 ft. bioturbated layering is ~20% from 155.5-157.0 ft., then decreases

rapidly to 2-3% at 159.0 ft., and remains so to bottom of interval. Some near

vertical stress fractures from 157.0-159.0 ft. No natural fractures. Core hard and
competent and dry when broken open. Coiled nautiloid fossil at 159.2 ft. coated in -
fine pyrite. Below 159.0 ft., core is much finer grained and more competent. v -

165.0-175.0 ft. core placement is jumbled because core was extruded explosively
from the barrel and scattered. Core through interval is mostly silty claystone with
2-3% bioturbated layering that is very fine grained sandstone. Several vertical
stress fractures caused by drilling. Core from 174.5 to 175.5 ft. is placed correctly.

175.0-185.0 ft. silty claystone with 2-3% bioturbated (or storm) layering composed
of very fine grained sandstone. Vertical stress fractures at top of interval at
175.5-176.0 ft. At 179.5-180.5 ft. and 181.0-181.5 ft. are vertical fractures that may
be natural - no evidence of fluid movement along these tight fractures. At 180.5 and

185.0-195.0 ft. increase in bioturbated layering to ~5%, some of it is chaotic,
especially from 186.0-187.0 ft. Vertical fracture at 189.5- 190.5 ft., appears to be
drilling related stress. Bioturbated layering decreases below ~190.0 ft., to about
2-3%. Core is hard and competent throughout, dry when broken apart.

195.0-205.0 ft. bioturbated layering increases below ~202.0 ft. to ~5-10%. Some
bioturbated layering is inclined as much as 20 degrees from horizontal. Core is
hard and competent throughout, dry when broken open. Some fine carbonaceous
material along bedding surfaces.

205.0-215.0 ft. bioturbated layering composes is nearly 10% of bedding from
206.0-211.0 ft., then decreases quickly to ~1% at 212.0 ft. and below. Core has
fissile layers in many locations from 206.0 to 208.5 ft., below which the core is more
competent and less broken. A couple of fissile layers from 211.0-212.0 ft. Core is
dry when broken open. Fine carbonaceous material along many bedding surfaces.

215.0-225.0 ft. silty claystone with only ~10% bioturbated (or storm) layering
consisting of lighter colored very fine grained sandstone. Some vertical fracturing
at 218.0 and ~224.5-225.5 ft. is probably mechanical stress from drilling - no
evidence of fluid movement along the tight fractures. Fissile, thin bedded layers at
221.7-221.9 ft., 222.3-222.5ft., 222.9 and 225.3 ft. Layering looks to dip 5-7

degrees. One or more of the fissile layers may be bentonite.

225.0-235.0 ft. core splintered by mechanical stress from 225.0-226.3 ft. From
227.0-229.0 ft., core softer and fissile - washed out and rounded. From 229.0-232.0
ft., core generally parted on bedding every 0.3-0.7 ft. From 232.0-235.0 ft., more
competent core with only parting on bedding.

235.0-245.0 ft. very dark gray when wet, mostly medium dark gray (4) when dry,
minor parting, no fractures, slightly fissile @239.3 ft. No secondary mineralization.

245.0-255.0 ft. very dark gray claystone. Splintered @245.8-246.4 ft., parted on
bedding in a few places, otherwise unbroken. Very competent, horizontal bedding,
dry core interior, no biocrenulations, no fractures, no formation water.

255.0-265.0 ft. splintered by mechanical stress @255.0-257.3 ft., and 259.0-261.0
ft., somewnhat fissile @261.0,261.6, and 262.2 ft., otherwise moderately calcic,
relatively hard, competent claystone.

265.0-275.0 ft. splintered 265.3-266.0 ft., and 273.0-275.0 ft. Good competent run,
no fractures other than stress related, consistent color and hardness, normal
bedding and parting, no secondary mineralization.

275.0-285.0 ft. splintered @ 275.0-276.0 ft., fissile (0.1 ft.) @284.0 ft., otherwise
standard claystone with normal bedding, coloration, hardness, very competent and
only slight parting on bedding planes, core interior is dry, no bioturbation.

285.0-295.0 ft. somewhat fissile overall, broken on fissile sections on bedding @
285.6, 286.4, 287.0, and 287.3 ft., 288.4-289.0 ft., 291.2, 292.3,292.6, 293.3, and
294.5 ft.

295.0-301.0 ft. fissile and parted @297.4, 297.7, 297.9, 298.1, 298.6, 299.6, 300.0,
300.4, and 300.8 ft. No secondary mineralization, no angular fractures, dry core
interior, normal bedding angle.
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Lithological Description

0-8.0 ft. CLAYEY SILT (ML); abundant roots and worm hole porosity, light
brownish gray (10YR 6/2), highly calcareous, trace white mottling.

4.0-8.0 ft. light yellowish brown (10YR 6/4) to yellowish red (5YR 5/6), compacted,
mottled with white calcite and gypsum, slightly calcareous.

Lithologic
Symbol

8.0-9.0 ft. SANDY SILT (ML); light brown (7.5YR 6/4), highly calcareous, appears

9.0-15.0 ft. WEATHERED MANCOS SHALE BEDROCK: silty shale, moderately
weathered but fairly hard (could not get drive samples), highly calcareous, yellowish
gray (5Y 7/2) to dark yellowish orange (10YR 6/6).
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15.0-300.0 ft. MANCOS SHALE:

15.0-17.5 ft. moderately to highly weathered, highly calcareous, soft, mostly clayey
siltstone, light olive gray (5Y 5/2) to dark yellowish orange (10YR 6/6), with more of
the yellowish orange beds from 15.0-16.0 ft.

17.5-19.5 ft. inclined bedding at ~20 degrees, mostly bedding plane fractures about
every 0.1 ft., a few vertical fractures. Some black material (framboidal pyrite?) on
bedding surfaces and trace white gypsum crystals, trace of yellow orange (10YR
6/6) beds.

20.0-23.0 ft. moderate to slightly weathered.

23.0-24.0 ft. several bedding plane fractures filled with gypsum (up to 0.03 ft.
thick). Several thin layers of limonitic-colored, dark yellowish orange (10YR 6/6)
altered material from 24.0 to 24.5 ft.

24.5-29.5 ft. slighty weathered. At 25.8-26.0 ft. is limonitic altered fracture, which
is soft; color is dark yellowish brown (10YR 6/6) to light brown (5YR 5/6). A few
vertical fractures (with no gypsum or calcite along them) but mostly bedding plane
fractures. Highly calcareous. At 28.5t0 29.0 ft. fractures along bedding planes
coated with gypsum, black film on bedding surfaces is mostly fine framboidal pyrite.
29.5-35.0 ft. recovery of 4.5 ft. Top 1.0 ft. lost. Weathered, moderately to highly
calcareous. Core is fractured mostly along bedding surfaces at spacings generally
from 0.1-0.3 ft. Gypsum coats many fractures and one at 34.5 ft. is colored by
limonite (dark yellowish orange, 10YR 6/6). Rock is mostly silty claystone and thin
bedded with trace bioturbated layering.

35.0-45.0 ft. bedding plane fracturing dominates and decreases in spacing frequency
from 0.1-0.2 ft. to 0.5-1.0 ft. at 45.0 ft. Gypsum coatings are along many fractures. An
inclined (45 degrees) fracture at ~43.5 ft. that is coated with gypsum but it cuts across
bedding that contains limonitic coloration (which seems to follow bedding planes in the 3
or 4 occurrences in this core segment). Bedding is inclined at 15 -20 degrees.
Bioturbated or storm bedding is trace to 1% of layering and it consists of very fine grained
sandstone of very light gray (N8) color. Limonitic colored bands along bedding are as
much as 0.07 ft. thick. Core becoming moderately hard and competent below 40.0 ft.

45.0-55.0 ft. core hard and competent. Weathering effects are nearly absent. At
49.5 ft. is a 40 degree inclined fracture with limonite coloration along it, also a minor
bedding plane fracture with limonite coating at 49.3 ft. A bedding plane fracture
with limonite coating at 50.0 ft. that broke along a bioturbated/ storm bedding layer.
No other natural fractures observed. Fine carbonaceous material along some
bedding surfaces and trace of fossil imprints. Rock here is mainly claystone,
medium gray (N5).

55.0-65.0 ft. core hard and competent - no effects of weathering. Core is dry when
broken open. Bedding plane fractures, probably drilling induced occur at thin fissile
layers or along partings created by fossil imprints (such as at 56.0, 59.8, and 64.6
ft.). A fossil pelecypod imprint at 57.1 ft. Layering looks to be inclined ~10

65.0-75.0 ft. core loss from 65.0-66.4 ft. occured due to driller dropping the core
barrel and breaking the bit. Footage lost in clearing the bit fragments from the hole.
Competent core run with solid core and few breaks. Parting @73.6 ft. shows iron
stain and deposit on bedding, possible fracture with water movement.

75.0-85.0 ft. competent core, solid, few parts on bedding, fossiliferous in places
(see 80.0 and 84.5 ft.). No secondary mineralization seen, no fissile locations.

85.0-95.0 ft. somewhat fissile at 85.0-90.0 ft. and breaking on bedding (particularly
87.0-88.5 ft.). Solid sections are relatively hard and competent. Breaking may be
due to mechanical problems as drillers are pulling rods to inspect the bit and lower
rods. Inspection shows new bit is wrong style and broken. Bit changed.

95.0-105.0 ft. shale broken into knobs and pieces; core loss of 1.5 ft. is spread over
run, core appears slightly fissile but is obviously damaged by mechanical forces
and how the new bit is cutting. Pieces are all broken on bedding planes. No
evidence of angular fractures or secondary minerals.

105.0-115.0 ft. soft, fissile. No core loss, but overall condition is only fair. No
secondary mineralization, core interior is dry, more of a calcic mudstone than
claystone, weak rock integrity.

115.0-125.0 ft. core loss @ 115.0-116.0 ft. Fissile and broken at 116.0-117.5 ft.
More competent @117.5-120.5 ft. Broken @120.5-121.0 ft. Very soft and fissile
@122.5-123.4 ft. Generally a mudstone.

125.0-135.0 ft. generally fissile as previous run with fewer partings. Core is soft
but dry on interior surfaces, no secondary mineralization, no bioturbation, bedding
angle +/- 5 degrees.

135.0-145.0 ft. mostly claystone, trace bioturbated or storm bedding layers. Fissile
from 135.0-139.0 ft. and generally soft, but competent in rest of interval with
several thin fissile layers. Core dry when broken open. No natural fractures seen.
Bedding plane fractures common from 135.0-139.0 ft., but they are drilling induced.
Core breaks easily along bedding when handled.

145.0-155.0 ft. Bedding plane fractures common in 145.0-148.0 ft. interval and core
less broken below. These fractures are drilling induced. Rock is fissile and soft
throughout except for short interval at 148.3-148.5 ft., which is hard (better
cemented). Core dry when broken open, breaks easily when handled.

155.0-165.0 ft. bedding plane fractures common in 155.0-157.0 ft. interval and
core broken again only at ~161.0 ft. These are drilling induced fractures. Rock is
fissile and soft throughout except for several short segments averaging about 0.2 ft.
that are harder and more cemented. Bedding is slightly inclined at ~5 degrees.

165.0-175.0 ft. generally very fissile with minor core loss (probably top of the run),
parting on bedding with some mechanical rounding, no identifiable fractures, no
evident secondary mineralization, dry core interior, continued soft, essentially the
same as previous 30.0 ft.

175.0-185.0 ft. slightly more competent but generally fissile and soft, easily parts
on bedding. Bedding angle is ~10 degrees, no fractures evident, much like
previous core run.

185.0-195.0 ft. fissile with only about 2.0 ft. of competent rock, parting on bedding,
no fractures, no secondary mineralization, dry core interior.

195.0-205.0 ft. soft fissile shale, easily parted on bedding,which is ~90 degrees to
core axis. Not significantly different than the last 70.0 ft.

205.0-215.0 ft. core loss spread over run, not much improvement in competency,
fissile, easily parted.

215.0-225.0 ft. continued soft, fissile, very broken, core loss spread over length of
run with no distinct loss location, but likely most loss @215.0-221.0 ft., some fossil
imprints.

225.0-235.0 ft. core loss from 233.0-234.0 ft. Normal bedding angle~90 degrees to
core axis, in general the core is slightly less broken but still easily parted on
bedding, no significant difference in competency.

235.0-245.0 ft. core loss @ start of run. Overall the core is slightly more competent
and not as broken as usual, but still very fissile and soft with the last 2.0 ft.
(243.0-245.0 ft.) the hardest and most competent, fossil @ 239.7 ft.

245.0-255.0 ft. core looking more competent now that the landing ring is back in the
rods above the bit, minor core loss @248.0-249.0 ft. due to mechanical problems.
Core still looks a little fissile and soft, still parting on bedding, borehole seems to
be making water.

255.0-265.0 ft. parting on bedding and soft in places but the most competent run
since about 75.0 ft. (far less mechanical damage). Bedding angle approximately 5
degrees, no fractures noted.

265.0-275.0 ft. moderately fissile throughout, but best run of the day. Usual
bedding parting, broken and crumbled where very fissile, no uncommon features,
core interior dry where competent.

275.0-285.0 ft. very fissile from 277.0-283.0 ft., easily parted on bedding, not
crumbly from drilling, bedding angle ~ 5 degrees, some bioturbation crenulations.

285.0-295.0 ft. good competent rock, minor breaks on bedding at 285.0-286.0 ft.,
hard, very minor fissile locations and only 0.1 ft. long when fissile, dry core interior,
no fractures, some biological or storm related crenulations but not of significant
size.

295.0-300.0 ft. minor core loss at end of run, probably due to drilling stress or
dropped out of core barrel. Last foot of recovered core broken on bedding into 0.2
ft. and 0.1 ft. lengths.
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ELEVATION (ft)

C RJ O 1 '02 03 Deep Induction Resistivity

(Ohm-m)
Natural Gamma Near Spaced Density 1.2 3 4 5NeGUtr70nsln9Ai1ro 11 12 13 14

(CPS) glcc (CPS)
18 36 54 72 9_0 108 126 144 162 . B . B Lithologic ) ) ) 21 22 23 24 25 26 2_'7 28 29 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400
Caliper thhOIOglcaI Descnpt'on Depth (ft) Rock Quality Designation Far Spaced Density Neutron in Fluid
(Inches) SymbOI (RQD) glcc CPS
0 2.5

15 20 25 30 35 40 45 50 55 20 40 60 80 100 21 22 23 24

=1 0-4.0 ft. CLAYEY SILT (ML); moderate root content, some white mottling, highly
" calcareous, light brownish gray (10YR 6/2), some worm-hole porosity.

26 27 28 29 910 970 1030 1090 1150 1210 1270 1330 1390 1450 1510 1570 1630 1690
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4.0-9.5 ft. SANDY SILT (ML); compacted, trace mottling, slightly calcareous, light
brownish gray (2.5Y 6/2), ~2% dark shale fragments and trace limonitic siltstone
fragments.
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8.5-9.5 ft. light brown (7.5YR 6/4), highly calcareous, appears to be eolian

transported material.

9.5-14.5 ft. WEATHERED MANCOS SHALE BEDROCK: highly weathered for first

2-3 ft., then moderately weathered down to 14.5 ft. Generally yellowish gray (5Y

7/2) to grayish orange (10YR 7/4), mostly highly calcareous. From 10.0-11.0 ft. is

a thin layer of reddish yellow (7.5YR 6/8) siltstone that is non-slightly calcareous.
— —White-gypsummmassesare 2-3%of mategb- ——— — — — — — — — — — — — —— S — T T T T — — —_————

14.5-301.0 ft. MANCOS SHALE:

14.5-22.0 ft. clayey siltstone, moderately weathered, light olive gray (5Y 5/2), wet color), O pti c a I
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horizontal bedding, gypsum coatings along some fractures, which are spaced about 0.1
ft. apart. Highly calcareous. Some bioturbated bedding and burrowing.

18.0-19.0 ft. numerous horizontal fractures.

@19.9 ft. is a 0.1 ft. thick bentonite bed, yellowish gray (5Y 7/2), moderately
calcareous. Horizontal fracturing at least every 0.1 ft. still moderately weathered,

. some gypsum coatings on fractures. Bedding wavy and bioturbated.
22.0-23.7 ft. moderately weathered, numerous bedding plane fractures spaced less
than 0.1 ft. apart. Only trace gypsum along bedding fractures, Dark bedding
surfaces are largely fine framboidal pyrite. Some contorted bedding and
bioturbation. Mostly yellowish gray (5Y 7/2).
28.0-30.0 ft. numerous horizontal bedding plane fractures. Trace gypsum along
fractures.
30.0-35.0 ft. moderately weathered , broken and fractured throughout run due to
poor integrity of the rock. Core loss considerable (50%). A couple of fractures

= inclined 20 degrees to bedding with gypsum coatings.
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35.0-45.0 ft. weathered, pale yellowish brown (10YR 6/2) to moderate yellowish
—— brown (10YR 5/4), becoming medium gray (N5) at 44.0 ft. A tiger stripe
appearance with abundant gypsum-healed fractures ranging from 0 degree to 50
L degree angles inclined from bedding and 0.003 to 0.006 ft. thick. Associated iron
stain and limonitic deposits especially from 43.0-45.0 ft. on fractures running
parallel (vertical) to core axis. Interesting weathered top of bedrock sequence.
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4970 B 45.0-55.0 ft. multiple fractures along bedding planes (up to 30 degree angles),

— continued gypsum and limonite mineralization to 50.0 ft., at which point the core
becomes largely unaltered or unweathered with normal bedding angles of 5
degrees. Consistent dark gray coloration, becomes moderately calcic and relatively
1 hard.
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4960 55.0-65.0 ft. fairly competent with minor breaks on bedding planes, some limonitic
alteration.
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4950| ———————— - T =1 650750 ft @680, and 73.0 T are large fractures inclined 20 degress o core. | B~ T T T T
—— axis with heavy limonite stain and mineralization. Possibly open water course on
parallel fractures.
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4940

75.0-85.0 ft. very competent, dark gray, dry core interior, calcic, hard.
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4930 ‘ 85.0-95.0 ft. very competent, with no parting, core is hard and in one piece, no
4 indication of formation water.
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4920 — 95.0-105.0 ft. very competent, normal bedding with few parts, no secondary
mineralization.
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4910 105.0-115.0 ft. fissile partings and breaks at 106.2, 107.3, 110.5, 111.5, 111.7,
112.3, 112.5, 113.5 and 114.4 ft. Hard core, no secondary mineralization, no
indication of water, dry core interior.
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115.0-125.0 ft. few partings on bedding, good solid core run.
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4890

125.0-135.0 ft. excellent parting on bedding, no fissile sections , no fractures, no
secondary mineralization, no indication of water.
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135.0-145.0 ft. good competent shale. Normal bedding angle, nothing abnormal.
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4870

145.0-155.0 ft. a few partings on bedding, no fractures.
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4860 — 155.0-165.0 ft. a few fissile partings @ 157.0, 158.0, 159.9, 160.5, 161.2, and
162.0 ft. No secondary mineralization or indication of formation water, core interior
is dry, normal bedding (+/- 5 degrees).
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4850 | ———————— "~~~ " 7165.0-175.0 ft. nice competent run, almost no partings, core is relatively hard with — BRSREIRIE T T T T T T T T T | =
normal bedding angles.
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4840 175.0-185.0 ft. a couple of fissile spots at 176.6, 178.3, 178.6, and 179.6 ft. Good
run overall.
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4830 =

185.0-195.0 ft. fissile @185.7, 190.4, 192.0, 193.5, and 194.0 ft. Splintered from
192.5-193.3 ft. Hard claystone.
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B 195.0-205.0 ft. good run of competent shale, fossiliferous from 201.0-203.0 ft.
Splintered by mechanical stress at 195.5-197.0 ft. No fractures, minor partings.
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4810 205.0-215.0 ft. splintered by mechanical stress from 205.0-207.0 ft. Parted @
205.7 ft. with rounding by bit. @205.7-215.0 ft., core was solid and unbroken, very
nice core, bedding about 90 degrees to core axis (near-horizontal bedding).
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215.0-225.0 ft. mostly silty claystone, moderately calcareous, medium gray (N5),
trace bioturbated and/or storm bedding that is very fine grained sandstone, light
=—T gray (N7). Trace fossil imprints and shell (pelecypods) replacements (aragonite).
> Rock hard and competent through most of interval, more fissile 216.5-217.5 ft.
Steeply inclined fracture (80-90 degrees)at 220.0-222.5 ft. that may be natural - it is 220
tight with no gypsum or limonite coating.
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4790 — 225.0-235.0 ft. hard core and competent throughout. A steeply inclined
near-vertical fracture (possibly mechanical, drilling induced) at 225.0-227.0 ft. that
— is tight with no evidence of fluid movement. Core dry inside when broken apart.

. Bedding appears to be inclined ~5 degrees from horizontal.
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4780 —F 235.0-245.0 ft. hard and competent core, near vertical tight fracture, possibly
mechanical at 237.0-239.0 ft. Mechanical induced fractures at 244.0-246.0 ft.
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4770

= 245.0-254.0 ft. hard competent core throughout. More fissile interval (~0.1 ft.) at
— 246.0 ft. Possible natural vertical tight fracture at 247.5-249.0 ft. Thin fissile layer
% at 249.0 ft. and 249.7 ft. Trace pelecypod and cephalopod fossil imprints.

.

—

s,—"

—250

4760 <.

N
— 255.5-265.5 hard, competent core throughout. Fissile layer ~0.2 ft. thick at 257.5
= ft. and one ~0.1 ft thick at 258.5 ft. Other fractures are mechanical and along

o bedding planes. Core is dry when broken open.
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265.5-275.5 ft. core hard and competent throughout and dry when broken open.
Bioturbated or storm bedding forms increase to ~1-2% from 268.5-272.0 ft. At
271.0 ft., possible natural fracture ~20% from horizontal, tight, no evidence of water
movement. Other scant fractures are horizontal and likely drilling induced.
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275.5-285.5 ft. mostly silty claystone. Bioturbated or storm bedding forms are ~1%
with some of the layers as much as 0.05 ft. thick. No natural fractures present,
bedding plane fractures seen are drilling induced. Core hard and competent. Dry
when core was broken open.
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4730

285.5-295.5 ft. clayey siltstone, bioturbated and/or storm bedding is 1-2% of
layering. Core is hard and competent, no natural fractures. Bedding plane
fractures (infrequent) are drilling induced. At 290.0 and 295.5 ft., are thin (0.05-0.1
ft.) layers of porcelaneous, yellowish gray (5Y 8/1), very highly calcareous masses
that are amorphous and not appearing to be fossils and have white small specks —290 "
scattered through them. Core is dry when broken open. Trace fine carbonaceous
material along bedding planes.
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295.5-301.0 ft. Core hard and competent, no natural fractures, bioturbation or storm
bedding at 1-2% continues. Core dry when broken open. At 298.8 ft. is thin
porcelaneous layer .
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ELEVATION (ft)

C I {J O 1 -02 04 Deep Induction Resistivity
(Ohm-m)
. 1.2 3 4 5 6 7 8 9 10 11 12 13 14
Natural Gamma Near Spaced Density :
(CPS) glce Neutron In Air
1836 54 720 |g.o 108 126 144 162 - - - - L ith o I og i c ) ) 21 22 23 24 25 26 2_'7 28 29 2100 2200 2300 2400 2500 2500(2?0(530)2900 3000 3100 3200 3300 3400
(e Lithological Description Svmbol Depth (ft) Riok Quatiy Designation Far Spaced Density Neutron in Fluid
glcc
15 20 25 30 35 40 45 50 55 ym o 0 20 40 60 80 100 21 22 23 24 25 26 27 28 29 910 970 1030 1090 1150 1210 1270 1330 1390 1450 1510 1570 1630 1690
0-3.0 ft. SILT (ML); pale brown (10YR 6/3), highly calcareous, highly mottled from
L —] 2.0-3.0 ft and light gray (10YR 7/2) overall color with white mottles being caliche .
4980 | masses, soft. .
; 3.0-10.0 ft. WEATHERED MANCOS SHALE BEDROCK; soft from 3.0-5.5 ft. e e by - :——‘
— Highly weathered down to ~5.5 ft. Moderately weathered with less weathered being | 100 do L = |
— pale yellowish brown (10YR 6/2) and more weathered layers being grayish orange L 1 =
— (10YR 7/4). Highly calcareous. Generally a silty sandstone, with some sand grains E =
0 up to medium grain size. Dark bedding plane surfaces have some framboidal = qi
] C pyrite. i;
= NS ERERER Y PR —
10.0-11.0 . No Recovery. 10 . =T 1
% T1.0-300.0 ft. MANCOS SHALE: O t I | | == -
4970 = 11.0-15.0 ft. moderately weathered, mainly light olive gray (5Y 5/2). Trace gypsum p Ica —+ <'=:
é crystals along fracture surfaces. Mostly bedding plane fractures spaced 0.1-0.2 ft. - —+ =
£ apart; a few inclined (near vertical) fractures. Highly calcareous. Several fractures T I == I
_§= coated with limonite-colored (weathered) material-dark yellowish orange (10YR - e eVI ewe r < i
= _6/6). Some arcuate fracturing. _ s = =
= 150168 Norecovery. _ _ ___ ___ """ T T T7 _- N W N | =
{é 16.8-20.0 ft. moderately weathered, highly fractured 0.1 ft. spacing or more P | |
frequent. One inclined fracture with limonite coating at ~18.0 ft. Calcitic and — 20 L ==
— gypsum fracture coatings especially at 19.0 -20 ft. Highly calcareous. s z
P 20.5-22.5 ft. moderate weathering. Well fractured down to ~21.25 ft. Some '::— =
T limonite-coated fractures at 21.5 ft. Bedding seems to be inclined ~10 degrees. o L — —
N L . — 1 |
|| . Gypsumfcalcite along fractures. Soft black material ~22.25-22.5 fi. All highly calcareous. ..+ : - T T T T+
22.5-25.0 ft. slightly weathered, but highly fractured, some fractures are inclined g —1—] —
= like the 30 degree fracture at 24.0 ft., and a vertical fracture at 23.0 ft. Gypsum =" — J 1 g —
= == crystals coat several fractures. Highly calcareous shale is medium gray (N5), a e —— - == =T 1
9 damp color. No evidence of slickensides along fractures. - ) =§ :é
‘ZE- 25.0-35.0 ft. poor recovery (~6.8 ft.) and overall broken and slightly to moderately = 3 — = =<
¥ weathered. Bedding angle appears normal (85 degrees to core axis). Much weak — 30 i e ==
limonitic alteration and prevalent gypsum crystallization in voids on bedding planes. 33 1 5_‘_{ ] _2
At 31.0-33.0 ft. are several fractures @ 30 degree angles. Core is moderately to =
P90 - - - - - - - - - - - - - - - " " - - - ——— — — — —— — — 11— 1T bE=S= — [~ — — —strongly-caicic-and becomes-slightty-more-competent-with depth. Mest-core loss— — — — — +-—t-T-——— —_—= +T-r-1-+t+-r1-t--—- 11T 111 =_—=2-——-— —————————————
= appears to be at the top of the run with some loss throughout. — N i
=F_ | 35.0-45.0 ft. loss of 1.0 ft. over the run but appears to be in the top 5.0 ft. Core is _-T —2?
— generally parted on bedding @ 0.1-0.3 ft. lengths. Minor fracturing. Bedding * — =+
;é_ appears normal. Some limonitic alteration throughout the run. Gypsum — L —
— crystallization prevalent throughout. @39.0-40.0 ft. some low angle fracturing g = = T
=1 (possibility related to bioturbation, alteration markedly decreasing at end of run, @ 40 i t - |
— 44.5 ft. transition to "fresh” rock begins. jEw = ‘§E== =
——1— ——y e ci §
4940 — e 4T | -
— e == =
45.0-55.0 ft. largely unweathered core "fresh." Parted on bedding in 0.2 ft. f = -
k= segments in intervals @45-46.4 ft. and 47.0-48.0 ft. Parted surfaces are coated { 1=
i with yellowish brown iron stain. @ 50.5, 51.0, 52.4, 53.8, 54.4 ft. are fractures on == = —=
P RAl RI E CANYO N T == bedding that are significant and coated with iron alterations and trace gypsum - -
M E M B E R mineralization. Bedding angle is normal. 50 N =
E 5
s 920t TAWERBIGE T =3 Eag
I — e — =
GATE MEMBER E=—= 5506507t Tissile fracure at 55.3 ft and splintered o 57.01._Core @57.06501 +=F
—=] is very competent with only a couple of parting breaks @62.0-65.0 ft. Fossil shell F4F
P @ 65.0 ft. Bedding angle < 3 degrees to almost perpendicular to core axis. Good . "ig-
T= fresh Mancos Shale, strongly calcic and relatively hard. =1
1 3 3 E
= 60 M oA . 2 =
[ — =.
4920 = o =l
— i X B =y
—% 65.0-75.0 ft. slightly fissile @ 65.0-67.0 ft. with break/fracture @67.0 ft. on bedding ! =
= plane with limonite staining. Regular bedding. Remainder of core is very | T
<f= competent with few parts on bedding; interior of core is dry. - = i
— 1 i <<
=] — 70 | - i=SaS
=1 -" Efké
4910 == _ = ES
75.0-85.0 ft. @81.0 f. parting on bedding with limonite stain. @81.8, 82.8, and 'g 5
83.6 ft. are fissile breaks. l —
= = =
—EE T =z—
= — 80 : 52 ¢ ==
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4900 ———————————— = — —— -+ttt ==—- e T e B - i o A ittty
* c_—_v
ci— 85.0-95.0 ft. parted @ 88.2, 88.5, and 89.2 ft. with clean breaks on bedding. No = =1 = N
T stain, no mineralization. Core generally hard, no fractures and no water. ! E3 I
==£¢’ { —1- | \}
== — 90 [ YS ] :
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4890 =1 { S
a =3 _:' = i_,_ Z
~— | 95.0-105.0 ft. broken @ 96.3, 97.3, 98.2, 98.6, 100.3, 102.7, and 103.3-103.7 ft., = £>
which is fissile and has heavy limonitic coating, also limonite @ 98.2 ft. Breaks = 4= g
are potential water courses, but no indication of water presently exists. All breaks = =
=2 on bedding. = 9 1= g
5 { =
—= —100 - ¢
4880 = _ = E
= 105.0-115.0 ft. broken @ 105.2, 105.5, 108.0, and 110.7 ft. and fissile @ h = =
B 108.8-109.0 ft. Parted @113.8 ft. No iron stain or deposits in breaks or fissile : = |
locations, dry core interior, normal bedding. p b | | < |
- L
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4870 1= . - EL
- > =
i 115.0-125.0 ft. good run with no unusual characteristics, fissile @120.0,124.8 and = ;=
= — 125.0 ft. ¥
_ ; = |4
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—1 | e
= —120 = ¢ |
£ = = ;L
— 45 ——
i = =+
] 125.0-135.0 ft. generally fissile @127.0-129.0 ft. with breaks on bedding, but no 1>
——F secondary mineralization or staining Also fissile @130.0-132.0 ft. with fossil 1 |
replacement @131.0 ft. Bedding angle ~10 degrees. e
P — L =+
= —130 ¢
== | -
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4850 = | [
- 135.0-145.0 ft. broken on bedding 2 to 3 places @2.0 ft. intervals. Normal bedding L\)
angle; hard core with no observed secondary mineralization, no indication of é:
- formation water, core interior is dry. | =
— | E:
—140 - ¢ =
+ P ‘%
= = =L
4840 = =
i 1
"—‘E‘P 145.Q—1 55.0_ft. very competent run, no fissile set_:tions, only rpinor parting on T — =
=t bedding, which dips approximately 5 degrees, minor mechanical breaks, no =
:: f=
fractures. —1 |
= =
—150 o= = ==
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4830 — SEEE
_,L 155.0-165.0 ft. competent run with minor parting on bedding and mechanical u - ‘L: E
T breaks, no fractures, no secondary mineralization, no indication of formation water, — i:‘_ 5
= dry. |
—160 - ¢ +—F
== - | =1
4820 =+ Ex
=] i =]/
U 165.0-175.0 ft. competent run, minor parting and mechanical damage. Normal B —]
C:} bedding angle, moderately calcic. ? ;;='
] ,——::— e — 2%
—170 ; L 4 —
S L — |
4810 e ' IE!
- =
_g“—' 175.0-185.0 ft. moderately fissile @ 176.0-177.0 ft. and 180.6 ft., moderately _
- broken on bedding. @184.5 ft. is a large bioturbation crenulation, which upsets the <
— T | normal bedding angles. Slightly fossiliferous @185.0 ft.
= —180 : +
| s | L
== i 1
4800 ———————————————————————————— — -+ -trssf-+-------——————————pg_—_—_—__ -—4—t-F4-1-——— e e e e I B B e e = e e e i
i 185.0-195.0 ft. broken at fissile locations @ 187.7 and 188.0 ft. Fissile but 1 P — |
unbroken @189.0 ft. Two broken fissile locations in the 194.0-195.0 ft. interval. ==
Consistent bedding, few biocrenulations. Good run. L =L>
:=
T
—190 - ¢ —+
i =
4790 +1
195.0-205.0 ft. mechanical breaks on fissile locations @195.8, 196.4, =
196.8,197.6,198.0, 202.5, and 203.3 ft. Normal bedding angle, no fractures, no — E‘
secondary mineralization, no indication of water. Core interior is dry, good ¥ ] é? L
H Acoustic = =
—200 SEs ! . 2 =
| » 1
s Tel +
4780 ) eleviewer I ug
i | T=
- HEEi ] NESWN L =
205.0-215.0 ft. core is splintering @205.0-210.0 ft. due to mechanical stress. - | E JE:
@206.5, 209.8, 211.7, and 212.0 ft., are breaks on fissile bedding, normal bedding i { 1 __
L — angle, no natural fractures, good competent run. it | —
= =
— —210 P
= ==
4770 =1 =
D= = | —]
i =
= 215.0-225.0 ft. very competent run with only a couple of partings on bedding, no — 1
breaks or fractures. :f
- ==
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— —220 _ L 4 -
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4760 s 3 =
=1 — |
== 225.0-235 ft. very competent run, mechanical breakage @226.0-227.0 ft. ".:_E__ E=
= e o=
= = =1
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—
f 235.0-245.0 ft. @236.2-236.3 ftis a fissile section. @240.4 and 241.0 ft. broken A=
- on bedding and fissile. @242.0 ft. is a fissile break and ones also @242.6, 244.7, gé:
and 245.0 ft. Normal bedding angle is approximately 5 to 10 degrees. Dry core =~
= m— interior, no secondary mineralization. - -
—240 L 4
={: (—]
4740 gt i i HE
L — 3 |
= 245.0-255.0 ft. good competent run with few breaks on bedding, core is relatively
—— . . . . . - —
-m;_ hard, moderately calcic, and shows no sign of secondary mineralization or " 1
ey = formation water. = 'E’=,
i 1 5 =
= 250 = =
= — &
E — T
4730 == = =
L E - "EE>
. 255.0-265.0 ft. good run, moderately fissile, no fractures, parting on bedding @ = b o —
—E% 256.0, 258.7, 259.5, 260.0, and 263.5 ft. Fossiliferous @~260.0-265.0 ft. = Fa
L] — —
<
Em : ; =
= 260 ; =
t:?_: -: ‘:% =T |
i :;=
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4720 =3 —=r B
T — 1 -
=‘=? 265.0-275.0 ft. very competent run with parting and mechanical breaks @ 266.0, = — —B= 1
1 267.5, 271.5, and 272.8 ft. Normal bedding, no secondary mineralization, no =
= indication of formation water. : C
—| | J o
== L
= —270 - T — Ex
— - | E’
4710 = ‘ =
— =—:_1:_>
= 275.0-285.0 ft. competent run with no fractures (only breaks on bedding). No | = 1
indication of water, fissile breaks @276.5, 280.8, 282.0, and 284.5 ft. -
3 =]
. — L
—280 L 4 T
=EL
4700 ——————————— -] -+-+1-1= t-Fr---— - 4—t—FA4—t——— - — e e - e ——
p— —-_ L iud
= = =
= 285.0-295.0 ft. extremely nice run with only very minor fissility @286.7 ft. Dry core 5
~ interior, no secondary mineralization, almost no parting. =1
= 5
—290 5
4690 = ==
‘ 1 =
B
_—
295.0-300.0 ft. mechanical breakage due to drilling @296.6, 297.2, 297.8, 299.0, E =
299.6, and 299.8 ft. No indication of formation water. 3
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Lithological Description
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0-4.0 ft. CLAYEY SILT (ML); light brownish gray (10YR 6/2), highly calcareous,
numerous roots, worm hole porosity, some mottling.

4.0-6.5ft. SILT (ML); very pale brown (10YR 7/4), ~2% small fragments of shale,

|
SR

highly calcareous, some mottling.

6.5-10.0 ft. SANDY SILT (ML); light brown (7.5YR 6/4), highly calcareous, some
mottling (white), appears to be eolian transported material, ~1% dark mineral
grains.

il

10.0-11.0 ft. WEATHERED MANCOS SHALE BEDROCK: highly weathered,
yellowish gray (5Y 7/2) to dark yellowish orange (10YR 6/6), which reflects limonitic
alteration, highly calcareous. Mostly claystone with some silt component.
11.0-300.0 ft. MANCOS SHALE:

11.66-15.0 ft. yellowish gray (5Y 7/2) to grayish orange (10YR 7/4). Moderate to

|

highly weathered with bedding plane fractures - some segments 0.2-0.3 ft. long are
intact. Some dark fossil impressions on bedding (some framboidal pyrite). Highly
calcareous. White gypsum masses @14.75-15.0 ft.

15.0-20.0 ft. highly calcareous, much less fracturing - bedding plane fractures about
every 0.3-0.4 ft. (main fractures @15.8, 16.75, 17.25, and 15.4 ft. and a steeply inclined

atn

fracture (~80 degrees) @18.0-18.5 ft., these fractures all filled with gypsum. Limonitic
alteration @~17.8 ft., dark yellowish orange (10YR 6/6). Thin bentonite bed (<0.1 ft.) @
~18.75 ft., pale yellowish brown (10YR 6/2). Several vertical fractures @~19.7-20.0 ft.

e
7
-

e
e

\

21.5-25.0 ft. bedding plane fractures generally ~0.1-0.2 ft. spacing, highly

calcareous, slightly weathered, inclined bedding indicates dip ~5 degrees. Gypsum
along bedding plane fracture @23.8 ft. Thin light brown (5YR 5/6) layer(0.05 ft)
@~23.25 ft. along with some ~20 degree inclined bedding.

25.0-35.0 ft. weathered and highly broken to ~32.0 ft., 80% recovery in upper part of

run. Some surface slough ~1.0 ft. (hole was tagged @24.0 ft. below ground surface
prior to drilling). Core is in generally poor condition to 32.0 ft., fragmented and broken
by drilling action. Prolific rusty iron staining and evidence of surface water infiltration.
Some calcic and gypsum deposition is distinguishable. Core becoming more competent
@ 31.0-32.0 ft., but still shows clay interbedded in iron stained shale. @32.0-35.0 ft.,

core is regularly broken into 0.2-0.3 ft. long pieces showing the usual +/- 5 degree dip of
bedding with gypsum crystallization along faces of breaks. @34.5 ft, thin iron stained
band followed by gypsum filled fracture on bedding plane.

35.0-45.0 ft. mildly weathered and moderately broken. 90% recovery, core loss in
interval from 35.0-40.0 ft. Secondary gypsum deposits in fractures prevalent to 40.0 ft.

and sporadically to 44.0 ft. Iron alteration considered characteristic of the run to 44.0 ft.
@44.0 ft., the core becomes "fresh" in appearance, is largely unweathered, competent
claystone, dark gray to medium gray with white turbidity crenulations along bedding
planes, bedding angle throughout run is approximately 5 degrees. @38.2 ft., rather
wide (0.05 ft) gypsum filled fracture with ~20 degree angle to core axis.

| _45.0-55.0ft. good core run, some breakage to 49.7 ft. due to mechanical action. . __ __ __ __
Breaks @46.2, 46.6, 47.1, 47.5-47.8, 48.6, and 49.7 ft. @48.0-48.2 ft., core is

fissile with moderate iron stain. @51.5 and 52.3 ft., core has parted on bedding.

@44.4ftisa 0.1 ft. "storm" - sequence, which is light gray to tan and well

cemented. Bedding throughout run is normal, approximately 5 degrees. Core

coloration is normal dark to medium gray, and no high angle fracture or secondary
mineralization observed.

55.0-65.0 ft. unweathered with minor mechanical breaks and partings on bedding
surfaces, no fractures of high angle or secondary mineralization noted. No
indication of formation water, dry core interior.

65.0-75.0 ft. minimal mechanical breaks. Fissile @66.7, 66.9, 69.4, and 69.9 ft.
@75.0 ft., is rusty iron coating on a definite fracture surface along bedding.

75.0-85.0 ft. no fractures or breaks, only parting of core on bedding surfaces.
Bedding at about a 5 degree angle. Competent unbroken core, no significant
abnormalities. @81.0 ft. is a fossil crenulation.

i
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85.0-95.0 ft. drilling breaks @85.4, 87.1-87.5 ft. Fissile @ 89.6 ft. Splintered along
core axis @90.5 and 91.0 ft. Fissile @ 84.6 ft. No secondary mineralization
evident. Core breakage probably due to driller down pressure. Core interior is dry
- no evidence of formation water.

| _95.0-105.0 ft._care splintered by drilling pressure @95.0-95.5 ft. _Core broken
across fissile bedding @100.0 ft. Good run, some parting on bedding, bedding
angle ~0 degrees (horizontal) or perpendicular to core axis.

T

105.0-115.0 ft. drill breaks across bedding @107.7-108.7 ft., moderately fissile. 30
degree fractures, which appear mechanically induced @111.0-113.0 ft. Couple of
parts on bedding planes @114.0-115.0 ft. No indication of water.

115.0-125.0 ft. Several fissile intervals(~0.1-0.2 ft.) with breakage on bedding
planes from 119.0-121.0 ft. @123.0-125.0 ft., a few sections parted on bedding.
No secondary mineralizations seen, no high angle fractures, no indication of
formation water.
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125.0-135.0 ft. bedding angle 0 to 5 degrees, no fractures, some breakage along
bedding @ 125.9-126.5, 127.8, 128.3, 128.7, 129.9, and 133.6 ft. Generally, fissile
on breaks, but good competent core. No secondary mineralization, dry core
interior.

il
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135.0-145.0 ft. mechanical breaks @ 135.3, 135.5, 141.7, and 142.6 ft. Fissile
also at these breaks @ 143.2-143.4 ft. is a calcic incrustation on core, with white to

tan coloration. Usual approximately 5 degree bedding, no secondary
mineralization.
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| __ _145.0-155.0 ft. fissile and broken on bedding @ 145.5, 151.0, and 151.6 ft.
Excellent condition, normal bedding @ approximately 5 degrees, some parting on
bedding planes, no high angle fractures, no indication of water, dry core interior.

|
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155.0-165.0 ft. fissile breaks @ 155.4, 158.5-158.8, 159.1, 159.5, 159.8, 160.6,
160.9-161.2, 160.6, 162.9, 163.4-163.7, and 164.2 ft. All breaks along bedding
planes. Approximately 5 degree bedding angles. No unusual characteristics, no
evidence of formation water, dry core interiors.
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165.0-175.0 ft. fissile @ 168.2, 170.5, and 172.4 ft. No fractures, no breaks; only
parting on bedding planes. Excellent run.
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175.0-185.0 ft. fissile breaks @ 176.4-176.8, 177.1, 178.2-178.35, 179.4,
180.5-180.7, and 184.3-184.6 ft. All breaks on bedding which is @ 5 degree angle.
No fractures, no secondary mineralizations, no indications of formation water. Core
interior is dry, good consistent run.
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185.0-195.0 ft. In general the run is more fissile than usual, all breaks are on
bedding planes @ 185.0, 185.6, 186-187.2, 188.2, 188.8-189.5, 190.1,
190.7-191.1, 192.2, 192.9, 193.5-193.7, and 194.2-194.4 ft. No secondary
mineralization or staining in breaks. No water identified.

| _195.0-205.0 ft. fissile breaks and splintered core from drill pressure throughoutrun_ __ __ __
@ 195.0-195.5, 197.6-197.8, 198.4-198.5, and 198.5-199.0 ft. @ 199.0 ft. is a 0.15

ft. break, generally washed out. No noticeable mineralization in partings or breaks,

no iron staining. Most of these separations and breaks are mechanical.
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205.0-215.0 ft. good run. Very minor fissile sections and no fractures. Parting and
mechanical breakage only on bedding at fissile intervals. Parted @ 205.2, 210.2,
and 212.4 ft. Normal approximately 5 degree angle bedding. No more formation
water.

uvu

M

215.0-225.0 ft. good competent run with minimal breakage on bedding @ 217.9,
222.4,223.8, and 224.8-225.0 ft. Breakage @ fissile locations. No fractures, no
indication of formation water. Bedding angle about 90 degrees to core axis
(horizontal)..

T
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225.0-235.0 ft. 1.0 ft dropped on core retrieval but it was recovered next run.
Characteristic run with a little more breakage than last run due to driller pushing to
get 140.0 ft. for the day. Breaks along bedding in fissile areas @ 225.6, 226.3,
226.7, 229.0, 229.3, 230.2, 230.9, 231.1, 232.4, and 233.6 ft.

\

235.0-245.0 ft. run is generally fissile and broken in multiple places; splintered
@240.0-241.0 ft. Becoming less fissile near bottom of run.

K1

| _245.0-255.0 ft._generally broken by mechanical action and splintered along core . __ __ __ __
axis from 245.5-248.0, 250.0-251.0, and 253.5-255.0 ft. Remaining breaks on

bedding, which is approximately 5 degrees, with no secondary mineralization or

indication of water. Core interior is dry, no large bioturbation zones.
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255.0-265.0 ft. continued breakage to 258.5 ft., then becoming fossiliferous and
more calcic, more competent, and generally unbroken with minor separations on
bedding surfaces.

T

265.0-275.0 ft. another largely broken run of claystone. Bedding is normal angle
(approximately 5 degrees), no fractures. Breakage is along bedding in fissile rock.
Most prominent breaks @ 265.0-267.0, 269.0-271.0 and 272.5 ft.

W]

275.0-285.0 ft. moderately fissile and broken, normal bedding, no fractures.
Parting only on bedding.

@276.0-278.0 ft. ~50 % fissile breaks with some mechanical. @279.7 to 281.0 ft.,
fissile zone.
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285.0-295.0 ft. white banding or bedding @284.0-290.0 ft. is strongly pronounced
and closely spaced. Somewhat fissile @289.0-290.0 ft.

| _295.0-300.0 ft._very competent core with minor parting on bedding. No fractures. _ __ __ __
no indication of formation water or identifiable secondary mineralization; no
indication of explosive gases.
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Natural Gamma

18 36 54 72

(CPS)

90 108 126 144 162

Caliper
(Inches)

15 20 25 30

35 40 45 50 655
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Lithological Description

0-1.5ft. SILT (ML); light brown (7.5YR 6/3), highly calcareous, abundant roots,
wormhole porosity.

1.5-4.0 ft. SANDY SILT (ML); light brownish gray (10YR 6/2), ~2% small pebbles,
some mottling, highly calcareous.

4.0-6.5 ft. SILTY SAND (SM); light brownish gray (10YR 6/2), slightly calcareous,
~2% small rock fragments and some coarse sand particles.

6.5-9.0 ft. SILT (ML); ~10% very fine grained sand, mottled, slightly calcareous,
very pale brown (10YR 7/3).

CRJ01-0206

Symbol

9.0-11.0 ft. WEATHERED MANCOS SHALE BEDROCK: highly weathered,
slightly calcareous, soft to moderately hard, yellowish gray (5Y 7/2), some white
gypsum crystals and masses along fracture/bedding surfaces.

11.0-12.6 ft. No Recovery.

12.6-302.0 ft. MANCOS SHALE:
12.6-13.0 ft. moderately weathered, pale yellowish brown (10YR 6/2), mostly
__siltstone, wavy bedding with some fracturing along them. .
_130135f NoRecovery. _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ J
13.5-18.0 ft. highly weathered down to 15.0 ft. (numerous bedding plane fractures)
and moderate to slightly weathered down to 18.0 ft. with bedding plane fractures
spaced 0.2-0.3 ft. apart. At 15.0-15.3 ft. is a 60 degree fracture. Thin coating of
gypsum crystals along about half of the fractures. Yellowish gray (5Y 7/2) to light
olive gray (5Y 6/1), highly calcareous, bedding is wavy and bioturbated in places.

__Trace fine (framboidal) pyrite along bedding surfaces. Y

18.8-23.0 ft. abundant bedding plane fractures down to ~20.0 ft. Bedding plane
fractures about 0.2-0.3 ft. apart down to 23.0 ft. Moderate to slightly weathered.
Gypsum crystal coatings along many fractures. Some wavy and bioturbated
bedding, pale yellowish brown (10YR 6/2) to olive gray (5Y 4/1) on some bedding

_ surfaces, highiy calcareous, no vertical or high angle fractures. gy

_
23.3-26.0 ft. abundant bedding plane fractures with spacing 0.1 ft. or less. Gypsum
crystals along bedding plane fractures ~25.5 to 25.7 ft. Abundant worm burrows
and bioturbated bedding, moderately calcareous.
26.0-35.0 ft. moderately weathered, prevalent fractures for length of run, but decreasing
@34.0 ft. Core loss obvious at beginning of run (@26.0 ft.). Moderately calcic with
prominent gypsum crystallization on faces of most fractures. Bedding angle
approximately 5 degrees; ~90% of fractures are on bedding, no high angle fractures,

some fractures are fissile, wavy bioturbation throughout, no evidence of formation water.

35.0-45.0 ft. weathering decreases to unweathered "fresh”" bedrock @39.5 ft.
Moderately calcic. @36.0-37.7 ft., moderately fractured along bedding, moderately
pyritized, with gypsum crystallization and minor iron staining on fractures to 39.4 ft.

45.0-55.0 ft. "fresh" appearance to shale, clean mechanical fractures along bedding
planes in several locations, no gypsum crystallization or iron staining along fracture
faces. No evdience of formation water, core interior dry. Nice claystone.

55.0-65.0 ft. fissile along fractures @56.0-58.0 ft. @57.0 ft. fractures occur @80
degree angle to core axis (~twice the bedding plane angle). No secondary
mineralization on fractures faces.

65.0-75.0 ft. bedding angle and bioturbation crenulations @80% to core axis. Core
is solid overall with no fractures from 66.0-70.0 ft. and only minor mechanical
fractures from 70.0-75.0 ft.

75.0-85.0 ft. @79.8-80.0 ft. fossiliferous deposit, calcic, heavy encrustations on
core, preceded by short splintery fractures along core axis for 0.5 ft.

85.0-95.0 ft. good competent core, mechanical fractures on bedding planes with
bioturbation crenulations, no secondary mineralization observed, no indication of
formation water, interior of core dry.

95.0-105.0 ft. @103.8 ft. approximately 0.2 ft. bioturbations and silt size cemented
zone. Good claystone run with minor mechanical fractures and dry core interior,
normal 5 degree angle of bedding, moderately calcic.

105.0-115.0 ft. excellent recovery with only 2 locations of mechanical fracturing on
bedding, standard overall appearance.

115.0-125.0 ft. core generally hard and moderately calcic. @116.0-117.0 ft. core
is splintered along axis (mechanically induced). No secondary mineral deposits
noted.

125.0-135.0 ft. minor mechanical fracturing along bedding planes.

135.0-145.0 ft. penetration rate slows, shale harder @140.0 ft. @140.0-140.6 ft.
core fissile, biocrenulations, no secondary minerals. @141.0-143.0 ft. core
fractured along axis. Drill pipe screened with LEL meter at end of run(0.0 ppm).

145.0-155.0 ft. formation very hard. @151.0-153.0 ft. abundant fossils, large
bivalves.

155.0-165.0 ft. core loss related to drilling, minor loss (~0.5 ft.). Continued hard
core, causing mechanical fractures parallel with axis @ 157.0-158.0 ft. and
162.0-164.0 ft.

165.0-175.0 ft. fissile along bedding @167.0-168.0 ft. Bedding plane angle =90
degrees to core axis. Core continues to drill slow, but formation doesn't appear any
different.

175.0-185.0 ft. fissile @184.0-185.0 ft. No gas detected.

185.0-195.0 ft. @185.0-186.0 ft. core is fissile. @189.5 ft. driling compressor
overheats; stopped drilling.

195.0-205.0 ft. @200.0-202.0 ft. heavy fracture zone, core is partly fissile and
relatively weak, possible natural fracture zone, doesn't appear completely
mechanically induced although the current compressor has minimal PSI to drill and
clear cuttings. @200.0 ft. pyrite deposit.

205.0-215.0 ft. good run, bedding angle is <5 degrees and is almost perpendicular
to core axis, minimal bioturbidity crenulations. @214.8-215.0 ft. fissile break.

215.0-225.0 ft. @217.8 ft. is a 0.2 ft. fissile break, very broken. @220.7 and 220.9
ft. mechanical breaks. @223.5, and 223.7 ft. fissile with mechanical breaks. @
224.2 ft mechanical break.

225.0-235.0 ft. bedding +/- 5 degree angle, no formation water. @225.5, 225.8,
226.3, and 226.4 ft. mechanical breaks. @ 226.75 fractures on bedding. @227.35
mechanical breaks. @228.9, 229.6, 230.35, 230.55, and 230.75 ft. mechanical
breaks, slightly fissile. @232.35, 232.95,233.2, 233.6, and 234.2 ft. fissile
fractures on bedding.

235.0-245.0 ft. mechanical breaks @236.5, 238.2, 241.2, 242.0, 242.9, and 243.7
ft. Fissile fractures @ 238.65, 240.85-240.95, and 242.55 ft. Bedding angle +/- 5
degrees with bioturbidity crenulations, color, hardness, and general condition
normal, no secondary mineralization, no indications of formation water.

245.0-255.0 ft. mechanical breaks @246.3, 248.9, 250.3, 251.2, 252.5, 253.0,
253.9, 254.2, 254.5, and 255.0 ft. Core is generally hard, with dry interior, no
indication of formation water.

255.0-265.0 ft. mechanical breaks @256.0, 256.5, 257.2, 257.9, 259.4, 259.9,
260.1, 260.5, 261.1, 261.8, and 264.2 ft. Slightly fissile @260.0-260.5 ft. on breaks.
5 degree angle bedding with bioturbation crenulations, moderately calcic.

265.0-275.0 ft. no indication of formation water, no secondary mineralization
identified on break faces. Mechanical breaks @ 266.3, 266.5, 269.9, 270.0, 270.4,
271.0, and 271.2 ft. @271.7 ft. on the face of bedding are several drops of resin
(about 0.003 ft. diameter) or petroleum hydrocarbon deposits? Another is seen @
268.3 on similar face of a break on bedding plane.

275.0-285.0 ft. mechanical breaks @275.5, 276.0-276.7, 277.7, 278.2, 278 4,
279.0, 279.5, 283.3, 283.6, and 284.0 ft. Wavy biocrenulations (0.2 ft. thick) @
281.0 ft. Normal bedding angle is 0-5 degrees. Moderately calcic.

285.0-295.0 ft. mechanical breaks @ 285.7-286.0 ft. 286.0-287.0 ft., 291.6, and
291.8 ft. @ 292.3 ft. "large" storm turbidity? section is light gray. This 10.0 ft. run
doesn't appear to be as hard as the penetration rate would indicate.

295.0-302.0 ft. mechanical breaks @ 396.0-396.6, 397.2, and 398.2 ft. Random
bedding plane breaks, no fractures, core not extremely hard. Bedding angle
normal, few scattered bioturbidity crenulations, no indication of formation water,
core interior is dry.
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