
 

 
Work Performed Under DOE Contract No. DE-AT30-07CC00014 and No. DE-AC01-02GJ79491 

for the U.S. Department of Energy Office of Environmental Management. 
Approved for public release; distribution is unlimited. 

 

Final Remedial Action Plan and 
Site Design for Stabilization of 
Moab Title I Uranium Mill Tailings 
At the Crescent Junction, Utah, 
Disposal Site 
 
Attachment 5: Field and Laboratory Results,  
Volume II - Appendix L through Appendix N 
 
 
February 2008 
 
 
 
 
 
 



 
 
 
 
 

Remedial Action Plan and Site Design 
for Stabilization of Moab Title I Uranium Mill Tailings 

at the Crescent Junction, Utah, Disposal Site 
 
 
 
 
 

Attachment 5: Field and Laboratory Results Volume II 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Work performed under DOE Contract No. DE–AC01–02GJ79491  
for the U.S. Department of Energy Office of Environmental Management.  

Approved for public release; distribution is unlimited. 



Calculation Cross-Reference Guide 
Location Calculation Number Calculation Title 

Attachment 1: Draft RAP Disposal Cell Design Specifications 
Appendix A MOA-02-08-2006-5-19-01 Freeze/Thaw Layer Design 
Appendix B MOA-02-08-2006-5-13-01 Radon Barrier Design Remedial Action Plan 
Appendix C MOA-02-05-2007-5-17-02 Slope Stability of Crescent Junction Disposal Cell 
Appendix D MOA-02-05-2007-3-16-01 Settlement, Cracking, and Liquefaction Analysis 
Appendix E MOA-02-09-2005-2-08-01 Site Drainage – Hydrology Parameters 
Appendix F MOA-02-06-2006-5-08-00 Crescent Junction Site Hydrology Report 
Appendix G MOA-02-04-2007-5-25-02 Diversion Channel Design, North Side Disposal Cell 
Appendix H MOA-02-08-2006-6-01-00 Erosional Protection of Disposal Cell Cover 
Appendix I MOA-01-06-2006-5-02-01 Volume Calculation for the Moab Tailings Pile 
Appendix J MOA-02-08-2006-5-03-00 Weight/Volume Calculation for the Moab Tailings Pile 
Appendix K MOA-01-08-2006-5-14-00 Average Radium-226 Concentrations for the Moab Tailings Pile 

Attachment 2: Geology 
Appendix A MOA-02-04-2007-1-05-01 Site and Regional Geology – Results of Literature Research 
Appendix B MOA-02-04-2007-1-01-01 Surficial and Bedrock Geology of the Crescent Junction Disposal Site 
Appendix C MOA-02-04-2007-1-06-01 Site and Regional Geomorphology – Results of Literature Research 
Appendix D MOA-02-04-2007-1-07-01 Site and Regional Geomorphology – Results of Site Investigations 
Appendix E MOA-02-04-2007-1-08-01 Site and Regional Seismicity – Results of Literature Research 

Appendix F MOA-02-04-2007-1-09-02 Site and Regional Seismicity – Results of Maximum Credible 
Earthquake Estimation and Peak Horizontal Acceleration 

Appendix G MOA-02-04-2007-1-02-01 Photogeologic Interpretation 
Attachment 3: Ground Water Hydrology 

Appendix A MOA-02-02-2006-2-07-00 Saturated Hydraulic Conductivity Determination of Weathered 
Mancos Shale 

Appendix B MOA-02-03-2006-2-10-00 Field Permeability “Bail” Testing 
Appendix C MOA-02-03-2006-2-06-00 Field Permeability “Packer” Testing 
Appendix D MOA-02-04-2006-2-03-00 Hydrologic Characterization – Ground Water Pumping Records 

Appendix E MOA-02-05-2006-2-13-00 Hydrologic Characterization – Vertical Travel Time to Uppermost 
(Dakota) Aquifer  

Appendix F MOA-02-02-2007-3-01-00 Geochemical Characterization – Radiocarbon Age Determinations for 
Ground Water Samples Obtained From Wells 0203 and 0208 

Appendix G MOA-02-06-2007-2-14-00 Hydrologic Characterization – Lateral Spreading of Leachate 

Attachment 4: Water Resources Protection 
Appendix A MOA-02-06-2006-5-24-00 Material Placement in the Disposal Cell 
Appendix B MOA-02-06-2006-3-05-00 Geochemical Attenuation and Performance Assessment Modeling 

Attachment 5: Field and Laboratory Results, Volume I 
Appendix A MOA-02-03-2006-1-03-00 Corehole Logs for the Crescent Junction Site 
Appendix B MOA-02-03-2006-1-11-00 Borehole Logs for the Crescent Junction Site 
Appendix C MOA-02-03-2006-1-04-00 Geophysical Logs for the Crescent Junction Site 
Appendix D MOA-02-03-2006-1-10-00 Test Pit Logs for the Crescent Junction Site 
Appendix E MOA-02-03-2006-4-01-00 Geotechnical Properties of Native Materials 
Appendix F MOA-01-06-2006-5-22-00 Cone Penetration Tests for the Moab Processing Site 
Appendix G MOA-02-05-2006-4-07-00 Seismic Rippability Investigation for the Crescent Junction Site 
Appendix H MOA-02-03-2007-3-04-01 Background Ground Water Quality for the Crescent Junction Site 
Appendix I MOA-01-08-2006-4-08-00 Boring and Test Pit Logs for the Moab Processing Site 
Appendix J MOA-01-08-2006-4-09-01 Geotechnical Laboratory Testing Results for the Moab Processing Site 
Appendix K MOA-02-04-2007-4-03-01 Supplemental Geotechnical Properties of Native Materials 

Attachment 5: Field and Laboratory Results, Volume II 
Appendix L MOA-02-08-2006-1-06-00 Compilation of Geologic and Geophysical Logs 
Appendix M N/A Radiological Assessment for Non-Pile Areas of the Moab Project Site 

Appendix N MOA-02-05-2007-4-04-00 Supplemental Geotechnical Properties of Tailings Materials from the 
Moab Processing Site 

 



 
 
 

Attachment 5 Volume II 
Table of Contents 

 

Appendix L Compilation of Geologic and Geophysical Logs 

Appendix M Radiological Assessment for Non-Pile Areas of the Moab Project Site 

Appendix N Supplemental Geotechnical Properties of Tailings Materials from the Moab 
Processing Site 

 
 
 

 
 
 





 
Compilation of Geologic and Geophysical Logs  U.S. Department of Energy 
Doc. No. X0187900  August 2006 
Page 2 

No text for this page 



 

 
U.S. Department of Energy  Compilation of Geologic and Geophysical Logs 
August 2006  Doc. No. X0187900 
  Page 3 

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 I 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).  
 

 
 

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: 

• 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.  

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

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

• 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.  

• 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.  

• 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. 

• 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.  

• 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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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.

Lithological Description

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.

CRJ01-0201
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Lithologic
Symbol
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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).

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.

6/20/2007

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.

Natural Gamma
(CPS)

W

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.

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.
Core much more competent, despite the horizontal 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).

2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400

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.

Neutron In Air
(CPS)

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.

14.0-14.5 ft.  Blow refusal @ 14.3 ft. No Recovery.

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.

12.5-14.0 ft.  shale becomes increasingly hard and less weathered.

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.

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
181.8 ft. are thin fissile layers.  Large flattened cephalopod at 177.3 ft.

MOA-999-0020-07-011: X0222900  DLS

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.
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Rock Quality Designation
(RQD)
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N

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

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

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.

S

Neutron in Fluid
(CPS)

WN N

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.

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.

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).

N

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.

Near Spaced Density
g/cc

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

Deep Induction Resistivity
(Ohm-m)

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.

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

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.

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.

Far Spaced Density
g/cc

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

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.



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.

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.

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.

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.

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.

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.

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.

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.

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.

20.0-23.0 ft.  moderate to slightly weathered.

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.

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.

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.

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

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.

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

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.

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.

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.

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.

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.

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.
Core is dry when broken open and breaks easily 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.

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.

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.

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.

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.

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.

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.

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 28.5 to 29.0 ft.  fractures along bedding planes
coated with gypsum, black film on bedding surfaces is mostly fine framboidal pyrite.

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
degrees.  Trace fossil resin at 57.4 ft.  Claystone parts easily upon handling.

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).

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).

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

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.

Depth (ft) Far Spaced Density
g/cc

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

Near Spaced Density
g/cc

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.
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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.

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
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.

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
scattered through them.  Core is dry when broken open.  Trace fine carbonaceous
material along bedding planes.

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.

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.

175.0-185.0 ft.  a couple of fissile spots at 176.6, 178.3, 178.6, and 179.6 ft.  Good
run overall.

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.

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
hard.

55.0-65.0 ft.  fairly competent with minor breaks on bedding planes, some limonitic
alteration.

65.0-75.0 ft.  @68.0 ft. and 73.0 ft. are large fractures inclined 20 degrees to core
axis with  heavy limonite stain and mineralization. Possibly open water course on
parallel fractures.

75.0-85.0 ft.  very competent, dark gray, dry core interior, calcic, hard.

165.0-175.0 ft.  nice competent run, almost no partings, core is relatively hard with
normal bedding angles.

18.0-19.0 ft.  numerous horizontal fractures.

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
bedding planes.  Core is dry when broken open.

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).

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.

85.0-95.0 ft.  very competent, with no parting, core is hard and in one piece, no
indication of formation water.

95.0-105.0 ft.  very competent, normal bedding with few parts, no secondary
mineralization.

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
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
tight with no gypsum or limonite coating.

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).

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.

115.0-125.0 ft.  few partings on bedding, good solid core run.

125.0-135.0 ft.  excellent parting on bedding, no fissile sections , no fractures, no
secondary mineralization, no indication of water.

135.0-145.0 ft.  good competent shale.  Normal bedding angle, nothing abnormal.

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.

145.0-155.0 ft.  a few partings on bedding, no fractures.

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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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).

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.

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 .

8.5-9.5 ft.  light brown (7.5YR 6/4), highly calcareous, appears to be eolian
transported material.

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.

@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.

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 gypsum masses are 2-3% of material.

Lithological Description
18 36 54 72 90 108 126 144 162

14.5-301.0 ft. MANCOS SHALE:
14.5-22.0 ft.  clayey siltstone, moderately weathered, light olive gray (5Y 5/2), wet color),
horizontal bedding, gypsum coatings along some fractures, which are spaced about 0.1
ft. apart.  Highly calcareous.  Some bioturbated bedding and burrowing.
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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.
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135.0-145.0 ft.  broken on bedding 2 to 3 places @2.0 ft. intervals.  Normal bedding
angle; hard core with no observed secondary mineralization, no indication of
formation water, core interior is dry.

25.0-35.0 ft.  poor recovery (~6.8 ft.) and  overall broken and slightly to moderately
weathered.  Bedding angle appears normal (85 degrees to core axis).  Much weak
limonitic alteration and prevalent gypsum crystallization in voids on bedding planes.
At 31.0-33.0 ft. are several fractures @ 30 degree angles. Core is moderately to
strongly calcic and becomes slightly more competent with depth.  Most core loss
appears to be at the top of the run with some loss throughout.

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
generally parted on bedding @ 0.1-0.3 ft. lengths.  Minor fracturing.  Bedding
appears normal.  Some limonitic alteration throughout the run.  Gypsum
crystallization prevalent throughout.  @39.0-40.0 ft.  some low angle fracturing
(possibility related to bioturbation, alteration markedly decreasing at end of run, @
44.5 ft. transition to "fresh" rock begins.

45.0-55.0 ft.  largely unweathered core "fresh."   Parted on bedding in 0.2 ft.
segments in intervals @45-46.4 ft. and 47.0-48.0 ft.  Parted surfaces are coated
with yellowish brown iron stain.   @ 50.5, 51.0, 52.4, 53.8, 54.4 ft. are fractures on
bedding that are significant and coated with iron alterations and trace gypsum
mineralization.  Bedding angle is normal.

55.0-65.0 ft.  fissile fracture at 55.3 ft and splintered to 57.0 ft.   Core @57.0-65.0 ft.
is very competent with only a couple of parting breaks @62.0-65.0 ft.  Fossil shell
@ 65.0 ft.  Bedding angle < 3 degrees to almost perpendicular to core axis.  Good
fresh Mancos Shale, strongly calcic and relatively hard.

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

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
competent with few parts on bedding; interior of core is dry.

75.0-85.0 ft.  @81.0 ft. parting on bedding with limonite stain.  @81.8, 82.8, and
83.6 ft. are fissile breaks.

Far Spaced Density
g/cc

85.0-95.0 ft.   parted @ 88.2, 88.5, and 89.2 ft. with clean breaks on bedding.  No
stain, no mineralization.  Core generally hard, no fractures and no water.

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
are potential water courses, but no indication of water presently  exists.  All breaks
on bedding.

105.0-115.0 ft.  broken @ 105.2, 105.5, 108.0, and 110.7 ft. and fissile @
108.8-109.0 ft.  Parted @113.8 ft.  No iron stain or deposits in breaks or fissile
locations, dry core interior, normal bedding.

245.0-255.0 ft.  good competent run with few breaks on bedding, core is relatively
hard, moderately calcic, and shows no sign of secondary mineralization or
formation water.

125.0-135.0 ft.  generally fissile @127.0-129.0 ft. with breaks on bedding, but no
secondary mineralization or staining   Also fissile @130.0-132.0 ft. with fossil
replacement @131.0 ft.  Bedding angle ~10 degrees.

15.0-16.8 ft.  No recovery.

145.0-155.0 ft.  very competent run, no fissile sections, only minor parting on
bedding, which dips approximately 5 degrees, minor mechanical breaks, no
fractures.

155.0-165.0 ft.  competent run with minor parting on bedding and mechanical
breaks, no fractures, no secondary mineralization, no indication of formation water,
dry.

165.0-175.0 ft.  competent run, minor parting and mechanical damage.  Normal
bedding angle, moderately calcic.

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

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
normal bedding angles.  Slightly fossiliferous @185.0 ft.

185.0-195.0 ft.  broken at fissile locations @ 187.7 and 188.0 ft.  Fissile but
unbroken @189.0 ft.   Two broken fissile locations in the 194.0-195.0 ft. interval.
Consistent bedding, few biocrenulations.  Good run.

Near Spaced Density
g/cc

205.0-215.0 ft.  core is splintering @205.0-210.0 ft. due to mechanical stress.
@206.5, 209.8, 211.7, and 212.0 ft., are breaks on fissile bedding, normal bedding
angle, no natural fractures, good competent run.

225.0-235 ft.  very competent run, mechanical breakage @226.0-227.0 ft.

235.0-245.0 ft.  @236.2-236.3 ft is a fissile section.  @240.4 and 241.0 ft.  broken
on bedding and fissile.  @242.0 ft. is a fissile break and ones also @242.6, 244.7,
and 245.0 ft.  Normal bedding angle is approximately 5 to 10 degrees.  Dry core
interior, no secondary mineralization.

115.0-125.0 ft.  good run with no unusual characteristics, fissile @120.0,124.8 and
125.0 ft.
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N NE

22.5-25.0 ft.  slightly weathered, but highly fractured, some fractures are inclined
like the 30 degree fracture at 24.0 ft., and a vertical fracture at 23.0 ft.  Gypsum
crystals coat several fractures.  Highly calcareous shale is medium gray (N5), a
damp color.  No evidence of slickensides along fractures.

W
16.8-20.0 ft.  moderately weathered, highly fractured 0.1 ft.  spacing or more
frequent.  One inclined fracture with limonite coating at ~18.0 ft.  Calcitic and
gypsum fracture coatings especially at 19.0 -20 ft.  Highly calcareous.

N NE W
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Televiewer
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0-3.0 ft.  SILT (ML);  pale brown (10YR 6/3), highly calcareous, highly mottled from
2.0-3.0 ft and light gray (10YR 7/2) overall color with white mottles being caliche
masses, soft.
3.0-10.0 ft.  WEATHERED MANCOS SHALE BEDROCK;  soft from 3.0-5.5 ft.
Highly weathered down to ~5.5 ft.  Moderately weathered with less weathered being
pale yellowish brown (10YR 6/2) and more weathered layers being grayish orange
(10YR 7/4).  Highly calcareous.  Generally a silty sandstone, with some sand grains
up to medium grain size.  Dark bedding plane surfaces have some framboidal
pyrite.

Deep Induction Resistivity
(Ohm-m)

10.0-11.0 ft.  No Recovery.
11.0-300.0 ft.  MANCOS SHALE:
11.0-15.0 ft.  moderately weathered, mainly light olive gray (5Y 5/2).  Trace gypsum
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
coated with limonite-colored (weathered) material-dark yellowish orange (10YR
6/6).  Some arcuate fracturing.

215.0-225.0 ft.  very competent run with only a couple of partings on bedding, no
breaks or fractures.

S

255.0-265.0 ft.  good run, moderately fissile, no fractures, parting on bedding @
256.0, 258.7, 259.5, 260.0, and 263.5 ft.  Fossiliferous @~260.0-265.0 ft.

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
secondary mineralization, no indication of water.  Core interior is dry, good
competent run.
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Caliper
(Inches)

Natural Gamma
(CPS)

295.0-300.0 ft.  mechanical breakage due to drilling @296.6, 297.2, 297.8, 299.0,
299.6, and 299.8 ft.  No indication of formation water.
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285.0-295.0 ft.  extremely nice run with only very minor fissility @286.7 ft.  Dry core
interior, no secondary mineralization, almost no parting.

Neutron in Fluid
(CPS)

18 36 54 72 90 108 126 144 162
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275.0-285.0 ft.  competent run with no fractures (only breaks on bedding).  No
indication of water, fissile breaks @276.5, 280.8, 282.0, and 284.5 ft.

U.S. DEPARTMENT OF ENERGY 6/20/2007
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Depth (ft)

20.5-22.5 ft.  moderate weathering.  Well fractured down to ~21.25 ft.  Some
limonite-coated fractures at 21.5 ft.  Bedding seems to be inclined ~10 degrees.
Gypsum/calcite along fractures.  Soft black material ~22.25-22.5 ft.  All highly calcareous.

Lithologic
Symbol

52.0 ft.

Lithological Description
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265.0-275.0 ft.  very competent run with parting and mechanical breaks @ 266.0,
267.5, 271.5, and 272.8 ft.  Normal bedding, no secondary mineralization, no
indication of formation water.



Neutron in Fluid
(CPS)

Natural Gamma
(CPS)

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.

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.

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

20.0-21.5 ft.  No Recovery.
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.

Far Spaced Density
g/cc

45.0-55.0 ft.  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.
@44.4 ft is a 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.

195.0-205.0 ft.  fissile breaks and splintered core from drill pressure throughout run
@ 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.

95.0-105.0 ft.  core 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.

0-4.0 ft.  CLAYEY SILT (ML);  light brownish gray (10YR 6/2), highly calcareous,
numerous roots, worm hole porosity, some mottling.

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.

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.

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

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.

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.

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.

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.

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.

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.
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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.

N

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

W
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Deep Induction Resistivity
(Ohm-m)
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Televiewer

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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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
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.

U.S. DEPARTMENT OF ENERGY

Near Spaced Density
g/cc

S
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Lithological Description

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)..

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.

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.

MOA-999-0020-07-011: X0223300  DLS

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.

18 36 54 72 90 108 126 144 162

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.

GRAND JUNCTION, COLORADO

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.

Lithologic
Symbol

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.

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.

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.

E
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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.

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.

Caliper
(Inches) Depth (ft)

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

N

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.

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.

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.

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.

23.0-23.3 ft.  No Recovery.

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, highly calcareous, no vertical or high angle fractures.

18.0-18.8 ft.  No Recovery.

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.

13.0-13.5 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.

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.

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.

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.

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.

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

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

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.

WE NS

11.0-12.6 ft.  No Recovery.

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.
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Deep Induction Resistivity
(Ohm-m)
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Far Spaced Density
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6/20/2007

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.

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.

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.

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.

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.

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.

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.

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.

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.

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

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

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.

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.

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

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).

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

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.

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

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.

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.
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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.

Caliper
(Inches)
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205.0-215.0 ft.  claystone.  @205.0-207.5 ft. three 0.3 ft. sections showing strong
mechanical fractures, no apparent lithologic cause,  could be caused by vibration in
drill string.  Inner core is dry , no indication of water in the formation.

45.0-55.0 ft.  Limonite and gypsum coated bedding plane fracture. at 45.5 ft.  @
46.0-55.0 ft.  bedding plane fracturing generally decreases downward through
interval.  Thin gypsum crystal coatings on fracture surfaces along with limonitic
coloration.  A limonitic coating of vertical fracture at ~ 47.0 ft., and a 45 degree
fracture with gypsum and limonite coating at 54.3-54.7 ft.  Fissile, well fractured
zone at ~51.0-51.5 ft.  Rock is generally silty claystone and mostly even bedded.
Trace bioturbation and storm layers, both of which are represented by very light
gray (N8) very fine grained sandstone layers.

55.0-65.0 ft.  bedding plane fracturing frequency decreases to generally less than
one per foot.  Only trace of gypsum coatings on fractures.  Core becoming more
competent.  Amount of bioturbated bedding and storm layers increases below ~60.0
ft to ~5%.  Limonite colored material coats most fractures.  A high angle (~60
degrees) fracture coated with limonite at 61.3-62.2 ft.  and a fissile fractured layer at
62.5 ft.  Trace pyritized fossil material.

65.0-75.0 ft.  ~65.0-65.5 ft. for a short core run.  Bedding plane fracturing nearly
absent, only 2 or 3 in this run.  Possible 30 degree inclined fracture at ~73.5 ft.
Trace limonitic coatings noted at 65.5 ft., and no limonitic or gypsum coatings on
fractures noted for rest of run.  Light-colored, storm or bioturbated beds are about
3% of layering.  Core becoming more competent, most breaks are drilling-induced.
Trace fine carbonaceous material and pyrite along some bedding.

75.0-85.0 ft.  fossil @ 80.6 ft., 0.1 x 0.05 ft.  Continued low angle bedding (5
degrees), core interior is dry, no indication of water from formation.

85.0-95.0 ft.  dark gray (N3-N4) when wet, medium gray (N5) when dry, uniform,
thin bedded, calcic, some gypsum, silty claystone.  Bedding +/-5 degrees.  Sporadic
very fine grained sand to thinly bedded siltstone partings.

95.0-105.0 ft.  mechanical fracturing along bedding planes most common, no
fracturing noted except partings along bedding planes, no significant iron alteration
zones or infillings, calcite and gypsum predominantly along hairline bedding planes.

105.0-115.0 ft.  no indication of formation water noted between 75.0-175.0 ft.

115.0-165.0 ft.   shale or claystone,medium dark gray (N4), as above.
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38.0-45.0 ft  bedding  plane fractures decrease in number with depth from ~0.1-0.2
ft. spacing to 0.2-1.0 ft. spacing at 45 ft.  Gypsum crystal coatings along some
fractures.  A 45 degree inclined fracture with gypsum coating at 42.2 ft. and a 30
degree inclined fracture  with gypsum coating at 42.9 ft.  Shale is even bedded with
only trace of lighter-colored very fine grained sandstone layers representing storm
layers or bioturbation.  Core very fissile and fractures easily when handled.
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175.0-185.0 ft.  @175.2-175.4, 175.7-176.3 ft., core is broken into 0.05 ft. pieces.
@176.7-177.4 ft.  core breaks to 3 pieces 0.2-0.3 ft. long.  @179.5-180.5 core in 3
pieces.  @182.0-182.5 several broken pieces.
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195.0-205.0 ft.  mechanical breakage along bedding planes @ 198.0, 201.3, and
204.0-205.0 ft.
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165.0-175.0 ft.  @167.5 ft. is a weak thinly bedded, silty layer about 0.4 ft. thick.
@168.0-169.0 ft.  couple of hard microcrystalline sand lenses
(porcelaneous-appearing) up to 0.1 ft. thick.  Sporadic silt and sand beds up to 0.05
ft. thick.

5.0-5.75 ft.  CLAYEY SILT (ML);  ~5% small rock fragments, light brownish gray
(10YR 6/2), highly calcareous.

Neutron In Air
(CPS)

N NE S W

0-1.25 ft.  CLAYEY SILT (ML);  grayish brown (10YR 5/2), highly calcareous,
numerous roots, worm hole porosity.

Far Spaced Density
g/cc

3.5-5.0 ft.  SILT (ML);  very pale brown (10YR 7/4), highly calcareous, mottled, trace
roots, trace gypsum crystals.

215.0-225.0 ft.  three fractures @ 20 degrees to core axis from 216.5-217.0 ft.
Clean hairline fractures, no secondary coatings or evidence of water, fractures
spacing is approximately 0.1 ft.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Deep Induction Resistivity
(Ohm-m)

5.75-10.5 ft.  WEATHERED MANCOS SHALE BEDROCK;  yellowish gray (5Y 7/2)
to dark yellowish orange (10YR 6/6), highly calcareous, mostly silty mudstone, soft,
numerous bedding plane fractures (highly weathered).  Trace gypsum along
fractures and bedding surfaces, trace fine pyrite.  Color becomes mostly pale
yellowish brown (10YR 6/2) by 10.0 ft. depth, and rock becomes harder.
10.5-14.75 ft.  No Recovery.
14.75-300.0 ft.   MANCOS SHALE:  bedding plane fractures, mostly silty mudstone,
pale yellowish brown (10YR 6/2) to yellowish gray (5Y 7/2), gypsum crystals along
fractures.15-21.75 ft.  No Recovery.

21.75-22.0 ft.  bedding plane fractures, mostly silty mudstone, gypsum crystals
along fractures, trace fish plates and dark framboidal pyrite on bedding surfaces,
medium gray (N5) to olive gray (5Y 4/1), moderately calcareous.
22.0-25.0 ft.  rock seems to be more competent with horizontal bedding plane
fractures spaced 0.1-0.2 ft. apart, medium light gray (N6) to medium gray (N5),
fairly even bedded, moderately calcareous, hard, trace framboidal pryite, vertical
fracture with gypsum crystal fill at 23.0 ft.
25.0-35.0 ft.  bedding plane fractures spaced 0.1 to 0.2 ft. apart or less.  Rock is
silty claystone overall, medium gray (N5), moderately calcareous.  Mostly even
bedding with only 5% or less bioturbated or storm bedding, which is coarser grained
(up to very fine grained sandstone).  Thin gypsum crystal coatings of bedding plane
fractures.  Inclined (45 degree) gypsum coated fractures at ~28.5, 30.0 and 31.5 ft.
Bedding appears to be inclined 5-7 degrees.  Several bedding surfaces had
limonitic-colored, moderate yellowish brown (10YR 5/4) on them, indicating some
water movement.35.0-38.0 ft.  could not determine where 1.0 ft. core loss occurred.  Bedding plane
fractures as above, 30 degree fracture with thin gypsum  coating at ~36.0 ft.
Numerous horizontal bedding plane fractures 37.0-38.0 ft. and limonitic-coloration.
Trace fine carbonaceous material on some bedding.

1.25-3.5 ft.  SANDY SILT (ML);  ~90% silt, 10% very fine grained sand, light
yellowish brown (10YR 6/4), trace roots, some mottling, highly calcareous, trace
small rock fragments, trace gypsum crystals.

U.S. DEPARTMENT OF ENERGY
GRAND JUNCTION, COLORADO PAGE  1  OF  1

Optical
Televiewer

CRJ01-0207

EL
EV

A
TI

O
N

 (f
t)

285.0-295.0 ft.  @ 291.15-291.4, core is fractured and platy - this fracturing is
mechanical, but a result of lower calcic content of core.

Neutron in Fluid
(CPS)

225.0-235.0 ft.  From 226.0-226.5 ft. strong mechanical damage.  Core is generally
very consistent in appearance, random, thin (<0.025 ft.) storm and bioturbation
layers.

235.0-245.0 ft.  @240.2-240.8 ft. zone of silt size, coarser sediment interbedded
with dark gray claystone, zone is mechanically fractured, otherwise the run is
consistent with previous runs, no significant change in bedding, lithology, amount of
mechanical fractures, no indication of formation water.

245.0-255.0 ft.   @ 251.5 ft.  hairline clean fracture about 20 degrees to core axis is
mechanical in origin.  Run is competent with no other remarkable characteristics,
usual bedding, coloration, fracturing, recovery, no indication of water in the
formation.

255.0-265.0 ft.  @256.0-259.0 ft.  majority of mechanical fractures occur 0.15-0.4 ft.
apart.  Medium dark gray (N4) claystone with some bedding planes and no
indication of water in the formation.

18 36 54 72 90 108 126 144 162

Natural Gamma
(CPS)

265.0-275.0 ft.   @266.0 ft.  is a mechanical fracture that is filled with a lot of clay.
This could be from cuttings or (unlikely but possible?) a large clay filled fracture?
@268.7- 269.4 ft.  zone of fractures along bedding, some bioturbation-associated
breakage, friable.  Remainder of run is typical shale.

MOA-999-0020-07-011: X0223500  DLS
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185.0-195.0 ft.  competent with only bedding planes and hairline gaps, calcite filling.
No breakage other than mechanical @ 185.0, 187.5, 191.0, and 193.5 ft.  Bedding
plane <~5 degrees, sporadic bioturbation zones about 0.1 ft. thick.

295.0-300.0 ft.  no evidence of water.

6/20/2007
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Caliper
(Inches) Depth (ft)Lithologic

SymbolLithological Description

275.0-285.0 ft. competent, unremarkable.  Mechanical fractures prevalent
@275.0-277.0 ft. with breaks every 0.2-0.4 ft.  Only other break @279.5 ft.  Nice
consistent run, even bedding, minor bioturbation, no indication of water in the
formation.
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20.5-22.0 ft.  SILTY SAND (SM);  silt 40%, very fine grained sand ~60%, light
yellowish brown (2.5Y 6/3), trace mottling, highly calcareous, trace rusty colored
siltstone fragments.

1.5-3.5 ft.  SANDY SILT (ML);  light brownish gray (2.5Y 6/2), highly calcareous,
mottled, compacted, some roots, trace rock fragments to 0.1 ft. in diameter.
3.5-4.5 ft.  greater amount (~5%) of rock fragments to .05 ft. in  diameter.
4.5-6.0 ft.  GRAVELLY SILT (ML);  some very fine grained sand and ~20% rock
fragments to 0.1 ft. in diameter, highly calcareous, light brownish gray (2.5Y 6/2).
6.0-9.0 ft.  GRAVELLY SAND (SW);  sand is very fine to coarse grain and ~70%;
gravel consists of rock fragments up to 0.1 ft. in diameter; sand matrix is highly
calcareous, light brownish gray (10YR 6/2), some mottling.
9.0-15.75 ft.  SILT (ML);  trace of very fine grained sand , pale brown (10YR 6/3),
highly calcareous, some mottling, compacted in some places, trace rock fragments.

40.0-45.0 ft.  ~20% very fine grained sandstone, very light gray (N8) in wavy to
bioturbated layers up to 0.03 ft. thick; remainder of rock is siltstone to clayey
siltstone, medium gray (N5), weak to moderately calcareous.  Trace fine pyrite and
carbonaceous material along bedding.  Core easily broken along bedding when
handled.  No natural fractures and limonitic coloration and no gypsum/calcite along
bedding.  Core dry when broken open.

19-20.5 ft.  SILT (ML);  light yellowish brown (10YR 6/4), highly calcareous,
compacted.

22.0-30.0 ft.  WEATHERED MANCOS SHALE BEDROCK; Contact estimated at
22.0 ft.25.0-30.0 ft.  mostly silty mudstone, light olive gray (5Y 6/1) to medium gray (N5),
highly calcareous, bedding plane fractures spaced mostly 0.1 ft. or less apart, wavy,
contorted (bioturbated) bedding.  Moderately weathered.

30.0-31.5 ft.  No Recovery.
31.5-301.0 ft.  MANCOS SHALE:
31.5-35.0 ft.  bedding plane fractures about 0.1 ft. apart down to ~33.0 ft., then
about 0.2 ft. apart to 35.0 ft.  Light olive gray (5Y 6/1) to medium gray (N5).  @32.7
ft., a thin silty clay bed that is dark yellowish orange (10YR 6/6) with trace pyrite.
Mostly clayey siltstone.  Highly calcareous throughout, trace pyrite crystals and fine
framboidal pyrite along bedding surfaces along with trace carbonaceous material.
Gypsum crystals along bedding plane fracture @34.5 ft.  Bioturbated bedding in
many places.35.0-36.5 ft.  No Recovery.

15.75-19.0 ft.  GRAVELLY SAND (SP);  sand is mostly fine to very fine grained and
~75%; gravel consists of rock fragments up to 0.2 ft. in diameter, trace gypsum
crystals, highly calcareous, mottled.
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Rock Quality Designation
(RQD)

20 40 60 80 100
0-1.5 ft.  CLAYEY SILT (ML);  gray (2.5Y 5/1), highly calcareous, moderate roots,
worm hole porosity.
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45.0-55.0 ft.  20-25% of rock that is very fine to fine grained sandstone occurs in
layers up to 0.1 ft.  thick.  Most layers are wavy and bioturbated.  More
drilling-induced bedding plane fractures - no natural fractures present or indication
of water movement (limonite, calcite, gypsum).

Acoustic
Televiewer

225.0-235.0 ft.  soft core, thinly bedded.

235.0-245.0 ft.  competent core - no soft spots.

245.0-255.0 ft.  soft, thin bedded, easily parted @250.8-251.6 ft.; rest of core
competent.

255.0-265.0 ft.  light gray (N7) from 259.1-259.25 and 259.8-259.95 ft. - strong
HCL, fine grained, dense, scattered small white fragments with strong HCL
(calcite?).  These are porcelaneous-appearing masses along bedding.

265.0-275.0 ft.  strong HCL, fine grained, dense, scattered small white fragments
with strong HCL (calcite?) from 266.35-266.5 ft. - light gray (N7).  These are
additional porcelaneous masses.

36.5-40.0 ft.  moderately calcareous, mostly siltstone and ~20% very fine grained
sandstone (mainly in lighter gray areas -very light gray, N8).  Siltstone is mostly
medium gray (N5).  Bedding plane fractures are rare - only 0.4-0.5 ft. apart,
indicating rock is very competent and only slight to non-weathered.  Trace pyrite
and carbonaceous material along bedding, which is wavy and bioturbated in most
places.  Some large burrows.

6/20/2007

195.0-205.0 ft.  hard and competent core throughout.  Trace to ~1% bioturbated or
storm bedding through interval.  Inclined bedding is 5-7 degrees from horizontal,
reflecting regional dip.  No fractures present.  Large pelecypod imprint at 204.5 ft.

NSEN W

Optical
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275.0-285.0 ft.  softer core, thin bedded, parts easily from 276.1-276.5,
278.3-279.5, and 280.1-280.7 ft.

135.0-145.0 ft.  Note:  drilled to 145.0 ft. on 10/5/2005 but did not open core barrel
till 10/6/2005.  Although core appears intact and competent, it parts easily upon
handling, revealing fossil imprints with fine pyrite coatings on many of them.  Rock
is homogeneous silty claystone, medium dark gray (N4), slightly calcareous, and
only trace of bioturbated bedding.  No natural fractures seen.

55.0-65.0 ft.  ~20% of rock that is very fine to fine grained sandstone occurs in
layers up to ~0.07 ft. thick.  No natural fractures present or indications of water
movement.  Trace pelecypod fossil imprints on some bedding surfaces.

65.0-75.0 ft.   very fine to fine grained sandstone layers that compose ~20% of rock
from 65.0 to 70.0 ft. decreases gradually through 70.0-75.0 ft to about 10%.
Bedding plane fractures more frequent from 65.0-68.0 ft. than from 68.0-75.0 ft., but
no evidence that they are anything more than drilling induced.  Increase in
carbonaceous material and associated framboidal pyrite (and trace amber-like
material) along bedding planes in the medium gray (N5) silty claystone layers that
comprise most of the rock.

75.0-85.0 ft.  most of the rock is medium gray (N5) and silty claystone to clayey
siltstone  (~90%).  ~10% is very light gray (N8) very fine to fine grained sandstone
in thin  (<0.01 ft.) layers or as burrows and bioturbation segregations and irregular
layers.  Trace pelecypod and cephalopod fossil imprints on a few bedding surfaces.
High angle (~80 degree) fractures at top and bottom of interval - top fracture at
75.0-75.8 ft. is smooth and may be natural and it is tight.  Bottom fracture at
84.2-84.6 ft. is hackly and is probably drilling-induced.

85.0-95.0 ft.  most rock is silty claystone to clayey siltstone (95%).  Only ~5% is
very light gray (N8) very fine grained sandstone in a few thin layers (storm layers?)
but mostly in round elongated forms that occur along bedding or cut down through
bedding at various angles - these are likely burrows.  Trace of various fossil
imprints and less fine carbonaceous material along bedding.  No natural fractures
seen.

95.0-105.0 ft.  amount of very light gray (N8), very fine grained sandstone in wavey
layers and as bioturbation (burrows) gradually increases from 5% to ~15% @105.0
ft.  Increased amount of fine carbonaceous material along bedding surfaces of the
main rock type - clayey siltstone.  No natural fractures seen.

105.0-115.0 ft.  amount of very light gray (N8), very fine grained sandstone in wavy
layers and as bioturbation gradually decreases from ~15% at 108.0 ft. to 1-2% at
112.0 ft.  At 115.0 ft., rock is mostly (~98%) medium gray (N5) silty claystone,
weak-moderately calcareous.  No natural fractures seen.  Core dry when broken
open.

215.0-225.0 ft.  core breaks into 0.05-0.3 ft. segments from 215.0-218.0 ft. -
appears to be drilling induced.  From 218.0-219.6 ft., core easily parts and appears
to be somewhat more fissile (softer).  From 219.6-225.0 ft., core is hard and
competent.  No natural fractures seen.  Only trace of bioturbated bedding.

125.0-135.0 ft.  amount of bioturbated and very fine grained sandstone layers
decreases through interval from ~2% to a trace at 135.0 ft.  Vertical fractures at
129.0-129.5 ft. and 132.8-134.5 ft. are somewhat wavy and arcuate and are thought
to be drilling induced.  No definite natural fractures seen.  Pelecypod fossil imprint
at 131.2 ft.

205.0-215.0 ft.  rock is softer and more fissile from 207.5-208.5 ft.  Fine
carbonaceous material on some bedding planes.  Trace to ~1% bioturbated or
storm bedding up to 0.01 ft. thick, very light gray (N8), very fine grained sandstone.
No fractures present.  Dry when core broken open.

145.0-155.0 ft.  amount of bioturbated spots and layers increases slightly to 1-2%.
Vertical fractures at ~148.5 and 152.5-153.4 ft. have smooth surfaces and are
probably drilling induced - no evidence of water movement or natural fracturing on
the surfaces.  Thin, fissile bedding at ~145.0-145.5, 150.5-151.0, and 151.5-152.0
ft.  are weaker and easily parted (softer).

155.0-165.0 ft.  amount of bioturbation decreases slightly to ~1%.  High angle (~80
degrees) fractures at ~158.0-158.8 ft. and 159.0-159.7 ft. - no limonitic or other
coatings along these tight fractures, therefore, they are probably drilling induced.
Core hard and competent throughout.  Trace fine carbonaceous material and fossil
imprints.

165.0-175.0 ft.  bioturbated or storm layering (very fine grained sandstone) is only a
trace.  No fractures seen.  From 165.5-169.4 ft., rock is fissile, softer, and parts
easily.  From 169.4-173.0 ft., core is more competent and breaks into 0.1-0.2 ft.
segments.  Core hard and competent from 173.0-175.0 ft.

175.0-185.0 ft.  core hard and competent - no natural fractures seen.
Drilling-induced fractures ~0.5 ft. long occur at top and bottom of core run.  Trace
fine carbonaceous material and fossil imprints.  Lithology continues as silty
claystone.  Dry when core broken open.

185.0-195.0 ft.  possible natural fractures at 188.0-188.3 ft. - three fractures in this
interval are inclined ~45 degrees and separated by ~0.1 ft. - no evidence of fluid
movement along these tight fractures.  From 189.0-191.0 ft., amount of bioturbation
increases to 2-3%.  Below 192.0 ft., bioturbated bedding amounts to only a trace.
Core hard and competent throughout, and is generally a claystone, medium dark
gray (N4).

PRAIRIE CANYON
MEMBER

115.0-125.0 ft.  slight increase in amount of bioturbated layers (and very fine
grained sandstone) from ~2% to ~5% from 117.0-122.0 ft.  A hackly, near vertical
fracture at 115.2-115.8 ft., probably drilling induced; a similar fracture at
124.6-125.0 ft.  At 119.5 ft. is a pelecypod fossil imprint with fine pyrite.  No natural
fractures seen.  Decrease in amount of bioturbated layers from 122.0-125.0 ft. down
to ~2% or less.
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24.0-27.25 ft.  No Recovery.

40.5-45.0 ft.  mostly silty claystone and even, thinly bedded except for 42.3-42.6 ft.,
which is bioturbated  - these small blotches are dark yellowish orange (10YR 6/6)
and rest of rock is light olive gray (5Y 6/1).  Mainly horizontal fractures, spaced
0.1-0.2 ft. apart, moderately calcareous, hard, competent rock with 0.01 ft. wide
gypsum filled horizontal fracture at 41.2 ft.  Vertical fracture at 42.8-43.2 ft.

225.0-235.0 ft.  possible bedding plane fractures (6-8 of them) from 226.0-227.5 ft.,
but these may be drilling-induced because no indication of limonitic or
calcitic/gypsum coatings.  Laminated and bioturbated bedding forms continued.
One dense calcareous segregation (as described above) at ~227.5-227.6 ft.

215.0-225.0 ft.  bedding and fracture features are same as above.  Several thin (up
to 0.06 ft. thick) segregation of light-colored, very pale orange (10YR 8/2), densely
calcareously cemented (almost porcelaneous) very fine grained material (silt size?).
Scattered white pieces (<0.01 ft. in diameter) in segregations are highly calcareous
and may be shell fragments and occur at 217.7, 218.0, 222.5, and 223.2 ft.  Trace
fossil shell fragments on bedding surfaces.

205.0-215.0 ft.  no bedding plane fractures observed - fractures in core are drilling
induced.  Overall rock color is medium gray (N5).  Bedding shows lamination by
very light gray (N8), thin bands that are composed of very fine grained sand - other
very fine grained sand layers are  formed from bioturbation and are lenticular or
flaser shaped and up to 0.02 ft. thick.  Slightly calcareous throughout.  Finely
divided black carbonaceous material on many bedding surfaces along with
framboidal pyrite.  Trace fossil impressions.

16.0-18.5 ft.  No Recovery

21.0-22.75 ft.  No Recovery.

30.0-33.0 ft.  No Recovery.
33.0-35.0 ft.  horizontal bedding plane fractures spaced ~ 0.1 ft. apart predominate,
a few vertical fractures with gypsum crystal coatings, mostly clayey siltstone, pale
yellowish brown (10YR 6/2) to light olive gray (5Y 6/1), highly calcareous.  Wavy to
contorted (bioturbated) bedding, hard.

195.0-205.0 ft.  possibly a few bedding plane fractures in 196.0 ft. area and
199.0-200.0 ft. area although no limonitic or gypsum coatings observed.  Below
199.0 ft. shale contains more fine black carbonaceous material on bedding
surfaces.  Also finely divided pyrite associated with this carbonaceous material.
Rock only slightly calcareous.  Core drilled slower from 200.0-205.0 ft.  Moderately
bioturbated throughout.

185.0-195.0 ft.  few bedding plane fractures - some possibly between 192.0 and
194.0 ft.  At 191.0-191.2 ft. is an abruptly lighter colored layer, yellowish gray (5Y
7/2) and almost a porcelaneous appearance from its very fine grained, dense
character - highly  calcareous and scattered very small white (calcite?) fragments
are distributed in this layer and fine pyrite crystals are also associated with them.
Bioturbated bedding also ubiquitous in this interval, and it is hard and competent.
Finely divided carbonaceous fragments and pyrite along bedding.

18.5-21.0 ft.  GRAVELLY SAND (SW);  alluvial detritus, soft to 19.5 ft, then hard and
compacted to 21.0 ft.  Soft material is mostly light yellowish brown (2.5Y 6/4) and more
compacted material is mostly light brownish gray (2.5Y 6/2).  Rock fragments of siltstone,
fine grained sandstone, and ironstone are tabular to subrounded  and up to 0.2 ft. long.
Rock fragments seem to be calcareously cemented by groundmass in places.

165.0-175.0 ft.  bedding plane fractures rare - not discernible from drilling-induced
fractures.  Hard competent rock.  Bioturbation increasingly interrupts bedding and
burrowed layers are up to 0.05 ft. thick.

9.0-11.25 ft.  SILT (ML);  light brownish gray (2.5Y 6/2), highly calcareous, trace
very fine grained sand, possibly an eolian deposit.

45.0-55.0 ft.  mostly silty claystone and even, thinly bedded.  Trace bioturbated
bedding and framboidal pyrite replacing carbonaceous material along some
bedding planes.  Rock is olive gray (5Y 4/1) for the most part.  Rock is more
competent - bedding plane fractures are less frequent, spaced 0.3-0.4 ft. apart with
limonite - colored (dark yellowish orange, 10YR 6/6) material on some fractures.  30
degree fracture at ~47.2 ft.  Limonitic coated fracture at ~51.0 ft.  A ~40 degree
fracture at ~54.0 ft. with thin gypsum coating.  Fossil ammonites and pelecypods
noted at ~53.0 ft.  A ~45 degree fracture with thin gypsum film at 49.0 ft.

155.0-165.0 ft.  bedding plane fractures nearly absent- none discernible from drilling
induced breaks.  Hard, competent core.  Bioturbated bedding seems to be
increasing, with individual flaser/lenticular bioturbated bed fillings of very fine grain
sand up to 0.02 ft. thick.  Rock type, overall, approximates siltstone when averaging
between medium gray silty claystone and very light gray and very fine grained
sandstone facies.

145.0-155.0 ft.  bedding plane fracturing evident only from 146.0-147.0 ft. where
they are ~0.1-0.2 ft. apart.  Slight bioturbated bedding continues - bedding dips ~5-7
degrees from horizontal.  Fresh shale is medium gray (N5) and slightly-moderately
calcareous.

55.0-65.0 ft.  thinly-evenly bedded silty claystone.  Trace gypsum in vertical fracture
at ~64.7 ft.  Hard, competent rock, medium gray (N5), bedding plane fractures
become rarer - only one or two per foot.  Thin bed ~ 62.3-62.4 ft. that appears to be
a coarser grained siltstone and burrowed with hackly fracture, moderate yellowish
brown (10 YR 5/4), slightly calcareous.
65.0-75.0 ft.  mostly silty claystone except for a bioturbated section @67.7-68.0 ft.
that has wavy bedding and is coarser grained up to very fine grain sand.  Large
fossil (cephalopod?) at base of this interval at ~68.0 ft.  Moderately calcareous in
coarser grain interval and slight to moderately calcareous elsewhere.  From
65.0-66.0 ft. bedding plane fracturing is frequent (<0.1 ft.) and thick (0.01 ft.)
gypsum coating at 65.2 ft., limonitic coating at 65.5 ft. and gypsum coating at 65.7
ft.  Vertical fracture at 66.0-66.3 ft. and several at 63.7 ft. and 64.5 ft.  Core much
harder and more competent (few fractures) below 66.0 ft.

75.0-85.0 ft.  trace bioturbation, mostly even, thin bedding, moderately calcareous,
hard competent rock, bedding plane fractures less frequent than 0.5 ft.  Vertical
fracture(s) from 76.0-77.0 ft. and 84.0-84.5 ft. with limonite coatings.  No gypsum
seen.  Limonitic coating also at 78.0 ft.  Trace fine carbonaceous material and
framboidal pyrite on bedding planes.

85.0-95.0 ft.  most bedding is parallel and even, trace-minor bioturbation scattered
through interval and is expressed as flaser bedding.  Light-colored bioturbated
zones are calcareously cemented and coarser grained (very fine grain sand) than
rest of core (silty claystone).  Rock hard and competent, bedding plane fractures
are rare, closed, and coated with limonite (dark yellowish orange, 10YR 6/6).
Several fractures 85.0-86.0, 89.0, 91.9, and 94.2 ft.  Slightly to moderately
calcareous throughout.

95.0-105.0 ft.  fractures infrequent and no limonitic or gypsum coatings observed,
therefore fractures seen may be drilling induced.  Fine carbonaceous fragments
seen on some bedding surfaces.

105.0-115.0 ft.  fractures infrequent to absent - no gypsum or limonitic coatings
observed, so fractures seen may be drilling induced.  Color is mostly medium gray
(N5).  Some white fine calcite films on bedding surfaces and some dark fine grained
carbonaceous material disseminated throughout.

115.0-125.0 ft.  increased bedding plane fractures especially from 118.0-120.0 ft.
where spacing is generally <0.1 ft.  Some closely spaced fractures also at
~117.2-117.5 ft. in softer shale, possibly related to thin bentonitic (?) layer that was
lost.  Silty claystone is moderately calcareous.  Trace black carbonaceous material
and framboidal pyrite associated with fine fossil fragments on bedding.   Rock
mostly hard and competent below 120.5 ft.

135.0-145.0 ft.  bedding plane fracturing nearly nonexistent, very competent, hard
silty claystone.  Bioturbated bedding imparts a flaser and small-scale lenticular
bedding.  Trace black carbonaceous material and framboidal pyrite associated with
fine fossil fragments.  A 4.0 ft. and 3.5 ft. unbroken core segments indicate
hardness of this interval.  Trace calcareous (calcite) fossil shell replacement along
some bedding surfaces.

125.0-135.0 ft.  bedding plane fracturing is infrequent, non-fractured segments >1.0
ft. long are the rule.  Bioturbated bedding imparting a flaser bedding structure is
more frequent and some burrow in fillings are present.  Burrow and bioturbation
fillings are lighter colored, very light gray (N8), and are composed of very fine grain
sand.  Moderately calcareous and trace black carbonaceous material and
framboidal pyrite associated with fine fossil fragments.

175.0-185.0 ft.  no discernible bedding plane fractures.  Hard competent rock,
mostly medium gray (N5).  Bioturbation is ubiquitous and the very light gray (N8),
very fine grained sandstone filling these burrowings composes ~20% of the rock.
Small (<0.001 ft.) fragment of amber (?) colored material at 179.0 ft.  Carbonaceous
fragment ~0.15 ft. long at 179.7 ft.

235.0-245.0 ft.  possible bedding plane fractures from 240.0-241.0 ft., but they may
be drilling induced because no indication of limonitic or calcitic/gypsum coatings.
Laminated and bioturbated bedding forms continued.  One dense calcareous
segregation at 236.4-236.5 ft. has small scale vertical fractures (~0.02 ft. long) with
calcite crystal infillings and masses of fine pyrite also associated with the
calcite-filled fractures.  These may be related to large cephalopod fossils(?).

11.25-16.0 ft.  GRAVELLY SAND (SW);  alluvial detritus, soft down to 14.0 ft. and
increasingly harder 14.0-16.0 ft.  Mostly light gray (2.5Y 7/2), highly calcareous,
platy shale fragments, trace gypsum crystals that form plates, sandstone rock
fragments up to 0.1 ft. long, some dolomitic ironstone fragments up to 0.05 ft. long.

295.0-300.0 ft.  no natural fractures observed.  Rock is hard and competent, but
breaks readily along bedding surfaces.  At 297.0 ft. is a large pyrite-plated mollusk
imprint.

285.0-295.0 ft.  bedding planes are mostly even and laminated, bioturbation is rare.
No natural fractures observed.  Core breaks readily along bedding.  At ~287.0 ft. is
imprint of a long, narrow, coiled cephalopod; at~295.0 ft. is an imprint of a
pelecypod ~0.15 ft. diameter.  Fine black carbonaceous material along bedding
surfaces.

275.0-285.0 ft.  bedding becomes more laminated with less bioturbated lenticular
bedding.  Slightly calcareous throughout.  Rock is generally finer grained, medium
dark gray (N4), generally a silty claystone, and the core fractures more easily when
handling along bedding planes.  At 282.5 ft. is a tight 20 degree inclined fracture
with no coating on its surface.  At~280.0 ft. is an imprint of a large cephalopod.
Fossil imprints are moderately abundant in this section.  Fine black carbonaceous
material on bedding planes.

265.0-275.0 ft.  no apparent bedding plane fractures.  Laminated and bioturbated
bedding forms continued.  No layers of dense calcareous segregations noted.
Slightly calcareous throughout.  Fossil imprints in bedding at 271.6 and 273.5 ft.

35.0-300.0 ft.  MANCOS SHALE:
35.0-40.5 ft.  silty claystone, mainly horizontal fractures spaced every 0.1-0.2 ft. apart,
some 0.01 ft. wide vertical fractures filled with crystalline gypsum at 38.0-39.8 ft.  Slight
to moderately calcareous, even bedded, light olive gray (5Y 6/1), hard, competent
material, only slightly weathered especially in upper 2.0-3.0 ft.  A 45 degree fracture at
~37.8 ft. that has very thin gypsum coating.  Small crystal of amber-colored material at
~38.5 ft., ~0.01 ft. crystal.

22.75-35.0 ft.  WEATHERED MANCOS SHALE BEDROCK:  (contact estimated at 22.0
ft.)  mostly silty mudstone, light gray (N7), highly calcareous, horizontal bedding plane
fractures  numerous, pelecypod impression @23.5 ft.  A thin 0.05 ft. thick rusty, light
brown (5YR 5/6) - colored siltstone bed at 23.0 ft.  Soft, moderate to highly weathered.

255.0-265.0 ft.  no apparent bedding plane fractures.  Laminated and bioturbated
bedding forms continued.  No layers of dense calcareous segregations noted.
Imprint at 265.3 ft. of long slender coiled (flattened and mostly stretched out)
cephalopod.  Coiled cephalopod ~0.1 ft. diameter at 261.8 ft.

245.0-255.0 ft.  no apparent bedding plane fractures.  Laminated and bioturbated
bedding forms continued.  Dense calcareous segregation at 251.0 ft. and 252.3ft.,
which has white amorphous calcite fragments.  Segregation at 252.3 ft. is a bulge
that deforms later bedding above it.  Imprint of a fine (framboidal) pyrite replaced
fossil in core break at 250.8 ft., fossil is ~0.05 ft. long.  Trace minute amber-colored
particles in bedding plane at 255.0 ft.

2.0-5.25 ft.  SILTY SAND (SM);  pale brown (10 YR 6/3), highly calcareous, trace
roots, noncohesive.

5.25-6.75 ft.  SAND (SW); light brownish gray (10YR 6/2), moderately calcareous,
fine to coarse grained  sand with ~2% rock fragments, probably a fluvial channel or
sheetwash deposit.
6.75-9.0 ft.  CLAYEY SILT (ML);  pale brown (10YR 6/3), highly calcareous,
compacted, slightly mottled, dry.
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27.25-30.0 ft. core from 27.25 to 28.25 ft. was ground up in coring process and only
rounded pieces are represented, moderately weathered.  Horizontal bedding plane
fractures spaced about 0.1-0.2 ft. apart from 28.25 ft. to 30.0 ft.  Mostly clayey siltstone,
gypsum crystal fracture coatings, highly calcareous, trace black fossil impressions in
bedding planes with framboidal pyrite, pale yellowish brown (10YR 6/2), slightly
weathered hard.  Trace of dark carbonaceous material on bedding planes.
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0-2.0 ft.  CLAYEY SILT (ML);  light brownish gray (2.5Y 6/2), highly calcareous,
moderate amount of roots, worm hole porosity, motted at 1.0-2.0 ft.
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56.0-66.0 ft.  mostly sandy siltstone - siltstone ~60% and very fine grained
sandstone ~40.0%.  Most sandstone is in coarser grained bioturbation fills.
Moderately bioturbated throughout.  Trace black carbonaceous material on bedding
planes.  Rock is hard and competent, no natural fractures detected, moderately
calcareous.  Cephalopod imprint at 61.2 ft.

21.5-23.0 ft.  mainly siltstone, highly calcareous, pale yellowish brown (10YR 6/2) to
dark yellowish brown (10YR 4/2), with bioturbated bedding.  @22.5 ft.  ~0.1. ft. thin
light brown (5YR 5/6) bed, soft, highly calcareous, mostly silty claystone.  From
22.6-23.0 ft.  harder siltstone, bioturbated, gypsum fracture coatings, and pale
yellowish brown (10YR 6/2) to dark yellowish brown (10YR 4/2), highly calcareous.

267.0-279.0 ft.  essentially unchanged from 227.0-237.0 ft. interval.  Bioturbation
~1% or less of bedding - some of the coarser grained layering may be due to storm
events rather than bioturbation.  Thin fissile interval at ~271.0 ft.  Weakly
calcareous throughout.  Trace fossil imprints - one large flattened cephalopod at ~
270.7 ft.  Trace very fine (framboidal) pyrite and amber.

86.0-96.0 ft.  lithology gradually has changed to more siltstone - rock is now
generally a sandy siltstone - probably ~40% very fine grained sandstone.  Core is
less competent and more prone to breakage along siltstone bedding planes.
Bioturbated throughout.  No natural fractures noticed.  Dry inside core when broken.
@93.0-94.0 ft. is a silty interval that breaks easily.

96.0-107.0 ft.   about equal amounts of very fine grained sandstone and siltstone.
Moderately bioturbated .  Core slightly more competent but still prone to break
along siltstone bedding planes.   No natural fractures observed.  Dry inside core
when broken.  Trace fossil imprints, finely divided carbonaceous material along
bedding, and fine framboidal pyrite.

66.0-76.0 ft.  moderately bioturbated throughout.  Fine carbonaceous material along
bedding throughout.  Rock hard and competent - no natural fractures detected.
Moderately calcareous in coarser grained material and slightly calcareous in finer
siltstone material.  Fossil impressions on some bedding surfaces.

107.0-117.0 ft.  moderately to highly bioturbated throughout.  Approximately equal
amounts of very fine grained sandstone, very light gray (N8) and siltstone, medium
dark gray (N4).  Core mostly hard and competent.  Prone to break along siltstone
bedding planes.  No natural fractures observed.  Dry inside core when broken.
Finely divided carbonaceous material along bedding.

279.0-289.0 ft.  unchanged from 227.0-237.0 ft. interval. Thin fissile interval at
~282.5 ft. (~0.2 ft. thick).  Trace of fossil imprints throughout.

45.0-56.0 ft.  From 45.0-46.0 ft. very fine grained sandstone, medium dark gray
(N4), slightly calcareous, hard, competent, trace carbonaceous material.very fine
grained sandstone and about 20% siltstone.  Moderately bioturbated throughout.
Slightly calcareous overall, moderately calcareous in coarser (very fine grained)
sandstone fills of bioturbation layers.  No natural fractures noted and no limonitic
coloration or films of calcite or gypsum.  Rock hard and competent throughout.  At
~53.6-53.7 ft. is a rounded mass ~0.15 ft. in diameter and 0.1 ft. high of moderately
to highly calcareous, dense, very fine grained sandstone that is lighter colored,
medium light gray (N6), than rest of rock.  Trace carbonaceous material fragments.

36.0-45.0 ft.  fracture zone with limonitic coloration @36.7-36.9 ft. and a similar
layer @38.1 ft.  From ~37.0-45.0 ft. mostly siltstone, medium dark gray (N4),
slightly calcareous.  Fractures with thin limonitic coating at 41.3 and 42.5 ft. - no
natural fractures noted below that point.  Trace bioturbation and carbonaceous
material.  Siltstone is mostly competent, hard, and brittle.  Possible vertical fracture
from 41.0-41.8 ft. with no coating and is tight.

23.0-26.0 ft.  moderately to highly weathered, abundant bedding plane fractures
spaced about 0.02 ft. apart, bedding is bioturbated, mostly very fine grained
sandstone with some siltstone, highly calcareous, trace limonitic coatings along a
few bedding plane fractures, trace black carbonaceous material, fine sandstone is
yellowish gray (5Y 7/2) and darker silty layers are medium gray (N5).

289.0-299.0 ft.  unchanged from 227.0-237.0 ft. interval.  Bioturbated/storm event
layers of very fine grained sandstone are ~1% of layers, which may be up to 0.02 ft.
thick.

76.0-86.0 ft.  moderately to highly bioturbated throughout.  Fine carbonaceous
material along bedding, vertical fractures ~76.0 to 76.6 ft. and 82.0-82.8 ft., no
fracture coatings and both are tight.  Fossil impressions on some bedding planes.

157.0-167.0 ft.  @160.0-164.0 ft., thin laminated (fissile) bedding in Mancos
becomes less competent allowing it to fracture along bedding easily.  Light-colored
very fine grained sandstone to siltstone that defines the bioturbated layers
composes only ~5% of the rock in this interval.

197.0-207.0 ft.  rock comewhat coarser grained and is mostly clayey siltstone.
Core much less prone to break upon handling - much more competent and hard.
Fossil imprints moderately common along bedding.  Only trace bioturbated bedding;
most bedding is parallel.

207.0-217.0 ft.  unchanged from 197.0-207.0 ft. interval.  Large cephalopod imprint
at ~210.0 ft.

187.0-197.0 ft.  essentially same as last interval.  Rare bioturbated layers.

177.0-187.0 ft.  core is mostly intact initially throughout, but breaks readily due to its
fissile character upon handling and drying.  Rock is mostly silty claystone with
moderately abundant imprints of fossils on bedding planes.  Dry inside core when
broken.

217.0-227.0 ft.  unchanged from 197.0-207.0 ft.  above.  Core more prone to
fracturing from ~218.0-220.0 ft. indicating greater fissility and possibly more
claystone facies.

257.0-267.0 ft.  unchanged from above interval (227.0-237.0 ft.).  Core nearly
unbroken initially.  Fissile interval ~0.2 ft. thick at ~264.0 ft. that breaks easily.
Bioturbation layers expressed as very light gray (N8) color and are ~1-2% of
layering.

167.0-177.0 ft.  competent, hard rock throughout.  Most bedding is laminated
(parallel) and only <5% bioturbated bedding.  Slightly calcareous throughout.
Mostly medium dark gray (N4) clayey siltstone to silty claystone.  Parts of flattened
cephalopods along a few bedding planes.

20.0-21.5 ft.  much softer dark shale/mudstone , dark yellowish brown (10YR 4/2 - a
damp color), highly calcareous.

147.0-157.0 ft.  bioturbated layers become increasingly rare.  Rock is hard and
competent, no natural fractures observed.  Rock is generally medium dark gray
(N4), slightly calcareous, and is a clayey siltstone.  Flattened cephalopods and
pelecypods occur in a few bedding planes.  Finely divided carbonaceous material
seen in shallower parts of hole is nearly absent here.

137.0-147.0 ft.  fossil impression at 137.0 ft.    Below about 140.0 ft., finer grained
overall - generally siltstone, with only about 10-20% very fine grained sandstone
that depicts bioturbated layers.  Slightly calcareous throughout.  More fine
carbonaceous material along bedding.  Bedding more laminated and less
bioturbated.  Calcareous material layer as a fossil impression at ~139.5 ft.

237.0-247.0 ft.  same as above interval.

247.0-257.0 ft.  unchanged from above interval (227.0-237.0 ft.).  Bedding appears
to dip ~5-7 degrees from horizontal throughout.

127.0-137.0 ft.  light colored, very fine grained sand in bioturbated layers can be as
much as 0.1 ft. thick.  Slightly calcareous throughout.  Dry inside when broken.

117.0-127.0 ft.  same as above interval.

227.0-237.0 ft.   mostly silty claystone.  Core is competent when first out in core
barrel, but soon fractures along fissile bedding planes.  Slightly calcareous
throughout.  Trace fine carbonaceous material on bedding planes.  Trace amber in
some bedding planes.  Bioturbation present but <5% of bedding planes.  Core dry
inside when broken.

26.0-36.0 ft.  bedding plane fractures decrease with depth to about every 0.5 ft. at 36.0 ft.
Fractures at 32.6, 34.2, and  35.0 ft. have gypsum crystal fillings up to 0.01 ft. thick.  A 40
degree inclined fracture at 35.3 ft. has thin white gypsum coating.  Moderately calcareous
throughout.  Less very fine grained sandstone with depth - below ~29.0 ft. is mostly a silty
claystone, medium gray (N5) with minor very light gray (N8) very fine grained sandstone
filling bioturbated layers.  From 26.0-29.0 ft., lithology is the same as from 23.0-26.0 ft
above.  At 34.1-34.2 ft. is a thin layer of light brown (5YR 5/6) clayey siltstone with trace
of black carbonaceous material; this layer is noncalcareous.

5.0-10.0 ft.  WEATHERED MANCOS SHALE BEDROCK;  soft, highly weathered to
5.5 ft., grayish orange (10YR 7/4), highly calcareous, mostly siltstone.  At 5.5-6.0 ft.,
is hard, very fine grained sandy dolomite, slightly calcareous, pale yellowish brown
(10YR 6/2).  Through sandy dolomite layer by ~7.0 ft. and into softer weathered
Mancos Shale consisting mainly of siltstone, highly calcareous.

15.0-16.8 ft.  No Recovery.

11.5-15.0 ft.  moderately weathered (more abundant bedding plane fractures) to
~13.5 ft. Slightly weathered below to 15.0 ft. with bedding plane fractures spaced
~0.1-0.2 ft. apart.  Wavy bedding and some bioturbation.  Some carbonaceous
material and fine framboidal pyrite on bedding surfaces.  Highly calcareous, mostly
siltstone, mostly yellowish gray (5Y 7/2), gypsum crystals on some fractures.

10.5-11.5 ft.  No Recovery.

10.0-302.0 ft.  MANCOS SHALE:
10.0-10.5 ft.  mostly siltstone, moderately weathered, grayish orange (10YR 7/4) to
pale yellowish brown (10YR 6/2), highly calcareous.

@6.0 FIRST REFUSAL

3.0-5.0 ft.  CLAYEY SILT (ML);  light brownish gray (10YR 6/2), highly calcareous,
some mottling, ~2% small rock fragments.

299.0-302.0 ft.  unchanged from 227.0-237.0 ft.  interval.  Small flattened
cephalopod fossil imprint at 301.0 ft.
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139.0 ft.

16.8-20.0 ft.  moderately weathered as indicated by bedding plane fractures spaced
generally <0.1 ft. apart, gypsum crystals along bedding fractures, wavy bedding and
some bioturbation, yellowish gray (5Y 7/2) to medium light gray (N6), highly calcareous.

0-3.0 ft.  SILT (ML);  grayish brown (10YR 5/2), highly calcareous, moderate roots,
wormhole porosity, ~1-2% small rock fragments.
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Problem Statement: 
 
Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor 
has identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of Crescent Junction, 
Utah, as a possible site for a final disposal cell for 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 is to present the supplemental test 
results of geotechnical testing performed to characterize the tailings at the Moab processing site. 
 
These data will be incorporated into Attachment 5, Volume II of the Remedial Action Plan and Site Design 
for Stabilization of Moab Title I Uranium Mill Tailings at Crescent Junction, Utah, Site (RAP) and 
summarized in the Remedial Action Selection (RAS) report for the Moab Site.  
 
Method of Solution: 
 
Samples were collected during November and December 2005 by mixing either bulk samples obtained 
from the ten backhoe test pits (600-series, also referred to as the GABT series) completed in early 
December 2005, or selected Shelby tube and/or split spoon samples from the November/December 2005 
geotechnical drilling program (700-series). Figure 1 shows the location where the tailings samples were 
collected. A description of the discrete samples used to obtain composite samples, along with results 
from settlement and compaction tests, is contained in Appendix A. Further test results, including Atterberg 
limits, grain size distribution, hydraulic conductivity, triaxial shear strength, consolidation, and capillary-
moisture relationships are presented in Appendix B and Appendix C at the conclusion of this calculation. 
 

 
Figure 1. Location of Tailings Samples 
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Assumptions: 
Not applicable 
 
Calculation: 
 
Appendixes A, B, and C contain laboratory results from the supplemental testing, and Table 1 
summarizes the test results. 
 
Discussion: 
 
Soil and tailings samples from this sampling effort were sent to Shaw E & I, Inc. Geotechnical Laboratory 
(hereafter referred to as the laboratory) on May 4, 2006. 
 
The laboratory issued to Stoller Corporation a Certificate of Analysis on November 7, 2006. Upon review of 
the data, three deficiencies were noted as follows: 

1. Confined Undrained Triaxial Shear Strength with Pore Pressure Measurements (ASTM D 4767) tests 
were requested with effective confining pressures of 20, 40, and 60 pounds per square inch (psi). 
Test results presented in Appendix B show that tests were performed with an effective confining 
pressure of 2 psi. The laboratory is currently reanalyzing these tests. This calculation set will be 
updated when these test results are available. 

2. Hydraulic Conductivity using Flexible Wall Permeameter (ASTM D 5084) tests were requested with 
effective confining pressures of 20, 40, and 60 psi. Test results presented in Appendix B show that 
tests were performed with an effective confining pressure of 2 psi. The laboratory is currently 
reanalyzing these tests. This calculation set will be updated when these test results are available. 

3. Capillary-Moisture Relationships were analyzed using a potentiometer. These test results show very 
high vapor suctions, especially at high moisture contents. The laboratory is currently reanalyzing 
these tests using ASTM D 5298 (Measurement of Soil Potential Suction) and using filter paper. This 
calculation set will be updated when these test results are available. 

 
Conclusion and Recommendations: 
 
Not applicable 
 
Computer Source: 
 
Not applicable. 
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Sieve/Hydrometer Analyses Triaxial Shear 
Strength (2) Bench 

Test 
Sample 

No. 

Soil 
Type 

Atterberg 
Limits 

(LL/PL/PI) 
ASTM D 

4318 
% 

Gravel 
% 

Sand 
% 

Silt 
% 

Clay 

Sample Prep Dry 
Unit Weight (pcf)/ 

Water Content 
(%)/Confining 
Pressure (psi) 

Hydraulic 
Conductivity (1) c, 

psf 

Eff. 
Friction 
Angle, 

degrees 

Coefficient of 
Consol., Cc 

Volume 
Moisture 

Content at 
15-bar (3) 

Maximum 
Dry Density 

(pcf) 
(Standard 

Proctor) (4) 

Optimum 
Moisture 
Content 

(Standard 
Proctor) (4) 

Settled Percent 
Compaction (4) 

106.3 / 7.0% / 2.5 4.7E-06 
106.3 / 7.0 / 2.5 7.6E-06 GABT-01 Cover Soil NP 4 73 18 5 
106.3 / 7.0 / 2.5 1.1E-05 

    117.7 11.9% 82.0% 

GABT-02 Cover Soil NP 3 80 14 3       109.2 13.8% 85.8% 
90.5 / 14.4 / 2.25 2.7E-04 
90.5 / 14.4 / 2.26 3.8E-04 GABT-03 Sand Tailings NP 1 83 15 2 
90.5 / 14.4 / 2.27 7.9E-05 

0 34.5   106.3 12.7% 79.3% 

88.2 / 17.5 / 2.25 1.7E-04 
88.2 / 17.5 / 2.26 1.3E-05 GABT-04 Sand Tailings NP 0 76 21 3 
88.2 / 17.5 / 2.27 1.8E-05 

0 36.5 0.15 6.1 103.9 15.6% 82.2% 

101.7 / 15.3 / 2.25 3.1E-04 
101.7 / 15.3 / 2.26 2.2E-04 GABT-05 Sand Tailings NP 3 76 17 5 
101.7 / 15.3 / 2.27 2.1E-04 

0 38.3   113.3 13.1% 90.9% 

GABT-06 Sand Tailings NP 1 83 13 4     0.07 24.4 107.3 14.6% 82.6% 
96.3 / 20.5 / 2.5 1.2E-05 
96.3 / 20.5 / 2.6 1.4E-05 GABT-07 Transition 

Tailings 31/22/9 1 49 42 8 
96.3 / 20.5 / 2.7 1.3E-05 

0 47.2   107.3 18.4% 78.8% 

101.4 / 17.9 / 2.25 3.2E-05 
101.4 / 17.9 / 2.26 2.1E-05 GABT-08 Sand Tailings NP 7 72 19 9 
101.4 / 17.9 / 2.27 7.4E-05 

0 37.1   112.8 16.0% 83.3% 

91.8 / 23.0 / 2.5 6.4E-05 
91.8 / 23.0 / 2.6 6.9E-05 GABT-09 Transition 

Tailings 23/20/3 0 42 50 8 
91.8 / 23.0 / 2.7 7.1E-05 

0 36.3 0.20 24.4 102.0 21.1% 87.9% 

GABT-10 Transition 
Tailings 19/17/2 0 70 24 6     0.17 >50.5 107.8 18.7% 94.6% 

GABT-11 Slimes 
Tailings 56/27/29 0 22 53 25     0.38 27.6 96.0 27.8% 68.5% 

83.6 / 20.9 / 2.5 8.4E-05 
83.6 / 20.9 / 2.6 2.1E-05 GABT-12 Slimes 

Tailings 35/19/16 0 41 47 12 
83.6 / 20.9 / 2.7 1.9E-05 

0 50.8   101.6 22.5% 39.3% 

GABT-13 Slimes 
Tailings 49/23/23 0 12 63 25     0.34 25.1 95.0 28.7% 84.9% 

81.2 / 22.8 / 3.0 2.7E-06 

81.2 / 22.8 / 3.1 1.8E-06 GABT-14 Slimes 
Tailings 43/22/21 0 16 62 22 

81.2 / 22.8 / 3.2 1.8E-06 

0 37.6   101.5 20.9% 76.6% 

(1) Hydraulic Conductivity tests performed at low confining pressures. Tests are currently being reanalyzed at estimated post-construction confining pressures. Data will be presented when available. 
(2) Triaxial shear strength tests performed at low confining pressures. Tests are currently being reanalyzed at estimated post-construction confining pressures. Data will be presented when available. 
(3) Capillary-Moisture Relationships analyzed with WP4 Potentiometer. Tests are currently being reanalyzed using ASTM D 5298 (filter paper method) Data will be presented when available. 
(4) Test results from Golder Associates, Inc. (GAI), 2006. Results to Bench Scale Testing Program on Cover Soils and Uranium Mill Tailings from the Moab Tailings Impoundment, Grand County, Utah, Draft technical memorandum, Lakewood, Colorado, April 3. 
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Appendix A 
 

Results of the Bench Scale Testing Program on Cover Soils and 
Uranium Mill Tailings from the Moab Tailings Impoundment, 

Grand County, Utah 
 

April 3, 2006 
 
 
 

Note: The attached Technical Memorandum was issued in draft form on April 3, 2006. The memorandum 
was reviewed with no comments and is considered a final version.



Golder Associates Inc. 
 
44 Union Boulevard 
Lakewood, CO 80228 
Telephone: (3030)980-0540 
Fax: (303) 985-2080 

OFFICES ACROSS AFRICA, ASIA, AUSTRALIA, EUROPE, NORTH AMERICA AND SOUTH AMERICA 

 

DRAFT TECHNICAL MEMORANDUM 
 

TO: Greg Lord, S.M. Stoller DATE: April 3, 2006

FR: James M. Johnson, Golder Associates Inc. 
Luis A. Quirindongo, Golder Associates Inc. 
Ron DiDonato, Golder Associates Inc. 

OUR REF: 053-2269.2050

RE: RESULTS OF THE BENCH SCALE TESTING PROGRAM ON COVER SOILS AND 
URANIUM MILL TAILINGS FROM THE MOAB TAILINGS IMPOUNDMENT, 
GRAND COUNTY, UTAH 

 

INTRODUCTION 

As part of our approved work program on the Moab Project, personnel from Golder Associates Inc. 
(Golder) completed an onsite bench scale testing program during the period of March 15 through 
March 23, 2006. 

The objective of the bench scale testing program was to advance the tailings characterization efforts 
started during the August 2005 preliminary tailings test program, adjusted to meet the evolving needs 
and goals of the tailings relocation materials handling evaluation and design. 

During this period Golder completed the following tests: 

• As sampled moisture content testing of the cover soils and tailings materials after 
compositing (ASTM D2216) – 14 tests; 

• Standard Proctor compaction testing (ASTM D698) – 14 tests; 

• Loose density testing (no ASTM standard) – 14 tests; and 

• Settled density tests (no ASTM standard) – 14 tests. 
 
Each of the 14 samples was created by mixing either bulk samples obtained from the ten backhoe test 
pits completed in early December 2005, or selected Shelby tube and/or split spoon samples from the 
November/December 2005 geotechnical drilling and sampling program. 

TESTING PROGRAM DESCRIPTION 

Sample Preparation 

The bench scale testing program was designed to make use of cover soils and tailings samples 
remaining onsite, exclusive of the samples already selected and shipped for offsite geotechnical 
laboratory testing.  The samples pre-selected for use in this program are listed in the March 14, 2006 
Golder letter describing the proposed bench scale testing program.  At the start of the sample 
preparation phase of the work, Golder personnel noted that some of the pre-selected samples were no 
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longer available onsite or were different material types than originally classified.  Therefore, the list 
of samples to be used in this testing program was modified based on review of the available samples 
and material types.  The final sample list is presented in Table 1. 
 
From March 15 through March 17, Messrs. Luis Quirindongo and Jeff Robison of Golder visited the 
site to begin the preparation of the samples for the testing program.  Each group of samples was 
mixed to create a composite sample, with splits set aside for Proctor compaction and loose/settled 
density testing.  The sample for Proctor compaction testing was set out to air dry (over the weekend 
of March 18-19, 2006).  The samples for loose and settled density testing were placed either in 
buckets or bags to preserve the as-sampled moisture content. 
 
Sample Testing 
 
During the sample preparation period, moisture content samples were obtained and tested to 
determine the initial, or as-sampled moisture content.  During the period of March 20 through 23, 
Messrs. Luis Quirindongo and Ron DiDonato were present on site to perform the standard Proctor 
compaction and loose/settled density testing.  During the course of the week, sample processing, 
moisture conditioning, and testing were performed.  All testing was completed by March 23. 

Natural Moisture Content Testing 

• Fourteen moisture content tests were performed following ASTM D2216 procedures. 

Standard Proctor Compaction Testing 

• Fourteen compaction tests were performed following ASTM D698, Method A 
procedures. 

Loose Settled Density Testing 

• Fourteen loose settled density tests were performed.  These are non-standard tests 
designed to collect data which we expect to be useful indicators of material 
characteristics following excavation and during and after transport.  ASTM D4253 - 
Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory 
Table and ASTM D4254 Standard Method for Maximum Index Density and Unit Weight 
of Soil and Calculation of Relative Density were used as guidelines.  The procedures 
developed by Golder for these tests are as follows: 

o For loose density testing, a standard Proctor mold with a known volume was used.  
Material at its natural moisture content was placed in the mold as loosely as possible, 
struck off at the top of the mold, and the weight of the mold plus wet soil was 
recorded. 

o For the settled density test, the same mold and material was used.  To prevent any 
loss of mass and obtain a smoother recording surface, a cap weighing 1.34 pounds 
was placed on top of the sample before proceeding with testing.  To settle the sample, 
the mold with the sample was dropped on a concrete floor from a height of 1 to 
3 inches, 100 times.  After every 25 drops, the side of the mold was tapped with a 
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hammer approximately 16 to 20 times.  After shaking the sample, height changes and 
moisture content were measured and recorded. 

TEST RESULTS 

During sample preparation and testing, materials were mixed to represent four typical types found at 
the site:  cover soils, sand tailings, transition tailings, and slimes tailings.  Golder recommends that 
leftover sample materials be tested for classification properties in an offsite laboratory to either 
confirm the visual classification presented in this technical memorandum or provide a basis for 
modifying the classification.  The range of measurements obtained for the four primary material types 
are presented below. 
 
Natural Moisture Content: 

• Cover Soil – 6.5% 
• Sand Tailings – 1.1 to 9.4% 
• Transition Tailings – 16.5 to 37.0% 
• Slimes Tailings – 37.5 to 52.3% 

 
Proctor Maximum Dry Density: 

• Cover Soil – 109.2 to 117.7 pcf 
• Sand Tailings – 103.9 to 107.3 pcf 
• Transition Tailings – 102.0 to 113.3 pcf 
• Slimes Tailings – 95.0 to 101.6 pcf 

 
Proctor Optimum Moisture Content: 

• Cover Soil – 11.9 to 13.8% 
• Sand Tailings – 12.7 to 15.6% 
• Transition Tailings – 13.1 to 21.1% 
• Slimes Tailings – 20.9 to 28.7% 

 
Loose Wet Density: 

• Cover Soil – 71.5 to 78.7 pcf 
• Sand Tailings – 63.7 to 66.8 pcf 
• Transition Tailings – 71.6 to 103.1 pcf 
• Slimes Tailings – 49.0 to 93.8 pcf 

 
Loose Dry Density: 

• Cover Soil – 66.9 to 73.1 pcf 
• Sand Tailings – 57.7 to 61.7 pcf 
• Transition Tailings – 53.2 to 83.9 pcf 
• Slimes Tailings – 33.2 to 64.3 pcf 

 
Settled Wet Density: 

• Cover Soil – 100.9 to 103.3 pcf 
• Sand Tailings – 93.1 to 95.9 pcf 
• Transition Tailings – 107.3 to 126.4 pcf 
• Slimes Tailings – 58.9 to 114.2 pcf 
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Settled Dry Density: 
• Cover Soil – 93.7 to 96.6 pcf 
• Sand Tailings – 84.3 to 88.6 pcf 
• Transition Tailings – 84.6 to 102.9 pcf 
• Slimes Tailings – 39.9 to 80.7 pcf 

 
Percent Vertical Compression (under dynamic loading): 

• Cover Soil – 22.0 to 30.8% 
• Sand Tailings – 30.3 to 31.5% 
• Transition Tailings – 18.4 to 39% 
• Slimes Tailings – 16.9 to 39.6% 

 
Percent Compaction (Settled Dry Density as a percentage of the standard Proctor maximum dry 
density): 

• Cover Soil – 82.0 to 85.8% 
• Sand Tailings – 79.3 to 82.6% 
• Transition Tailings – 78.8 to 94.6% 
• Slimes Tailings – 39.3 to 84.9% 

 
All test results are summarized on Table 2.  The bench scale test data sheets are included in 
Attachment 1. 
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TABLES 



TABLE 1
SAMPLE SELECTION  MIX SUMMARY

Bench Test 
Sample No.

Borehole or 
Test Pit

Depth or 
Interval Mixed Description

GATP-05 0-5'
GATP-11 0-5'
GATP-08 0-5'
GATP-09 0-5'

5-10'
10-15'
15-20'
5-10'
10-15'
15-20
5-10'
10-15'
15-20'
5-10'
10-15'
15-20'

GATP-05 10-15'
GATP-07 10-15'
GATP-10 10-15'
GATP-11 10-15'

12-14'
24-26'
40-42'
42-44'
44-46'

6-8'
8-10'
10-12'
12-14'
18-20'
20-22'

713 13.5-15.5'
18-20'
33-35'
38-40'
43-45'
58-60'
63-65'
68-70'
13-15'
23-25'
28-30'
48-50'
53-55'
63-65'
64-66'
70-72'
78-80'
80-82'
34-36'
50-52'
52-54'
20-22'
30-32'
38-40'
44-46'
59-60'
60-62'

GABT-13 700

707

GABT-14 708

GABT-11 703

GABT-12 709

GABT-09 700

GABT-10 707

GATP-09GABT-06

GABT-07

GABT-08

GABT-04 GATP-08

GATP-06GABT-05

GABT-01

GABT-02

GABT-03 GATP-04

SAND (SP), little silt, trace gravel, fine grained, reddish brown, cover soil

SAND (SP), some silt, poorly graded, yellowish brown, cover soil

SAND (SP), some silt, poorly graded, moist, yellowish brown, sand tailings

SAND (SP), trace to little silt, trace clay, poorly graded, moist, light brown, sand tailings

Clayey SAND (SC), poorly graded, saturated, reddish brown, transition tailings

SAND (SP), little to some silt, saturated, reddish brown, sand tailings

Sandy SILT (ML), moist, reddish brown, transition tailings

Sandy SILT (ML), moist, little to some clay, reddish brown, transition tailings

CLAY (CL), low to medium plasticity, moist, grayish brown, slimes tailings

CLAY (CH), high plasticity, moist, dark gray, slimes tailings

Sandy CLAY (CL), some silt, medium plasticity, grayish brown, moist, transition tailings

Sandy CLAY (CL), some silt, medium plasticity, dark gray, wet, transition tailings

SILT (ML), low plasticity, moist, dark brown, slimes tailings

Silty CLAY (CL), medium plasticity, moist, grayish brown, slimes tailings

March 2006
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TABLE 2
BENCH TESTING RESULTS SUMMARY

Bench Test 
Sample No.

Initial Moisture 
Content (Taken 
March 17, 2006)

Maximum Dry 
Density (pcf)

Optimum 
Moisture Content

Loose Wet Density 
(pcf)

Loose Dry Density 
(pcf)

Settled Wet 
Density (pcf)

Settled Dry 
Density (pcf)

Vertical Percent 
Settlement

Settled Percent 
Compaction Comments

GABT-01 6.5% 117.7 11.9% 71.5 66.9 103.3 96.6 30.8% 82.0% Cover Soil
GABT-02 6.5% 109.2 13.8% 78.7 73.1 100.9 93.7 22.0% 85.8% Cover Soil
GABT-03 9.4% 106.3 12.7% 63.7 57.7 93.1 84.3 31.5% 79.3% Sand Tailings
GABT-04 1.1% 103.9 15.6% 66.1 59.3 95.1 85.4 30.5% 82.2% Sand Tailings
GABT-05 19.9% 113.3 13.1% 103.1 83.9 126.4 102.9 18.4% 90.9% Transition Tailings
GABT-06 5.9% 107.3 14.6% 66.8 61.7 95.9 88.6 30.3% 82.6% Sand Tailings
GABT-07 35.4% 107.3 18.4% 72.7 53.2 115.7 84.6 37.1% 78.8% Transition Tailings
GABT-08 16.5% 112.8 16.0% 71.6 62.7 107.3 93.9 33.3% 83.3% Transition Tailings
GABT-09 37.0% 102.0 21.1% 71.8 54.7 117.6 89.7 39.0% 87.9% Transition Tailings
GABT-10 30.7% 107.8 18.7% 82.5 66.2 127.0 102.0 35.1% 94.6% Transition Tailings
GABT-11 49.4% 96.0 27.8% 58.3 40.6 94.5 65.7 38.3% 68.5% Slimes Tailings
GABT-12 40.8% 101.6 22.5% 49.0 33.2 58.9 39.9 16.9% 39.3% Slimes Tailings
GABT-13 37.5% 95.0 28.7% 68.9 48.7 114.2 80.7 39.6% 84.9% Slimes Tailings
GABT-14 52.3% 101.5 20.9% 93.8 64.3 113.4 77.7 17.3% 76.6% Slimes Tailings

March 2006
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STANDARD PROCTOR COMPACTION TESTING 



 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-01 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 36.60 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 34.40 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 2.20 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 34.00 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.0647 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  6.47% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1867.70 1903.50 1994.80 1987.60 1961.80
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1867.70 1903.50 1994.80 1987.60 1961.80    
 Wet Density, wd (pcf) (W3/453.6*Vm) 123.76 126.13 132.18 131.70 129.99    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 310.30 355.20 302.10 391.20 435.20
 Wt. Tare & Soil Dry (W5) 287.80 325.40 270.10 349.60 383.10
 Wt. Tare (W6) 6.60 6.60 6.60 6.60 6.70
 Wt. Moisture (W7=W4-W5) 22.50 29.80 32.00 41.60 52.10  
 Wt. Dry Soil (W8=W5-W6) 281.20 318.80 263.50 343.00 376.40    

 Water Content (%) (W7/W8)*100 8.00% 9.35% 12.14% 12.13% 13.84%    
 Dry Density (pcf) (wd/(1+wc)) 114.6 115.3 117.9 117.5 114.2    

  Maximum Dry Density (pcf) 117.7 DESCRIPTION 
  Optimum Moisture Content (%) 11.9
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS SP

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/21/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

SAND (SP), little silt, trace gravel, fine grained, reddish brown  
(COVER SOIL).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-01 DEPTH: NA Composite

Maximum Dry Density (pcf) 117.7
Dry Moisture Optimum Moisture (%) 11.9

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 114.6 8.0%
2 115.3 9.3% --
3 117.9 12.1%
4 117.5 12.1% % Passing #4 sieve  1.0
5 114.2 13.8% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS SP DATE 3/21/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

SAND (SP), little silt, trace gravel, fine grained, reddish brown  
(COVER SOIL).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-02 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 62.90 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 59.10 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 3.80 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 58.70 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.0647 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  6.47% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1771.80 1804.70 1868.40 1899.50 1879.00
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1771.80 1804.70 1868.40 1899.50 1879.00    
 Wet Density, wd (pcf) (W3/453.6*Vm) 117.40 119.58 123.81 125.87 124.51    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 290.50 290.80 333.30 368.10 400.00
 Wt. Tare & Soil Dry (W5) 265.20 263.70 294.00 317.40 341.50
 Wt. Tare (W6) 6.60 6.60 6.70 6.70 6.60
 Wt. Moisture (W7=W4-W5) 25.30 27.10 39.30 50.70 58.50   
 Wt. Dry Soil (W8=W5-W6) 258.60 257.10 287.30 310.70 334.90    

 Water Content (%) (W7/W8)*100 9.78% 10.54% 13.68% 16.32% 17.47%    
 Dry Density (pcf) (wd/(1+wc)) 106.9 108.2 108.9 108.2 106.0    

  Maximum Dry Density (pcf) 109.2 DESCRIPTION 
  Optimum Moisture Content (%) 13.8
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS SP

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/23/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

SAND (SP), some silt, poorly graded, yellowish brown  
(COVER SOIL).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-02 DEPTH: NA Composite

Maximum Dry Density (pcf) 109.2
Dry Moisture Optimum Moisture (%) 13.8

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 106.9 9.8%
2 108.2 10.5% --
3 108.9 13.7%
4 108.2 16.3% % Passing #4 sieve  1.0
5 106.0 17.5% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS SP DATE 3/23/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

SAND (SP), some silt, poorly graded, yellowish brown  
(COVER SOIL).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-03 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 42.30 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 38.70 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 3.60 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 38.30 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.0940 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  9.40% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1639.30 1705.60 1802.10 1772.60 1770.10
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1639.30 1705.60 1802.10 1772.60 1770.10    
 Wet Density, wd (pcf) (W3/453.6*Vm) 108.62 113.02 119.41 117.46 117.29    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 245.90 274.40 236.90 252.10 260.30
 Wt. Tare & Soil Dry (W5) 225.90 248.50 212.60 222.20 228.30
 Wt. Tare (W6) 6.60 6.60 6.70 6.60 6.60
 Wt. Moisture (W7=W4-W5) 20.00 25.90 24.30 29.90 32.00  
 Wt. Dry Soil (W8=W5-W6) 219.30 241.90 205.90 215.60 221.70    

 Water Content (%) (W7/W8)*100 9.12% 10.71% 11.80% 13.87% 14.43%    
 Dry Density (pcf) (wd/(1+wc)) 99.5 102.1 106.8 103.2 102.5    

  Maximum Dry Density (pcf) 106.3 DESCRIPTION 
  Optimum Moisture Content (%) 12.7
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS SP

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/21/06

REVIEW LAQ

 0532269
Moab Tailings

SAND (SP), some silt, poorly graded, moist, yellowish brown  
(SAND TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-03 DEPTH: NA Composite

Maximum Dry Density (pcf) 106.3
Dry Moisture Optimum Moisture (%) 12.7

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 99.5 9.1%
2 102.1 10.7% --
3 106.8 11.8%
4 103.2 13.9% % Passing #4 sieve  1.0
5 102.5 14.4% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS SP DATE 3/21/06
REVIEW LAQ

March, 2006

SAND (SP), some silt, poorly graded, moist, yellowish brown  
(SAND TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-04 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 45.50 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 45.00 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 0.50 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 44.60 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.0112 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  1.12% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1676.00 1749.40 1797.00 1819.60 1830.00
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00  
 Wt. of Wet Soil (W3=W1-W2) 1676.00 1749.40 1797.00 1819.60 1830.00  
 Wet Density, wd (pcf) (W3/453.6*Vm) 111.06 115.92 119.07 120.57 121.26  

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 295.50 248.00 254.40 353.50 264.50
 Wt. Tare & Soil Dry (W5) 268.60 220.80 222.70 305.60 222.80
 Wt. Tare (W6) 6.60 6.80 6.70 6.70 6.80
 Wt. Moisture (W7=W4-W5) 26.90 27.20 31.70 47.90 41.70
 Wt. Dry Soil (W8=W5-W6) 262.00 214.00 216.00 298.90 216.00  

 Water Content (%) (W7/W8)*100 10.27% 12.71% 14.68% 16.03% 19.31%    
 Dry Density (pcf) (wd/(1+wc)) 100.7 102.8 103.8 103.9 101.6    

  Maximum Dry Density (pcf) 103.9 DESCRIPTION 
  Optimum Moisture Content (%) 15.6
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS SP

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/21/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

SAND (SP), trace to little silt, trace clay, poorly graded, moist, 
light brown (SAND TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-04 DEPTH: NA Composite

Maximum Dry Density (pcf) 103.9
Dry Moisture Optimum Moisture (%) 15.6

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 100.7 10.3%
2 102.8 12.7% --
3 103.8 14.7%
4 103.9 16.0% % Passing #4 sieve  1.0
5 101.6 19.3% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS SP DATE 3/21/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

SAND (SP), trace to little silt, trace clay, poorly graded, moist, 
light brown (SAND TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-05 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 73.80 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 61.60 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 12.20 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 61.20 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.1993 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  19.93% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1847.20 1923.60 1935.80 1898.20 1880.30
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1847.20 1923.60 1935.80 1898.20 1880.30    
 Wet Density, wd (pcf) (W3/453.6*Vm) 122.40 127.46 128.27 125.78 124.59    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 285.30 291.90 312.40 272.10 272.00
 Wt. Tare & Soil Dry (W5) 256.80 259.70 274.20 235.70 232.70
 Wt. Tare (W6) 6.60 6.60 8.10 8.10 6.60
 Wt. Moisture (W7=W4-W5) 28.50 32.20 38.20 36.40 39.30  
 Wt. Dry Soil (W8=W5-W6) 250.20 253.10 266.10 227.60 226.10    

 Water Content (%) (W7/W8)*100 11.39% 12.72% 14.36% 15.99% 17.38%    
 Dry Density (pcf) (wd/(1+wc)) 109.9 113.1 112.2 108.4 106.1    

  Maximum Dry Density (pcf) 113.3 DESCRIPTION 
  Optimum Moisture Content (%) 13.1
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS SC

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/21/06

REVIEW LAQ

 0532269
Moab Tailings

Clayey SAND (SC), poorly graded, saturated, reddish brown 
(TRANSITION TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-05 DEPTH: NA Composite

Maximum Dry Density (pcf) 113.3
Dry Moisture Optimum Moisture (%) 13.1

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 109.9 11.4%
2 113.1 12.7% --
3 112.2 14.4%
4 108.4 16.0% % Passing #4 sieve  1.0
5 106.1 17.4% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS SC DATE 3/21/06
REVIEW LAQ

March, 2006

Clayey SAND (SC), poorly graded, saturated, reddish brown 
(TRANSITION TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

75

80

85

90

95

100

105

110

115

120

125

130

135

140

145

0% 5% 10% 15% 20% 25% 30% 35%

MOISTURE CONTENT (%)

D
R

Y
 D

E
N

SI
T

Y
 (p

cf
)

ZERO AIR VOIDS CURVES
Gs=2.80
Gs=2.70
Gs=2.60

Golder Associates Inc.



 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-06 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 56.10 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 53.00 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 3.10 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 52.60 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.0589 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  5.89% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1691.40 1811.30 1855.20 1815.50 1783.30
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00
 Wt. of Wet Soil (W3=W1-W2) 1691.40 1811.30 1855.20 1815.50 1783.30   
 Wet Density, wd (pcf) (W3/453.6*Vm) 112.08 120.02 122.93 120.30 118.17   

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 253.40 303.00 379.80 361.20 392.50
 Wt. Tare & Soil Dry (W5) 227.40 268.00 332.00 309.50 334.50
 Wt. Tare (W6) 6.70 6.60 6.50 6.70 6.60
 Wt. Moisture (W7=W4-W5) 26.00 35.00 47.80 51.70 58.00   
 Wt. Dry Soil (W8=W5-W6) 220.70 261.40 325.50 302.80 327.90   

 Water Content (%) (W7/W8)*100 11.78% 13.39% 14.69% 17.07% 17.69%   
 Dry Density (pcf) (wd/(1+wc)) 100.3 105.8 107.2 102.8 100.4   

  Maximum Dry Density (pcf) 107.3 DESCRIPTION 
  Optimum Moisture Content (%) 14.6
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS SP

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/21/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

SAND (SP), little to some silt, saturated, reddish brown (SAND 
TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-06 DEPTH: NA Composite

Maximum Dry Density (pcf) 107.3
Dry Moisture Optimum Moisture (%) 14.6

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 100.3 11.8%
2 105.8 13.4% --
3 107.2 14.7%
4 102.8 17.1% % Passing #4 sieve  1.0
5 100.4 17.7% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS SP DATE 3/21/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

SAND (SP), little to some silt, saturated, reddish brown (SAND 
TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-07 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 56.60 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 41.90 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 14.70 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 41.50 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.3542 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  35.42% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1794.70 1864.60 1909.10 1898.50 1858.50 1836.10
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00 0.00   
 Wt. of Wet Soil (W3=W1-W2) 1794.70 1864.60 1909.10 1898.50 1858.50 1836.10   
 Wet Density, wd (pcf) (W3/453.6*Vm) 118.92 123.55 126.50 125.80 123.15 121.67   

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 330.10 279.60 369.50 368.40 384.40 409.50
 Wt. Tare & Soil Dry (W5) 287.10 241.30 305.10 299.70 307.60 325.10
 Wt. Tare (W6) 6.60 6.70 6.60 6.60 6.60 6.60
 Wt. Moisture (W7=W4-W5) 43.00 38.30 64.40 68.70 76.80 84.40
 Wt. Dry Soil (W8=W5-W6) 280.50 234.60 298.50 293.10 301.00 318.50   

 Water Content (%) (W7/W8)*100 15.33% 16.33% 21.57% 23.44% 25.51% 26.50%   
 Dry Density (pcf) (wd/(1+wc)) 103.1 106.2 104.1 101.9 98.1 96.2   

  Maximum Dry Density (pcf) 107.3 DESCRIPTION 
  Optimum Moisture Content (%) 18.4
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS ML

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/23/06

REVIEW LAQ

 0532269
Moab Tailings

Sandy SILT (ML), moist, reddish brown (TRANSITION  
TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-07 DEPTH: NA Composite

Maximum Dry Density (pcf) 107.3
Dry Moisture Optimum Moisture (%) 18.4

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 103.1 15.3%
2 106.2 16.3% --
3 104.1 21.6%
4 101.9 23.4% % Passing #4 sieve  1.0
5 98.1 25.5% % Passing 3/8" sieve  1.0
6 96.2 26.5% % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS ML DATE 3/23/06
REVIEW LAQ

March, 2006

Sandy SILT (ML), moist, reddish brown (TRANSITION  
TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-08 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 53.50 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 46.00 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 7.50 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 45.60 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.1645 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  16.45% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1834.70 1904.00 1955.40 1971.90 1948.90
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1834.70 1904.00 1955.40 1971.90 1948.90    
 Wet Density, wd (pcf) (W3/453.6*Vm) 121.57 126.16 129.57 130.66 129.14    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 262.40 274.80 395.00 286.10 462.60
 Wt. Tare & Soil Dry (W5) 234.80 242.00 343.50 247.80 393.40
 Wt. Tare (W6) 6.60 6.40 6.60 6.60 6.60
 Wt. Moisture (W7=W4-W5) 27.60 32.80 51.50 38.30 69.20  
 Wt. Dry Soil (W8=W5-W6) 228.20 235.60 336.90 241.20 386.80    

 Water Content (%) (W7/W8)*100 12.09% 13.92% 15.29% 15.88% 17.89%    
 Dry Density (pcf) (wd/(1+wc)) 108.5 110.7 112.4 112.8 109.5    

  Maximum Dry Density (pcf) 112.8 DESCRIPTION 
  Optimum Moisture Content (%) 16.0
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS ML

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/22/06

REVIEW LAQ

 0532269
Moab Tailings

Sandy SILT (ML), little to some clay, moist, reddish brown 
(TRANSITION TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-08 DEPTH: NA Composite

Maximum Dry Density (pcf) 112.8
Dry Moisture Optimum Moisture (%) 16.0

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 108.5 12.1%
2 110.7 13.9% --
3 112.4 15.3%
4 112.8 15.9% % Passing #4 sieve  1.0
5 109.5 17.9% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS ML DATE 38798
REVIEW LAQ

March, 2006

Sandy SILT (ML), little to some clay, moist, reddish brown 
(TRANSITION TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-09 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 39.30 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 28.80 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 10.50 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 28.40 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.3697 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  36.97% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1760.40 1808.40 1836.80 1853.90 1871.10 1821.90
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00 0.00   
 Wt. of Wet Soil (W3=W1-W2) 1760.40 1808.40 1836.80 1853.90 1871.10 1821.90   
 Wet Density, wd (pcf) (W3/453.6*Vm) 116.65 119.83 121.71 122.84 123.98 120.72   

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 328.20 287.60 451.70 399.20 357.80 409.00
 Wt. Tare & Soil Dry (W5) 281.60 243.10 378.30 332.10 294.00 328.30
 Wt. Tare (W6) 8.10 6.60 6.50 6.50 6.50 6.80
 Wt. Moisture (W7=W4-W5) 46.60 44.50 73.40 67.10 63.80 80.70
 Wt. Dry Soil (W8=W5-W6) 273.50 236.50 371.80 325.60 287.50 321.50   

 Water Content (%) (W7/W8)*100 17.04% 18.82% 19.74% 20.61% 22.19% 25.10%   
 Dry Density (pcf) (wd/(1+wc)) 99.7 100.9 101.6 101.9 101.5 96.5   

  Maximum Dry Density (pcf) 102.0 DESCRIPTION 
  Optimum Moisture Content (%) 21.1
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS CL

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 2/23/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

Sandy CLAY (CL), some silt, medium plasticity, grayish brown, 
moist (TRANSITION TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-09 DEPTH: NA Composite

Maximum Dry Density (pcf) 102.0
Dry Moisture Optimum Moisture (%) 21.1

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 99.7 17.0%
2 100.9 18.8% --
3 101.6 19.7%
4 101.9 20.6% % Passing #4 sieve  1.0
5 101.5 22.2% % Passing 3/8" sieve  1.0
6 96.5 25.1% % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS CL DATE 2/23/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

Sandy CLAY (CL), some silt, medium plasticity, grayish brown,
moist (TRANSITION TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

75

80

85

90

95

100

105

110

115

120

125

130

135

140

145

0% 5% 10% 15% 20% 25% 30% 35%

MOISTURE CONTENT (%)

D
R

Y
 D

E
N

SI
T

Y
 (p

cf
)

ZERO AIR VOIDS CURVES
Gs=2.80
Gs=2.70
Gs=2.60

Golder Associates Inc.



 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-10 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 48.50 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 37.20 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 11.30 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 36.80 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.3071 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  30.71% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1841.40 1897.30 1945.90 1923.40 1872.10
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1841.40 1897.30 1945.90 1923.40 1872.10    
 Wet Density, wd (pcf) (W3/453.6*Vm) 122.02 125.72 128.94 127.45 124.05    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 374.50 379.20 392.60 295.20 373.90
 Wt. Tare & Soil Dry (W5) 323.30 323.30 330.90 246.30 307.30
 Wt. Tare (W6) 6.70 6.70 6.80 6.60 6.50
 Wt. Moisture (W7=W4-W5) 51.20 55.90 61.70 48.90 66.60  
 Wt. Dry Soil (W8=W5-W6) 316.60 316.60 324.10 239.70 300.80    

 Water Content (%) (W7/W8)*100 16.17% 17.66% 19.04% 20.40% 22.14%    
 Dry Density (pcf) (wd/(1+wc)) 105.0 106.9 108.3 105.9 101.6    

  Maximum Dry Density (pcf) 107.8 DESCRIPTION 
  Optimum Moisture Content (%) 18.7
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS CL

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/21/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

Sandy CLAY (CL), some silt, medium plasticity, wet, dark gray 
(TRANSITION TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-10 DEPTH: NA Composite

Maximum Dry Density (pcf) 107.8
Dry Moisture Optimum Moisture (%) 18.7

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 105.0 16.2%
2 106.9 17.7% --
3 108.3 19.0%
4 105.9 20.4% % Passing #4 sieve  1.0
5 101.6 22.1% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS CL DATE 3/21/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

Sandy CLAY (CL), some silt, medium plasticity, wet, dark gray 
(TRANSITION TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-11 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 52.70 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 35.40 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 17.30 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 35.00 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.4943 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  49.43% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1661.90 1765.00 1841.40 1785.60 1785.40
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1661.90 1765.00 1841.40 1785.60 1785.40    
 Wet Density, wd (pcf) (W3/453.6*Vm) 110.12 116.95 122.02 118.32 118.31    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 462.20 390.60 316.30 404.10 333.20
 Wt. Tare & Soil Dry (W5) 379.90 313.00 250.20 311.60 256.60
 Wt. Tare (W6) 6.60 6.60 6.60 6.60 6.60
 Wt. Moisture (W7=W4-W5) 82.30 77.60 66.10 92.50 76.60  
 Wt. Dry Soil (W8=W5-W6) 373.30 306.40 243.60 305.00 250.00    

 Water Content (%) (W7/W8)*100 22.05% 25.33% 27.13% 30.33% 30.64%    
 Dry Density (pcf) (wd/(1+wc)) 90.2 93.3 96.0 90.8 90.6    

  Maximum Dry Density (pcf) 96.0 DESCRIPTION 
  Optimum Moisture Content (%) 27.8
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS ML

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 03/23/06

REVIEW LAQ

 0532269
Moab Tailings

SILT (ML), low plasticity, moist, dark brown (SLIMES 
TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-11 DEPTH: NA Composite

Maximum Dry Density (pcf) 96.0
Dry Moisture Optimum Moisture (%) 27.8

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 90.2 22.0%
2 93.3 25.3% --
3 96.0 27.1%
4 90.8 30.3% % Passing #4 sieve  1.0
5 90.6 30.6% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS ML DATE 03/23/06
REVIEW LAQ

March, 2006

SILT (ML), low plasticity, moist, dark brown (SLIMES 
TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-12 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 47.30 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 33.70 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 13.60 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 33.30 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.4084 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  40.84% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1777.40 1810.50 1873.90 1872.10 1843.20
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1777.40 1810.50 1873.90 1872.10 1843.20    
 Wet Density, wd (pcf) (W3/453.6*Vm) 117.78 119.97 124.17 124.05 122.14    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 289.60 287.80 286.20 293.50 403.60
 Wt. Tare & Soil Dry (W5) 245.00 240.40 235.80 238.20 324.60
 Wt. Tare (W6) 6.70 6.60 6.60 6.60 6.60
 Wt. Moisture (W7=W4-W5) 44.60 47.40 50.40 55.30 79.00  
 Wt. Dry Soil (W8=W5-W6) 238.30 233.80 229.20 231.60 318.00    

 Water Content (%) (W7/W8)*100 18.72% 20.27% 21.99% 23.88% 24.84%    
 Dry Density (pcf) (wd/(1+wc)) 99.2 99.7 101.8 100.1 97.8    

  Maximum Dry Density (pcf) 101.6 DESCRIPTION 
  Optimum Moisture Content (%) 22.5
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS CL

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH RPD
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/23/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

Silty Clay (CL), medium plasticity, moist, grayish brown 
(SLIMES TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-12 DEPTH: NA Composite

Maximum Dry Density (pcf) 101.6
Dry Moisture Optimum Moisture (%) 22.5

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 99.2 18.7%
2 99.7 20.3% --
3 101.8 22.0%
4 100.1 23.9% % Passing #4 sieve  1.0
5 97.8 24.8% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH RPD

USCS CL DATE 3/23/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March, 2006

Silty Clay (CL), medium plasticity, moist, grayish brown 
(SLIMES TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-13 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 46.60 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 34.00 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 12.60 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 33.60 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.3750 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  37.50% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1804.20 1827.40 1845.30 1857.20 1820.60
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1804.20 1827.40 1845.30 1857.20 1820.60    
 Wet Density, wd (pcf) (W3/453.6*Vm) 119.55 121.09 122.27 123.06 120.64    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 269.40 252.00 314.80 287.00 275.60
 Wt. Tare & Soil Dry (W5) 214.30 199.10 244.20 222.40 210.50
 Wt. Tare (W6) 6.70 6.70 6.70 6.70 6.70
 Wt. Moisture (W7=W4-W5) 55.10 52.90 70.60 64.60 65.10  
 Wt. Dry Soil (W8=W5-W6) 207.60 192.40 237.50 215.70 203.80    

 Water Content (%) (W7/W8)*100 26.54% 27.49% 29.73% 29.95% 31.94%    
 Dry Density (pcf) (wd/(1+wc)) 94.5 95.0 94.3 94.7 91.4    

  Maximum Dry Density (pcf) 95.0 DESCRIPTION 
  Optimum Moisture Content (%) 28.7
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS CL

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 03/23/06

REVIEW LAQ

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 
 0532269

Moab Tailings

CLAY (CL), low to medium plasticity, moist, grayish brown 
(SLIMES TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-13 DEPTH: NA Composite

Maximum Dry Density (pcf) 95.0
Dry Moisture Optimum Moisture (%) 28.7

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 94.5 26.5%
2 95.0 27.5% --
3 94.3 29.7%
4 94.7 29.9% % Passing #4 sieve  1.0
5 91.4 31.9% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS CL DATE 03/23/06
REVIEW LAQ

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:

March , 2006

CLAY (CL), low to medium plasticity, moist, grayish brown 
(SLIMES TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method
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 PROJECT NAME TEST TYPE Method A
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-14 NA
 SAMPLE TYPE Composite

TYPE COMPACTOR PREPARATION Method A:  
 Mold Number 217 Mechanical Wet Method
 Mold Weight (gm) 0.00 Method B:  
 Mold Diameter (in.) 4.000 TYPE PROCTOR
 Mold Height (in.) 4.575 Standard
 Mold Volume (cu.ft.) 0.0333 Method C:  

< 30% RETAINED ON 3/4"

 
 WATER CONTENT COARSE TOTAL Total weight before processing and percent retained

FRACTION SAMPLE
 Wt Tare & Soil Wet (W1) 68.80 Total weight, wet (coarse & fine)   0.00
 Wt Tare & Soil Dry (W2) 45.30 Total weight, dry (coarse & fine)   0.00
 Wt Tare (W3) 0.40 Weight retained on #4 sieve (wet)   0.00
 Wt Moisture (W4=W1-W2) 23.50 Weight retained on 3/8" sieve (wet)   0.00
 Wt Dry Soil (W5=W2-W3) 44.90 Weight retained on 3/4" sieve (wet)   0.00
 Water Content (dec) (wc=W4/W5)  0.5234 Percent retained on #4 sieve (dry)   0.00%
 Water Content (%) (W4/W5)*100  52.34% Percent retained on 3/8" sieve (dry)   0.00%

Percent retained on 3/4" sieve (dry)   0.00%

 POINT RESULTS (FINE) 1 2 3 4 5 6 7
  
 Wt. Soil &  Mold (W1) 1706.30 1724.10 1832.90 1822.50 1819.80
 Weight of Mold (W2) 0.00 0.00 0.00 0.00 0.00    
 Wt. of Wet Soil (W3=W1-W2) 1706.30 1724.10 1832.90 1822.50 1819.80    
 Wet Density, wd (pcf) (W3/453.6*Vm) 113.06 114.24 121.45 120.76 120.59    

 WATER CONTENTS
 Wt. Tare & Soil Wet (W4) 356.50 285.60 232.80 414.70 418.70
 Wt. Tare & Soil Dry (W5) 307.40 243.50 195.70 345.90 342.60
 Wt. Tare (W6) 6.80 6.70 6.60 6.70 6.80
 Wt. Moisture (W7=W4-W5) 49.10 42.10 37.10 68.80 76.10  
 Wt. Dry Soil (W8=W5-W6) 300.60 236.80 189.10 339.20 335.80    

 Water Content (%) (W7/W8)*100 16.33% 17.78% 19.62% 20.28% 22.66%    
 Dry Density (pcf) (wd/(1+wc)) 97.2 97.0 101.5 100.4 98.3    

  Maximum Dry Density (pcf) 101.5 DESCRIPTION 
  Optimum Moisture Content (%) 20.9
  Corrected  Maximum  Dry  Density (pcf)  
  Corrected Optimum Moisture (%)  USCS CH

 Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127
AS-RECEIVED

 Weight of Oven Dry Sample (gm)                 A    
 Weight of Saturated-Surface-Dry (gm)         B    --
 Weight of Saturated Sample in Water (gm)            C    
 Absorption of Oversize Particles (%) [(B-A)/A]*100    

 Bulk Specific Gravity                       A/(B-C)  

 AVERAGE ABSORPTION  TECH LAQ
 AVERAGE BULK SPECIFIC GRAVITY  DATE 3/23/06

REVIEW LAQ

 0532269
Moab Tailings

CLAY (CH), High plasticity, moist, dark gray (SLIMES 
TAILINGS).

ASTM D 698 & 1557

5.5 -lbf. Rammer with 12 inch drop

ASTM  D 698  

MOISTURE CONTENT

 

20% OR LESS RETAINED ON 3/8"

> 20% RETAINED ON 3/8" AND

20% OR LESS RETAINED ON #4

> 20% RETAINED ON #4 AND

 

Golder Associates Inc.



 0532269

Standard

PROJECT NAME: Moab Tailings
PROJECT NUMBER:  0532269
SAMPLE ID: GABT-14 DEPTH: NA Composite

Maximum Dry Density (pcf) 101.5
Dry Moisture Optimum Moisture (%) 20.9

Specimen Density Content Corrected Maximum Dry Density (pcf)  
Number (pcf) (%) Corrected Optimum Moisture (%)  

1 97.2 16.3%
2 97.0 17.8% --
3 101.5 19.6%
4 100.4 20.3% % Passing #4 sieve  1.0
5 98.3 22.7% % Passing 3/8" sieve  1.0
   % Passing 3/4" sieve  1.0

DESCRIPTION
TECH LAQ

USCS CH DATE 3/23/06
REVIEW LAQ

March, 2006

CLAY (CH), High plasticity, moist, dark gray (SLIMES 
TAILINGS).

MOISTURE / DRY DENSITY CURVE
ASTM  D 698           Method A

Mechanical Wet Method

As-Received Moisture Content  

COMPACTION POINTS

SAMPLE TYPE:
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 LOOSE AND SETTLED DENSITY TESTING 



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-01 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 488.90

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 457.60

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.80

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 31.30

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 450.80

 Water Content (dec) (wc=W4/W5) 0.0694

 Water Content (%) (W4/W5)*100 6.94%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.950

 Mass of wet soil (lb) 2.378

 Wet Density of Soil (pcf) 71.51

 Dry Density of Soil (pcf) 66.86

 SETTLE DENSITY
 Average Settlement (in.) 1.406  Settlement (in.): 1.375

 Settled Height (in.) 3.167 1.438

 Settlement Volume (cu.ft.) 0.0230 1.406

1.375

 Mass of wet soil & mold (lb) 11.950 1.469

 Mass of wet soil (lb) 2.378 1.375

 Wet Density of Soil (pcf) 103.26

 Dry Density of Soil (pcf) 96.56

Loose Wet Density (pcf) 71.506  Sample Description:
Loose Dry Density (pcf) 66.864

Settled Wet Density (pcf) 103.263

Settled Dry Density (pcf) 96.558

Vertical Percent Settlement 30.75% TECH RPD
Percent Compaction 82.04% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

SAND (SP), little silt, trace gravel, fine grained, reddish brown  (COVER SOIL).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-02 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 443.20

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 411.90

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 31.30

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 405.30

 Water Content (dec) (wc=W4/W5) 0.0772

 Water Content (%) (W4/W5)*100 7.72%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 12.190

 Mass of wet soil (lb) 2.618

 Wet Density of Soil (pcf) 78.72

 Dry Density of Soil (pcf) 73.08

 SETTLE DENSITY
 Average Settlement (in.) 1.005  Settlement (in.): 1.000

 Settled Height (in.) 3.568 1.000

 Settlement Volume (cu.ft.) 0.0259 1.063

1.031

 Mass of wet soil & mold (lb) 12.190 1.000

 Mass of wet soil (lb) 2.618 0.938

 Wet Density of Soil (pcf) 100.91

 Dry Density of Soil (pcf) 93.67

Loose Wet Density (pcf) 78.723  Sample Description:
Loose Dry Density (pcf) 73.079

Settled Wet Density (pcf) 100.907

Settled Dry Density (pcf) 93.673

Vertical Percent Settlement 21.98% TECH RPD
Percent Compaction 85.78% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

SAND (SP), some silt, poorly graded, yellowish brown  (COVER SOIL).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-03 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 387.60

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 351.60

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.70

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 36.00

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 344.90

 Water Content (dec) (wc=W4/W5) 0.1044

 Water Content (%) (W4/W5)*100 10.44%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.692

 Mass of wet soil (lb) 2.120

 Wet Density of Soil (pcf) 63.75

 Dry Density of Soil (pcf) 57.72

 SETTLE DENSITY
 Average Settlement (in.) 1.443  Settlement (in.): 1.375

 Settled Height (in.) 3.130 1.438

 Settlement Volume (cu.ft.) 0.0228 1.438

1.500

 Mass of wet soil & mold (lb) 11.692 1.531

 Mass of wet soil (lb) 2.120 1.375

 Wet Density of Soil (pcf) 93.13

 Dry Density of Soil (pcf) 84.33

Loose Wet Density (pcf) 63.748  Sample Description:
Loose Dry Density (pcf) 57.723

Settled Wet Density (pcf) 93.133

Settled Dry Density (pcf) 84.330

Vertical Percent Settlement 31.55% TECH RPD
 Percent Compaction 79.33% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

SAND (SP), some silt, poorly graded, moist, yellowish brown  (SAND 
TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-04 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number B3  Wt Tare & Soil Wet (W1) 364.00

 Mold Weight (lb) 9.578  Wt Tare & Soil Dry (W2) 327.70

 Mold Diameter (in.) 4.000  Wt Tare (W3) 8.10

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 36.30

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 319.60

 Water Content (dec) (wc=W4/W5) 0.1136

 Water Content (%) (W4/W5)*100 11.36%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.775

 Mass of wet soil (lb) 2.197

 Wet Density of Soil (pcf) 66.06

 Dry Density of Soil (pcf) 59.33

 SETTLE DENSITY
 Average Settlement (in.) 1.396  Settlement (in.): 1.313

 Settled Height (in.) 3.177 1.375

 Settlement Volume (cu.ft.) 0.0231 1.625

1.500

 Mass of wet soil & mold (lb) 11.775 1.313

 Mass of wet soil (lb) 2.197 1.250

 Wet Density of Soil (pcf) 95.09

 Dry Density of Soil (pcf) 85.39

Loose Wet Density (pcf) 66.064  Sample Description:
Loose Dry Density (pcf) 59.326

Settled Wet Density (pcf) 95.093

Settled Dry Density (pcf) 85.394

Vertical Percent Settlement 30.53% TECH LAQ
 Percent Compaction 82.19% DATE 3/23/06

REVIEW RPD

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

SAND (SP), trace to little silt, trace clay, poorly graded, moist, light brown 
(SAND TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-05 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 440.20

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 359.70

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.50

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 80.50

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 353.20

 Water Content (dec) (wc=W4/W5) 0.2279

 Water Content (%) (W4/W5)*100 22.79%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 13.000

 Mass of wet soil (lb) 3.428

 Wet Density of Soil (pcf) 103.08

 Dry Density of Soil (pcf) 83.95

 SETTLE DENSITY
 Average Settlement (in.) 0.844  Settlement (in.): 0.875

 Settled Height (in.) 3.729 0.750

 Settlement Volume (cu.ft.) 0.0271 0.875

0.875

 Mass of wet soil & mold (lb) 13.000 0.938

 Mass of wet soil (lb) 3.428 0.750

 Wet Density of Soil (pcf) 126.40

 Dry Density of Soil (pcf) 102.94

Loose Wet Density (pcf) 103.080  Sample Description:
Loose Dry Density (pcf) 83.947

Settled Wet Density (pcf) 126.405

Settled Dry Density (pcf) 102.942

Vertical Percent Settlement 18.45% TECH RPD
 Percent Compaction 90.86% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

3.  Free standing water present above sample at time of testing.

LOOSE & SETTLED DENSITY

Composite

Clayey SAND (SC), poorly graded, saturated, reddish brown (TRANSITION 
TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-06 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number B3  Wt Tare & Soil Wet (W1) 307.30

 Mold Weight (lb) 9.578  Wt Tare & Soil Dry (W2) 284.80

 Mold Diameter (in.) 4.000  Wt Tare (W3) 8.10

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 22.50

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 276.70

 Water Content (dec) (wc=W4/W5) 0.0813

 Water Content (%) (W4/W5)*100 8.13%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.800

 Mass of wet soil (lb) 2.222

 Wet Density of Soil (pcf) 66.82

 Dry Density of Soil (pcf) 61.79

 SETTLE DENSITY
 Average Settlement (in.) 1.386  Settlement (in.): 1.313

 Settled Height (in.) 3.188 1.500

 Settlement Volume (cu.ft.) 0.0232 1.375

1.500

 Mass of wet soil & mold (lb) 11.800 1.375

 Mass of wet soil (lb) 2.222 1.250

 Wet Density of Soil (pcf) 95.86

 Dry Density of Soil (pcf) 88.65

Loose Wet Density (pcf) 66.815  Sample Description:
Loose Dry Density (pcf) 61.791

Settled Wet Density (pcf) 95.858

Settled Dry Density (pcf) 88.649

Vertical Percent Settlement 30.30% TECH LAQ
Percent Compaction 82.62% DATE 3/23/06

REVIEW RPD

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

SAND (SP), little to some silt, saturated, reddish brown (SAND TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-07 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 512.20

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 376.50

 Mold Diameter (in.) 4.000  Wt Tare (W3) 8.10

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 135.70

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 368.40

 Water Content (dec) (wc=W4/W5) 0.3683

 Water Content (%) (W4/W5)*100 36.83%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.991

 Mass of wet soil (lb) 2.419

 Wet Density of Soil (pcf) 72.74

 Dry Density of Soil (pcf) 53.16

 SETTLE DENSITY
 Average Settlement (in.) 1.698  Settlement (in.): 1.625

 Settled Height (in.) 2.875 1.625

 Settlement Volume (cu.ft.) 0.0209 1.813

1.750

 Mass of wet soil & mold (lb) 11.991 1.813

 Mass of wet soil (lb) 2.419 1.563

 Wet Density of Soil (pcf) 115.71

 Dry Density of Soil (pcf) 84.56

Loose Wet Density (pcf) 72.739  Sample Description:
Loose Dry Density (pcf) 53.158

Settled Wet Density (pcf) 115.706

Settled Dry Density (pcf) 84.559

Vertical Percent Settlement 37.13% TECH RPD
Percent Compaction 78.81% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

Sandy SILT (ML), moist, reddish brown (TRANSITION  TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-07a N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 556.80

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 433.40

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.70

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 123.40

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 426.70

 Water Content (dec) (wc=W4/W5) 0.2892

 Water Content (%) (W4/W5)*100 28.92%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.698

 Mass of wet soil (lb) 2.126

 Wet Density of Soil (pcf) 63.93

 Dry Density of Soil (pcf) 49.59

 SETTLE DENSITY
 Average Settlement (in.) 2.136  Settlement (in.): 2.188

 Settled Height (in.) 2.437 2.188

 Settlement Volume (cu.ft.) 0.0177 2.063

2.125

 Mass of wet soil & mold (lb) 11.698 2.188

 Mass of wet soil (lb) 2.126 2.063

 Wet Density of Soil (pcf) 119.95

 Dry Density of Soil (pcf) 93.04

Loose Wet Density (pcf) 63.929  Sample Description:
Loose Dry Density (pcf) 49.588

Settled Wet Density (pcf) 119.953

Settled Dry Density (pcf) 93.045

Vertical Percent Settlement 46.71% TECH RPD
Percent Compaction 86.71% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

3.  Sample processed through a No. 4 screen.

LOOSE & SETTLED DENSITY

Composite

Sandy SILT (ML), moist, reddish brown (TRANSITION TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-08 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number B3  Wt Tare & Soil Wet (W1) 334.80

 Mold Weight (lb) 9.578  Wt Tare & Soil Dry (W2) 294.00

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 40.80

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 287.40

 Water Content (dec) (wc=W4/W5) 0.1420

 Water Content (%) (W4/W5)*100 14.20%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.959

 Mass of wet soil (lb) 2.381

 Wet Density of Soil (pcf) 71.60

 Dry Density of Soil (pcf) 62.70

 SETTLE DENSITY
 Average Settlement (in.) 1.521  Settlement (in.): 1.750

 Settled Height (in.) 3.052 1.750

 Settlement Volume (cu.ft.) 0.0222 1.375

1.375

 Mass of wet soil & mold (lb) 11.959 1.500

 Mass of wet soil (lb) 2.381 1.375

 Wet Density of Soil (pcf) 107.27

 Dry Density of Soil (pcf) 93.94

Loose Wet Density (pcf) 71.597  Sample Description:
Loose Dry Density (pcf) 62.696

Settled Wet Density (pcf) 107.272

Settled Dry Density (pcf) 93.936

Vertical Percent Settlement 33.26% TECH LAQ
Percent Compaction 83.28% DATE 3/23/06

REVIEW RPD

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

Sandy SILT (ML), little to some clay, moist, reddish brown (TRANSITION 
TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-09 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number B3  Wt Tare & Soil Wet (W1) 227.60

 Mold Weight (lb) 9.578  Wt Tare & Soil Dry (W2) 175.10

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 52.50

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 168.50

 Water Content (dec) (wc=W4/W5) 0.3116

 Water Content (%) (W4/W5)*100 31.16%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.965

 Mass of wet soil (lb) 2.387

 Wet Density of Soil (pcf) 71.78

 Dry Density of Soil (pcf) 54.73

 SETTLE DENSITY
 Average Settlement (in.) 1.782  Settlement (in.): 1.938

 Settled Height (in.) 2.792 1.750

 Settlement Volume (cu.ft.) 0.0203 1.688

1.750

 Mass of wet soil & mold (lb) 11.965 1.938

 Mass of wet soil (lb) 2.387 1.625

 Wet Density of Soil (pcf) 117.58

 Dry Density of Soil (pcf) 89.65

Loose Wet Density (pcf) 71.777  Sample Description:
Loose Dry Density (pcf) 54.726

Settled Wet Density (pcf) 117.584

Settled Dry Density (pcf) 89.651

Vertical Percent Settlement 38.96% TECH LAQ
Percent Compaction 87.89% DATE 3/23/06

REVIEW RPD

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

Sandy CLAY (CL), some silt, medium plasticity, grayish brown, moist 
(TRANSITION TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-10 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number B3  Wt Tare & Soil Wet (W1) 205.30

 Mold Weight (lb) 9.578  Wt Tare & Soil Dry (W2) 166.20

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 39.10

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 159.60

 Water Content (dec) (wc=W4/W5) 0.2450

 Water Content (%) (W4/W5)*100 24.50%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 12.320

 Mass of wet soil (lb) 2.742

 Wet Density of Soil (pcf) 82.45

 Dry Density of Soil (pcf) 66.23

 SETTLE DENSITY
 Average Settlement (in.) 1.604  Settlement (in.): 1.750

 Settled Height (in.) 2.969 1.750

 Settlement Volume (cu.ft.) 0.0216 1.500

1.500

 Mass of wet soil & mold (lb) 12.320 1.500

 Mass of wet soil (lb) 2.742 1.625

 Wet Density of Soil (pcf) 127.00

 Dry Density of Soil (pcf) 102.01

Loose Wet Density (pcf) 82.452  Sample Description:
Loose Dry Density (pcf) 66.227

Settled Wet Density (pcf) 127.003

Settled Dry Density (pcf) 102.012

Vertical Percent Settlement 35.08% TECH LAQ
Percent Compaction 94.63% DATE 3/23/06

REVIEW RPD

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

Sandy CLAY (CL), some silt, medium plasticity, wet, dark gray (TRANSITION 
TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-11 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 397.20

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 278.30

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 118.90

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 271.70

 Water Content (dec) (wc=W4/W5) 0.4376

 Water Content (%) (W4/W5)*100 43.76%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.512

 Mass of wet soil (lb) 1.940

 Wet Density of Soil (pcf) 58.34

 Dry Density of Soil (pcf) 40.58

 SETTLE DENSITY
 Average Settlement (in.) 1.750  Settlement (in.): 1.750

 Settled Height (in.) 2.823 1.875

 Settlement Volume (cu.ft.) 0.0205 1.875

1.625

 Mass of wet soil & mold (lb) 11.512 1.750

 Mass of wet soil (lb) 1.940 1.625

 Wet Density of Soil (pcf) 94.50

 Dry Density of Soil (pcf) 65.73

Loose Wet Density (pcf) 58.336  Sample Description:
Loose Dry Density (pcf) 40.578

Settled Wet Density (pcf) 94.498

Settled Dry Density (pcf) 65.733

Vertical Percent Settlement 38.27% TECH RPD
Percent Compaction 68.47% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

SILT (ML), low plasticity, moist, dark brown (SLIMES TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-12 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 475.00

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 324.20

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 150.80

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 317.60

 Water Content (dec) (wc=W4/W5) 0.4748

 Water Content (%) (W4/W5)*100 47.48%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.920

 Mass of wet soil (lb) 2.348

 Wet Density of Soil (pcf) 70.60

 Dry Density of Soil (pcf) 47.87

 SETTLE DENSITY
 Average Settlement (in.) 0.771  Settlement (in.): 0.750

 Settled Height (in.) 3.802 0.875

 Settlement Volume (cu.ft.) 0.0277 0.750

0.750

 Mass of wet soil & mold (lb) 11.920 0.750

 Mass of wet soil (lb) 2.348 0.750

 Wet Density of Soil (pcf) 84.92

 Dry Density of Soil (pcf) 57.58

Loose Wet Density (pcf) 70.604  Sample Description:
Loose Dry Density (pcf) 47.873

Settled Wet Density (pcf) 84.918

Settled Dry Density (pcf) 57.579

Vertical Percent Settlement 16.86% TECH RPD
Percent Compaction 56.67% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

Silty Clay (CL), medium plasticity, moist, grayish brown (SLIMES TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-13 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number B3  Wt Tare & Soil Wet (W1) 327.30

 Mold Weight (lb) 9.578  Wt Tare & Soil Dry (W2) 233.30

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.70

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 94.00

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 226.60

 Water Content (dec) (wc=W4/W5) 0.4148

 Water Content (%) (W4/W5)*100 41.48%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 11.870

 Mass of wet soil (lb) 2.292

 Wet Density of Soil (pcf) 68.92

 Dry Density of Soil (pcf) 48.71

 SETTLE DENSITY
 Average Settlement (in.) 1.813  Settlement (in.): 2.000

 Settled Height (in.) 2.761 1.875

 Settlement Volume (cu.ft.) 0.0201 1.875

1.750

 Mass of wet soil & mold (lb) 11.870 1.750

 Mass of wet soil (lb) 2.292 1.625

 Wet Density of Soil (pcf) 114.17

 Dry Density of Soil (pcf) 80.70

Loose Wet Density (pcf) 68.920  Sample Description:
Loose Dry Density (pcf) 48.713

Settled Wet Density (pcf) 114.172

Settled Dry Density (pcf) 80.697

Vertical Percent Settlement 39.63% TECH LAQ
Percent Compaction 84.94% DATE 3/23/06

REVIEW RPD

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

CLAY (CL), low to medium plasticity, moist, grayish brown (SLIMES 
TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.



 PROJECT NAME
 PROJECT NUMBER
 SAMPLE IDENTITY GABT-14 N/A

 SAMPLE TYPE 

 WATER CONTENT
 Mold Number A3  Wt Tare & Soil Wet (W1) 470.00

 Mold Weight (lb) 9.572  Wt Tare & Soil Dry (W2) 324.20

 Mold Diameter (in.) 4.000  Wt Tare (W3) 6.60

 Mold Height (in.) 4.573  Wt Moisture (W4=W1-W2) 145.80

 Mold Volume (cu.ft.) 0.0333  Wt Dry Soil (W5=W2-W3) 317.60

 Water Content (dec) (wc=W4/W5) 0.4591

 Water Content (%) (W4/W5)*100 45.91%

 LOOSE DENSITY
 Mass of wet soil & mold (lb) 12.691

 Mass of wet soil (lb) 3.119

 Wet Density of Soil (pcf) 93.79

 Dry Density of Soil (pcf) 64.28

 SETTLE DENSITY
 Average Settlement (in.) 0.792  Settlement (in.): 0.750

 Settled Height (in.) 3.781 0.875

 Settlement Volume (cu.ft.) 0.0275 0.875

0.750

 Mass of wet soil & mold (lb) 12.691 0.750

 Mass of wet soil (lb) 3.119 0.750

 Wet Density of Soil (pcf) 113.42

 Dry Density of Soil (pcf) 77.74

Loose Wet Density (pcf) 93.788  Sample Description:
Loose Dry Density (pcf) 64.280

Settled Wet Density (pcf) 113.424

Settled Dry Density (pcf) 77.737

Vertical Percent Settlement 17.31% TECH RPD
Percent Compaction 76.59% DATE 3/23/06

REVIEW LAQ

COMMENTS:
1.  These procedures are not standardized, but follow recommendations from:

               * ASTM D-4253  Standard Method for Maximum Index Density and Unit Weight of Soil Using Vibratory Table

               * ASTM D-4254  Standard Method for Maximum Index Density and Unit Weight of Soil and Calculation of Relative Density

2.  Percent Compaction Calculated assuming optimum values from Proctor Testing.

LOOSE & SETTLED DENSITY

Composite

CLAY (CH), High plasticity, moist, dark gray (SLIMES TAILINGS).

Moab Tailings

053-2269

Golder Associates Inc.
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Geotechnical Laboratory 
PO Box 4339 

1570 Bear Creek Road 
Oak Ridge TN 37830 

(865) 482-6497

CERTIFICATE OF ANALYSIS 
 

 
 
Erin Stanley         November 7, 2006 
General Engineering Laboratories 
2040 Savage Road 
Charleston SC 29407 
 
 
 
This is the Certificate of Analysis for the following samples: 
 
Shaw Project ID: GEL – Moab 
Shaw Project Number:  109855.01410000 
Date Received by Lab: May 4, 2006 
Number of Samples:  Fourteen (14) 
Sample Type:  Soil 
 
I. Introduction/Case Narrative
Fourteen soil samples were received by the Shaw Geotechnical Laboratory on May 4, 2006.  
Samples were submitted for determination of particle-size distribution, Atterberg limits, hydraulic 
conductivity, consolidated-undrained triaxial shear strength, one-dimensional consolidation 
properties, and capillary moisture relationships. 
 
Please see Appendix A, Sample Number Cross Reference List; Appendix B, Analysis Results; 
and Appendix C, Chain-of-Custody/Sample Receipt Records. 
 
 
Reviewed and Approved: 
 

 
                                                           
Ralph Cole 
Laboratory Manager, Geotechnical Services 
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November 7, 2006 
Erin Stanley 
General Engineering Laboratories 
Shaw Project Name: GEL – Moab 
Shaw Project No.  109855.01410000 
 
 

Shaw Geotechnical
Laboratory

Oak Ridge TN
(865) 482-6497 

 
II. Analytical Results/Methodology
 
REFERENCES:  United Nations, Recommendations on the Transport of Dangerous Goods, 
Manual of Tests and Criteria, third ed. New York, 1999.  United States Army Corps of Engineers 
(USACE), Engineer Manual 1110-2-1906, Laboratory Soils Testing, appendix II, 1970;  United 
States Environmental Protection Agency, SW846, Test Methods for Examining Solid Waste, 
Physical/Chemical Methods, 3rd ed., Nov 1986 (EPA SW-846).  Annual Book of ASTM 
Standards, Section 4, Construction, Volume 04.08, Soil and Rock (I), and Volume 04.09, Soil 
and Rock (II), 2006.  Shaw Environmental and infrastructure, Standard Operating Procedures. 
 
 
Particle-Size Distribution of Soils .................................................................ASTM D 422 
Standard Proctor Compaction Characteristics.............................................ASTM D 698 
One-Dimensional Consolidation Properties of Soils ....................................ASTM D 2435 
Atterberg Limits............................................................................................AASTM D 4318 
Consolidated-Undrained Triaxial Shear Strength ........................................ASTM D 4767 
Constant Head Permeability ........................................................................ASTM D 5084 
Capillary Moisture Relationships..................................................................Mfr. procedure 
 
 
 
III. Quality Control
 
Quality control checks such as duplicates and spikes (QC samples), are not normally applicable 
to geotechnical testing.  This is due largely to the inability of obtaining samples with known 
characteristics, the heterogenous nature of the samples, and quality control procedures built-in 
to the analytical method. 
 
QC measures to ensure accuracy and precision of test results include the following: 
 
• 100% verification of all numerical results - raw data entries, transcriptions and 

calculations entered by lab technicians are checked, recalculated and verified.  Most data 
calculations are performed by computer programs. 

 
• Data validation through test reasonableness - summaries of all test results for individual 

reports are reviewed to determine the overall reasonableness of data and to determine 
the presence of any data that may be considered outliers. 

 
• Quality control procedures are built into most standardized geotechnical procedures.  For 

example, liquid limit and plastic limit analyses call for re-analyses and specify acceptance 
criteria. 
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• Routine instrument calibration - instruments, gauges and equipment used in testing are 
calibrated on a routine basis.  All instrument calibration follows ASTM or manufacturer 
guidelines. 

 
• Maintenance of all past calibration records - calibration records and certification 

documents of all instruments, gauges and equipment are updated routinely and 
maintained in the Quality Control Coordinators Quality/Operations files. 

 
• Certified and trained personnel - all technicians are trained in the application of standard 

laboratory procedures for geotechnical analyses as well as the quality assurance 
measures implemented by Shaw. 

 
• Quantitative analyses frequently used in geotechnical/physical testing programs do not 

use QC tools common to wet chemistry or radiochemistry laboratories.  Measures not 
employed in the analysis of samples reported in this report include: laboratory control 
samples (LCS), blanks, matrix spikes (MS), duplicate analyses, dilutions, digestions, 
correction factors, surrogate sample analyses, detection limit determinations, control 
charts, and/or tentatively identified compounds (TICs). 

 
 
 
IV. Data Qualification
 
Moisture content results are reported as supporting data for several test results. 
 
A specific gravity value of 2.65 was assumed and used for certain calculations of ancillary 
supporting data, such as phase relations (degree of saturation, void ratio) reported in some test 
results.  This value is an average of all natural earth materials and could vary markedly from the 
sample being tested. 
 
Hydraulic conductivity (permeability) tests were performed by recompacting bulk material into 
test specimens.  Density and moisture parameters supplied by the client.  One test specimen 
was prepared for each sample.  The specimens were tested at 20 psi confining pressure, 
followed by 40 psi and 60 psi test series.  In some cases, permeability tests at higher confining 
pressures produced slower flow rates.  This is usually ascribed to specimen consolidation and 
smaller void channels.  In other cases, permeability tests at higher confining pressures 
produced faster flow rates.  This is usually ascribed to more thorough specimen saturation, or 
washing of fines. 
 
Consolidated-undrained triaxial shear tests were performed by recompacting bulk material into 
test specimens.  Density and moisture parameters supplied by the client.  Three test specimens 
were prepared for each sample.  The specimens were tested at 20 psi, 40 psi and 60 psi 
confining pressures. 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 

                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              

BC0911 .......................................GABT-01 ........................................ Soil  

BC0912 .......................................GABT-02 ........................................ Soil 

BC0913 .......................................GABT-03 ........................................ Soil 

BC0914 .......................................GABT-04 ........................................ Soil 

BC0915 .......................................GABT-05 ........................................ Soil 

BC0916 .......................................GABT-06 ........................................ Soil 

BC0917 .......................................GABT-07 ........................................ Soil 

BC0918 .......................................GABT-08 ........................................ Soil 

BC0919 .......................................GABT-09 ........................................ Soil 

BC0920 .......................................GABT-10 ........................................ Soil 

BC0921 .......................................GABT-11 ........................................ Soil 

BC0922 .......................................GABT-12 ........................................ Soil 

BC0923 .......................................GABT-13 ........................................ Soil 

BC0924 .......................................GABT-14 ........................................ Soil 
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Certificate of Analysis 
 

February 15, 2007



 

 
 
 

 
 
 
 

Geotechnical Laboratory 
PO Box 4339 

1570 Bear Creek Road 
Oak Ridge TN 37830 

(865) 482-6497

CERTIFICATE OF ANALYSIS 
 

 
 
Erin Stanley         February 15, 2007 
General Engineering Laboratories 
2040 Savage Road 
Charleston SC 29407 
 
 
 
This is the Certificate of Analysis for the following samples: 
 
Shaw Project ID: GEL – Moab 
Shaw Project Number:  109855.01410000 
Date Received by Lab: May 4, 2006 
Number of Samples:  Fourteen (14) 
Sample Type:  Soil 
 
I. Introduction/Case Narrative
Fourteen soil samples were received by the Shaw Geotechnical Laboratory on May 4, 2006.  
Samples were submitted for determination of particle-size distribution, Atterberg limits, hydraulic 
conductivity, consolidated-undrained triaxial shear strength, one-dimensional consolidation 
properties, and capillary moisture relationships.  Previous reports have distributed all sample 
results except for the CU triaxial test for sample GBABT-04, which is reported here. 
 
Please see Appendix A, Sample Number Cross Reference List; Appendix B, Analysis Results; 
and Appendix C, Chain-of-Custody/Sample Receipt Records. 
 
 
Reviewed and Approved: 
 

 
                                                           
Ralph Cole 
Laboratory Manager, Geotechnical Services 
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II. Analytical Results/Methodology
 
REFERENCES:  United Nations, Recommendations on the Transport of Dangerous Goods, 
Manual of Tests and Criteria, third ed. New York, 1999.  United States Army Corps of Engineers 
(USACE), Engineer Manual 1110-2-1906, Laboratory Soils Testing, appendix II, 1970;  United 
States Environmental Protection Agency, SW846, Test Methods for Examining Solid Waste, 
Physical/Chemical Methods, 3rd ed., Nov 1986 (EPA SW-846).  Annual Book of ASTM 
Standards, Section 4, Construction, Volume 04.08, Soil and Rock (I), and Volume 04.09, Soil 
and Rock (II), 2006.  Shaw Environmental and infrastructure, Standard Operating Procedures. 
 
Consolidated-Undrained Triaxial Shear Strength ........................................ASTM D 4767 
 
III. Quality Control
 
Quality control checks such as duplicates and spikes (QC samples), are not normally applicable 
to geotechnical testing.  This is due largely to the inability of obtaining samples with known 
characteristics, the heterogenous nature of the samples, and quality control procedures built-in 
to the analytical method. 
 
QC measures to ensure accuracy and precision of test results include the following: 
 
• 100% verification of all numerical results - raw data entries, transcriptions and 

calculations entered by lab technicians are checked, recalculated and verified.  Most data 
calculations are performed by computer programs. 

 
• Data validation through test reasonableness - summaries of all test results for individual 

reports are reviewed to determine the overall reasonableness of data and to determine 
the presence of any data that may be considered outliers. 

 
• Quality control procedures are built into most standardized geotechnical procedures.  For 

example, liquid limit and plastic limit analyses call for re-analyses and specify acceptance 
criteria. 

 
• Routine instrument calibration - instruments, gauges and equipment used in testing are 

calibrated on a routine basis.  All instrument calibration follows ASTM or manufacturer 
guidelines. 

 
• Maintenance of all past calibration records - calibration records and certification 

documents of all instruments, gauges and equipment are updated routinely and 
maintained in the Quality Control Coordinators Quality/Operations files. 

 
• Certified and trained personnel - all technicians are trained in the application of standard 

laboratory procedures for geotechnical analyses as well as the quality assurance 
measures implemented by Shaw. 
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• Quantitative analyses frequently used in geotechnical/physical testing programs do not 

use QC tools common to wet chemistry or radiochemistry laboratories.  Measures not 
employed in the analysis of samples reported in this report include: laboratory control 
samples (LCS), blanks, matrix spikes (MS), duplicate analyses, dilutions, digestions, 
correction factors, surrogate sample analyses, detection limit determinations, control 
charts, and/or tentatively identified compounds (TICs). 

 
 
 
IV. Data Qualification
 
A specific gravity value of 2.65 was assumed and used for certain calculations of ancillary 
supporting data, such as phase relations (degree of saturation, void ratio) reported in some test 
results.  This value is an average of all natural earth materials and could vary markedly from the 
sample being tested. 
 
Consolidated-undrained triaxial shear tests were performed by recompacting bulk material into 
test specimens.  Density and moisture parameters supplied by the client.  Three test specimens 
were prepared for each sample.  The specimens were tested at 20 psi, 40 psi and 60 psi 
confining pressures. 
 
Cohesion intercepts for this sample were set to “zero” from negative intercepts calculated by the 
commercial software used to reduce data. 
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BC0911 .......................................GABT-01 ........................................ Soil  
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BC0919 .......................................GABT-09 ........................................ Soil 
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TRIAXIAL SHEAR TEST REPORT

Shaw E&I 

Client: GEL

Project: GEL Moab

Location: GABT-04

Sample Number: BC0914

Proj. No.: 109855 Date: 

Type of Test: 

CU with Pore Pressures

Sample Type: Recompacted

Description: Sandy SILT

LL= NP PI= NP

Assumed Specific Gravity= 2.65

Remarks:

Figure BC0914
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