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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 set is to present results of the rippability investigation based on seismic 
refraction activities at the Crescent Junction Disposal Site. 
 
This calculation will be used in the Remedial Action Plan and Site Design for Stabilization of Moab Title I 
Uranium Mill Tailings at the Crescent Junction, Utah, Disposal Site (RAP), and summarized in the 
appropriate sections of the Remedial Action Selection (RAS) Report for the Moab Site. 
 
Method of Solution: 
 
A refraction seismic survey was conducted along 10 seismic lines centered on existing boreholes at the 
Crescent Junction Site to assist in evaluation of suitability of the site for disposal of the Moab tailings. The 
purposes of the seismic surveys were to determine the seismic velocities of weathered and unweathered 
Mancos Shale deposits that underlie the site and relate those velocities to the rippability of the subsurface 
materials. The refraction seismic method is routinely used for rippability investigations. Data collection 
and analysis methods for this project were performed in accordance with the Standard Guide for Using 
the Seismic Refraction Method for Subsurface Investigation, ASTM Designation: D 5777-00. 
 
The Final Report of the Crescent Junction Disposal Site Seismic Rippability Investigation is in Appendix A 
and a review of this report is in Appendix B. 
 
Assumptions: 
 
N/A 
 
Calculation: 
 
N/A 
 
Discussion: 
 
Seismic velocities and the thickness of layers underlying the proposed disposal cell to a depth of 
approximately 60 feet, produced by means of a refraction seismic survey, have been provided in the 
report. This information will be used to determine optimal and economic depths of excavation for 
construction of the disposal cell at the Crescent Junction Site. The suitability of selecting equipment 
based on the reported velocities should be based on the excavators experience with ripping machinery 
where seismic velocities are known. Data in this report will be used in making these determinations during 
the conceptual design phase of the disposal cell.  
 
Conclusion and Recommendations: 
 
Use of this information in the conceptual design of the disposal cell at the Crescent Junction Site will be 
incorporated into appropriate sections of the RAS and other design documentation.  
 
Computer Source: 
 
N/A 
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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 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 
evaluate background ground water quality data from the Crescent Junction Disposal Site. 
 
Conclusions from these data will be incorporated into Attachment 3 (Ground Water Hydrology) and 
Attachment 4 (Water Resources Protection) of the Remedial Action Plan and Site Design for Stabilization 
of Moab Title I Uranium Mill Tailings at the Crescent Junction, Utah, Disposal Site (RAP) and summarized 
in the Remedial Action Selection (RAS) Report for the Moab Site. 
 
Method of Solution: 
 
Ten coreholes were advanced to depths of approximately 300 feet (ft) in the study area for the 
Crescent Junction Disposal Site ( 
Figure 1 and Appendix A). Ground water was observed immediately after completion of drilling in 
coreholes 0201, 0202, 0203, 0204, and 0208. Ground water seeped into coreholes 0205 and 0210 over 
the course of several weeks after completion of drilling. Coreholes 0206, 0207, and 0209 remained dry as 
of May 2006.  
 
Background ground water samples were collected during four sampling events. The first sampling event 
(November 2005) included sampling of ground water from coreholes 0208 and 0210 to determine total 
dissolved solids (TDS) concentrations and major cations and anions. The second sampling event 
(December 2005) included collection of ground water from coreholes 0201, 0202, 0203, 0204, and 0208. 
A more comprehensive list of constituents was analyzed during the December 2005 sampling event. 
Coreholes 0205 and 0210 were not sampled during the second round because in comparison to the other 
coreholes they had much deeper water levels and longer water-level recovery rates; therefore, they were 
considered less significant. Results from these initial two sampling events were reported in the 
Preliminary Calculation Set of May 2006. 
 
The two additional sampling events were carried out during April 2006 and September 2006 to evaluate if 
temporal changes had occurred since the coreholes were first advanced. Samples were collected from 
coreholes 0201, 0202, 0203, 0204, 0205, 0208, and 0210. A more comprehensive analyte list was 
developed to include potential contaminants of concern from the Moab Processing Site, constituents in 
Table 1 to Subpart A of Title 40 of the Code of Federal Regulations (40 CFR 192), and other diagnostic 
constituents for geochemical properties of the Mancos Shale at the disposal site. This final calculation set 
includes results of all background ground water quality data collected from the Crescent Junction 
Disposal Site. 
 
Ground water was sampled according to procedures and protocols in the Sampling and Analysis Plan 
(SAP) (DOE 2005). The Paragon Analytics laboratory, located in Fort Collins, Colorado, analyzed the 
ground water samples (analytical results are provided in Appendix B). Data were validated according to 
the SAP (see Laboratory Performance Assessments in Appendix C) and then loaded into the SEEPro 
database located at the DOE office in Grand Junction, Colorado. 
 
Assumptions: 
 
N/A 
 
Calculation: 
 
N/A 



 

 

 
 

Figure 1. Corehole Locations at the Crescent Junction Site 
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Discussion: 
 
Background ground water quality data from coreholes 0201, 0202, 0203, 0204, 0205, 0208, and 0210 are 
available in the SEEPro database and are presented in Appendix B (see Table 1 for summary of indicator 
constituents analyzed during the September 2006 sampling event). The ground water analyses indicated 
that TDS concentrations were significantly elevated, ranging from 20,000 to 44,000 milligrams per liter 
(mg/L). Uranium concentrations in ground water were typically very low (ranging from 0.0002 to 0.020 mg/L) 
and below the maximum concentration limit (MCL) of 0.044 mg/L (Table 1 to Subpart A of 40 CFR 192).  
 
Levels of barium exceeded the MCL of 1 mg/L in coreholes 0202, 0204, and 0205 during the April 2006 
and September 2006 sampling events. The concentration of nitrate slightly exceeded the MCL of 10 mg/L 
in corehole 0208 during December 2005; however, during April and September 2006 the nitrate 
concentration in corehole 0208 was at least two orders of magnitude below the MCL. Concentrations in 
ground water of other constituents with MCLs were consistently low and significantly below their 
respective MCLs. 
 
Gross alpha activities in all coreholes sampled during the April 2006 and September 2006 sampling 
events were apparently above the MCL as a result of the analytical method used which yielded a high 
detection limit because of interference caused by the significantly elevated levels of TDS in ground water. 
Samples from the September 2006 sampling event were re-analyzed for gross alpha using an alternate 
analytical method (EPA method 900.1) to achieve lower detection limits. These analyses yielded lower 
detection values for gross alpha, but activities still exceeded the MCL of 15 picocuries per liter (pCi/L) in 
coreholes 0202 and 0204. These gross alpha activities, based on the alternate method, are related to the 
elevated uranium content, which naturally occurs in sediments of the Mancos Shale (Pliler and Adams 
1962, Sprinkel 1987). Radium-226 and radium-228 activities were elevated above the MCL of 5 pCi/L in 
coreholes 0202 and 0204. 
 
 

Table 1. Background Concentrations1 of Indicator Constituents in Ground Water 

Constituent 0201 0202 0203 0204 0205 0208 0210 
Ammonia as 
N 8 16 13 18 12 19 7 

Alkalinity, 
Bicarbonate 
(as CaCO3) 

1,000 410 1,500 550 440 560 1,700 

Alkalinity, 
Total (as 
CaCO3) 

1,000 374 1,500 472 440 1,687 1,700 

Calcium 160 200 160 300 370 250 70 
Chloride 20,000 22,000 15,000 26,000 27,000 24,000 5,300 
Magnesium 150 96 110 130 140 140 56 
Molybdenum 0.0043 0.0043 0.0026 0.0037 0.0096 0.0120 0.0036 
Nitrate 0.081 0.022 0.020 0.029 0.049 0.100 0.010 
ORP2 1 42 11 -3 56 59 117 
pH 7.08 7.15 6.93 6.85 7.24 6.94 7.08 
Selenium 0.0089 0.0054 0.0014 0.0029 0.0016 0.0028 0.0007 
Sodium 11,000 11,000 9,800 13,000 13,000 13,000 5,700 
Sulfate 2,200 100U* 5,500 100U* 100U* 750 6,100 
TDS 38,000 37,000 34,000 44,000 44,000 42,000 20,000 
Uranium 0.0027 0.0053 0.0002 0.0002 0.0008 0.0018 0.0200 

1Concentrations in mg/L. 
2ORP = oxidation—reduction potential. 
U* = Data qualifier signifying that the parameter was analyzed for but not detected. 
Data from September 2006 sampling event. 
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Because the TDS concentration in the ground water is particularly high, an examination of the dominant 
chemical species contributing to the TDS is warranted. Table 2 presents the ratios of the foremost 
chemical constituents to the TDS based on data from the 2005 sampling events. Although some 
concentrations have varied in the 2006 sampling events, this assessment appears to be representative of 
natural conditions at the site. The ratios of sodium to TDS are consistently about 0.3 in each sample. 
Ratios of chloride to TDS are approximately 0.6 in ground water at coreholes 0201, 0202, 0204, and 
0210; consequently, sodium and chloride alone account for 93 to 95 percent of the chemical mass of 
which the TDS is comprised. Accordingly, the ratios of sulfate and bicarbonate to TDS are 
correspondingly low in coreholes 0201, 0202, 0204, and 0210. However, because the ratio of chloride to 
TDS is much lower (approximately 0.3) at corehole 0208, the deficit is made up through relative 
enrichment of primarily sulfate and some bicarbonate. These results show that the briny ground water 
(TDS>35,000 mg/L) at the Crescent Junction Disposal Site is typified by a sodium-chloride-dominated 
composition. Ground water at corehole 0208, which was very saline (10,000 mg/L<TDS<35,000 mg/L), 
had an anion chemistry composed mostly of chloride and sulfate. Figure 2 shows the Piper diagram for 
these ground water samples. 
 

Table 2. Ratios of Leading Chemical Concentrations in Ground Water to the TDS Concentrations  
 

Corehole Date Na/TDS Cl/TDS SO4/TDS HCO3/TDS (Na+Cl+SO4+HCO3)
/TDS 

0201 12/27/2005 0.31 0.62 0.03 0.02 0.98 
0202 12/27/2005 0.32 0.63 0.00 0.01 0.96 
0203 12/27/2005 0.30 0.51 0.11 0.04 0.96 
0204 12/27/2005 0.29 0.64 0.00 0.02 0.95 
0208 12/27/2005 0.27 0.29 0.34 0.07 0.97 
0210 11/7/2005 0.32 0.62 0.05 N/A N/A 

N/A indicates that the analysis of bicarbonate was not available for that sample date. 
 
 
Conclusion and Recommendations: 
 
Ground water encountered in the coreholes drilled into the shallow Mancos Shale was highly saline and 
often exceeded the minimum salinity levels characteristic of brine (TDS>35,000 mg/L) (Hem 1970, p. 219). 
Based on its occurrence and composition, the ground water intersected by these coreholes is likely to be 
connate water, or water that has been trapped in the pores of the rock since the rock was formed in a 
marine environment. This suggests that ground water in the shallowest zones of the Mancos Shale at the 
site does not necessarily occur in interconnected aquifers capable of producing significant amounts of 
water to wells. The variability of TDS levels in ground water in the coreholes infers lack of interconnected 
zones of saturation. These observations, along with other information collected during the field 
investigations and presented in other calculation sets, suggest that ground water found locally in the 
shallow Mancos Shale occurs in isolated pockets that are unaffected by, or disconnected from, a more 
regional, dynamic aquifer system.  
 
Another aspect of the shallow ground water chemistry of the Mancos Shale is that there appears to be a 
modest enrichment of bicarbonate alkalinity accompanied by highly variable sulfate concentrations. The 
bicarbonate enrichment is noteworthy because it alone makes up the total alkalinity of the water. The pH 
grid in Hem (1970, p. 154−155) suggests that bicarbonate would make up about 80 percent of the total 
alkalinity (with the remaining 20 percent attributable to carbonate). In addition, there is significant 
variability in the sulfate concentrations, which range from below detection in coreholes 0202, 0204, and 
0205 to 6,100 mg/L at corehole 0210.  
 
The combination of enriched bicarbonate and depleted sulfate, in coexistence with depleted calcium and 
magnesium concentrations, was proposed by Van Voast (2003, p. 673) to be an indication of a ground 
water system associated with hydrocarbon-rich environments where sulfate is unstable. A comparison of 
the calcium and magnesium concentrations shown in Table 1 and Appendix B to the average chemical 
composition of seawater (Hem 1970, p. 11) would show that they too are modestly depleted with respect 
to modern seawater. Evidence of sulfate depletion in the ground water is found in the occurrence of 
framboidal pyrite in all the coreholes drilled into the Mancos Shale for this project (see “Corehole Logs” 
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calculation, RAP Attachment 5, Vol. I, Appendix A). Perhaps the minor gas encountered in the Mancos 
Shale during drilling provides locally reducing conditions necessary to biochemically reduce sulfate, 
enrich bicarbonate, and precipitate calcium and magnesium. 
 
 

 
 
 

Figure 2. Piper Diagram for the Ground Water at the Crescent Junction Site 

 
 
Computer Source: 
 
N/A 
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Borehole Report (USEE310) for Site CRJ01  
Crescent Junction Site 

 





 

 

 

Appendix B 
 

Ground Water Quality Data by Location (USEE100) for Site CRJ01, 
Crescent Junction Site 
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Laboratory Performance Assessment Reports for November 2005, 

December 2005, April 2006, and September 2006 
Crescent Junction Site 
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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 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 boring and test pit logs from the Moab tailings investigation. 
 
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 the Remedial Action Selection (RAS) report for the Moab Site. 
 
Method of Solution: 
 
Locations and descriptions of test holes and test pits advanced during this investigation were described in 
Golder Associates (2006). The geotechnical investigation during 2005 included drilling 24 boreholes 
through the Moab uranium mill tailings pile along with 12 test pits on the pile (Figure 1). The boreholes 
ranged in depth from 37 to 97 feet (ft) and were drilled, using a hollow-stem auger rig, through the tailings 
into the underlying alluvium. These holes were identified as 0700 through 0723. The test pits were dug to 
13 ft with a backhoe during August 2005 (initial two test pits) and to a depth of 20 ft for the remainder 
during December 2005. Golder Associates originally identified the test pits as GATP-01 through GATP-12; 
later, Stoller Corp renamed the test pits as 0621 through 0632. Logs of the borings and test pits are 
attached to this calculation set in Appendixes A and B, respectively. Samples were collected from the 
borings and test pits and sent in for analysis of various geotechnical parameters (see the “Geotechnical 
Laboratory Testing Results for the Moab Processing Site” calculation in RAP Attachment 5, Vol. I, 
Appendix J).  
 
Assumptions: 
 
N/A 
 
Calculation: 
 
N/A 
 
Discussion: 
 
Results and evaluation of the boring and test pits at the Moab processing site are discussed in detail in 
relevant sections of the RAS.  
 
Conclusion and Recommendations: 
 
N/A 
 
Computer Source: 
 
N/A 
 
References: 
 
Golder Associates, 2006. Sample Selection and Test Request Summary, Proposed Geotechnical 
Laboratory Test Program, Moab Project, Grand County, Utah, Letter to Mark Kautsky, Hydrologist, 
S.M. Stoller Corporation, Golder Associates Reference Number 053-2269, January. 
 



 

 
Figure 1. Borehole and Test Pit Locations, Moab Tailings Site, Utah
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Boring Logs 
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Appendix B 
 

Test Pit Logs 
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FIELD TEST PIT LOG 

 

Temp: 85 F Weather: 
Partly 
Cloudy Engineer: J. Obermeyer Operator: Randy Test Pit: 0621 (GATP-01) 

Equipment: Caterpillar 416 with a 2’ bucket Contractor S.M. Stoller Date 8/24/2005 
Location Moab, Utah  Elevation -- Datum Ground Surface Job No. 053-2269 
 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 Composite 

  2 Composite 

  

 

  3 Composite.  

 
5 

4 Composite. 

 5 Composite 

   

 

Fe
et

 

  

  

 

    

 
10 

 

 

  

     

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-2.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(2.0-7.0) Silty SAND and Silty CLAY (SM, CL) , tan, dark 
yellowish brown, olive, loose, moist, medium to fine grained sand  
(Interbedded SAND and TRANSITIONAL TAILINGS). 
 
(7.0-13.0) Intermittent Silty SAND, mostly clayey SILT, and silty 
CLAY (SM, MH, CL), dark yellowish brown, olive, gray, fine 
grained sands, moist, loose (Interbedded TRANSITIONAL 
TAILINGS and SLIMES). 
 
 

Samples collected represent materials from the test pit necessary for 
index testing. 



GATP-01 Test Pit Picture 
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1. Photo of GATP-01 from ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 85 F Weather: Partly Cloudy Engineer: J. Obermeyer Operator: Randy Test Pit: 0622 (GATP-02) 
Equipment: Caterpillar 416 with a 2’ bucket Contractor S.M. Stoller Date 8/24/2005 
Location Moab, Utah  Elevation -- Datum Ground Surface Job No. 053-2269 
 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 Composite 

  2 Composite 

  

 

  3 Composite.  

 
5 

4 Composite. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

     

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-2.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(2.0-13.0) Silty SAND and minor Clayey SILT (SM, MH) , tan, 
yellowish brown, olive, loose to medium dense, dry to lightly 
moist, medium to fine grained. Sands and Silts consolidated with 
increased depth.  Some intermittent, interbedded cohesive silty 
clay lenses (SAND TAILINGS). 
 

Samples collected represent materials from the test pit necessary for 
index testing. 

 



GATP-02 Test Pit Pictures 
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1. Photo of GATP-02 from ground surface. 

 
 

2. Photo of GATP-02 cuttings on the ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 22 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0623 (GATP-03) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/08/2005 

Location Moab, Utah  Elevation 4043 ft Datum 
N 6665394, 
E 2183378 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

  

 

    

 
10 

 

 

  

  

 

  

 
15 

 

 

  

  

 

    

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-3.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(3.0-10.0)  Silty sandy CLAY (CH), tan, dark yellowish brown, 
olive, firm, high plasticity.  (SLIMES) 
 
(10.0-15.0)  Silty SAND and Silty CLAY (SM, CL) , tan, dark 
yellowish brown, olive, loose, moist, medium to fine grained 
sand.  (TRANSITIONAL TAILINGS) 
 
(15.0-20.0)  Sandy SILT (ML), dark yellowish brown, fine grained, 
moist, firm.  (TRANSITIONAL TAILINGS) 
 

Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings.  



GATP-03 Test Pit Picture 
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1. Photo of GATP-03 from ground surface, approximately 10 feet bgs into excavation. 
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FIELD TEST PIT LOG 

 
Temp: 21 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0624 (GATP-04) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/08/2005 

Location Moab, Utah  Elevation 4056 ft Datum 
N 6664450, 
E 2183650 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

     

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-3.0)   Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(3.0-20.0)  Silty SAND and minor Clayey SILT (SM, MH), tan, 
yellowish brown, olive, loose, dry to moist, medium to fine 
grained.  (SAND TAILINGS) 
 Sample Number 5 excludes cover fill material and is comprised of 

primarily tailings. 



GATP-04 Test Pit Picture 
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1. Photo of GATP-04 from ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 21 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0625 (GATP-05) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/08/2005 

Location Moab, Utah  Elevation 4042 ft Datum 
N 6664650, 
E 2184100 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

  

 

    

 
10 

 

 

  

  

 

  

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-4.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(4.0-11.0)  SAND with little clay and silt (SM), gray, olive, dark 
yellowish brown, loose, moist, fine grained.  (SAND TAILINGS) 
 
(11.0-20.0)  Clayey elastic SILT with some fine grained sand 
(MH), olive, plastic fines, moist.  (SLIMES) 
  

Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-05 Test Pit Picture 
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1. Photo of GATP-05 from ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 20 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0626 (GATP-06) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/08/2005 

Location Moab, Utah  Elevation 4034 ft Datum 
N 6664900, 
E 2184400 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

  

 

    

 
10 

 

 

  

  

 

  

 
15 

 

 

  

  

 

    

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-5.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(5.0-20.0)  Silty SAND, Clayey SAND and Silty SAND with clay 
(SC, SM), some interbedded silty clay layers also present, gray, 
olive, reddish brown, loose, moist, fine grained.  Intermixed 
transitional material.  (TRANSITIONAL TAILINGS) 
 
 
  

Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-06 Test Pit Picture 

 - 2 - 
J:\05JOBS\053-2269 Moab\GeotechnicalInvestigation2005\Test pit logs Updated 7-20-06\Test Pit GATP-06.doc 

 

 
 

1. Photo of GATP-06 cuttings from ground surface.  Excavation and Track-hoe to the left of the photo. 
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FIELD TEST PIT LOG 

 
Temp: 26 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0627 (GATP-07) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/07/2005 

Location Moab, Utah  Elevation 4040 ft Datum 
N 6665150, 
E 2184750 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

  

 

  

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-2.5)    Silty SAND with gravel (SM), loose, reddish brown.  
Geogrid layer present.  (COVER FILL) 
 
(2.5-11.5)  Silty clayey SAND (SC-SM), olive to yellowish brown, 
saturated and wet.  Geogrid layer present.  Free water present 
and entering test pit at approximately 12 feet.  (TRANSITIONAL 
TAILINGS) 
 
(11.5-20.0) Clayey elastic SILT with little sand, olive green to 
dark brown and black.  (SLIMES) 
 
  

Distinctive ammonia odor present  
 
Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-01 Test Pit Picture 
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1. Photo of GATP-07 from ground surface.  Note Geogrid at approximately 2 feet and 9 feet below ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 23 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0628 (GATP-08) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/08/2005 

Location Moab, Utah  Elevation 4056 ft Datum 
N 6665400, 
E 2185150 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

     

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-4.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(4.0-20.0)  Silty SAND (SM), very few clayey silt lenses tan, 
yellowish brown, loose, mostly dry, medium to fine grained sand.  
(SANDS TAILINGS) 
 Sample Number 5 excludes cover fill material and is comprised of 

primarily tailings. 



GATP-08 Test Pit Picture 
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1. Photo of GATP-08 from ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 21 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0629 (GATP-09) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/08/2005 

Location Moab, Utah  Elevation 4056 ft Datum 
N 6665849, 
E 2184347 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

     

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-3.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(3.0-3.5) SALT lens, Very Hard 
 
(3.5-20.0) Silty SAND (SM), tan, yellowish brown, olive, loose to 
medium dense, moist, medium to fine grained.  Sands and silts 
cemented with increased depth.  Very little intermittent, 
interbedded silty clay lenses.  (TRANSITIONAL TAILINGS) 
 

Distinctive ammonia odors emanating from the test pit. 
 
Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-09 Test Pit Picture 
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1. Photo of GATP-09 from ground surface.  Note the salt lens approximately 3 feet bgs. 



 - 1 - 
J:\05JOBS\053-2269 Moab\GeotechnicalInvestigation2005\Test pit logs Updated 7-20-06\Test Pit GATP-10.doc 

 

FIELD TEST PIT LOG 

 
Temp: 27 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0630 (GATP-10) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/07/2005 

Location Moab, Utah  Elevation 4049 ft Datum 
N 6664650, 
E 2184971 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

  

 

    

 
10 

 

 

  

  

 

  

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-5.0)    Silty SAND with little gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(5.0-13.5)  Silty SAND with gravel (SM), tan to dark yellowish 
brown.  (SAND TAILINGS) 
 
(13.5-20.0) Clayey elastic SILT (MH) and Silty fat CLAY (CH), 
some sand, olive green to dark yellowish brown.  (SLIMES) 
  

Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-10 Test Pit Picture 
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1. Photo of GATP-10 from ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 25 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0631 (GATP-11) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/07/2005 

Location Moab, Utah  Elevation 4048 ft Datum 
N 6664317, 
E 2184353 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

  

 

  

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 

Special Notes: 

(0-3.0)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(3.0-4.5)  Silty SAND (SM) , tan, loose, moist.  (SAND 
TAILINGS) 
 
(4.5-11.5)  Silty SAND (SM), little gravel, few interbedded silty 
clays and clayey silts, olive gray, tan, yellowish brown, wet.  
Sidewall tension cracking in this zone.  (TRANSITIONAL 
TAILINGS) 
 
(11.5-18.0) Clayey elastic SILT (MH), little sand, olive, brown.  
(SLIMES) 
 
(18.0-20.0) Clayey elastic SILT (MH), olive brown, moist to wet.   
(SLIMES) 

Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-11 Test Pit Picture 
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1. Photo of GATP-11 from ground surface. 
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FIELD TEST PIT LOG 

 
Temp: 25 F Weather: Partly Cloudy Engineer: R. Di Donato Operator: Chris Test Pit: 0632 (GATP-12) 
Equipment: Caterpillar 320BL with a 2’ bucket Contractor K-Sue Construction Date 12/07/2005 

Location Moab, Utah  Elevation 4058 ft Datum 
N 6664094, 
E 2184981 Job No. 053-2269 

 
  Feet   
                      
 0  2  4  6  8  

  

 
0 

Samples 

 No Depth 

 1 0.0-5.0 ft. 

  2 5.0-10.0 ft. 

  

 

  3 10.0-15.0 ft.  

 
5 

4 15.0-20.0 ft. 

 5 Composite 

   

 

Fe
et

 

  

       

 
10 

 

 

  

  

 

  

 
15 

 

 

  

       

 
20 

 

 
Sample Descriptions and Excavation Notes Sample Sample Type Sample site 

1 Bulk Track-hoe bucket 
2 Bulk Track-hoe bucket 
3 Bulk Track-hoe bucket 
4 Bulk Track-hoe bucket 
5 Bulk Track-hoe bucket 
   

Special Notes: 

 
(0-2.5)    Silty SAND with gravel (SM), loose, reddish brown.  
(COVER FILL) 
 
(2.5-20.0) Silty SAND (SM), little gravel, loose to medium dense, 
brown to buff.  Salt crystals present.  (SAND TAILINGS) 
 

Sample Number 5 excludes cover fill material and is comprised of 
primarily tailings. 



GATP-12 Test Pit Picture 
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1. Photo of GATP-12 from ground surface. 
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Problem Statement: 
 
Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor 
identified a 2,300-acre withdrawal area in the Crescent Flat area just northeast of Crescent Junction, 
Utah, as a possible site for final disposal of the Moab uranium mill tailings. The proposed disposal cell 
would cover approximately 250 acres.  
 
Based on the preliminary site-selection process, the suitability of the Crescent Junction Disposal Site is 
being evaluated from several technical aspects, including geomorphic, geologic, hydrologic, seismic, 
geochemical, and geotechnical. The objective of this calculation set is to present the geotechnical testing 
activities that were used to characterize the tailings at the Moab Processing 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 the Remedial Action Selection (RAS) report for the Moab Site. 
 
Method of Solution: 
 
Samples were collected from the tailings pile at the Moab processing site during the 2005 geotechnical 
investigation. Samples were analyzed from the 700-series boreholes and from the 600-series (also known 
as the GATP series) test pits. Figure 1 shows the location where the tailings samples were collected. 
Analyses performed included percent moisture, liquid limit, plasticity index, USCS soil classification, 
specific gravity, bulk density, dry density, and grain size analysis. Data are presented in Appendix A and 
Appendix B at the conclusion of this calculation. Correspondence generated during the laboratory data 
review is presented in Appendix C.  
 

 
Figure 1. Location of Tailings Samples 
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Assumptions:  
 
Not applicable. 
 

Calculation:  
 
Not applicable. 
 

Discussion: 
 
Soil and tailings samples from this sampling effort were sent to Shaw E& I, Inc. Geotechnical Laboratory 
(hereafter referred to as the laboratory) in two separate batches. The first batch was received at the 
laboratory on February 1, 2006, and the second batch was received at the laboratory on February 15, 2006.  
 
The laboratory issued to Stoller Corporation a Certificate of Analysis for the first batch of samples on 
March 13, 2006. Golder Associates, who furnished engineering-design support to Stoller Corporation for the 
tailings excavation, reviewed the testing results from the first batch of samples and prepared three sets of 
written comments in regard to the testing results. The three sets of comments from Golder Associates were 
dated March 20, March 22, and March 23, 2006. 
 
On April 13, 2006, the laboratory issued a response letter to the March 20 and March 22, 2006, comments 
provided by Golder Associates. Subsequently, Golder Associates, in a letter dated April 20, 2006, stated 
that the laboratory had substantively addressed the comments contained in the letters dated March 20 and 
March 22, 2006, but noted that the comments in the March 23, 2006, letter had not been addressed.  
 
On May 3, 2006, the laboratory issued a revised Certificate of Analysis containing the corrected and 
amended results. This Certificate of Analysis superseded the original report and contained a notification in 
the cover letter stating that the “original report should not be used.” 
 
 
On August 16, 2006, the laboratory responded to the comments in Golder Associates’ March 23, 2006, 
letter. In conjunction with their response, the laboratory issued page changes to the May 3, 2006, Certificate 
of Analysis. These page changes were inserted into both the electronic version of the May 3, 2006, data set 
and the paper copies of that data set.  
 
During QA verification of the final data set, S.M. Stoller discovered one remaining error in the May 3, 2006, 
Certificate of Analysis. In a letter dated February 21, 2007, the laboratory responded and sent one 
additional page change to the May 3, 2006, data set. With the inserted page changes, the data contained in 
the May 3, 2006, Certificate of Analysis is now deemed to be complete and validated. No additional action 
is required. Appendix C contains, in chronologic order, each of the letters that were generated during the 
data review process. Page changes issued by the laboratory are included in the May 3, 2006, Certificate of 
Analysis, which is contained in Appendix B of this calculation. 
 

Conclusion and Recommendations:  
 
Not applicable. 
 

Computer Source:  
 
Not applicable. 
 

References:  
 
See “Sources of Formulae and References” located on the cover sheet. 
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Certificate of Analysis 

April 6, 2006 
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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. 
 
 
Particle-Size Distribution of Soils .................................................................ASTM D 422 
Specific Gravity of Soils ...............................................................................ASTM D 854 
Amount of Material Finer Than the #200 Sieve ...........................................ASTM D 1140 
Moisture Content of Soil and Rock ..............................................................ASTM D 2216 
Atterberg Limits: Liquid Limit, Plastic Limit, Plasticity Index ........................ASTM D 4318 
Bulk Density .................................................................................................USACE 
 
 
 
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. 
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• 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
 
Several samples appeared to contain a large amount of soluble salts.  Some grainsize results 
for the silt/clay range may be skewed high due to this, and specific gravity (particle density) 
tests may have been affected. 
 



Appendix A 
Sample Cross-Reference List 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 

                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              

BC0874 .......................................701-R26 ......................................... Soil  

BC0875 .......................................706-R20 ......................................... Soil 

BC0876 .......................................706-R22 ......................................... Soil 

BC0877 .......................................707-R17 ......................................... Soil 

BC0878 .......................................707-R28 ......................................... Soil 

BC0879 .......................................710-R1 ........................................... Soil 

BC0880 .......................................710-R19 ......................................... Soil 

BC0881 .......................................710-R3 ........................................... Soil 

BC0882 .......................................713-R1 ........................................... Soil 

BC0883 .......................................713-R13 ......................................... Soil 

BC0884 .......................................715-R3 ........................................... Soil 

BC0885 .......................................718-R11 ......................................... Soil 

BC0886 .......................................718-R13 ......................................... Soil 

BC0887 .......................................718-R15 ......................................... Soil 

BC0888 .......................................718-R17 ......................................... Soil 

BC0889 .......................................718-R5 ........................................... Soil 

BC0890 .......................................718-R7 ........................................... Soil 

BC0891 .......................................718-R9 ........................................... Soil 

BC0892 .......................................722-R1 ........................................... Soil 

BC0893 .......................................722-R2 ........................................... Soil 

BC0894 .......................................722-R3 ........................................... Soil 

BC0895 .......................................722-R5 ........................................... Soil 

BC0896 .......................................GATP-10-4 ..................................... Soil 

BC0897 .......................................GATP-11-2 ...................................... Soil 

BC0898 .......................................GATP-11-4 ...................................... Soil 

BC0899 .......................................GATP-12-5 ...................................... Soil 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 
                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              
 

BC0900 .......................................GATP-3-2 ........................................ Soil  

BC0901 .......................................GATP-3-4 ........................................ Soil 

BC0902 .......................................GATP-4-5 ........................................ Soil 

BC0903. ......................................GATP-5-2 ....................................... Soil 

BC0904 .......................................GATP-5-4 ....................................... Soil 

BC0905 .......................................GATP-6-1 ....................................... Soil 

BC0906 .......................................GATP-6-5 ....................................... Soil 

BC0907 .......................................GATP-7-2 ....................................... Soil 

BC0908 .......................................GATP-7-4 ....................................... Soil 

BC0909 .......................................GATP-8-5 ....................................... Soil 

BC0910 .......................................GATP-9-5 ....................................... Soil 
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Data Results 
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Chain of Custody Records 
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Certificate of Analysis 
May 3, 2006 



 

 
 
 

 
 
 
 

Geotechnical Laboratory 
PO Box 4339 

1570 Bear Creek Road 
Oak Ridge TN 37830 

(865) 482-6497

CERTIFICATE OF ANALYSIS 
 

 
 
Erin Stanley         May 3, 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:  109855.01210000 
Date Received by Lab: February 1, 2006 
Number of Samples:  One hundred twenty-two (122) 
Sample Type:  Soil 
 
I. Introduction/Case Narrative
One hundred twenty-two soil samples were received by the Shaw Geotechnical Laboratory on 
February 1, 2006.  Samples were submitted for moisture content, specific gravity, bulk density, 
Atterberg limits, percent finer than #200, sieve analysis, particle-size distribution, unconfined 
compressive strength, and one-point UU triaxial testing. 
 
Not all samples listed on the chain-of-custody were received on February 1, 2006.  Another 
shipment of samples was received on February 15, 2006.  Results for the later shipment will be 
submitted under separate cover. 
 
The original report for this work was issued March 13, 2006.  This report contains corrections 
and amendments to the original report.  The original report should not be used. 
 
Please see Appendix A, Sample Number Cross Reference List; Appendix B, Analysis Results; 
Appendix C, Chain-of-Custody/Sample Receipt Records; and Appendix D, 
Nonconformance/Variance Reports. 
 
 
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. 
 
 
Particle-Size Distribution of Soils .................................................................ASTM D 422 
Specific Gravity of Soils ...............................................................................ASTM D 854 
Amount of Material Finer Than the #200 Sieve ...........................................ASTM D 1140 
Unconfined Compressive Strength ..............................................................ASTM D 2166 
Moisture Content of Soil and Rock ..............................................................ASTM D 2216 
Unconsolidated Undrained Triaxial Shear Strength.....................................ASTM D 2850 
Atterberg Limits: Liquid Limit, Plastic Limit, Plasticity Index ........................ASTM D 4318 
Bulk Density .................................................................................................USACE 
 
 
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. 
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• 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
 
Several samples appeared to contain a large amount of soluble salts.  Some grainsize results 
for the silt/clay range may be skewed high due to this, and specific gravity (particle density) 
tests may have been affected.  Observations: hydrometer readings at the end of the 24-hr 
reading were unusually high given that the soil/water column was transparent (e.g. sample 710-
R12, 722-R8).  We would expect hydrometer readings to indicate zero grams soil per liter under 
these conditions, but the readings indicated 10-16 grams per liter still in suspension.  Several 
samples were re-run due to the high solubles pushing the instrument out of range. 
 
Unconsolidated undrained triaxial tests were performed on one test specimen at confining 
pressures supplied by a client agency. 
 
Several Atterberg limits tests were re-run after the original report was issued.  The new results 
are included in this report.   
 
Density results for sample number BC0757 (700-R8) are unusually high for a naturally occurring 
soil.  Shaw rechecked the data and found it to be entered and calculated correctly.  The sample 
length dimension could possibly have been written on the bench sheet incorrectly by the 
technician during analysis.  If this were the case, the most likely results would have been 129.5 
pcf wet density, 78.5 pcf dry density.  Unfortunately, there was no way to verify this. 
 
In some cases, moisture content results are reported on report pages for different analyses.  
The laboratory frequently determines the moisture content of specimen aliquots.  Therefore, 
moisture content values may vary for the same sample among different test specimens.
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SAMPLE NUMBER CROSS-REFERENCE LIST 

                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              
 

BC0749 .......................................700-R12 .......................................... Soil 

BC0750 .......................................700-R16 ......................................... Soil 

BC0751 .......................................700-R20 ......................................... Soil 

BC0752 .......................................700-R24 ......................................... Soil 

BC0753 .......................................700-R30 ......................................... Soil 

BC0754 .......................................700-R35 ......................................... Soil 

BC0755 .......................................700-R39 ......................................... Soil 

BC0756 .......................................700-R5 ........................................... Soil 

BC0757 .......................................700-R8 ........................................... Soil 

BC0758 .......................................701-R12 ......................................... Soil 

BC0759 .......................................701-R18 ......................................... Soil 

BC0760 .......................................701-R22 ......................................... Soil 

BC0761 .......................................701-R30 ......................................... Soil 

BC0762 .......................................701-R33 .......................................... Soil 

BC0763 .......................................701-R4 ........................................... Soil 

BC0764 .......................................701-R8 ........................................... Soil 

BC0765 .......................................702-R10 ......................................... Soil 

BC0766 .......................................702-R14 ......................................... Soil 

BC0767 .......................................702-R18 ......................................... Soil 

BC0768 .......................................702-R24 ......................................... Soil 

BC0769 .......................................702-R28 ......................................... Soil 

BC0770 .......................................702-R31 ......................................... Soil 

BC0771 .......................................702-R4 ........................................... Soil 

BC0772 .......................................702-R6 ........................................... Soil 

BC0773 .......................................702-R8 ........................................... Soil 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 
                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              
 

BC0774 .......................................706-R10 ......................................... Soil 

BC0775 .......................................706-R12 ......................................... Soil 

BC0776 .......................................706-R14 ......................................... Soil 

BC0777 .......................................706-R16 ......................................... Soil 

BC0778 .......................................706-R8 ........................................... Soil 

BC0779 .......................................707-R20 ......................................... Soil 

BC0780 .......................................707-R25 ......................................... Soil 

BC0781 .......................................707-R8 ........................................... Soil 

BC0782 .......................................708-R12 ......................................... Soil 

BC0783 .......................................708-R15 ......................................... Soil 

BC0784 .......................................708-R19 ......................................... Soil 

BC0785 .......................................708-R24 ......................................... Soil 

BC0786 .......................................708-R29 ......................................... Soil 

BC0787 .......................................708-R8 ........................................... Soil 

BC0788 .......................................710-R12 ......................................... Soil 

BC0789 .......................................710-R16 ......................................... Soil 

BC0790 .......................................710-R4 ........................................... Soil 

BC0791 .......................................710-R6 ........................................... Soil 

BC0792 .......................................710-R8 ........................................... Soil 

BC0793 .......................................712-R11 ......................................... Soil 

BC0794 .......................................712-R13 ......................................... Soil 

BC0795 .......................................712-R15 ......................................... Soil 

BC0796 .......................................712-R16 ......................................... Soil 

BC0797 .......................................712-R17 ......................................... Soil 

BC0798 .......................................712-R2 ........................................... Soil 

BC0799 .......................................712-R3 ........................................... Soil 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 
                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              
 

BC0800 .......................................712-R4 ........................................... Soil  

BC0801 .......................................712-R6 ........................................... Soil 

BC0802 .......................................712-R7 ........................................... Soil 

BC0803 .......................................712-R9 ........................................... Soil 

BC0804 .......................................713-R2 ........................................... Soil 

BC0805 .......................................713-R5 ........................................... Soil 

BC0806 .......................................713-R7 ........................................... Soil 

BC0807 .......................................713-R9 ........................................... Soil 

BC0808 .......................................714-R1 ........................................... Soil 

BC0809 .......................................714-R2 ........................................... Soil 

BC0810 .......................................714-R3 ........................................... Soil 

BC0811 .......................................714-R4 ........................................... Soil 

BC0812 .......................................714-R5 ........................................... Soil 

BC0813 .......................................714-R6 ........................................... Soil 

BC0814 .......................................714-R7 ........................................... Soil 

BC0815 .......................................714-R8 ........................................... Soil 

BC0816 .......................................715-R11 ......................................... Soil 

BC0817 .......................................715-R16 ......................................... Soil 

BC0818 .......................................715-R20 ......................................... Soil 

BC0819 .......................................715-R24 ......................................... Soil 

BC0820 .......................................715-R28 ......................................... Soil 

BC0821 .......................................715-R6 ........................................... Soil 

BC0822 .......................................715-R8 ........................................... Soil 

BC0823 .......................................716-R11 ......................................... Soil 

BC0824 .......................................716-R13 ......................................... Soil 

BC0825 .......................................716-R16 ......................................... Soil 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 
                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              
 

BC0826 .......................................716-R19 .......................................... Soil  

BC0827 .......................................716-R2 ........................................... Soil 

BC0828 .......................................716-R3 ........................................... Soil 

BC0829 .......................................716-R4 ........................................... Soil 

BC0830 .......................................716-R5 ........................................... Soil 

BC0831 .......................................716-R6 ........................................... Soil 

BC0832 .......................................716-R7 ........................................... Soil 

BC0833 .......................................716-R9 ........................................... Soil 

BC0834 .......................................717-R10 ......................................... Soil 

BC0835 .......................................717-R12 ......................................... Soil 

BC0836 .......................................717-R14 ......................................... Soil 

BC0837 .......................................717-R16 ......................................... Soil 

BC0838 .......................................717-R18 ......................................... Soil 

BC0839 .......................................717-R2 ........................................... Soil 

BC0840 .......................................717-R21 ......................................... Soil 

BC0841 .......................................717-R3 ........................................... Soil 

BC0842 .......................................717-R4 ........................................... Soil 

BC0843 .......................................717-R6 ........................................... Soil 

BC0844 .......................................717-R8 ........................................... Soil 

BC0845 .......................................720-R1 ........................................... Soil 

BC0846 .......................................720-R12 ......................................... Soil 

BC0847 .......................................720-R14 ......................................... Soil 

BC0848 .......................................720-R16 ......................................... Soil 

BC0849 .......................................720-R2 ........................................... Soil 

BC0850 .......................................720-R3 ........................................... Soil 

BC0851 .......................................720-R4 ........................................... Soil 
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SAMPLE NUMBER CROSS-REFERENCE LIST (Cont’d) 
                                                                  
                                                                                                                                              
LAB SAMPLE NO.   CLIENT SAMPLE NO.   MATRIX 
 
                                                                                                                                              
 

BC0852 .......................................720-R5 ........................................... Soil 

BC0853 .......................................720-R6 ........................................... Soil 

BC0854 .......................................720-R7 ........................................... Soil 

BC0855 .......................................720-R8 ........................................... Soil 

BC0856 .......................................720-R9 ........................................... Soil 

BC0857 .......................................722-R4 ........................................... Soil 

BC0858 .......................................722-R6 ........................................... Soil 

BC0859 .......................................722-R7 ........................................... Soil 

BC0860 .......................................722-R8 ........................................... Soil 

BC0861 .......................................723-R2 ........................................... Soil 

BC0862 .......................................723-R3 ........................................... Soil 

BC0863 .......................................723-R4 ........................................... Soil 

BC0864 .......................................723-R5 ........................................... Soil 

BC0865 .......................................723-R6 ........................................... Soil 

BC0866 .......................................723-R7 ........................................... Soil 

BC0867 .......................................723-R8 ........................................... Soil 

BC0868 .......................................GATP-10-1 ..................................... Soil 

BC0869 .......................................GATP-10-2 ..................................... Soil 

BC0870 .......................................713-R11 ......................................... Soil 
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Appendix C 
Chain of Custody Records 
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Geotechnical Laboratory 
PO Box 4339 

1570 Bear Creek Road 
Oak Ridge TN 37830 

(865) 482-6497

February 21, 2007 
 
Erin Stanley          
General Engineering Laboratories 
2040 Savage Road 
Charleston SC 29407 
 
Ms. Stanley, 
 
Mr. Mark Kautsky of S.M. Stoller Corp. has recently posed questions regarding data produced 
by Shaw’s geotechnical laboratory last year for GEL’s Moab project.  I will address his questions 
in this letter.  Below is the text of his message dated today: 
 

Please take a look at the attached file, which is the May 3, 2006 data package you sent us 
(and renamed after you sent it to us). Notwithstanding your May 3 revisions, I inspected the data 
sheets and found some unusually high values for some parameters. I inserted electronic 
comments on pages 23, 25, 26, 68, 74, 125, 133, 136, 137, 138, 139, 140 to flag suspect data 
values, which include unreasonable moisture contents and dry density values. Please take a look 
at these and let me know if you agree these are strange results. Ws there some sort of 
transcription error? I want to flag these results as unuseable.  

 
Most of the issues Mr. Kautsky raises have been addressed previously.  I have attached copies 
of earlier documents where applicable.  Also attached is a copy of the document containing 
questions posed by Mr. Kautsky.  The four attachments are: 
 
Att. 1 X01881_Appx_B(2).pdf ………………….……… Mark Kautsky, S.M. Stoller, 2/21/07 

Questions posed by Mr. Kautsky. 
 

Att. 2 GEL-Moab, response to letter #3.pdf ………….. Ralph Cole, Shaw, 8/16/06 
Answer to data validation process performed by Golder Associates. 
 

Att. 3 GEL Moab corr pp 8-16-06.pdf …………..…….. Ralph Cole, Shaw, 8/17/06 
Followup to above, amended data pages to replace those in report of 5/3/06. 

 
Att. 4 GEL Moab corr p 23.pdf …………..…….. Ralph Cole, Shaw, 2/21/07 

Followup to above, amended data page to replace page 23 in report of 5/3/06. 
 
RESPONSES TO S.M. STOLLER QUESTIONS 
 
Page 23 Sample 700-R8, bulk density determination, reported result 174.8 pcf. 
The reported result was calculated and reported accurately.  However, the result is very high.  I 
believe the technician performing the analysis inadvertently recorded incorrect sample length  
measurements, average of three measurements being 2.8627 inches.  The actual measurement 
was probably 3.8627 inches or 4.8627 inches.  Using the former length, the wet density is 129.5  
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pcf and the dry density is 78.5 pcf.  Using the latter length, the wet density is 102.9 pcf and the 
dry density is 62.4 pcf.  I speculate that the last result is closest to the actual sample density 
based on the soil moisture and comparison with other soils in the data series.  Attachment 4 of 
this letter offers an amended result. 
 
Page 25 & 74 Sample 710-R6, bulk density determination, moisture content result questioned. 
The reported result was calculated and reported accurately.  The moisture test specimen was 
not obtained from the bulk density test specimen. 
 
Page 26 Sample 723-R2, bulk density determination, moisture content result questioned. 
The reported result was calculated and reported accurately.  I have no reason to believe that a 
data recording error took place, but if it did, the most probable result would have been 30.3%. 
 
Page 68 Sample 708-R8, grainsize test, moisture content result questioned. 
The reported result was calculated and reported accurately.    I have no reason to believe that a 
data recording error took place, but if it did, the most probable result would have been 31.3%. 
 
Page 125 Sample 700-R39, UCS test, moisture content result questioned. 
Please see Attachment 2, bullet #3 and Attachment 3, page 1. 
 
Page 133 Sample 700-R30, UU triaxial test, failure stress questioned. 
Please see Attachment 2, bullet #2. 
 
Page 136 Sample 708-R24, UU triaxial test, moisture content result questioned. 
Please see Attachment 2, bullet #1 and Attachment 3, page 2. 
 
Page 137 Sample 708-R8, UU triaxial test, moisture content result questioned. 
Please see Attachment 2, bullet #1 and Attachment 3, page 3. 
 
Page 138 Sample 715-R16, UU triaxial test, moisture content result questioned. 
Please see Attachment 2, bullet #1 and Attachment 3, page 4. 
 
Page 139 Sample 715-R24, UU triaxial test, moisture content result questioned. 
Please see Attachment 2, bullet #1 and Attachment 3, page 5. 
 
Page 140 Sample 715-R6, UU triaxial test, moisture content result questioned. 
Please see Attachment 2, bullet #1 and Attachment 3, page 6. 
 
I will be happy to answer any more questions or provide additional information if needed. 
 
Sincerely, 

                                                       
Ralph Cole 
Laboratory Manager, Geotechnical Services 
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August 16, 2006 
 
Erin Stanley 
General Engineering Laboratories 
2040 Savage Road 
Charleston SC 29407 
 
RE:  Moab data report comments, 109855.01210000 
 
Dear Ms. Stanley, 
 
This correspondence responds to questions and comments contained in Golder Associates 
Letter #3, dated March 23, 2006 and received August 1, 2006.  Letter #3 contains the results of 
a review by Golder of Shaw’s data report originally issued on March 13, 2006.  An amended 
report was issued by Shaw on May 3, 2006.  Some of the concerns addressed in Letter #3 were 
closed in the amended report. 
 
General comments on Golder’s observations: 
Many of the comments contained in the review focus on moisture content results, and/or dry 
density results (which are related).  Moisture content tests were performed for three reasons: 1) 
GEL requested certain samples be analyzed for moisture content (primary moisture tests); 2) 
other requested test procedures specify moisture content information be provided as supporting 
information (ancillary moisture tests); and 3)  Shaw attempted to report moisture content results 
even where not requested or required, if the information was available, for the sake of 
completeness. 
 
Most of the individual samples were analyzed for moisture content several times.  Moisture 
content results were obtained from discrete moisture content test aliquots, other test specimens, 
soil trimmings obtained during specimen preparation, and other sample aliquots.  In some 
cases, the same moisture content result was reported to support different sample test results if 
the result was judged to be representative. 
 
Moisture aliquot sizes varied from a few grams to several hundred grams depending on the 
source of the material.  Larger aliquot sizes generally yield more representative results than 
small aliquot sizes.  Moisture content results can vary depending on the specimen size, the 
specimen location in the sample, and the heterogeneity of the soil.    Sample cores were up to 
30 inches long, so test aliquots may have been obtained from opposite ends of the sample, or 
from different material layers depending on the intended use of the data.  Core samples can 
contain widely varying moisture levels, particularly cores obtained near surface or near refusal.  
Collection procedures, sample storage and shipping procedures, and sample preparation 
procedures all affect the soil moisture contents. 
 
The laboratory makes every effort to select test specimens from similar core material, but 
sample limitations frequently dictate that undisturbed specimens be obtained from different  
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zones of the soil core.  Soil samples cannot be homogenized before testing for physical 
properties. 
 
Bullet #1: Initial moisture content data reported for UU triaxial specimens does not correlate with 
moisture contents reported elsewhere for the same sample ID’s. 
 
Response:  (Applies to samples 708-R24, 708-R8, 715-R16, 715-R24, 715-R6.) 
Due to a calculation setting in the Geosystem® SHEAR module software, the program 
calculated initial moisture content results indirectly.  The indirect references were not 
necessarily correct for the intended application.  The resulting ancillary moisture data should be 
disregarded.  Initial moisture contents for these samples was assumed to be equal to the final 
moisture content of the specimens (except 715-R16, see below).  Amended data sheets will be 
issued containing restated initial moisture content data. 
 
715-R16:  A final dry weight of solids was not recorded for the UU triaxial moisture sample for 
715-R16.  The moisture content from the corresponding UCS sample will be used instead.  The 
UCS and UU triaxial specimens for this sample were judged to be relatively homogenous due to 
the proximity of the specimens obtained from the soil core.  An amended data sheet will be 
issued containing a different initial moisture content result. 
 
708-R15:  The moisture contents for 708-R15 have been verified and are correct. 
 
Bullet #2: UU triaxial failure stress of sample 700-R30 is higher than other samples, does not 
correlate well with same sample UCS results. 
 
Response:  UU triaxial results and UCS results for sample 700-R30 were recorded and reported 
accurately.  The test readings from calibrated load cells and calibrated linear displacement 
transducers were recorded automatically by the test instruments.  These numbers were 
transcribed to paper tables and 100% checked to the data entry spreadsheets for accuracy. 
 
Shaw agrees that the triaxial results for this sample are significantly different than all other 
strength test results in this data batch.  Testing was observed by the laboratory manager, and 
the data records contain no indication that the reported values are due to anything other than 
the properties of the soil.  Any other explanation is speculative at this point. 
 
Bullet #3:  Ancillary moisture content results reported with UCS samples 700-R39, 708-R15, 
and 708-R24 do not appear to agree with moisture content results reported for these samples 
elsewhere. 
 
The moisture content for 700-R39 was incorrectly stated as 120%.  The correct result is 36.0%.   
The incorrect result was due to a data entry error caused by misreading technician’s bench 
sheets.  Subsequent QC checks also failed to identify the error. 
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The ancillary moisture content results for 708-R15 were self-identified by Shaw in March and 
corrections issued in the amended report dated May 3, 2006. 
 
The ancillary moisture content results reported for sample 708-R24 have been verified and are 
correct. 
 
Regarding the comment that soil samples may have been allowed to desiccate before testing, 
this did not occur.  Shaw’s staff applies sufficient protocols to ensure that the physical integrity 
of samples is maintained through testing.  Desiccated soils would probably exhibit brittle failure 
in strength tests.  In fact, UCS and UU triaxial tests of 708-R15 and 708-R24 indicate plastic 
deformation up to test termination at 15% strain, indicating that the specimens had not been 
allowed to dry. 
 
Bullet #4:  Questions about differences in reported dry densities across differing tests. 
 
Response:  It could be anticipated that all index properties, not just dry density, would be similar 
for aliquots within a single soil mass.  Golder’s questions can be answered by correcting 
moisture contents previously discussed, and by normal soil heterogeneity.  Specific comments 
are listed below. 
 
Dry density is determined by dividing the wet density by 1 + the moisture content.  Samples of 
identical wet densities will have differing dry densities if their moisture contents differ.  It is 
apparent that if moisture contents vary widely, the resulting dry densities will vary widely, also. 
 
Item #1 – As noted above, the ancillary moisture content reported with UCS sample 700-R39 
contained a previously undiscovered data entry error.  Since the correct moisture content for 
this specimen was 36% instead of 120%, the dry density will be reported as 85.3 pcf in the 
amended data sheet to be issued as a result of this review. 
 
Item #2 - As noted in the response above to Bullet #1, five ancillary moisture contents reported 
with UU triaxial results were not accurately calculated.  One of these five samples was 708-R8.  
Since the ancillary moisture content of this specimen was noted, the corresponding dry density 
will be reported accurately as 46.9 pcf in the amended data sheet to be issued as a result of this 
review.  Please note that “dry density” reflects the mass/volume of the entire soil mass, 
including voids and included gases (but not water), and is not the same as particle density. 
 
Item #3 – Dry densities were amended for sample 708-R15 based on corrected moisture data in 
the re-issued report dated May 3, 2006. 
 
Item #4 –  As stated, the dry density of the UCS sample is 19% lower than the dry density of the 
insitu density of the same sample.  These data have been verified.  Note that the wet densities 
differ by 16 pcf, and the moisture contents differ by 11%.  See the explanation in the first 
paragraph of this section above.  Nineteen percent variation in dry density is not an 
unreasonable amount for an earth material. 
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Item #5 – The dry densities reported as ancillary data to the UU triaxial tests for 708-R24, 715-
R6, 714-R16, and 715-R24 were affected by the miscalculation of moisture contents, as noted 
in #1 above.  These changes will be noted in the amended data sheet to be issued as a  
result of this review. 
 
We will issue corrected data pages where necessary based on the comments above.  Please let 
me know should you have additional questions or need additional information. 
 
Sincerely, 

 
Ralph Cole 
Manager, Geotechnical Laboratory 
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April 20, 2006 Our Ref: 053-2269 
 
 
S.M. Stoller 
990 South Public Road 
Suite A 
Lafayette, Colorado 80026 
 
Attention: Mr. Greg Lord, Senior Engineer 
 
 
RE: SHAW E & I, INC. RESPONSE TO GOLDER COMMENTS, GEOTECHNICAL 

LABORATORY TEST PROGRAM, MOAB PROJECT, GRAND COUNTY, UTAH 
 
Dear Mr. Lord: 
 
Golder Associates Inc. (Golder) has received and reviewed Shaw E & I, Inc.’s (Shaw’s) April 13, 
2006 letter responding to the first two of three Golder comment letters (March 20 and 22, 2006) on 
the first round of laboratory test results for the Moab Project.  This letter summarizes our response to 
Shaw’s letter.  To date we have received no response to our third letter dated March 23, 2006.   
 
Regarding Shaw’s responses to our March 20, 2006 review letter (Golder, 2006a), we have the 
following comments: 
 

• Bullet #1 – Ok, agreed. 

• Bullet #2 – Ok, agreed. 

• Bullet #3 – It appears that our comment on the Atterberg limits test results for 
samples 701-R8 and 702-R18 may have been misinterpreted.  Our comment was 
based on the fact that the summary table provided USCS symbols for the 
two tests as NP (non-plastic), while the actual test results indicated measurable 
plasticity.  Shaw’s retest results are encouraging as they indicate reproducibility 
based on similar liquid limit and plastic limit values. In addition, Shaw has now 
classified the samples as ML and CL-ML, respectively, so our comment has been 
addressed.   

• Bullet #4 – By definition, a soil is in a plastic state at a moisture content “lower” 
than its liquid limit (Prakash, 1995).  The liquid limit (LL) is the moisture content 
at which a soil suspension exhibits infinitesimal strength, and the soil is saturated 
at its liquid limit.  The plastic limit (PL) occurs when a soil passes from a plastic 
state to a semi-solid state.  Therefore, the test results provided by Shaw which 
indicate a negative plasticity index are probably an indication that the sample is 
actually non-plastic and the test methods are not applicable.  We would agree to a 
non-plastic classification for these materials. 

 
Regarding Shaw’s response to Letter #2 (Golder, 2006b), we have the following comments: 
 

• Bullet #1 – Ok, agreed. 
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• Bullet #2 – Ok, agreed. 

• Bullet #3, second paragraph – Shaw provided corrected density results for sample 
708-R15 as 104.4 pcf and 59.6 pcf for the wet and dry densities, respectively.  
However, Shaw also states that the unconfined compressive test results are 
correct, with reported wet and dry densities of 119.2 pcf and 90.5 pcf, 
respectively.  This spread might be possible, but is unlikely for two samples 
taken from the same Shelby tube.  For now, Golder will proceed with our work 
using these test results, but with some continued concern about their accuracy. 

• Bullet #3, third paragraph – Sample 700-R8 with a calculated saturation of 
263 percent is claimed by Shaw to be accurate based on a check of their data 
entry.  They concur that the reported wet density of 174.8 pcf is high, but are 
confident of their test results.  We believe that this result is likely in error, but 
note that it might be possible if the sample contains a substantial amount of a 
weakly bonded, hydrated mineral such as gypsum.  If material is still available 
for this sample, we request that the test be re-evaluated.  If similar results are 
obtained, the mineralogy of the sample should be evaluated. 

• Bullet #3, fourth paragraph – Ok, agreed. 

• Bullet #3, table – Ok, agreed, except that we believe the sample labeled as 
708-R13 is actually referring to 708-R15. 

• Bullet #4 – Shaw states that moisture content can vary by plus or minus 
20 percent or more for long cores.  When comparing the results for sample 
708-R15 from pages 10, 23, and 125, moisture contents of 75.2, 62.1, and 
31.7 percent are reported.  Other samples undergoing a similar series of testing 
exhibited identical moisture contents for all test specimens.  Therefore, we are 
still concerned about the results for 708-R15 because the measured moisture 
content range is considerably broader than 20 percent variation suggested as 
reasonable by Shaw and much broader than the range obtained for other samples 
tested.  For now, Golder will proceed with our work using these test results, but 
with some continued concern about their accuracy. 

• Bullet #5 – Ok, agreed except that the test results are for minus #200 results, not 
specific gravity as stated in Shaw’s letter.  The second to last sentence states that 
the results for 720-R3, 700-R4, and 700-R5 are reported on page 28.  We assume 
that Shaw actually is referring to samples 720-R3, 720-R4, and 720-R5.  
However, minus #200 test results for sample 720-R4 were not requested, nor are 
they reported on page 28.  Therefore, some clarification is still required. 

 
Golder appreciates the opportunity to work with Stoller on this project.  Please contact the 
undersigned at (303)980-0540 if you have any questions. 
 
Sincerely, 
 
GOLDER ASSOCIATES INC. 
 
 
 
James M. Johnson, P.E.     Kimberly Finke Morrison, P.E., R.G. 
Principal      Senior Project Engineer 
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August 21, 2006 Our Ref: 053-2269 
 
 
S.M. Stoller 
105 Technology Drive, Suite 190 
Broomfield, CO 80021 
 
Attention: Mr. Greg Lord, Senior Engineer 
 
RE: REVIEW OF SHAW’S RESPONSE TO LETTER #3 COMMENTS REGARDING 

PARTIAL DATA SET, SHAW E & I, INC. GEOTECHNICAL LABORATORY TEST 
PROGRAM, MOAB PROJECT, GRAND COUNTY, UTAH 

 
Dear Mr. Lord: 
 
In March 2006, Golder Associates Inc. (Golder) received geotechnical laboratory test results from 
Shaw E & I, Inc. (Shaw) for the Moab Project in Grand County, Utah.  After a thorough review of the 
laboratory test data, Golder issued several letters to Shaw (via S.M. Stoller) requesting clarification 
on data discrepancies. 
 
Golder provided a letter on 20 March 2006 (Letter #1) providing initial comments resulting from a 
first review of Shaw’s laboratory data to assess the reasonableness and completeness of the results.  A 
second letter was issued on 22 March 2006 (Letter #2) providing additional comments resulting from 
a more detailed review of the lab testing results.  A third letter was issued on 23 March 2006 (Letter 
#3) that presented additional comments resulting from an in-depth review of the unconsolidated 
undrained (UU) triaxial test results and the unconfined compressive strength test results.  In previous 
correspondence, Shaw provided response to Letters #1 and #2. 
 
On 17 August 2006, Golder received a partial response to the issues brought up on Letter #3 in the 
form of six replacement sheets for the lab testing report.  Data in this submittal included one 
unconfined compressive strength test result and five UU triaxial test results.  All six of the 
replacement sheets appear to have been changed to address Golder’s comments in Letter #3; however, 
comments pertaining to other sheets in the report were not addressed.  The following comments 
reference unaddressed bullet items in Letter #3: 
 

• The moisture content comment pertaining to UU triaxial test sample 708-R15 was 
not addressed.  Moisture contents of 62.1 and 75.2 percent were reported for this 
sample in two different places in Shaw’s report.  We believe that the moisture 
content was measured for material extruded from two discrete depths within the 
Shelby tube, and this variation in moisture content can be expected if this is indeed 
the case.  

• The second bullet item from Letter #3 was not addressed.  This item referred to the 
large variation in results between unconfined compressive strength (i.e., 6.2 psi) and 
undrained strength from the UU triaxial test (i.e., 133.4 psi) for sample 700-R30.   
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• The reported moisture contents for samples 708-R15 and 708-R24 discussed in the 
third bullet item from Letter #3 were not addressed. 

• In the fourth bullet item from Letter #3, the dry density discrepancies noted for 
samples 708-R15 and 708-R24 were not addressed.   

 
Golder does not intend to pursue the remaining subset of data discrepancies any further as we are not 
using the questionable data in our current modeling efforts and the addition of this data would likely 
have little to no impact on the modeling results.  Of course, we will continue to assist Stoller as 
needed if additional followup is requested. 
 
Golder appreciates the opportunity to work with Stoller on this project.  Please contact the 
undersigned at (303)980-0540 if you have any questions. 
 
Sincerely, 
 
GOLDER ASSOCIATES INC. 
 
 
 
 
James M. Johnson, P.E. 
Principal 
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March 20, 2006 Our Ref: 053-2269 
 
S.M. Stoller 
990 South Public Road, Suite A 
Lafayette, Colorado 80026 
 
Attention: Mr. Greg Lord, Senior Engineer 
 
RE: REVIEW OF PARTIAL DATA SET, SHAW E & I, INC. GEOTECHNICAL 

LABORATORY TEST PROGRAM, MOAB PROJECT, GRAND COUNTY, UTAH 
 
Dear Mr. Lord: 
 
Golder Associates Inc. (Golder) received on March 13, 2006 the first of an expected two rounds of 
geotechnical laboratory test results from Shaw E & I, Inc. (Shaw).  We have performed an initial 
review to assess the reasonableness and completeness of the results.  Shaw indicates that the first 
round of testing includes test results for the first shipment of samples received from the Moab Project 
in Grand County, Utah.  This batch of 121 soil samples was received at their facility on February 1, 
2006. 
 
Golder has the following observations and comments on the test results received to date (Round 1): 
 

• Missing minus #200 sieve tests for samples 700-R16, 700-R20, and 700-R24.  We 
request that Shaw complete these tests and add the test results to the report. 

• Sieve analysis was missing for sample 717-R10.  It is possible that the data was 
mis-labeled 716-R10, which was an unassigned sample.  We request that Shaw 
determine the correct sample designation, correct the report if necessary, and 
complete the sieve analysis on 717-R10 if the wrong sample was tested.  

• Samples 701-R8 and 702-R18 were classified as NP (non-plastic), though the 
samples exhibited plasticity.  We request that Shaw visually evaluate these samples 
and reassess the test results to make sure the results match the observed material 
types. 

• Samples 712-R11 and 720-R12 were reported to have a higher plastic limit than 
liquid limit, therefore producing a negative plasticity index.  We request that the 
Atterberg limits testing on these two samples be re-evaluated. 

 
Shaw indicates that the second round of testing will be conducted on the subsequent sample shipment 
received at their facility on February 15, 2006.  Golder will perform a similar review of these results 
when available.  The second round of testing is expected to include: 
 

• Test pit samples, with the exception of GATP-10 samples 1 and 2; 
• Shelby tube samples:  701-R26 and 706-R20; and 
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• Split spoon samples:  706-R22, 707-R17, 707-R28, 710-R1, 710-R3, 710-R19, 713-
R1, 713-R13, 715-R3, 718-R5, 718-R7, 718-R9, 718-R11, 718-R13, 718-R15, 718-
R17, 722-R1, 722-R2, 722-R3, and 722-R5. 

 
 
Golder appreciates the opportunity to work with Stoller on this project.  Please contact the 
undersigned at (303)980-0540 if you have any questions. 
 
Sincerely, 
 
GOLDER ASSOCIATES INC. 
 
 
 
 
James M. Johnson, P.E. 
Principal 
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March 22, 2006 Our Ref: 053-2269 
 
S.M. Stoller 
990 South Public Road 
Suite A 
Lafayette, Colorado 80026 
 
Attention: Mr. Greg Lord, Senior Engineer 
 
RE: ADDITIONAL REVIEW OF PARTIAL DATA SET, SHAW E & I, INC. 

GEOTECHNICAL LABORATORY TEST PROGRAM, MOAB PROJECT, GRAND 
COUNTY, UTAH 

 
Dear Mr. Lord: 
 
Golder Associates Inc. (Golder) received on March 13, 2006 the first of an expected two rounds of 
geotechnical laboratory test results from Shaw E & I, Inc. (Shaw).  We provided a letter on 20 March 
2006 providing initial comments resulting from a first review of the data to assess the reasonableness 
and completeness of the results.  This letter presents additional comments resulting from a more 
detailed review of the lab testing results.   
 
Shaw indicates that the first round of testing includes test results for the first shipment of samples 
received from the Moab Project in Grand County, Utah.  This batch of 121 soil samples was received 
at their facility on February 1, 2006. 
 
Golder provides the following additional observations and comments regarding the test results 
received to date (Round 1): 
 

• In the sample number cross-reference list, sample number 713-R11 (BC0870) is not listed.  
We request that Shaw add the sample to the list, as data for the sample was included in the 
report. 

 
• On pages 9 and 10 of 162, lab samples BC0762, BC0768, and BC0779 appear to be mis-

labeled as samples 700-R33, 701-R24, and 704-R20, respectively.  Based on the sample 
number cross-reference list, samples BC0762, BC0768, and BC0779 correspond to samples 
701-R33, 702-R24, and 707-R20, respectively.  On page 12 of 162, lab sample BC0823 is 
mis-labeled as sample 7126-R11.  We believe that this sample corresponds to 716-R11.  We 
request that Shaw provide confirmation and correct the data, accordingly. 

 
• Several of the measured bulk and dry density values presented in the tables on pages 

22 through 25 appear suspect due to either very high or very low measured density.  Sample 
700-R8 with a reported bulk density of 174.8 pcf, sample 708-R15 with a reported dry 
density of 32.2 pcf and sample 713-R5 with a dry density of 31.0 pcf are especially 
questionable.  Sample 708-R15 is likely in error due to a data entry mistake whereby the 
sample diameter was entered as about 5.54 inches, though no sampler used for the program 
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was larger than about 2.9 inches in diameter.  Golder conducted a more thorough quality 
control check of the density data by calculating the sample saturation (S) and void ratio (e) 
based on the reported or assumed specific gravity (SG), reported water content (w), and 
reported dry density (γd).  Samples with large void ratios (in excess of 3.8) are considered 
suspect, which includes samples 708-R15 and 713-R5.  With the exception of near-surface 
samples or alluvial samples that are likely not saturated, samples with calculated saturations 
much less or much greater than 100 percent are also considered questionable, which includes 
samples 700-R8 (S=263%), 701-R30 (S=20%), 702-R10 (S=61%), 708-R15 (S=48%), 
710-R16 (S=143%), 712-R7 (S=66%), 713-R5 (S=46%), and 716-R9 (S=68%).  Additional 
samples of concern include 700-R12 (S=119%), 700-R35 (S=116%), 701-R18 (S=112%), 
701-R22 (S=109%), 702-R24 (S=108%), 706-R12 (S=110%), 710-R12 (S=110%), 712-R13 
(S=110%), 715-R24 (S=112%), and 716-R13 (S=107%).  We request that Shaw double-check 
their data entry in these tables as the bulk and dry density values appear to be calculated 
based on the values entered for average length, average diameter, wet weight, and moisture 
content. 

 
• On page 10, the moisture content reported for sample 708-R15 was 75.2 percent, while on 

page 23, the moisture content reported for the same sample was 62.1 percent.  We request 
that Shaw determine the correct moisture content and correct the report where necessary.  

 
• On page 26, the first three Shaw sample numbers (BC0750, BC0751, and BC0752) are 

reported as client sample numbers 720-R3, 720-R4, and 720-R5.  The sample number cross 
reference list indicates that these sample numbers correspond to client sample numbers 
700-R16, 700-R20, and 700-R24.  We request that Shaw determine the correct sample 
numbers and correct the report accordingly. 

 
• We have compared the reported percent fines on pages 26 through 28 to the boring log 

descriptions.  Samples which differed considerably based on fines content from the field 
descriptions include the following:   

 
Sample Number Reported Fines Content Field Description 

702-R14 95.6 Silty sand (SM) 
713-R9 100.0 Sandy silt (ML) 
716-R11 86.6 Silty sand (SM) 
716-R4 7.3 Silty sand (SM) 
717-R18 96.9 Sandy silt (ML) 
720-R12 83.3 Silty sand (SM) 
720-R14 97.0 Silty sand (SM) 
720-R4 0.0 Silty sand (SM) 

 
 We understand that discrepancies are expected between field classifications and laboratory 

test results particularly due to limitations associated with the field methods.  However, for 
completeness, we request that Shaw double-check the data entry for the above-mentioned 
results. 

 
• On page 100, the field sample number is listed as 716-R10.  We believe that this is actually 

sample number 717-R10, based on the sample number cross reference list.  We request that 
Shaw confirm the sample number and correct the report if necessary. 
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In our 20 March 2006 letter, we provided initial observations and comments on the test results 
received to date (Round 1).  These observations and comments are presented below for easy reference 
and completeness: 
 

• Missing minus #200 sieve tests for samples 700-R16, 700-R20, and 700-R24.  We 
request that Shaw complete these tests and add the test results to the report. 

 
• Sieve analysis was missing for sample 717-R10.  It is possible that the data was mis-

labeled 716-R10, which was an unassigned sample.  We request that Shaw determine 
the correct sample designation, correct the report if necessary, and complete the sieve 
analysis on 717-R10 if the wrong sample was tested.  

 
• Samples 701-R8 and 702-R18 were classified as NP (non-plastic), though the 

samples exhibited plasticity.  We request that Shaw visually evaluate these samples 
and reassess the test results to make sure the results match the observed material 
types. 

 
• Samples 712-R11 and 720-R12 were reported to have a higher plastic limit than 

liquid limit, therefore producing a negative plasticity index.  We request that the 
Atterberg limits testing on these two samples be re-evaluated. 

 
Shaw indicates that the second round of testing will be conducted on the subsequent sample shipment 
received at their facility on February 15, 2006.  Golder will perform a similar review of these results 
when available.  The second round of testing is expected to include: 
 

• Test pit samples, with the exception of GATP-10 samples 1 and 2; 
 
• Shelby tube samples:  701-R26 and 706-R20; and 
 
• Split spoon samples:  706-R22, 707-R17, 707-R28, 710-R1, 710-R3, 710-R19, 713-

R1, 713-R13, 715-R3, 718-R5, 718-R7, 718-R9, 718-R11, 718-R13, 718-R15, 718-
R17, 722-R1, 722-R2, 722-R3, and 722-R5. 

 
 
Golder appreciates the opportunity to work with Stoller on this project.  Please contact the 
undersigned at (303)980-0540 if you have any questions. 
 
Sincerely, 
 
GOLDER ASSOCIATES INC. 
 
 
 
James M. Johnson, P.E. 
Principal 
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March 23, 2006 Our Ref: 053-2269 
 
 
S.M. Stoller 
990 South Public Road 
Suite A 
Lafayette, Colorado 80026 
 
Attention: Mr. Greg Lord, Senior Engineer 
 
RE: FURTHER REVIEW COMMENTS (LETTER #3) FOR PARTIAL DATA SET, SHAW E 

& I, INC. GEOTECHNICAL LABORATORY TEST PROGRAM, MOAB PROJECT, 
GRAND COUNTY, UTAH 

 
Dear Mr. Lord: 
 
Golder Associates Inc. (Golder) received on March 13, 2006 the first of an expected two rounds of 
geotechnical laboratory test results from Shaw E & I, Inc. (Shaw).  Shaw indicates that the first round 
of testing includes test results for the first shipment of samples received from the Moab Project in 
Grand County, Utah.  This batch of 121 soil samples was received at their facility on February 1, 
2006. 
 
We provided a letter on 20 March 2006 providing initial comments resulting from a first review of 
Shaw’s laboratory data to assess the reasonableness and completeness of the results.  A second letter 
was issued on 22 March 2006 providing additional comments resulting from a more detailed review 
of the lab testing results.  This third letter presents additional comments resulting from an in-depth 
review of the unconsolidated undrained (UU) triaxial test results and the unconfined compressive 
strength test results.   
 
Based on a review of the UU triaxial test results and the unconfined compressive strength test results, 
we provide the following comments: 
 

• Five of the UU test samples were reported to have unreasonably high moisture 
contents, as follows:  708-R8 (BC0787) – 578%; 708-R24 (BC0785) – 347%; 715-
R6 (BC0821) – 217%; 715-R16 (BC0817) – 346%; and 715-R24 (BC0819) – 272%.  
These moisture contents differ significantly from the in-situ moisture contents 
reported for the same samples on pages 10 and 12 of the report, which range from 24 
to 99 percent.  The moisture content reported for UU test sample 708-R15 (62.1%) 
differs from that indicated on page 10 (75.2%), but is the same as the moisture 
content reported on page 23. The moisture contents reported on the UU test sheets for 
the remaining samples (700-R12, 700-R30, and 700-R39) matched the moisture 
contents reported on pages 9 through 15 of the report.  We request that Shaw confirm 
the sample moisture contents and correct the report accordingly. 
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• With a stress at failure of 133.4 pounds per square inch (psi), UU test sample 700-
R30 (BC0753) was reported to have a stress at failure that is an order of magnitude 
higher than that for any of the other test samples.  An unconfined compressive 
strength of the same sample produced a failure stress of only 6.2 psi.  Golder requests 
that Shaw confirm the test data and correct the report as needed.. 

 
• The reported moisture contents for three of the unconfined compressive strength tests 

differed significantly from the in-situ moisture contents reported on pages 9 through 
15 of the report, as follows:  700-R39 (BC0755) – 120% compared to 50%; 708-R15 
(BC0783) – 32% compared to 75% (on page 10) or 62% (on page 23); and 708-R24 
(BC0785) – 41% compared to 24%.  If the unconfined compressive strength tests 
were conducted after the samples were allowed to dry out to lower moisture contents, 
the strength results would likely be skewed unconservatively.  In the case of the 
unconfined compressive strength test sample with a reported moisture content 
considerably higher than the in-situ result, no explanation other than data entry error 
can be inferred.  We request that Shaw confirm the sample moisture contents and 
correct the report accordingly. 

 
• The in-situ densities reported on pages 22 through 25 of the report should be similar 

to the in-situ densities reported for the same sample numbers on the unconfined 
compressive strength and UU triaxial test results.  When doing a comparison of the 
reported dry densities, the following differences were noted:  (1) unconfined 
compressive strength test sample 700-R39 was reported to have a dry density 29% 
lower than both the in-situ density and the UU test density; (2) UU test sample 708-
R8 was reported to have a dry density 72% lower than the in-situ density, which was 
similar to the unconfined compressive strength test sample density; (3) sample 708-
R15 was reported to have three very different dry densities (by as much as 200% 
different), with values of 32, 65, and 91 pounds per cubic foot (pcf) for the in-situ, 
UU triaxial test, and unconfined compressive strength test, respectively;  (4) 
unconfined compressive strength test sample 708-R24 was reported to have a dry 
density 19% lower than the in-situ density; and (5) UU test samples 708-R24, 715-
R6, 715-R16, and 715-R24 had reported dry densities 54 to 71% lower than the 
reported in-situ dry density, likely due to the aforementioned water content errors.  
Golder requests that Shaw confirm the data with regard to density and moisture 
content, and correct the report accordingly.  

 
In our 20 March 2006 letter, we provided initial observations and comments on the test results 
received to date (Round 1).  These observations and comments are presented below for easy reference 
and completeness: 
 

• Missing minus #200 sieve tests for samples 700-R16, 700-R20, and 700-R24.  We 
request that Shaw complete these tests and add the test results to the report. 

 
• Sieve analysis was missing for sample 717-R10.  It is possible that the data was mis-

labeled 716-R10, which was an unassigned sample.  We request that Shaw determine 
the correct sample designation, correct the report if necessary, and complete the sieve 
analysis on 717-R10 if the wrong sample was tested.  
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• Samples 701-R8 and 702-R18 were classified as NP (non-plastic), though the 
samples exhibited plasticity.  We request that Shaw visually evaluate these samples 
and reassess the test results to make sure the results match the observed material 
types. 

 
• Samples 712-R11 and 720-R12 were reported to have a higher plastic limit than 

liquid limit, therefore producing a negative plasticity index.  We request that the 
Atterberg limits testing on these two samples be re-evaluated. 

 
In our 22 March 2006 letter, we provided additional observations and comments on the test results 
received to date (Round 1).  These observations and comments are presented below for easy reference 
and completeness: 
 

• In the sample number cross-reference list, sample number 713-R11 (BC0870) is not 
listed.  We request that Shaw add the sample to the list, as data for the sample was 
included in the report. 

 
• On pages 9 and 10 of 162, lab samples BC0762, BC0768, and BC0779 appear to be 

mis-labeled as samples 700-R33, 701-R24, and 704-R20, respectively.  Based on the 
sample number cross-reference list, samples BC0762, BC0768, and BC0779 
correspond to samples 701-R33, 702-R24, and 707-R20, respectively.  On page 12 of 
162, lab sample BC0823 is mis-labeled as sample 7126-R11.  We believe that this 
sample corresponds to 716-R11.  We request that Shaw provide confirmation and 
correct the data, accordingly. 

 
• Several of the measured bulk and dry density values presented in the tables on pages 

22 through 25 appear suspect due to either very high or very low measured density.  
Sample 700-R8 with a reported bulk density of 174.8 pcf, sample 708-R15 with a 
reported dry density of 32.2 pcf and sample 713-R5 with a dry density of 31.0 pcf are 
especially questionable.  Sample 708-R15 is likely in error due to a data entry 
mistake whereby the sample diameter was entered as about 5.54 inches, though no 
sampler used for the program was larger than about 2.9 inches in diameter.  Golder 
conducted a more thorough quality control check of the density data by calculating 
the sample saturation (S) and void ratio (e) based on the reported or assumed specific 
gravity (SG), reported water content (w), and reported dry density (γd).  Samples with 
large void ratios (in excess of 3.8) are considered suspect, which includes samples 
708-R15 and 713-R5.  With the exception of near-surface samples or alluvial samples 
that are likely not saturated, samples with calculated saturations much less or much 
greater than 100 percent are also considered questionable, which includes samples 
700-R8 (S=263%), 701-R30 (S=20%), 702-R10 (S=61%), 708-R15 (S=48%), 710-
R16 (S=143%), 712-R7 (S=66%), 713-R5 (S=46%), and 716-R9 (S=68%). 
Additional samples of concern include 700-R12 (S=119%), 700-R35 (S=116%), 701-
R18 (S=112%), 701-R22 (S=109%), 702-R24 (S=108%), 706-R12 (S=110%), 710-
R12 (S=110%), 712-R13 (S=110%), 715-R24 (S=112%), and 716-R13 (S=107%).  
We request that Shaw double-check their data entry in these tables as the bulk and 
dry density values appear to be calculated based on the values entered for average 
length, average diameter, wet weight, and moisture content. 
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• On page 10, the moisture content reported for sample 708-R15 was 75.2 percent, 
while on page 23, the moisture content reported for the same sample was 62.1 
percent.  We request that Shaw determine the correct moisture content and correct the 
report where necessary.  

 
• On page 26, the first three Shaw sample numbers (BC0750, BC0751, and BC0752) 

are reported as client sample numbers 720-R3, 720-R4, and 720-R5.  The sample 
number cross reference list indicates that these sample numbers correspond to client 
sample numbers 700-R16, 700-R20, and 700-R24. We request that Shaw determine 
the correct sample numbers and correct the report accordingly. 

 
• We have compared the reported percent fines on pages 26 through 28 to the boring 

log descriptions.  Samples which differed considerably based on fines content from 
the field descriptions include the following:   

 
Sample Number Reported Fines Content Field Description 

702-R14 95.6 Silty sand (SM) 
713-R9 100.0 Sandy silt (ML) 
716-R11 86.6 Silty sand (SM) 
716-R4 7.3 Silty sand (SM) 
717-R18 96.9 Sandy silt (ML) 
720-R12 83.3 Silty sand (SM) 
720-R14 97.0 Silty sand (SM) 
720-R4 0.0 Silty sand (SM) 

 
We understand that discrepancies are expected between field classifications and laboratory test results 
particularly due to limitations associated with the field methods.  However, for completeness, we 
request that Shaw double-check the data entry for the above-mentioned results. 
 

• On page 100, the field sample number is listed as 716-R10.  We believe that this is 
actually sample number 717-R10, based on the sample number cross reference list.  
We request that Shaw confirm the sample number and correct the report if necessary. 

 
Shaw indicates that the second round of testing will be conducted on the subsequent sample shipment 
received at their facility on February 15, 2006.  Golder will perform a similar review of these results 
when available.  The second round of testing is expected to include: 
 

• Test pit samples, with the exception of GATP-10 samples 1 and 2; 
 
• Shelby tube samples:  701-R26 and 706-R20; and 
 
• Split spoon samples:  706-R22, 707-R17, 707-R28, 710-R1, 710-R3, 710-R19, 713-

R1, 713-R13, 715-R3, 718-R5, 718-R7, 718-R9, 718-R11, 718-R13, 718-R15, 718-
R17, 722-R1, 722-R2, 722-R3, and 722-R5. 
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Golder appreciates the opportunity to work with Stoller on this project.  Please contact the 
undersigned at (303)980-0540 if you have any questions. 
 
Sincerely, 
 
GOLDER ASSOCIATES INC. 
 
 
 
James M. Johnson, P.E. 
Principal 



 

 
 
 

 
 
 
 

Geotechnical Laboratory 
PO Box 4339 

1570 Bear Creek Road 
Oak Ridge TN 37830 

(865) 482-6497

 
April 13, 2006 
 
Erin Stanley 
General Engineering Laboratories 
2040 Savage Road 
Charleston SC 29407 
 
RE:  Moab data report comments, 109855.01210000 
 
Dear Ms. Stanley, 
 
Shaw reported test results on March 13, 2006 for 122 geotechnical samples received February 
1, 2006.  Golder reviewed the data package and commented to Stoller on March 20 and March 
22, 2006.  This correspondence responds to questions and comments contained in Golder’s 
letters to Stoller.  Shaw also identified several discrepancies in the original report and will re-
issue the report with corrections/clarifications. 
 
Golder’s review dated March 20, 2006 
Bullet #1, missing minus #200 sieve tests for samples 700-R16, 700-R20, and 700-R24. 
Response – page 26 lists data for Shaw sample numbers BC0750, BC0751, and BC0752.  
These sample numbers correspond to field sample numbers 700-R16, 700-R20, and 700-R24, 
respectively, and not the field numbers listed on the data page. 
 
Bullet #2, sieve analysis data missing for 717-R10. 
Response – Data results labeled 716-R10 are actually for 717-R10. 
 
Bullet #3, Nonplastic Atterberg limits test results questioned for samples 701-R8 and 702-R12. 
Response – Shaw elected to re-analyze these samples at our expense.  The second tests 
yielded LL=25, PI=2, USCS=ML for the former; and LL=23, PI=6, USCS=CL-ML for the latter.  
The same technician performed the second tests as performed the original analyses.  The 
Atterberg tests are somewhat subjective and the second results may have been influenced by 
Golder’s request.  In any case, the samples exhibited very low plasticity. 
 
Bullet #4, Plastic limit results questioned for samples 712-R11 and 720-R12. 
Response - Shaw elected to re-analyze these samples at our expense.  The second tests 
yielded LL=25, PI=1, USCS=ML for the former; and LL=22, PI=(-1), USCS=NP for the latter.  
The same technician performed the second tests as performed the original analyses.  The 
Atterberg tests are somewhat subjective and the second results may have been influenced by 
Golder’s request.  In any case, the samples exhibited extremely low plasticity.  Second round 
results are consistent with original results. 
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Shaw Geotechnical
Laboratory

Oak Ridge TN
(865) 482-6497

Golder’s review dated March 22, 2006 
Bullet #1, sample number 713-R11 not included in sample cross-reference list. 
Response - We concur and will include this sample in the report re-issue. 
 
Bullet #2, incorrectly typed field sample ID’s, pp. 9, 10, 12. 
Response – We concur with Golder’s assumptions and these entries will be amended in the re-
issued report. 
 
Bullet #3, certain density values questioned. 
Response – Data are calculated from physical specimen measurements.  Three specimen 
lengths are averaged, and three diameter measurements are averaged to determine gross 
volume.  In some cases, one or two of the three measurements was entered incorrectly and was 
not identified during transcription checks. 
 
Field sample number 708-R15: density values were reported incorrectly on the density data 
sheet (p. 23) but are reported correctly on the unconfined compressive strength report sheet (p. 
125).  The correct results for 708-R15 are 104.4 pcf wet density, 59.6 pcf dry density. 
 
The bench data was entered correctly for sample 700-R8.  We agree that the reported wet 
density appears very high.  The sample also has a high specific gravity value. 
 
The bench data was not entered correctly for sample 713-R5.  The correct results are 97.3 pcf 
wet density, 55.4 pcf dry density.  These data will be amended in the report re-issue. 
 
We re-performed the transcription checks for all density data reported.  Changes needed are 
included in the table below: 
 

Field sample 
ID 

Original wet 
density, pcf 

Original dry 
density, pcf 

New wet 
density, pcf 

New dry 
density, pcf 

700-R12 124.1 89.1 106.1 76.2 
700-R5 128.4 118.1 128.3 118.0 

702-R14 120.9 89.4 126.4 93.5 
707-R8 137.6 120.1 137.4 119.9 

708-R13 52.2 32.2 104.4 59.6 
710-R16 128.3 80.0 107.3 66.9 
713-R5 54.4 31.0 97.3 55.4 

720-R14 116.0 90.2 124.5 96.8 
 
 
Bullet #4, discrepancy between reported moisture result, sample 708-R15. 
Response – both results are correct.  The laboratory routinely gathers moisture content data on 
sample aliquots when multiple analyses are requested on the same sample.  The moisture 
content of large samples, especially long soil cores, can vary +/-20% or more depending on 
where the aliquot is obtained in the core.  The moisture content reported on a particle-size 
distribution report sheet may not match the moisture content reported on a UCS report sheet, 
for example, depending on where the test material was obtained in the core length. 
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Shaw Geotechnical
Laboratory

Oak Ridge TN
(865) 482-6497

 
Bullet #5, sample ID correlation, specific gravity results. 
Response – The sample number cross-reference list is correct.  The field numbers reported on 
page 26 for BC0750, BC0751, and BC0752 should be 700-R16, 700-R20, and 700-R24, 
respectively.  Results for 720-R3, 700-R4, and 700-R5 are reported on page 28.  Page 26 will 
be amended on the report re-issue. 
 
Bullet #6, questions about ASTM D 1140 results versus boring log visual descriptions. 
Response – We re-performed the transcription check for –200 analyses.  The result for 722-R4 
was found to be 21.3% passing the #200 sieve, instead of zero.  All other numerical entries are 
correct. 
 
We elected to re-analyze the samples highlighted by Golder.  The new results are given below: 
 

Field Sample ID Original result, % 
passing 

New result, % passing 

702-R14 95.6 95.5 
713-R9 100.0 87.3 

716-R11 86.6 71.8 
716-R4 7.3 8.4 

717-R18 96.9 99.3 
720-R12 83.3 96.4 
720-R14 97.0 96.2 

 
These new data correlate well with original results and are within the expected degree of 
heterogeneity of 24-in. soil cores. 
 
Bullet #7, sample ID question, p.100. 
Response – The correct sample ID for BC0834 is 717-R10.  The field sample ID will be 
amended on page 100 for the report re-issue. 
 
We will re-issue the data report for this first set of samples shortly.  Please do not hesitate to 
contact us if additional information is needed.  Shaw regrets the inconvenience that the original 
data report may have caused the receiving parties. 
 
 
Best regards, 
 
 
 
Ralph Cole 
Manager, Geotechnical Laboratory 
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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 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 supplemental geotechnical properties of native materials for 
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 (RAS) report for the Moab Site. 
 
Method of Solution: 
 
Samples described herein were collected from the Crescent Junction Disposal Site during the 2005 
geological and geotechnical investigation. The samples were collected from the 0150 series test pits, 
whose locations appear in Figure 1. Lithologic descriptions of soils encountered in the test pits are 
summarized in Attachment 5, Volume 1, Appendix D of this Remedial Action Plan. Analyses performed 
included hydraulic conductivity (ASTM Test Method D5084), triaxial compressive strength (ASTM Test 
Method D4767), pinhole tests (ASTM Test Method D4647), and laboratory moisture retention tests 
(ASTM Method D3152). Laboratory results that appeared in the original version of this calculation are 
presented in Appendixes A and B of this revised calculation.  
 
Data quality checks of the original laboratory data revealed that retests would be needed for the triaxial 
compressive strength and hydraulic conductivity analyses of sample number 154 at 20 ft. Laboratory 
results of this retest are presented in Appendix C of this revised calculation.  
 
In addition, data-quality checks also indicated that retests of hydraulic conductivity would be required for 
sample numbers 152 at 23 ft, 154 at 12 ft, and 156 at 12 ft.  Laboratory results of these retests are 
contained in Appendix D of this revised calculation. With the completion of the triaxial and hydraulic 
conductivity retests, which are documented in Appendixes C and D of this revised calculation, all data 
quality deficiencies associated with the original calculation were resolved.  
 
Assumptions:  
 
Not applicable. 
 
Calculation: 
 
Laboratory results from the testing are contained in Appendixes A through D of this revised calculation. A 
summary of the index properties of the natural materials from this data set are contained in Table 1.  
 
Discussion: 
 
N/A  
 
Conclusion and Recommendations: 
 
N/A 
 
Computer Source: 
 
N/A 
 



 

 

 
Table 1. Summary of Supplemental Geotechnical Properties for Native Soil Materials at the Crescent Junction Site 
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Volumetric Water 
Content at 15-bar CU Triax.Shear 

Sample 
No. 

Depth 
(ft) 

Field 
Description 

Atterberg 
Limits 

(LL/PL/PI) 

Passing 
No. 200 

(%) 

Specific 
Gravity 

�max 
(Modified 
Proctor) 

(pcf) 

wopt 
(Modified 
Proctor) 

(%) 

At 
112 pcf 

Dry 
Density 

At 
104 pcf 

Dry 
Density 

Hydraulic 
Conductivity 

(cm/s) Cohesion 
(psf) 

Effective 
Friction 
Angle, 

Degrees 
TP-151 4.5 sheet wash 24/19/5 66  118.5 13      

7.5 sheet wash 26/17/9 74 2.64 120.5 13 18 16.3 8.7E-07 0 28.7 

15 fluvial/eolian 21/18/3 84 2.63 127.5 10 16 14.7 6.1E-06   TP-152 

23 weathered 
shale 

33/21/12 97  121 12 24.6 22.1 1.7E-06 330 24.2 

3.5 sheet wash 23/18/5 72 2.68 120.5 12.5 18.9 17.2  0 37.9 
TP-153 

8.5 fluvial/eolian NP 67 2.65 118 11 11.7 10.4 1.4E-04 0 28.8 

4 sheet wash 22/18/4 83  123 12      

12 fluvial/eolian 20/17/3 63 2.65 122 12   1.9E-06   TP-154 

20 weathered 
shale 

38/18/20 95 2.73 120.5 13 21.6 19.9 8.0E-07 160 23.1 

TP-156 5 sheet wash 24/17/7 69 2.82 120 11.5 16.7 14.2    

TP-156 12 eolian 19/17/2 64 2.64 124.5 11   3.0E-06 0 30.7 

TP-156 22 weathered 
shale 25/18/7 84 2.56 127.5 11 20.9 16.3 5.9E-09 96 31.1 



 

 

 
Figure 1. Location of Test Pits at the Crescent Junction, Utah, Disposal Site 
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Geotechnical Testing Results 
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Geotechnical Testing Results 
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