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GEOTECHNICAL ENGINEERING REPORT 
XENON WATER STORAGE PITS  

SLOPE STABILITY 
Craig , Moffat County, Colorado 

Terracon Project No. AD125020 
June 28, 2012 

 
 

1.0 INTRODUCTION 
 
A geotechnical engineering report has been completed for the existing Xenon pits located about 12 
miles west of Craig, Colorado in the North ½ of Section 12, Township 7 North, Range 93 West, 6th 
Principal Meridian in Moffat County Colorado.  The existing water storage pits were observed and 
the soils exposed near the slope surface were sampled.   
 
The purpose of these services is to provide information and geotechnical engineering 
recommendations relative to: 
 
 existing pit conditions  pit slope stability 
 maintenance and repair  
  
  

2.0 PROJECT INFORMATION 
 

2.1 Project Description 

ITEM DESCRIPTION 

Structure 

The existing site development includes four water storage pits.  The 
main pit is about 19 feet deep with slope inclination of about 2.37 
Horizontal to 1 Vertical for both interior and exterior slopes.  The 
smaller pits are about 22 feet deep with interior slope inclination of 
about 2.48H to 1V and exterior slope inclinations of about 1.55 H to 
1V   

Existing conditions 

Observation of the existing water storage pits identified poor liner 
conditions.  About 300 holes were observed in the liner for the main 
pit with 2/3 to ¾ of the holes below maximum water level.  There 
were locations in each liner where the seams are oriented in the 
wrong (parallel to the slope) direction. Multiple locations of shallow 
soil sloughing, especially around the main pit, and cracking and 
scarps in the upper and lower pit top of exterior slope areas were 
observed.  Multiple rodent holes were observed on the pit slopes. 
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Exhibit D-1 

GENERAL NOTES 

DRILLING & SAMPLING SYMBOLS: 
SS: Split Spoon - 1-3/8" I.D., 2" O.D., unless otherwise noted HS: Hollow Stem Auger 
ST: Thin-Walled Tube – 2” O.D., 3" O.D., unless otherwise noted PA: Power Auger (Solid Stem) 
RS: Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted HA: Hand Auger 
DB: Diamond Bit Coring - 4", N, B RB: Rock Bit 
BS: Bulk Sample or Auger Sample WB Wash Boring or Mud Rotary 

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 inches of the total 18-inch 
penetration with a 140-pound hammer falling 30 inches is considered the “Standard Penetration” or “N-value”. 

WATER LEVEL MEASUREMENT SYMBOLS: 
WL: Water Level WS: While Sampling BCR: Before Casing Removal 
WCI: Wet Cave in WD: While Drilling ACR: After Casing Removal 
DCI: Dry Cave in AB: After Boring N/E: Not Encountered 

Water levels indicated on the boring logs are the levels measured in the borings at the times indicated.  Groundwater levels at other 
times and other locations across the site could vary.  In pervious soils, the indicated levels may reflect the location of groundwater.  In low 
permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations. 
 
DESCRIPTIVE SOIL CLASSIFICATION: Soil classification is based on the Unified Soil Classification System.  Coarse Grained Soils 
have more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand.  Fine 
Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic, 
and silts if they are slightly plastic or non-plastic.  Major constituents may be added as modifiers and minor constituents may be added 
according to the relative proportions based on grain size.  In addition to gradation, coarse-grained soils are defined on the basis of their 
in-place relative density and fine-grained soils on the basis of their consistency. 

CONSISTENCY OF FINE-GRAINED SOILS RELATIVE DENSITY OF COARSE-GRAINED SOILS 

Unconfined 
Compressive 

Strength, Qu, psf 

Standard Penetration 
or N-value (SS) 

Blows/Ft. 
Consistency 

Standard Penetration 
or N-value (SS) 

Blows/Ft. 
Relative Density 

< 500 0 - 1 Very Soft 0 – 3 Very Loose 
   500 – 1,000 2 - 4 Soft 4 – 9 Loose 
1,000 – 2,000 4 - 8 Medium Stiff 10 – 29 Medium Dense 
2,000 – 4,000   8 - 15 Stiff 30 – 50 Dense 
4,000 – 8,000 15 - 30 Very Stiff > 50 Very Dense 

8,000+ > 30 Hard   

RELATIVE PROPORTIONS OF SAND AND GRAVEL GRAIN SIZE TERMINOLOGY 

Descriptive Term(s) 
of other constituents 

Percent of 
Dry Weight 

Major Component 
of Sample 

Particle Size 

Trace < 15 Boulders Over 12 in. (300mm) 
With 15 – 29 Cobbles 12 in. to 3 in. (300mm to 75mm) 

Modifier ≥ 30 Gravel 3 in. to #4 sieve (75mm to 4.75mm) 
  Sand #4 to #200 sieve (4.75 to 0.075mm) 
  Silt or Clay Passing #200 Sieve (0.075mm) 

RELATIVE PROPORTIONS OF FINES  PLASTICITY DESCRIPTION  

Descriptive Term(s) 
of other constituents 

Percent of 
Dry Weight 

 Term 
Plasticity 

Index 
 

Trace < 5  Non-plastic 0  
With 5 – 12  Low   1-10  

Modifier > 12  Medium 11-30  
   High > 30  
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Exhibit D-3 

GENERAL NOTES 
Description of Rock Properties 

 
WEATHERING 

Fresh  Rock fresh, crystals bright, few joints may show slight staining.  Rock rings under hammer if crystalline. 

Very slight Rock generally fresh, joints stained, some joints may show thin clay coatings, crystals in broken face show 
bright.  Rock rings under hammer if crystalline. 

Slight  Rock generally fresh, joints stained, and discoloration extends into rock up to 1 in. Joints may contain clay.  In 
granitoid rocks some occasional feldspar crystals are dull and discolored.  Crystalline rocks ring under hammer. 

Moderate Significant portions of rock show discoloration and weathering effects.  In granitoid rocks, most feldspars are dull 
and discolored; some show clayey.  Rock has dull sound under hammer and shows significant loss of strength 
as compared with fresh rock. 

Moderately severe All rock except quartz discolored or stained.  In granitoid rocks, all feldspars dull and discolored and majority 
show kaolinization.  Rock shows severe loss of strength and can be excavated with geologist’s pick. 

Severe All rock except quartz discolored or stained.  Rock “fabric” clear and evident, but reduced in strength to strong 
soil.  In granitoid rocks, all feldspars kaolinized to some extent.  Some fragments of strong rock usually left. 

Very severe All rock except quartz discolored or stained.  Rock “fabric” discernible, but mass effectively reduced to “soil” with 
only fragments of strong rock remaining. 

Complete  Rock reduced to ”soil”.  Rock “fabric” not discernible or discernible only in small, scattered locations.  Quartz may 
be present as dikes or stringers. 

 

HARDNESS (for engineering description of rock – not to be confused with Moh’s scale for minerals) 

Very hard Cannot be scratched with knife or sharp pick.  Breaking of hand specimens requires several hard blows of 
geologist’s pick. 

Hard  Can be scratched with knife or pick only with difficulty.  Hard blow of hammer required to detach hand specimen. 

Moderately hard Can be scratched with knife or pick.  Gouges or grooves to ¼ in. deep can be excavated by hard blow of point of 
a geologist’s pick. Hand specimens can be detached by moderate blow. 

Medium  Can be grooved or gouged 1/16 in. deep by firm pressure on knife or pick point.  Can be excavated in small 
chips to pieces about 1-in. maximum size by hard blows of the point of a geologist’s pick. 

Soft  Can be gouged or grooved readily with knife or pick point.  Can be excavated in chips to pieces several inches in 
size by moderate blows of a pick point.  Small thin pieces can be broken by finger pressure. 

Very soft Can be carved with knife.  Can be excavated readily with point of pick.  Pieces 1-in. or more in thickness can be 
broken with finger pressure.  Can be scratched readily by fingernail. 

 

Joint, Bedding and Foliation Spacing in Rock a

Spacing Joints Bedding/Foliation

Less than 2 in. Very close Very thin 

2 in. – 1 ft. Close Thin 

1 ft. – 3 ft. Moderately close Medium 

3 ft. – 10 ft. Wide Thick 

More than 10 ft. Very wide Very thick 
 

Rock Quality Designator (RQD) b Joint Openness Descriptors 

RQD, as a percentage Diagnostic description Openness Descriptor

Exceeding 90 Excellent No Visible Separation Tight 
90 – 75 Good Less than 1/32 in. Slightly Open 
75 – 50 Fair 1/32 to 1/8 in. Moderately Open 
50 – 25 Poor 1/8 to 3/8 in. Open 

Less than 25 Very poor 3/8 in. to 0.1 ft. Moderately Wide 
  Greater than 0.1 ft. Wide 

a. Spacing refers to the distance normal to the planes, of the described feature, which are parallel to each other or nearly so. 
b. RQD (given as a percentage) = length of core in pieces 4 in. and longer/length of run. 
 
References: American Society of Civil Engineers. Manuals and Reports on Engineering Practice - No. 56. Subsurface Investigation for Design 

and Construction of Foundations of Buildings. New York: American Society of Civil Engineers, 1976. 
U.S. Department of the Interior, Bureau of Reclamation, Engineering Geology Field Manual. 
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