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December 5, 2007 

 

Mr. Brett Middleton 
EnCana Oil and Gas (USA), Inc. 
2717 County Road 215, Suite 100 
Parachute, CO 81635 
 

Subject: Geotechnical Evaluation of Water Impoundments, High Mesa and Hunter Mesa Water 
Parks, Piceance Basin, Colorado 

Dear Mr. Middleton, 

ENSR Corporation (dba The RETEC Group, Inc. [RETEC]) was contracted by EnCana Oil and Gas 
(USA), Inc. (EnCana) to conduct a geotechnical evaluation of its two water parks, High Mesa and 
Hunter Mesa, located south of Interstate I-70 in the Piceance Basin of Colorado.  The purpose of this 
evaluation was twofold: to collect data to provide a geotechnical assessment of the stability of the water 
impoundments and to evaluate groundwater conditions and quality beneath the water impoundments, if 
groundwater is present.  This letter documents a field investigation, geotechnical laboratory analysis, 
and recommendations for the water impoundment structures located at High Mesa and Hunter Mesa.   

Field Activities 

RETEC contracted Drilling Engineers, Inc. of Fort Collins, Colorado to drill and abandon exploratory 
boreholes, collect soil samples for analysis, and install monitoring wells, if necessary.  Field work was 
supervised by Mr. Doug Brannan of RETEC and was performed on August 28 through August 30, 2007.  
The field work included the installation of one exploratory boring at High Mesa (SB-01) and two 
exploratory borings at Hunter Mesa (SB-02 and SB-03).  The borings locations were established in the 
field by Mr. Brett Middleton of EnCana.   

The exploratory borings were advanced with a hollow stem auger drilling rig, unless auger refusal was 
encountered.  If auger refusal was encountered prior to completing a minimum depth of 20 feet below 
the bottom of the water impoundments, the drill rig was converted from hollow stem auger to air rotary 
drilling to continue advancing the borehole through rocky conditions.  Air rotary drilling tools were 
required to complete SB-01 after a boulder was encountered at approximately 12.5 feet below ground 
surface (bgs).   

Split spoon samples were collected continuously during drilling, with lithologic description, and 
geotechnical standard penetration test blow count data recorded on boring/well logs (provided as 
Attachment A) in accordance with Standard Operating Procedures (SOPs) 7115, 7510, and 7600 
(provided as Attachment B).  Volatile organic compound (VOC) headspace analysis equipment was 
present on site to conduct readings in accordance with SOP 310 (Attachment B), if impacted material 
was encountered. 
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Soil samples were identified from selected depths in each boring for laboratory geotechnical analysis of 
moisture content (ASTM1 Method D 2216), grain size distribution (ASTM Method D 6913), and Atterberg 
limits (ASTM Method D 4318).  The lack of visual observation of staining in samples indicated that there 
was no hydrocarbon contamination of soils; therefore, no headspace analyses for VOCs were 
measured and no samples were collected for laboratory analysis of hydrocarbon contaminants.  Upon 
completion of drilling, the exploratory borings were abandoned by backfilling with native material to 
10 feet bgs followed by plugging with bentonite chips to the ground surface. 

Site Conditions 

The High Mesa location has a moderate slope dipping to the northwest, with the grade dropping off 
dramatically approximately 200 yards to the northwest.  The site consists of sage brush, sparse juniper 
trees, and native grasses surrounding the water impoundments and a compressor station to the south.  
Drainage from the facility and surrounding area flows to the northwest. High Mesa impoundment 
construction details were developed based on discussions with EnCana personnel and construction 
drawings provided by EnCana.  The water impoundments were established in 2005, and are 
constructed such that the bottoms and most of the separating berms of the impoundments are 
excavated into the native material.  The details are shown on the construction drawings in 
Attachment C.  The upper portions of the berms and the parking pads that are outside of the ponds 
appear to be constructed by compacting the natural material that was produced during excavation of the 
ponds.  The interior berms between the ponds are sloped at an inclination of 2H:1V (2 Horizontal: 1 
Vertical), while exterior pond berms are sloped at an inclination of 4H:1V.  The top width of both interior 
and exterior berm is reportedly 20 feet.  The maximum design water depth in the ponds varies from 12.5 
to 13.5 feet, and the ponds were designed such that the water level would be controlled by a series of 
siphons between the ponds.  Currently, water is pumped between the ponds.  A parking pad at the 
downgradient end of the ponds is built up in order to allow vehicle access around the lower pond.  There 
has been no instability reported at the site, and no indications of berm instability were identified during 
our work on the site.  The boring at High Mesa was drilled off the western, downgradient edge of the fill 
area in the native material, as shown in Figure 1 and in Photo 1 (Attachment D).  The conditions in the 
boring are expected to be representative of the natural material that makes up the majority of the berms 
that separate and retain the pond water.   

The Hunter Mesa site is relatively flat with a gradual slope dipping to the north.  The site consists of 
sage brush and native grasses surrounding the water impoundments and a compressor station.  
Drainage from the facility and surrounding area flows to the north.  Hunter Mesa impoundment 
construction details were developed based on discussions with EnCana personnel and construction 
drawings provided by EnCana.  The water impoundments are constructed such that the bottoms of the 
impoundments are excavated into the native material and the associated fill material is used to create 
the berms and parking pads around the outside of the ponds.  The as-built drawing for Hunter Mesa is 
provided in Attachment C.  The upper portions of the berms and the parking pads that are outside of the 
ponds appear to be constructed by compacting the natural material that was produced during 
excavation of the ponds.  The maximum design water depth in the ponds varies from 13 to 28 feet.  A 
parking pad at the downgradient end of the ponds is built up in order to allow vehicle access around the 
lower pond.  Each boring at Hunter Mesa was drilled off the fill area in the native material, with the 

                                                      

1 American Society of Testing and Materials, ASTM International, www.ASTM.org 
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upgradient boring installed near the southwest corner of the impoundment and the downgradient boring 
installed off the northern end of the water impoundments and parking lot downgradient of the ponds, as 
shown in Figure 2 and Photos 2 and 3, respectively.   

Site Geology 

The site is located within the Piceance Basin.  The Piceance Basin is a large, deep structural basin 
formed during the Laramide orogenic event of late Cretaceous age.  Present structural relief between 
the Piceance Basin and the White River uplift is about 30,000 feet.  The site is located on what has 
been termed the Ohio Creek Formation (Ogden, 1979) by various authors.  The Ohio Creek Formation 
occurs stratigraphically between the underlying Upper Cretaceous Mesaverde Group and the overlying 
Paleocene Wasatch Formation.  An unconformity separates the two.  The Ohio Creek formation has 
been placed either just above or just below this unconformity, depending on the worker.  As reported by 
Tweto (1980), the white, slightly pebbly sandstone of the Ohio Creek is a deeply weathered zone in 
Mesaverde rocks beneath the unconformity.  Overlying conglomerate, which has been mapped as Ohio 
Creek by some workers, is a basal conglomerate of the Wasatch Formation in some places. The 
Tertiary claystone, mudstone, sandstone, siltstone and shales of the Wasatch and Ohio Creek 
formations are the dominant formations at the High and Hunter Mesa locations.   

Site subsurface conditions at the High Mesa site were identified by logging the soil encountered in 
boring SB-01, and consist of stiff to very stiff tan, dry, silty clay with some gravel from ground surface to 
approximately 12.5 feet bgs.  A white/tan, dry layer of stiff silty clay was encountered from 8 to 10 feet.  
Standard penetration test blow count values in the upper 12.5 feet ranged from a low of 17 to a high of 
50 for 5”, with the average blow count being 28.  A basalt boulder (estimated at 3.5 feet in diameter) 
stopped advancement of the hollow stem auger at 12.5 feet bgs.  Examples of these types of boulders 
are present at the site, as shown in Photo 4 (Attachment D).  Once the boulder was encountered, the 
drillers were forced to convert to air rotary methods in order to advance through the boulder.  Air rotary 
drilling techniques break up the formation and force the highly disturbed soil/rock cuttings to the ground 
surface in a stream of air, so logging is completed by visual observation of the soil/rock cuttings.  This 
method makes identification of small soil layers difficult, and requires that identification be completed 
based on an overall general soil type.  From approximately 16 feet bgs until sandstone bedrock was 
encountered at 39 feet bgs the dominant material was a silty clay.  Tan, dry, silty clay with some coarse 
sand (possible interbeds) was encountered from approximately 16 to 25 feet bgs.  A tan, slightly moist 
silty clay with some coarse sand and gravel extended to 30 feet bgs.  A tan brown, slightly moist silty 
clay with some interbedded fine-grained sand grading to a coarser sand after 35 feet bgs was 
encountered down to bedrock at 39 feet.  Bedrock encountered in the boring at High Mesa consisted of 
a tan sandstone.  Although the borehole was left open for 30 minutes, no groundwater was encountered 
during drilling to the top of the sandstone bedrock.   

The borings at Hunter Mesa were advanced through various layers of clay mixed with silt, gravel and 
fine grained sand to approximately 40 feet bgs until a sandstone bedrock was encountered.  Tan, 
inorganic clay with some intermixed sandstone gravel was encountered at the upgradient boring 
location from the ground surface to approximately 4.5 feet bgs.  Increasing moisture content was 
observed in the samples as the boring was advanced to approximately 6.5 feet bgs.  From 6.5 to 10 feet 
a layer of reddish, weathered sandstone was layered within the clay.  A dry, tan, hard, sandy clay was 
the predominant soil observed from approximately 10 feet bgs until the sandstone bedrock was 
encountered at approximately 40 feet bgs.  Occasional sandstone and gravel and cobbles were 
encountered throughout the zone.   
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The geology encountered in the boring drilled downgradient of the Hunter Mesa water impoundments 
was similar to the upgradient location with the dominant material being a silty clay.  From ground 
surface to approximately 2 feet bgs a tan brown, dry, inorganic clayey silt was found above a white, dry, 
silty clay layer that continued to 6 feet bgs.  At 6 feet bgs, a tan, dry, hard silty clay was encountered 
down to approximately 40 feet bgs, where a tan sandstone bedrock was encountered.  The silty clay 
encountered from approximately 6 feet bgs to bedrock at approximately 40 feet bgs included some 
interbedded sandstone between 16 and 18 feet bgs.  Although the borehole was left open for 30 
minutes, no groundwater was encountered during drilling to the top of the sandstone bedrock.   

Physical Laboratory Test Results 

Three soil samples each were collected at High Mesa and Hunter Mesa and submitted to Advanced 
Terra Testing, Inc. for soil index testing that included moisture content, grain size distribution analysis, 
and Atterberg limits testing.   

Soil samples were collected from SB-01 at High Mesa from approximately 0–12.5 feet bgs, 16–30 feet 
bgs, and 30–39 feet bgs.  Soil samples were collected from boring SB-02 at Hunter Mesa (upgradient 
location) from approximately 0–4.5 feet bgs and 8–40 feet bgs.  A sample was collected from SB-03 
(downgradient location) from 6–18 feet bgs.  Test results are summarized in Table 1 and the physical 
lab report is included as Attachment E. 

Five samples were analyzed using ASTM Method D2216 for moisture content2.  Soil boring SB-01 from 
0–12.5 feet bgs had a moisture content of 9.7%, from 16–30 feet bgs 4.8% and from 30 to 39 ft bgs 
5.8%.  Soil boring SB-02 from 8–40 feet bgs had a moisture content of 4.8% and soil boring SB-03 from 
6–18 feet bgs had a moisture content of 7.9%. 

Six samples where analyzed using ASTM Method D4318 for Atterberg limits analysis.  Soil samples 
from boring SB-01 from 0–12.5 feet, 16–30 feet, and 30–39 feet are classified as clay (CL) with low to 
medium plasticity with some gravel, sand, and silts.  Soil samples from boring SB-02 from 0–4.5 feet 
and from 8–40 feet are also classified as a CL.  Soil boring SB-03 from 6-18 feet is also classified as a 
CL. 

Six samples where analyzed using ASTM Method D6913 for mechanical sieve test data analysis.  Soil 
samples from boring SB-01 from 0–12.5 feet and 30–39 feet had 62.7% and 61.6% by weight pass 
through the #200 sieve, respectively, whereas the sample from 16–30 feet contained approximately 
32.7% by weight passing the #200 sieve.  Soil samples from boring SB-02 from 0–4.5 feet had 45.4% 
and from 8–40 feet had 57.3% by weight pass through the #200 sieve.  The soil sample from boring 
SB-03 from 6–18 feet had 64.3% by weight pass through the #200 sieve. 

                                                      

2 Insufficient material was available to conduct a moisture content analysis on the sample from SB-02 
from 0-4.5 feet bgs.   
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Recommendations  

Geotechnical 

High Mesa 

The High Mesa site ponds were constructed by excavating the majority of the three ponds out of the 
natural soil found on the slope and placing some of the excavated material as the upper portions of the 
pond berms.  The ponds were excavated into a gently sloping hillside that has a natural slope of around 
4 degrees.  The three adjacent ponds were constructed with interior side slopes of 2H:1V (about 
26 degrees), and exterior side slopes (for the perimeter berms) that are 4H:1V (about 14 degrees).  The 
ponds contain a synthetic liner to minimize leakage.  The design drawings indicate that the water in the 
ponds is a maximum of 13.5 feet deep, and that the design water surface provides between 2 and 3 feet 
of freeboard when compared to the elevation of the top of the berms.  The cross section shows that the 
upper 2 to 4 feet of the berms were constructed with backfilled soil with the remainder of the berms 
being constructed in an excavation into the natural hillside.   

The boring completed at the High Mesa site was completed outside of the berms and in the natural 
hillside next to the downhill berm.  The configuration of the berms and the synthetic lining on the berms 
made drilling down through the berms unrealistic while keeping the ponds operating.  Based on 
observations made at the site, the material encountered in the borings, and discussions with EnCana, 
our review of the pond stability assumes that the fill portion of the pond berms is comprised of soil that 
was excavated from the natural hillside to form the lower portions of the ponds.  Natural soil on the site 
was found to be composed of silty clay with varying amounts of gravel and cobbles.  Blow counts 
recorded during the drilling indicated that it was stiff to hard, and primarily very stiff to hard, indicating 
that the soil has a relatively high intact strength.  No groundwater was encountered.  This soil placed as 
backfill to form the upper portions of the berms will have a relatively lower strength that is somewhat 
dependant on the compactive effort utilized during berm construction.   

Given the configuration of the berms, the stability of the berms is primarily a function of the intact 
strength of the natural soils found on the site.  A cursory stability analysis was performed using the 
geometry of the site, the soil conditions identified in the borings as described herein, and soil strength 
parameters based on the soil index testing completed for this study.  The results indicate that the factor 
of safety of the interior berm slopes is lower than exterior berm slopes.  This result is to be expected 
given that the interior berm slopes are steeper (2H:1V) than the exterior berm slopes (4H:1V).  The 
interior berm safety factor was determined to be around 1.5, and the exterior berm safety factor was 
determined to be around 2.0.  Both factors of safety are considered satisfactory, and show a stable 
berm system.  It should be noted that the factors of safety were calculated using what are considered to 
be relatively conservative soil strength parameters given the soil conditions encountered in the borings 
at the site.  A more detailed study including detailed laboratory strength testing of the soil would likely 
result in factors of safety higher than reported in this preliminary study.   

Hunter Mesa 

Subsurface conditions in the borings completed at the uphill and downhill sides of the ponds consist of 
very stiff to hard fine-grained clay, siltstone, and fine-grained sandstone.  This unit is considered to be of 
relatively high internal strength, and very stable at the slopes presently on the site.  Construction details 
of the berms at Hunter Mesa were not available, so commenting on the stability of the berms is not 





Table 1   Summary of Soil Analysis
Table 1   EnCana Oil and Gas (USA), Inc.
Table 1   Hunter and High Mesa
Table 1   August 28 - 30, 2007

Sample Depth Moisture Content Liquid Limit Plastic Limit
ft % % % Gravel % Sand % Passing #200 Seive

High Mesa
SB-01 0-12.5 9.7 39.6 18.8 14.1 23.2 62.7 CL

16-30 4.8 33.7 16.4 11.5 55.8 32.7 CL
30-39 5.8 32.0 14.6 2.1 36.3 61.6 CL

Hunter Mesa
SB-02 0-4.5 NA 26.4 14.4 11.6 43.0 45.4 CL

8-40 4.8 25.6 13.5 14.2 28.5 57.3 CL
SB-03 6-18 7.9 30.3 14.3 5.7 30.0 64.3 CL

Grain Size USCS 
Designation

Sample 
ID
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Attachment A 
 
Soil Boring Logs 
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Attachment B 
 
Standard Operating Procedures 
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Attachment C 
 
Construction Drawings 
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High Mesa 
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Hunter Mesa 
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Attachment D 
 
Photographs 



 
 
Photo 1 - Location of the High Mesa soil boring location SB-01 from on top of the filled 
parking lot area downgradient of the water impoundment. 
 



 
 
Photo 2 - Location of the Hunter Mesa soil boring location SB-02 upgradient of the 
water impoundment.  The water impoundment is to the left of the picture behind the berm 
and fence. 
 



 
 
Photo 3 - Location of the Hunter Mesa soil boring location SB-03 downgradient of the 
water impoundment.  The water impoundment is in the background behind the parking 
pad, which looks like a berm. 
 



 
 
Photo 4 - Example of the Basalt boulders at High Mesa 



 
 

 
M:\Encana\High Mesa\Geotechnical Study Report.doc 

Attachment E 
 
Lab Reports






























































