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PROJECT INFORMATION

1.1 Purpose and Scope
This report presents the results of our geotechnical investigation and recommendations for
design and construction of the Cardnell Electrical Substation to be located west of the
Glenwood Springs Wastewater Treatment Plant in Glenwood Springs, Colorado (Figure 1). The
investigation was performed to provide foundation and construction recommendations for
design of the substation facility at the referenced site.
The site investigation consisted of geologic reconnaissance, in-field resistivity surveys and
exploratory test hole drilling to investigate subsurface conditions. Test hole drilling was
observed by a representative of RJ Engineering. Samples obtained during the field exploration
were examined by the project personnel and representative samples were subjected to
laboratory testing to determine the engineering characteristics of materials encountered. This
report summarizes our field investigation, the results of our analyses, and our conclusions and
recommendations based on the proposed construction, site reconnaissance, subsurface
investigation, and results of the laboratory testing.
1.2 Proposed Construction
Based on the preliminary plans provided by ESC Engineering, the substation will be about 130
feet long and 113 feet wide. The site will be accessed by two 20-foot wide gravel drives. A
drainage swale is planned around the site to convey surface flows away from the site.
1.3 Site Conditions
The proposed substation is located near the base of a very steep slope. The railroad ROW is
located about 80 feet to the north. The grades at the site range from about 10 to 20 percent.
Existing vegetation included natural brush and grasses. Several cobbles and boulders were
observed on the ground surface throughout the site.
1.4 Site Geology
We reviewed the Geologic Map of the Glenwood Springs Quadrangle, Garfield County,
Colorado by Kirkham, R.M., Streufert, R.K., Cappa, J.A., Shaw, C.A., Allen, J.L., and
Schroeder, T.J. II: Colorado Geological Survey Map Series MS-38, scale 1:24,000. The site is
mapped as younger debris flow deposits (map symbol Qdfy) consisting of poorly sorted to
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moderately well sorted pebble, boulder, and cobble gravel in a sandy silt or silty sand matrix.
The description indicates these materials get finer towards the base of the debris flow deposit.
Our experience in the area suggests that these debris flow deposits can have a high to very
high collapse potential. Other sites in the area have experience settlement of structures due to
collapse of these poorly consolidated deposits.
2.0

SITE INVESTIGATION

2.1 Subsurface Investigation
As requested in the project documents, two test holes were drilled on October 17, 2019. The
test hole locations were staked by others prior to our site visit. The approximate locations of the
test holes are presented on Figure 2. All test holes were advanced with a Diedrich D90 rubber
track rig using 4-inch continuous flight auger to pre-determined depths where a modified
California sampler was used to record blow counts and obtain samples. Bulk samples were
also obtained at depths indicated on test hole logs presented on Figure 3.
To perform the modified California penetration resistance tests, a 2.0-inch inside diameter
sampler was seated at the bottom of the test hole, then driven up to 12 inches with blows of a
standard hammer weighing 140 pounds and falling a distance of 30 inches utilizing an “auto”
hammer (ASTM D1586). The number of blows (Blow Count) required to drive the sampler 12
inches or a fraction thereof, constitutes the N-value. The N-value, when properly evaluated, is
an index of the consistency or relative density of the material tested. Test hole logs and legend
are presented on Figure 3.
2.2 Subsurface Conditions
Subsurface conditions generally consisted of 17 to 25 feet of silt and sand underlain by sand
and gravel containing abundant cobbles and boulders. Gravel and abundant cobbles and
boulders were encountered to depths of about 8 to 10 feet within the silts and sands. Boulders
of up to 3 feet in diameter were encountered. Boulders of greater than 3 feet in diameter were
observed at the site. Practical drill rig refusal was encountered in test hole B-1 at a depth of 22
feet. Test hole B-2 caved to a depth of 26 feet after removal of the drill string. The silts were
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soft to medium stiff, and the sands were loose to medium dense. The gravels were dense to
very dense and contained abundant cobbles and boulders.
Three sand samples had 41 to 46 percent fines (material passing the No. 200 sieve). Atterberg
limit testing indicated the samples had liquid limits of no value to 25 percent and plasticity
indices of non-plastic to 6 percent. One silt sample had 56 percent fines and was non-liquid and
non-plastic. One silt sample exhibited an unconfined compressive strength of 1,700 psf. An
additional unconfined compressive strength test was attempted. However, the sample was too
loose and would not stay intact for the test.
Two sand samples and one silt sample exhibited 0.0 and -0.9 percent consolidation when
wetted under 1,000 psf. One gravel sample had 29 percent fines and a liquid limit of 25 percent
and plasticity index of 3 percent. The silt samples classified as a sandy, low plasticity silt (ML),
the sands as silty to slightly clayey with gravel (SC-SM) and the gravels as silty (GM) according
to the Unified Soil Classification System (USCS). Results of the laboratory testing are
presented on Figures 4 and 5 and are summarized in the Summary of Laboratory Test Results.
2.2.1

Groundwater

Groundwater was not encountered during drilling. The test holes were backfilled after drilling in
accordance with project documents. Based on our experience, we anticipate groundwater
would not be encountered to the depths explored. Variations in groundwater conditions may
occur seasonally. The magnitude of the variation will be largely dependent upon the amount of
spring snowmelt, duration and intensity of precipitation, site grading changes, and the surface
and subsurface drainage characteristics of the surrounding area.
3.0

SITE GRADING

Minor cuts and fills will likely be required for the proposed construction. Based on drilling and
our observations, we believe that material can be excavated by conventional construction
equipment. We recommend cut and fill slopes be constructed at 2H:1V or flatter. If
groundwater or seeps are encountered, flatter slopes will likely be necessary for stability. We
should be contacted if soft layers or significant discontinuities are encountered during the
excavation process.
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If desired, imported fill may be used at the site. Imported fill material should contain 10 to 50
percent gravel, 20 to 70 percent sand, and 10 to 30 percent files and have a plasticity index of
less than 10. A maximum particle size for imported fill should be 3 inches.
The on-site (cut) soils can be used in site grading fills provided the material is substantially free
of organic material, debris and particles are no larger than 6 inches. Areas to receive fill should
be stripped of vegetation, organic soils and debris. Topsoil is not recommended for fill material.
Fill should be placed in thin, loose lifts of 8 inches thick or less. We recommend fill materials be
moisture conditioned to within 2 percent of optimum moisture content and compacted to at least
95 percent of maximum standard Proctor dry density (ASTM D 698). Placement and
compaction of fill should be observed and tested by a geotechnical engineer.
4.0

SETTLEMENT

The silt and sand subsoils encountered to depths of 17 to 25 feet at the site are judged to have
high to very high collapse potential. Depending on the changes in moisture content of the
subsoils after construction, we would estimate differential and total movements on the order of 1
to 4 inches. We anticipate that increases in moisture content of the subsoils would be minor
and movements will likely be on the lower end of the range. Substation structures will likely be
supported on a deep foundation and would not be affected by collapsible soils. However, these
movements could affect other site improvements and drives. Total and differential movements
cannot be eliminated. To decrease the likelihood of potential movement to occur, drainage
should be designed to prevent ponding of water around the site during precipitation events.
Surface flow should be directed away from the site as quickly as possible to reduce surface
infiltration.
5.0

FOUNDATION RECOMMENDATIONS

Based on the results of our subsurface investigation, we believe the proposed substation
elements that are sensitive to foundation movements should be supported on drilled pier or
micropile foundations. The pier and micropile foundations should be founded in the very dense
sand and gravels. Based on test hole drilling, we estimate the gravel surface at approximately
17 and 25 feet below existing grades in test holes B-1 and B-2, respectively. Footing and mat
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foundations may be utilized provided the structure is not sensitive to settlement. Section 4.0
above discusses settlement potential at the site. Recommendations for footings and mats,
drilled piers and micropiles are presented below.
5.1 Footings and Mats
Provided the owner is willing to accept the risk of foundation settlement as described in Section
4.0, structures may be founded on shallow foundation such as footings or a mat.
Recommendations for shallow foundations are presented below.
1. Cobbles and boulders were encountered in the near surface soils. We recommend the
soils below shallow foundations be over-excavated to a depth of 2 feet to avoid point
loading foundations. On-site soils or imported fill may be used as fill provided the
material is placed in accordance with Section 3.0 above. Imported fill would provide
more uniform support of foundations and reduce the likelihood of differential settlement.
2. Foundations can be designed for a maximum allowable soil pressure of 2,000 psf. The
recommended modulus of subgrade reaction for the site is 100 psi/inch. Based on
experience, we anticipate settlement could occur as discussed in Section 4.0.
3. Resistance of foundations against sliding can be evaluated using a coefficient of
frictional resistance of 0.30.
4. Continuous footings should have a minimum width of 24 inches and isolated pads
should have a minimum dimension of 3 feet.
5. The soils below foundations should be protected from freezing. We recommend the
bottom of foundations be constructed at least 3.0 feet below finished exterior grade or as
required by local municipal code.
6. Continuous foundation walls shall be reinforced to span anomalies by assuming an
unsupported distance of 10 feet.
7. All foundation excavations should be observed by a representative of a geotechnical
engineer prior to placement of concrete.
5.2 Drilled Piers
Boulders up to 3 feet in diameter were encountered in the overburden soils, drilled pier
installation will require rock bits. Even with the use of rock bits, installation may be difficult or
impractical at this site. Temporary casing may also be required to control the sloughing of the
soft silt and sand soils between the boulders.
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1. For an Allowable Stress Design (ASD) criteria, drilled piers embedded in the
sand and gravel soils may be designed for an allowable end bearing pressure of
20,000 psf and a skin friction of 2,000 psf. Based on test hole drilling, we
estimate the gravel surface at approximately 17 and 25 feet below existing
grades in test holes B-1 and B-2, respectively.
2. A minimum pier length of 25 feet is recommended.
3. Very hard boulders were encountered at all elevations. The contractor should
mobilize equipment of sufficient size and operating condition to achieve the
required design depths.
4. The upper 3 feet of pier penetration should be neglected for lateral load
resistance calculation. For lateral loading analysis using LPILE program, the
following parameters may be used:
Table 1 – LPILE Program Lateral Loading Parameters
Material

Soil
Model

Soft Silt and
Sand
Dense Sand
and Gravel

Reese
Sand
Reese
Sand

Friction
Angle, φ
(deg)

Cohesion,
c (psf)

Horizontal
Modulus of
Subgrade
Reaction, kh
(pci)

ε50

Total
Unit
Weight,
γ (pcf)

20

0

20

--

115

38

0

150

--

130

5. Pier drilling should be observed by a geotechnical engineer or representative
thereof.
5.3 Micropiles
As an alternative, we believe the proposed substation structures could be supported on
micropile foundations. The micropiles should be founded in the very dense gravels.
Recommendations for micropiles are presented below.
1. The micropiles should be founded in the very dense gravels. Based on test hole drilling,
we estimate the gravel surface at approximately 17 and 25 feet below existing grades in
test holes B-1 and B-2, respectively.
2. Typically, micropiles are designed for working loads on the order of 30 to 50 kips. If
necessary, loads of up to 100 kips or more can be attained but will increase installation
costs.
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3. The grout to ground bond strength for use in design of micropiles should be determined
by the micropile designer based on the type of installation equipment and technique
anticipated.
4. Micropiles should have a minimum length of 30 feet and a minimum diameter of 4
inches.
5. Micropiles should be spaced at least 2 feet apart to avoid group effects.
6. The upper 3 feet of pile penetration from the ground surface should be neglected for
lateral load resistance calculation. For lateral loading analysis using LPILE program, the
parameters presented above may be used. Battered micropiles may be necessary to
accommodate higher lateral loadings.
7. Micropile installation should be observed by a geotechnical engineer or representative
thereof.

6.0

CONCRETE

One sample was subjected to water-soluble sulfate testing. The sample exhibited a
concentration of 0.002 percent which is considered negligible/low (Class 0 exposure) degree of
sulfate attack for concrete exposed to these materials. The degree of attack is based on a
range of 0.00 to less than 0.10 percent water-soluble sulfates as presented in the American
Concrete Institute Guide to Durable Concrete. Due to the negligible/low degree, no special
requirements for concrete are necessary for this site.
7.0

RESISTIVITY TESTING

We conducted field resistivity testing along the alignment shown on Figure 2 with the array for
each reading centered between test hole locations. Readings were obtained using an AEMC
4620 4-pin soil resistance meter. At the time of testing, the temperature was mid 60’s to low
70’s with sunny conditions. Ground conditions were dry. Table 2 below summarizes our
readings.
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Table 2 – Resistivity Measurements
North-South Alignment
Probe
Spacing
Reading Resistivity
(feet)
(ohm)
(ohm-cm)

8.0

2

438

167,764

5

55

52,667

10

3.9

7,469

20

10.6

40,600

40

3.3

25,280

80

4.4

67,412

GRAVEL ROAD RECOMMENDATIONS

The unpaved/gravel roads were designed using the FHWA manual for Gravel Roads,
Maintenance and Design Manual, November 2000. An Equivalent Single Axle Loads (ESAL)
was estimated based on assumed vehicle traffic after construction is completed. Table 3
presents a summary of the ESAL value used in the design inputs.
Table 3 – Design Traffic Loading

8.1

Roadway Segment

Design ESAL

Gravel Roads

5,000

Subgrade Strength Evaluation

Based on the results of our field exploration and laboratory testing, the subgrade materials
below gravel drives consisted of A-2-4 to A-4. A design R-value of 10 was selected based on
our experience. Aggregate base course (ABC) should meet CDOT Class 6 specifications and
have a minimum R-value of 78.
8.2

Gravel Road Design

For the gravel road thickness design, resilient modulus of 3,562 psi was calculated from the Rvalue of 10 using the AASHTO Design Manual. Table 4 presents the input design parameters
used for the design of the gravel roads.
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Table 4 – Gravel Road Design Parameters
Design Inputs
Initial Serviceability

4.5

Allowable Rutting, in.

2.0

Terminal Serviceability

2.0

Climate Region

VI

Design Subgrade R-value

10

Subgrade Quality

Design ESAL

5,000

Very Poor

Subgrade Resilient Modulus, MR, psi

3,562

Base Resilient Modulus, MR, psi

32,883

Gravel road design calculations were performed using the guidelines from the FHWA manual for
design of gravel roads. Gravel thicknesses are presented in Table 5.
Table 5 – Recommended Gravel Thickness

8.3

Gravel Type

Thickness (inches)

ABC Class 6

8.0

Subgrade Preparation

We recommend that the top 6 inches of the subgrade for the entire roadway width be scarified
and recompacted in compliance with the specifications in Section 3.0 above. We recommend
that a separator geotextile Class 1 conforming to the requirements listed in Section 712.08 of
the 2017 CDOT Standard Specifications be placed between the subgrade and the ABC Class 6
in conformance with Section 420.07. The subgrade and ABC should be compacted in
accordance with the requirements shown in Section 3.0 above.
8.4

Drainage Considerations

The collection and diversion of surface drainage away from gravel roads is critical to the
satisfactory performance of the driving surface. Proper drainage design should include
prevention of ponding of water on or immediately adjacent to roadway areas. Concentrated
runoff should be avoided in areas susceptible to erosion. Slopes and other stripped areas
should be protected against erosion by re-vegetation or other methods.
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LIMITATIONS

This study was conducted in accordance with generally accepted geotechnical engineering
practices in this area for use by the client for design purposes. The conclusions and
recommendations submitted in this report are based upon the data obtained from exploratory
test holes, field reconnaissance and anticipated construction. The nature and extent of
subsurface variations across the site may not become evident until excavation is performed. If
during construction, conditions appear to be different from those described herein; this office
should be advised at once so reevaluation of the recommendations may be made. We
recommend on-site observation of excavations by a representative of the geotechnical
engineer.
The scope of services for this project did not include, specifically or by implication, any
environmental or biological (e.g., mold, fungi, and bacteria) assessment of the site or
identification or prevention of pollutants, hazardous materials or conditions or biological
conditions. If the owner is concerned about the potential for such contamination, conditions or
pollution, other studies should be undertaken.
The report was prepared in substantial accordance with the generally accepted standards of
practice for geotechnical engineering as exist in the site area at the time of our investigation.
No warranties, express or implied, are intended or made.
Respectfully Submitted:
RJ Engineering & Consulting, Inc.
Richard D. Johnson, P.E.
Principal
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Project No:
Sample Location
Test
Hole

Depth (ft)

Sample
Type

Moisture
Content
(%)

B-1

3

CA

9.7

4-6

BULK

6.6

9

CA

10.6

3

CA

7.8

6

CA

6.3

9

CA

11.8

10-14

BULK

7.2

19

CA

17.0

B-2

Project Name: Cardnell Substation
Dry
Density
(pcf)
103

Grain Size Analysis
Atterberg Limits
Gravel
Fines
LL
Sand
PL
PI
> #4
< #200
(%) (%) (%)
(%)
(%)
(%)

Water
Swell (+) /
Soluble Consoli-dation
Sulfate (-) at 1,000 psf
(%)
(%)

Unconfined
Compressive
Strength
(psf)

-0.6
46

25

19

6

108

56

NL

NP

NP

134

44
41

30

29

0.002

SAND, silty (SC-SM)
1,700

25

22

3

SILT, sandy (ML)

GRAVEL, silty (GM)
-0.9

23

18

5

108

Page 1 of 1

SILT, sandy (ML)
SAND, silty (SC-SM)

0.0

*Laboratory testing by others

CA-Indicates modified California sampler
SS-Indicates standard split spoon sampler
Bulk-Indicates bulk sample from auger cuttings or ground surface
NL-Indicates non-liquid
NP-Indicates non-plastic

SAND, silty (SC-SM)

SAND, silty (SC-SM)

98
41

Description

SAND, silty (SC-SM)

