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 INTRODUCTION 
The Owner of the 12th Street Outfall Project (Project) is the City of Greeley. The lead Engineer, HDR 

Engineering Inc. (HDR) retained Lithos Engineering (Lithos) as the Project’s Geotechnical and Tunnel 

Engineer.  The Project generally consists of a storm sewer expansion that will extend from approximately 

16th Avenue to 2nd Avenue along 12th Street and will discharge into the Poudre River through an outfall 

structure near the intersection of 2nd Avenue and 10th Street. As part of this project, a sanitary sewer and 

waterline will require relocation and proposed to be tunneled under Highway 85.  The purpose of this 

Project is to provide additional storm sewer capacitance to prevent future flooding similar to what has 

been observed in the past. 

 

The Project has been broken down into several design phases.  The current design phase will advance the 

Project to 30-percent.  The purpose of this report is to document subsurface conditions identified during 

our geotechnical exploration along the proposed alignment and near the proposed outfall structure. 

 PROJECT BACKGROUND 
The following sections describe the Project site and the proposed construction.  Figure 1 presents the 

locations of the open-cut alignment, proposed tunnels, and our geotechnical borings. 

2.1 Site Description 
The Project site is located in eastern Greeley, Colorado.  The alignment generally extends along 12th Street 

from approximately 16th Avenue to 2nd Avenue.  At the intersection of 2nd Avenue and 12th Street, the 

alignment proceeds north along 2nd Avenue to the proposed outfall structure location approximately 220-

feet northeast of the intersection of 2nd Avenue and 10th Street.  

Generally, 12th Street and 2nd Avenue are approximately 50-foot wide roadways with both on-street 

diagonal and parallel parking.  The proposed alignment will cross 15 roadways.  Crossed roadways include 

(City of Greeley, 2011): 

 Local Streets: 2nd, 3rd, 4th, 5th, 12th, 13th, 15th, 16th Avenue 

 Collectors: 10th, 9th, 7th, and 6th Avenue 

 Minor Arterials: 14th and 11th Avenue 

 Major Arterial: 8th Avenue  

The crossed collectors and arterials range from two to four-lane roadways.  Out of the 15 total crossed 

roadways, six of them, including: 16th, 14th, 13th, 10th, 9th, and 7th Avenues, contain 5-foot wide bike lanes 

on both the east and west sides of the road.   

The alignment crosses four, parallel Union Pacific Railroad tracks between 6th and 7th Avenue and the 

Greeley No. 3 Canal between 15th and 16th Avenue.  Three out of the four Union Pacific Railroad tracks are 

currently in service; the far western track appears to be unused.  Numerous utilities exist within the 

Project vicinity and run parallel and perpendicular to the proposed alignment.  Utilities will be investigated 

and documented by HDR. 
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2.2 Proposed Construction 
As mentioned above, the proposed storm sewer will serve to provide additional capacity and protect the 

immediate area surrounding the proposed alignment against 10-year flood events.  Open-cut installation 

will be the primary construction method for the storm sewer.  The storm sewer will generally consist of 

7-foot by 4-foot reinforced concrete boxes to 54-inch diameter reinforced concrete pipe.  Two of the 

tunnel installations will be located at the Union Pacific Railroad and the Greeley No. 3 Canal.  

 

The Union Pacific Railroad crossing is proposed as twin, 72-inch steel casing pipes extending 

approximately 255 linear feet.  The Greeley No. 3 Canal is proposed as 54-inch reinforced concrete pipe 

extending approximately 330 linear feet.  The alignment was modified during this design phase, ultimately 

eliminating a crossing of US Highway 85 in this particular location  

 

In order to construct the storm sewer alignment, a sanitary sewer and waterline will require relocation 

away from a planned water quality pond at the northern end of the proposed alignment. The proposed 

sanitary sewer relocation will cross US Highway 85 and extend to the City of Greeley Water Treatment 

Facility. The new sanitary sewer construction will require use of tunneling methods to pass beneath US 

85. The Sanitary Sewer tunnel is a proposed 48-inch HOBAS pipe extending approximately 230 feet across 

US 85. Relocation of an 8-inch diameter waterline is also proposed and would cross Highway 85 at a 

location approximately 250 feet south of 10th Street.  The proposed waterline installation will require use 

of tunneling methods to pass beneath US 85. The waterline is a proposed 8-inch unspecified carrier pipe 

cased in a 230-foot long, 16-inch steel casing.  

 

 GEOTECHNICAL INVESTIGATION 
The geotechnical investigation included a subsurface investigation and a subsequent geotechnical 

laboratory testing program.  Subsurface information from the geotechnical investigation is presented in 

Section 4. The subsurface investigation was competed in three phases: storm sewer tunnel subsurface 

investigation, storm sewer open-cut subsurface investigation, and sanitary sewer relocation tunnel 

subsurface investigation.  The storm sewer tunnel subsurface investigation was subcontracted to Elite 

Drilling Services, the open-cut storm sewer and sanitary sewer relocation subsurface investigations were 

subcontracted to Drilling Engineers.   

The storm sewer tunnel subsurface investigation phase was performed from July 26th to 27th, 2018.  The 

open-cut subsurface investigation phase was performed from September 24th to 25th, 2018.  The sanitary 

sewer subsurface investigation was performed on April 10, 2019. During all subsurface investigations, 

Lithos provided oversight of subsurface material sampling and classified subsurface conditions 

encountered.   

3.1 Subsurface Investigation 
A total of 14 geotechnical borings were drilled to identify subsurface materials along the storm sewer 

alignment.  Six borings were drilled at proposed crossing locations and extended to depths of 30 and 40 

feet.  Six borings were drilled along the proposed open-cut alignment relatively evenly spaced and 

extended to depths of 20 and 25 feet. Two borings were drilled along the proposed sanitary sewer 

alignment immediately east of the proposed Water Quality Pond and extended to a depth of 35 feet.   
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Geotechnical drilling was performed utilizing a Central Mining Equipment (CME) 55 truck-mounted drilling 

rig.  Drilling and sampling procedures were conducted in general accordance with ASTM D1586 – Standard 

Test Method for Penetration Test and Split-Barrel Sampling of Soils and ASTM D3550 – Standard Practice 

for Thick Wall, Ring-Lined, Split Barrel, Drive Sampling of Soils.  Continuous-flight hollow-stem augers were 

used to advance borings below the existing ground surface.  During drilling, Split-Spoon samples (1.4-inch 

inner diameter) and Modified California (2.0-inch inner diameter) were obtained at 2.5-foot intervals 

within the pipe envelope of the tunnel crossings, and 5-foot intervals elsewhere.  The Split-Spoon sampler 

was used to obtain relatively disturbed samples of non-cohesive soils.  The Modified California sampler 

was used to obtain relatively undisturbed samples of cohesive soils.  The number of blows by a 140-pound 

hammer falling 30-inches required for 12 inches of sampler penetration (recorded in 6-inch increments) 

are presented on the boring logs (Appendix A).   

3.2 Geotechnical Laboratory Testing 
A geotechnical laboratory testing program was selected by Lithos and conducted by Terracon Consultants 

on representative samples collected during the subsurface investigation.  A laboratory summary table and 

graphical testing results are provided in Appendix B.  Laboratory tests conducted in general accordance 

with associated ASTM standards are presented in the table, below. 

 

 

Geotechnical and Corrosion Laboratory Testing 
Geotechnical Test Standard 

Grain Size Distribution ASTM D 422 

#200 Sieve Wash ASTM D1140 

Unconfined Compressive Strength ASTM D2166 

In Place Moisture and Density ASTM D 2937 

Atterberg Limits ASTM D4318 

Water Soluble Sulfates ASTM D4327 

One-Dimensional Swell or Collapse of Soils ASTM D4546 

If field characterized soil and bedrock descriptions differed from results indicated by laboratory 

classification testing, the boring logs presented in Appendix A were amended to reflect laboratory testing 

results.  Geotechnical laboratory testing results were utilized in identifying the site geology presented in 

this report. 

 SUBSURFACE CONDITIONS 
Subsurface conditions were assessed based on the findings of the geotechnical investigation described in 

the previous section.  Soil descriptions noted on the boring logs and below are in general accordance with 

ASTM D 2487 – Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil 

Classification System) and D 2488 – Standard Practice for Description and Identification of Soils (Visual-

Manual Procedure).  Boring logs and a supplementary boring log key explaining boring log details are 

provided in Appendix A.   
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4.1 Subsurface Materials 
Primary materials encountered during the subsurface investigation include: pavement section, fine 

alluvium, coarse alluvium, and bedrock.   

4.1.1 Pavement Section 
A pavement section was encountered in all borings except LE-12, LE-13 OW, and LE-14. The pavement 

section included an asphalt and a base course section.  Asphalt thickness varied from 2 to 9-inches thick 

and base course thickness varied from 2 to 6-inches thick.  

4.1.2 Fine Alluvium 
Fine alluvium was encountered in boring LE-7 a depth of 14-feet below existing ground surface and 

extended to a depth of 19-feet below existing ground surface.  Encountered fine alluvium was classified 

as the following in accordance with the Unified Soil Classification System (USCS): 

 Sandy Lean Clay (CL) 

Fine alluvium contained particle sizes ranging from clay to medium sand.  Blow counts of encountered 

fine alluvium was 11 blows per foot of sampler penetration.  Based on blow counts, the consistency of 

encountered fine alluvium was stiff.  Fine alluvium was additionally described as brown and moist. 

4.1.3 Coarse Alluvium 
Coarse alluvium was encountered in all 14 borings at depths ranging from the ground surface or 

immediately beneath the pavement section to 9-feet below ground surface.  Coarse alluvium extended to 

the maximum depth of exploration (20 to 40-feet below ground surface) in all borings except LE-9, where 

bedrock was encountered at 18-feet below ground surface.  Encountered coarse alluvium was classified 

as the following in accordance with USCS: 

 Poorly Graded Sand (SP) 

 Poorly Graded Sand with Gravel (SP) 

 Poorly Graded Sand with Silt (SP-SM) 

 Poorly Graded Sand with Silt and 

Gravel (SP-SM) 

 Poorly Graded Sand with Clay and 

Gravel (SP-SC) 

 Well Graded Sand (SW) 

 Well Graded Sand with Gravel (SW) 

 Silty Sand (SM) 

 Clayey Sand (SC) 

 Poorly Graded Gravel with Clay and 

Sand (GP-GC)  

Coarse alluvium classified as a Well Graded Sand contained fine to coarse sand with trace to little fine to 

coarse gravel.  Coarse alluvium classified as a Poorly Graded Sand contained mostly fine to coarse sand 

with trace to few fines and trace to some fine to coarse gravel. Encountered Poorly Graded Gravel 

contained mostly fine to coarse gravel with some fine to coarse sand with little fines. Encountered Silty 

Sand and Clayey Sand contained mostly fine to medium sand and some fines with trace gravel.  Blow 

counts of encountered coarse alluvium ranged from 3 blows per foot of sampler penetration to 50 blows 

for 5-inches of sampler penetration.  Based on blow counts, the density of encountered coarse alluvium 

was very loose to very dense.  Coarse alluvium was further described as tan to light brown to red-brown 

to brown and dry to wet.  Auger chatter or grinding was noted in LE-6 and LE-8 and could indicates larger 

sized particles.  
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4.2 Claystone Bedrock 
Claystone bedrock of the Laramie Formation was encountered at LE-9 at a depth of 18-feet below the 

existing ground surface.  Encountered bedrock was described as completely weathered, very soft, very 

fine grained, olive gray, moist and contained iron oxide staining. 

 

One representative sample of bedrock was tested for expansive behavior.  Upon inundation and under a 

pressure of 500 psf the selected sample of bedrock expanded 2.4 percent, and a swell pressure of 2,250 

psf was calculated. 

4.3 Groundwater 
Groundwater was encountered during the subsurface investigation in all borings except LE-5, LE-6, and 

LE-7 at depths ranging from 16.4 to 24 feet beneath the ground surface.  Temporary monitoring, 

observation wells were installed in six out of the 14 borings as identified by “OW” following the boring 

number.  The table below presents initial groundwater levels in the borings and groundwater fluctuations 

in the monitoring wells as measured after drilling. 

Groundwater Depth [ft.]1 

Boring 
Date 

Initial 8/23/2018 

LE-1 23.7 -- 

LE-2 OW 22.8 25.8 

LE-3 17.8 -- 

LE-4 OW 18.6 21.0 

LE-5 OW Not Encountered 30.7 

LE-6 Not Encountered -- 

LE-7 OW1 Not Encountered -- 

LE-8  23.0 -- 

LE-9 OW1 15.2 -- 

LE-10 18.5 -- 

LE-11 20.2 -- 

LE-12 17.0 -- 

LE-13 OW 16.4 -- 

LE-14 17.0 -- 
1Additional groundwater depth data has not been 
provided 

Fluctuations in groundwater levels may occur due to variations in the water level of the Poudre River or 

the Greeley No. 3 Canal, rainfall, temperature, site development and other factors not evident at the time 

that these measurements were made. 
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 LIMITATIONS 
This study was conducted in accordance with generally accepted geotechnical engineering and 

engineering geologic practices and principals; no warranty, express or implied is made.  The subsurface 

conditions described in this report were based on data obtained from exploratory borings and 

geotechnical laboratory testing.  The boring logs presented in this report only depict the subsurface 

conditions at the actual boring and locations.  Subsurface conditions are typically variable, both laterally 

and vertically, and the nature and extent of the subsurface variations across the site may not become 

evident until construction.  The boundaries between different soil types and bedrock presented in this 

report are approximate and may be abrupt or gradational.  Groundwater levels may vary with time, 

precipitation, and changes to the hydrogeological conditions at or surrounding the project site.  

An environmental assessment was not included in Lithos Engineering scope of work for this project.  Any 

statements regarding the absence or presence of hazardous and/or toxic substances presented herein are 

only intended for informational purposes.  If the client is concerned about the environmental conditions 

at the site, Lithos Engineering recommends the client and/or owner retain a qualified environmental firm 

to conduct an environmental site assessment. 

 

 

 

REFERENCES 
 ASTM Standards, ASTM International, West Conshohocken, PA (2012). 

 Geologic Map of the Boulder-Fort Collins-Greeley Area, Colorado by Roger Colton, 1978 

 Greeley 2035 Comprehensive Transportation Plan, City of Greeley, May, 3 2011  
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Soil Classifications:

Relative Density or Consistency of Non-cohesive and Cohesive Soils
Non-cohesive Soils Cohesive Soils

Classification Blows per 12 in Classification Blows per 12 in
Very Loose 0 to 4 Very Soft 0 to 2

Loose 4 to 10 Soft 2 to 4
Medium Dense 10 to 30 Stiff 8 to 16

Dense 30 to 50 Very Stiff 16 to 32
Very Dense >50 Hard >32

Description of Odor
Description Criteria
No Organic

Odor
Organic odor is not present

Trace
Organic Odor

Mild organic odor; mixture of soil
and organics

Strong
Organic Odor

Prominent organic odor; sample is
primarily organic

Sample Graphics and Descriptions:
California Barrel Sampler: Barrel sampler loaded with sample liners and driven to collect a relatively representative
and intact specimen of soil or weak rock.

Split-Spoon Sampler: Split-barrel sampler driven in accordance with ASTM D1586 used to provide visual material
descriptions and collect a disturbed specimen.

Shelby Tube Sampler: Thin wall tube hydraulically pushed into the subsurface to collect a representative and intact
specimen of soil.

Groundwater Monitoring Well Graphics:
Riser Pipe with
Auger Cuttings

Well Screen with
Silica Sand

Riser Pipe with
Silica Sand

BORING LOG KEY
STANDARD GEOTECHNICAL DRILLING

Gradation Estimates by Field
Observation

Description Quantity (%)
Trace <5
Few 5 to 10
Little 15 to 25
Some 30 to 45
Mostly > 50

Color: Sample colors are in general accordance with basic brown, red, yellow, and gray combinations

Geologic Interpretation:
A Geologic Interpretation of encountered soil and bedrock units is provided for each specific Visual Material Description.  Examples of geologic interpretations for soil that may be presented include: FILL, ALLUVIUM, AEOLIAN, AND GLACIAL TILL, AND
RESIDUUM.  Rock geologic interpretations are referenced based on a combination of field classifications and applicable geologic maps.

Riser Pipe with
Bentonite Chips

Flush Mounted Cap

Boring Graphics:

Cementation
Description Criteria

Weak Crumbles with light finger pressure
Moderate Crumbles with considerable finger

pressure
Strong Will not crumble with finger

pressure
Rock Descriptions:

Field Hardness

Description Criteria

Very Hard Cannot be scratched with a knife or sharp pick.

Hard Can be scratched with a knife or pick only with
difficulty

Medium Can be gouged 1
16" deep by firm pressure on

knife or pick point
Soft Can be grooved or gouged readily with knife or

pick point
Very Soft Can be carved with knife and scratched readily

by fingernail

Weathering

Description Criteria

Fresh No visible sign of rock material weathering: perhaps slight discoloration on major discontinuity
surfaces.

Slightly Weathered Discoloration of rock material on discontinuity surfaces.

Moderately Weathered Less than half of the rock material is decomposed and/or disintegrated to soil. Fresh or discolored
rock is present either as a continuous framework or as corestones.

Highly Weathered More than half of the rock material is decompsed and/or disintegrated to a soil. Fresh or discolored
rock is present either as a discontinuous framework or as corestones

Completely Weathered All rock material is decomposed and/or disintegrated to soil. The original mass structure is still largely
intact.

Texture

Description Criteria

Very Fine Grained Grains not individually visible to the
unaided eye

Fine Grained
Grains barely visible to the unaided

eye, up to 1
16" diameter

Medium Grained Grain diameter between 1
16" and 3

16"

Coarse Grained Grains diameter between 3
16" and 14"

Very Coarse Grained Grains larger than 14" in diameter

12"

Boulders Cobbles Gravel Sand Silts and ClaysCoarse Fine Coarse Medium Fine

3" 3/4" 4 10 40 200

300mm 75mm 19mm 4.75mm 2.0mm 0.42mm 0.075mm

U.S. Standard Series Sieve SizesClear Square Sieve Openings

Description of Moisture
Description Criteria

Dry Absence of moisture, dusty, dry to the touch
Moist Damp but no visible water
Wet Visible free water, usually soil below the groundwater table

Auger Cuttings Stick-Up Well

Lean Clay Silt Fat Clay Elastic
Silt

Well Graded
Gravel

Poorly Graded
Gravel

Poorly Graded
Sand Sandstone ClaystoneWell Graded

Sand

Below are the primary boring log graphics. Any classification combinations will result in a combination of graphics.

First Groundwater
Reading

Second Groundwater
Reading

Third Groundwater
Reading

Plasticity
Description Criteria
Nonplastic A 18" diameter thread cannot be rolled

Low A 18" in diameter thread can be rolled with difficulty; a lump
cannot be formed at a moisture lower than the plastic limit

Medium A 18" in diameter thread can be rolled easily; a crumbly lump
can be formed at a moisture lower than the plastic limit

High A 18" in diameter thread can be rolled very easily; a lump can
be formed at a moisture lower than the plastic limit

Bulk Sample: Bulk or bagged sample taken from auger cuttings.
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BORING: LE-1 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: East of Highway 85

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4650.97-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/26/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/26/18 15 min 23.7-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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BORING: LE-1 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: East of Highway 85

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4650.97-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/26/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/26/18 15 min 23.7-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevation data taken from survey

data collected
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PAVEMENT SECTION
Asphalt - 4 inches
Base Course - 3 inches

0.6 ft.
COARSE ALLUVIUM

Poorly Graded Sand (SP), mostly medium sand, trace coarse
sand, trace coarse gravel, maximum particle size 1 inch, very
loose, light brown, moist

Silty Sand (SM), mostly fine sand, little silt, few coarse sand,
loose, brown, moist

Poorly Graded Sand with Silt and Gravel (SP-SM), mostly fine
to medium sand, little fine to coarse gravel, few silt, maximum
particle size 0.75 inches, medium dense, brown, moist

As above except dense

As above except very dense

As above

Well Graded Sand (SW), mostly fine to coarse sand, medium
dense, brown, wet

As above except dense, fractured gravel

30.5 ft.
END OF EXPLORATION

(22.8 ft.)

(23.7 ft.)
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BORING: LE-2 OW Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: West of Highway 85

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4651.29-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/26/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/26/18 15 min 23.7-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions. 07/26/18 1.5 hours 22.8-feet
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevation data taken from survey

data collected
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PAVEMENT SECTION
Asphalt - 2 inches
Base Course - 5 inches

0.6 ft.
COARSE ALLUVIUM

Well Graded Sand (SW), mostly fine to coarse sand, few fine
gravel, maximum particle size 0.75 inches, loose, brown, moist

Poorly Graded Sand (SP), mostly medium sand, few coarse
sand, trace fine gravel, maximum particle size 0.5 inches,
medium dense, brown, moist

As above except few to little coarse sand

Poorly Graded Sand with Silt and Gravel (SP-SM), mostly
medium sand, some fine gravel, few silt, maximum particle size
0.5 inches, very dense, brown, moist, fractured

As above except trace to few coarse sand, medium dense,
rounded

Poorly Graded Sand with Silt (SP-SM), mostly medium sand,
few fine gravel, few silt, maximum particle size 0.5 inches,
dense, brown, moist

Well Graded Sand (SW), mostly fine to coarse sand, trace fine
gravel, maximum particle size 0.5 inches, medium dense,
brown, wet

As above except dense

As above except few fine to coarse gravel, maximum particle
size 1 inch

As above except trace fine to coarse gravel

(17.8 ft.)
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BORING: LE-3 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: East of Railroad

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4654.85-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/26/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/26/18 15 min 17.8-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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In-Situ
States

D
ry

 U
ni

t 
W

ei
gh

t 
(p

cf
)

W
at

er
 S

ol
ub

le
 S

ul
fa

te
s 

(%
)

G
ra

ve
l C

on
te

nt
 (

%
)

Index Data

S
an

d 
C

on
te

nt
 (

%
)

F
in

es
 C

on
te

nt
 (

%
)

Li
qu

id
 L

im
it 

(%
)

P
la

st
ic

ity
 I

nd
ex

 (
%

)

U
C

S
 (

ps
f)

Strength &
Compressibility

S
w

el
l P

re
ss

ur
e 

(p
sf

)

S
w

el
l P

er
ce

nt
 (

%
)

Boring elevation data taken from survey

data collected
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As above except few coarse gravel, maximum particle size 1.25
inches, fractured

40.5 ft.
END OF EXPLORATION

BORING: LE-3 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: East of Railroad

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4654.85-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/26/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/26/18 15 min 17.8-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevation data taken from survey

data collected
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PAVEMENT SECTION
Asphalt - 6 inches
Base Course - 3 inches

0.8 ft.
COARSE ALLUVIUM

Poorly Graded Sand (SP), mostly medium sand, few fine gravel,
maximum particle size 0.75 inches, medium dense, tan, moist

As above

Poorly Graded Sand with Silt and Gravel (SP-SM), mostly
medium sand, some fine gravel, maximum particle size 0.75
inches, dense, tan, moist

As above except few coarse gravel, maximum particle size 1.25
inches, very dense, fractured

As above except little fine gravel, dense, rounded

Well Graded Sand (SW), mostly fine to coarse sand, few fine
gravel, maximum particle size 0.75 inches, medium dense,
brown, moist to wet

Silty Sand (SM), mostly fine sand, some silt, medium dense,
brown, wet

No recovery with sand catcher

Poorly Graded Sand (SP), mostly medium sand, medium
dense, light brown, wet

30.5 ft.
END OF EXPLORATION

(18.6 ft.)
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BORING: LE-4 OW Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: West of Railroad

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4655.02-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/27/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/27/18 30 min 18.6-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Soil heaved during well installation.

Boring elevation data taken from survey data
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PAVEMENT SECTION
Asphalt - 9 inches
Base Course - 3 inches

1.0 ft.
COARSE ALLUVIUM
Silty Sand (SM), mostly medium sand, little silt, very loose,
brown, moist
As above except trace gravel, maximum particle size 0.75
inches, loose, trace calcareous
As above

As above except trace clay

As above except little to some silt, medium dense

As above

As above

As above

Poorly Graded Sand (SP), mostly medium sand, trace silt,
medium dense, light brown, moist

31.0 ft.
END OF EXPLORATION
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BORING: LE-5 OW Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: East of Canal

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4682.97-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/27/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/27/18 15 min N/A
2) The maximum particle size identified in the material description is dependent on sampler dimensions. 07/27/18 1 hour N/A
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Laboratory Testing Results
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Boring elevation data taken from survey

data collected
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PAVEMENT SECTION
Asphalt - 9 inches
Base Course - 3 inches

1.0 ft.
COARSE ALLUVIUM
Silty Sand (SM), mostly medium sand, little silt, loose, brown,
moist
As above except very loose

As above except trace clay, trace coarse sand, trace organic
material

As above except medium dense

As above

Well Graded Sand (SW), mostly fine to coarse sand, few coarse
gravel, maximum particle size 1.5 inches, medium dense, light
brown, moist

Well Graded Sand with Gravel (SW), mostly fine to coarse
sand, few to little coarse gravel, maximum particle size 1.5
inches, dense, light brown, moist

As above except 4 inch Silty Sand lense in sampler shoe

Auger chatter

Poorly Graded Sand (SP), mostly medium sand, trace coarse
gravel, maximum particle size 1 inch, dense, light brown, moist

30.5 ft.
End of Exploration
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BORING: LE-6 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: CME 75

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: West of Canal

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4684.51-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 07/27/18 Sampler Diameter(s): 1.4 in / 2.0 in

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 07/27/18 0 min N/A
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevation data taken from survey

data collected
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PAVEMENT SECTION
Asphalt - 5 inches
Base Course - 3 inches

0.7 ft.
COARSE ALLUVIUM

Poorly Graded Sand (SP), mostly medium sand, trace coarse
sand, loose, red-brown, moist

Clayey Sand (SC), mostly medium sand, trace coarse sand,
some clay, loose, red-brown, moist

As above except mostly fine to medium sand, brown

14.0 ft.
FINE ALLUVIUM
Sandy Lean Clay (CL), some fine to medium sand, stiff, brown,
moist

19.0 ft.
COARSE ALLUVIUM
Poorly Graded Sand (SP), mostly medium sand, trace coarse
sand, trace coarse gravel, maximum particle size 1 inch,
medium dense, red-brown, moist

20.0 ft.
END OF EXPLORATION
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BORING: LE-7 OW Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: 12th St & 14th Ave

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4676-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 09/24/2018 Sampler Diameter(s): 1.4 in. / 2.0 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 09/24/18 20 min N/A
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevations taken from Google

Earth.
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PAVEMENT SECTION
Asphalt - 6 inches
Base Course - 6 inches

1.0 ft.
FINE ALLUVIUM

Sandy Silt (ML), some medium sand, trace fine gravel,
maximum particle size 0.5-inches, medium stiff, brown, moist

9.0 ft.
COARSE ALLUVIUM
Silty Sand (SM), mostly medium sand, little silt, loose, brown,
moist

Poorly Graded Sand with Silt and Gravel (SP-SM), mostly fine
to coarse sand, some fine gravel, trace silt, maximum particle
size 0.25 inches, medium dense, light brown, moist

Poorly Graded Sand with Gravel (SP), mostly medium sand,
trace coarse sand, few fine gravel, maximum particle size 0.25
inches, very dense, light brown, moist, auger chatter

As above

Auger Chatter

As above except wet

25.5 ft.
END OF EXPLORATION

(23.0 ft.)
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BORING: LE-8 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: 12th St & 12th Ave

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4673-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 09/24/2018 Sampler Diameter(s): 1.4 in. / 2.0 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 09/24/18 0 min 23.0-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G

ro
un

dw
at

er
 D

ep
th

 /
M

on
ito

rin
g 

W
el

l C
on

fig
ur

at
io

n

M
oi

st
ur

e 
C

on
te

nt
 (

%
)

Laboratory Testing Results

In-Situ
States

D
ry

 U
ni

t 
W

ei
gh

t 
(p

cf
)

W
at

er
 S

ol
ub

le
 S

ul
fa

te
s 

(%
)

G
ra

ve
l C

on
te

nt
 (

%
)

Index Data

S
an

d 
C

on
te

nt
 (

%
)

F
in

es
 C

on
te

nt
 (

%
)

Li
qu

id
 L

im
it 

(%
)

P
la

st
ic

ity
 I

nd
ex

 (
%

)

U
C

S
 (

ps
f)

Strength &
Compressibility

S
w

el
l P

re
ss

ur
e 

(p
sf

)

S
w

el
l P

er
ce

nt
 (

%
)

Boring caved when removing HSA.

Boring elevations taken from Google Earth.
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PAVEMENT SECTION
Asphalt - 6 inches
Base Course - 3 inches

0.8 ft.
COARSE ALLUVIUM

Silty Sand (SM), mostly fine sand, little silt, loose, light brown,
moist

Poorly Graded Sand (SP), mostly fine to medium sand, trace
coarse sand, trace coarse gravel, maximum particle size 1 inch,
medium dense, light brown, moist, increasing particle size
distribution with depth
Poorly Graded Sand with Silt and Gravel (SP-SM), mostly
medium to coarse sand, some fine gravel, few silt, maximum
particle size 1 inch, very dense, light brown, moist

Well Graded Sand with Gravel (SW), mostly fine to coarse
sand, few gravel, maximum particle size 1.25 inches, light
brown, very dense, wet at 15-feet

18.0 ft.
LARAMIE FORMATION

Claystone, completely weathered, very soft, very fine grained,
olive-brown, moist, iron oxide staining

20.0 ft.
END OF EXPLORATION

(15.2 ft.)
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BORING: LE-9 OW Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: 12th St & 10th Ave

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4664-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 09/25/2018 Sampler Diameter(s): 1.4 in. / 2.0 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 09/25/18 20 min 15.2-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G

ro
un

dw
at

er
 D

ep
th

 /
M

on
ito

rin
g 

W
el

l C
on

fig
ur

at
io

n

M
oi

st
ur

e 
C

on
te

nt
 (

%
)

Laboratory Testing Results

In-Situ
States

D
ry

 U
ni

t 
W

ei
gh

t 
(p

cf
)

W
at

er
 S

ol
ub

le
 S

ul
fa

te
s 

(%
)

G
ra

ve
l C

on
te

nt
 (

%
)

Index Data

S
an

d 
C

on
te

nt
 (

%
)

F
in

es
 C

on
te

nt
 (

%
)

Li
qu

id
 L

im
it 

(%
)

P
la

st
ic

ity
 I

nd
ex

 (
%

)

U
C

S
 (

ps
f)

Strength &
Compressibility

S
w

el
l P

re
ss

ur
e 

(p
sf

)

S
w

el
l P

er
ce

nt
 (

%
)

Boring elevations taken from Google

Earth.
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PAVEMENT SECTION
Asphalt - 6 inches
Base Course - 3 inches

0.8 ft.
COARSE ALLUVIUM

Silty Sand (SM), mostly fine sand, some silt, loose, brown, moist

Poorly Graded Sand (SP), mostly medium sand, trace to few
coarse sand, trace to few coarse gravel, maximum particle size
1.5 inches, medium dense, light brown, moist, fractured

Poorly Graded Sand with Silt and Gravel (SP-SM), mostly
medium to coarse sand, some fine gravel, few silt, maximum
particle size 1 inch, dense, light brown, moist

As above, except wet

As above except medium dense

25.5 ft.
END OF EXPLORATION

(18.5 ft.)
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BORING: LE-10 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: 12th St & 8th Ave

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4663-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 09/25/2018 Sampler Diameter(s): 1.4 in. / 2.0 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 09/25/18 0 min 18.5-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevations taken from Google

Earth.
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PAVEMENT SECTION
Asphalt - 6 inches
Base Course - 3 inches

0.8 ft.
COARSE ALLUVIUM

Poorly Graded Sand with Silt (SP-SM), mostly medium sand,
trace to few fine gravel, maximum particle size 0.75 inches,
medium dense, tan, moist

As above except maximum particle size 2 inches

As above except trace gravel, maximum particle size 1 inch,
dense

As above except no gravel

Well Graded Sand (SW), mostly fine to coarse sand, trace
gravel, maximum particle size 1.5 inches, dense, red-brown,
wet

25.5 ft.
END OF EXPLORATION

(20.2 ft.)
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BORING: LE-11 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: 12th St & 4th Ave

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4651.57-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 09/25/2018 Sampler Diameter(s): 1.4 in. / 2.0 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 09/25/18 0 min 20.2-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Laboratory Testing Results

In-Situ
States

D
ry

 U
ni

t 
W

ei
gh

t 
(p

cf
)

W
at

er
 S

ol
ub

le
 S

ul
fa

te
s 

(%
)

G
ra

ve
l C

on
te

nt
 (

%
)

Index Data

S
an

d 
C

on
te

nt
 (

%
)

F
in

es
 C

on
te

nt
 (

%
)

Li
qu

id
 L

im
it 

(%
)

P
la

st
ic

ity
 I

nd
ex

 (
%

)

U
C

S
 (

ps
f)

Strength &
Compressibility

S
w

el
l P

re
ss

ur
e 

(p
sf

)

S
w

el
l P

er
ce

nt
 (

%
)

Boring elevation data taken from survey

data collected
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COARSE ALLUVIUM

Poorly Graded Sand (SP), mostly medium sand, few coarse
sand, trace fine to coarse gravel, maximum particle size 1 inch,
loose, light brown

As above

As above except dry

Poorly Graded Sand with Silt and Gravel (SP-SM), mostly
medium to coarse sand, some fine gravel, few silt, maximum
particle size 1.5 inches, medium dense, light brown, wet

As above except very dense

As above except dense

25.5 ft.
END OF EXPLORATION

(17.0 ft.)
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BORING: LE-12 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: Outfall Structure

Drilling Subcontractor: Various Drilling Subs Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4650-feet

Lithos Representative: Dylan Fawaz Sampler Type(s): Split Spoon / California Notes:

Date(s) of Drilling: 09/25/2018 Sampler Diameter(s): 1.4 in. / 2.0 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 09/25/18 0 min 17.0-feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Earth.
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COARSE ALLUVIUM
Silty Sand with Gravel (SM), mostly fine to medium sand with
some silt and little gravel up to 2 inches, loose, dark brown to
black with caliche stain, dry

As above

Poorly Graded Sand (SP), mostly fine sand with trace gravel up
to 1.5 inches,  loose, tan, dry

Poorly Graded Sand with Gravel (SP), mostly fine to coarse
sand with some gravel up to 1.5 inches, medium dense, tan,
moist

Poorly Graded Gravel with Clay and Sand (GP-GC), mostly fine
to coarse gravel with some fine to coarse sand and little clay,
maximum gravel up to 1.75 inches, loose, brown, wet

As above, except medium dense

Poorly Graded Sand with Clay and Gravel (SP-SC), mostly
coarse sand with some gravel up to 1.5 inches and few clay,
medium dense, brown, wet

Poorly Graded Sand with Gravel (SP), mostly fine to coarse
sand with little gravel up to 2 inches, medium dense, brown, wet

35.0 ft.
END OF EXPLORATION

(16.4 ft.)

BORING: LE-13-OW Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: Empty Lot east of 201 10th St

Drilling Subcontractor: Drilling Engineers Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4640 ft.

Lithos Representative: A. Ristuccia Sampler Type(s): Split Spoon Notes:

Date(s) of Drilling: 04/10/19 Sampler Diameter(s): 1.4 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 04/10/19 0 min 16.4 feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevations based on HDR Plan

and Profile Drawing.
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COARSE ALLUVIUM
Silty Sand with Gravel (SM), mostly sand with some silt and little
gravel up to 0.75 inches, very loose, dark brown mottled with
caliche stain, dry to moist

Poorly Graded Sand with Gravel (SP), mostly fine sand with
some gravel up to 1.5 inches, very loose, tan, moist

Poorly Graded Sand with Gravel (SP), mostly fine sand with
little gravel up to 0.75 inches, loose, tan, moist

Top 4 inches: Clayey Sand (SC), mostly fine sand with some
clay and trace gravel up to 0.5 inches, medium dense, brown,
wet
Bottom 7 inches:Poorly Graded Sand with Gravel (SP), mostly
fine sand with little gravel up to 2 inches, medium dense, tan,
moist
Poorly Graded Gravel with Clay and Sand (GP-GC), mostly fine
to coarse gravel up to 2 inches with some fine to coarse sand
and few to little clay, dense,  brown, wet

As above, except medium dense

Silty Sand (SM), mostly fine sand with some silt, very loose, tan,
wet

Poorly Graded Sand with Gravel (SP), mostly medium to coarse
sand with some gravel up to 2.5 inches and trace silt,  dense,
brown, wet

35.0 ft.
END OF EXPLORATION

(17.0 ft.)

BORING: LE-14 Drilling and Sampling Methods
Project Name: 12th Street Outfall Drill Make and Model: Truck Mount / CME 55

Project Number: 18026 Drilling Method: Hollow-Stem Auger

Client's Name: HDR Engineering Bit Type: Cutting-Head

Owner's Name: City of Greeley Casing Description: Hollow-Stem Auger Boring Location: Northwest Corner of Water

Drilling Subcontractor: Drilling Engineers Hammer Weight (lbs)/Fall (in): 140 lbs. / 30 in. Boring Elevation: 4639 ft.

Lithos Representative: A. Ristuccia Sampler Type(s): Split Spoon Notes:

Date(s) of Drilling: 04/10/19 Sampler Diameter(s): 1.4 in.

General Notes: Groundwater Data:
1) Soil classifications are in general accordance with ASTM D2487 Standard Practice for Classification of Date: Elapsed Time: Depth to Groundwater:

Soils for Engineering Purposes (Unified Soil Classification System) 04/10/19 0 min 17 feet
2) The maximum particle size identified in the material description is dependent on sampler dimensions.
3) Additional information is provided on the Boring Log Key.
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Visual Material Description

Soil:
-GEOLOGIC INTERPRETATION-

USCS Classification (group symbol), particle sizes, density or consistency,
color, moisture, odor, other descriptions

Rock:
-GEOLOGIC INTERPRETATION-

Bedrock Classification, hardness, weather, color, texture, joint size,
other descriptions G
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Boring elevations based on HDR Plan

and Profile Drawing.



 

 

APPENDIX – B 

Geotechnical Laboratory Testing 

 

 

 



LE-1 12.5 37 56 7 SP-SM Poorly Graded Sand with Silt and Gravel

LE-1 15 0.003 SP-SM Poorly Graded Sand with Silt and Gravel

LE-1 17.5 21 73 6 SP-SM Poorly Graded Sand with Silt and Gravel

LE-1 20 36 56 8 SP-SM Poorly Graded Sand with Silt and Gravel

LE-2 10 23 SM Silty Sand

LE-2 15 28 65 8 SP-SM Poorly Graded Sand with Silt and Gravel

LE-2 17.5 7 112 19 75 7 SP-SM Poorly Graded Sand with Silt and Gravel

LE-3 12.5 2 38 56 6 SP-SM Poorly Graded Sand with Silt and Gravel

LE-3 15 3 5 SP-SM Poorly Graded Sand with Silt and Gravel

LE-3 17.5 9 86 5 SP-SM Poorly Graded Sand with Silt 

LE-3 20 16 115 SW Well Graded Sand

LE-4 10 2 41 53 6 SP-SM Poorly Graded Sand with Silt and Gravel

LE-4 15 22 72 6 SP-SM Poorly Graded Sand with Silt and Gravel

LE-4 17.5 4 SW Well Graded Sand

LE-5 5 9 110 29 SM Silty Sand

LE-5 7.5 NP NP NP SM Silty Sand

LE-5 10 11 116 32 SM Silty Sand

LE-5 12.5 6 99 SM Silty Sand

LE-6 2.5 7 29 SM Silty Sand

LE-6 5 NP NP NP SM Silty Sand

LE-6 7.5 6 111 108 SM Silty Sand

LE-6 10 0.0115 SM Silty Sand

LE-7 5 3 SP Poorly Graded Sand 

LE-7 10 39 SC Clayey Sand 

LE-7 15 15 117 26 18 8 61 CL Sandy Clay

LE-8 5 10 NP NP NP 50 ML Sandy Silt

LE-8 10 29 SM Silty Sand

LE-8 15A 2 34 61 5 SP-SM Poorly Graded Sand with Silt and Gravel

LE-8 15B 2 18 76 5 SP-SM Poorly Graded Sand with Silt and Gravel

LE-9 5 4 19 SP-SM Poorly Graded Sand with Silt and Gravel

LE-9 10 0.0067 SP Poorly Graded Sand

LE-9 12.5 36 55 9 SP-SM Poorly Graded Sand with Silt and Gravel

LE-9 20A 22 105 56 38 18 9,050 - Claystone

LE-9 20B 5 119 500 2.4 2,250 - Claystone

LE-10 5 9 108 NP NP NP 47 SM Silty Sand

LE-10 15 31 61 8 SP-SM Poorly Graded Sand with Silt and Gravel

LE-10 20 10 29 61 11 SP-SM Poorly Graded Sand with Silt and Gravel

LE-11 5 A&B 10 82 8 SP-SM Poorly Graded Sand with Silt

LE-11 20 7 SP-SM Poorly Graded Sand with Silt

LE-12 10 0.0061 SP Poorly Graded Sand

LE-12 15,20,25 39 51 10 SP-SM Poorly Graded Sand with Silt and Gravel

2Hyphens are used in place of USCS classifications for bedrock

Sample 

Boring

In-Place States

Dry Density 

(pcf)

Unconfined 

Compressive 

Strength (psf)

Sample 

Depth 

(ft)

Atterberg Limits
Swell 

Pressure 

(psf)

Geotechnical Laboratory Testing Results

1 Where Atterberg Limits, Sieve Analysis, and Fines Content testing was not performed, USCS classifications were visually determined in the field during the subsurface investigation

Plastic 
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Description1

Gravel (%) Sand (%) Fines (%)
USCS1,2Particle Size Distribution

Liquid 
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Plasticity 

Index

Moisture 

Content (%)

Material Classification and Index Testing
Innundation 

Pressure 

(psf)

Water 

Soluble 

Sulfate (%)

Swell 

Percent (%)
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PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO

LA
BO

R
AT

O
R

Y
TE

ST
S

AR
E

N
O

T
VA

LI
D

IF
SE

PA
R

AT
ED

FR
O

M
O

R
IG

IN
AL

R
EP

O
R

T.
AT

TE
R

BE
R

G
LI

M
IT

S
20

18
50

11
PA

LM
ER

LA
KE

H
D

D
.G

PJ
TE

R
R

AC
O

N
_D

AT
AT

EM
PL

AT
E.

G
D

T
8/

15
/1

8

NP

NP

NP

NP

NP

NP

DescriptionUSCSFinesPIPLLLBoring ID                    Depth
LE-5

LE-6

7.5

5

CL-ML



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

GRAIN SIZE IN MILLIMETERS

3/4 1/23/8 30 403 60

HYDROMETERU.S. SIEVE OPENING IN INCHES
16 20

100

90

80

70

60

50

40

30

20

10

0

U.S. SIEVE NUMBERS

44 10063 2 10 14 506 2001.5 81 140

PE
R

C
EN

T
FI

N
ER

BY
W

EI
G

H
T

PER
C

EN
T

C
O

AR
SER

BY
W

EIG
H

T

GRAIN SIZE DISTRIBUTION
ASTM D422 / ASTM C136

PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO
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fine coarse finemediumcoarse

D10

% Finer

COEFFICIENTS
REMARKS

0.97 0.64 0.92
CU

CC

Sieve
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

100.0
97.3
84.22
77.15
64.15
48.96
35.35
23.56
16.83
11.3
8.24

100.0
93.83
90.44
86.62
78.56
66.55
48.64
32.84
21.03
9.97
6.08

1"
3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

100.0
92.11
85.9
77.77
62.72
45.95
28.7
15.47
11.25
8.06
7.28

1"
3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

D60

D30

0.205 0.15 0.112

0.0
0.0
0.0

SILT OR CLAYSANDGRAVELCOBBLES

0.907 0.374 0.621

GRAIN SIZE

4.129 1.462 3.75

LE-1
LE-1
LE-1

20.18 9.73 33.57

7.3
6.1
8.2

55.4
72.5
55.9

37.3
21.4
35.8

SOIL DESCRIPTION

12.5
17.5
20

BORING ID DEPTH % GRAVEL % CLAY USCS% COBBLES % SAND % FINES% SILT

% FinerSieve% FinerSieve
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GRAIN SIZE DISTRIBUTION
ASTM D422 / ASTM C136

PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO
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COEFFICIENTS
REMARKS

0.75 0.57
CU

CC

Sieve
3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

100.0
94.17
90.57
81.55
69.91
56.31
39.29
24.02
9.15
6.59

100.0
97.83
93.94
86.7
72.47
53.34
38.4
24.81
15.77
9.92
7.48

1"
3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

22.5#200D60

D30

0.151 0.154

0.0
0.0

SILT OR CLAYSANDGRAVELCOBBLES

0.554 0.308

GRAIN SIZE

2.703 1.072

LE-2
LE-2
LE-2

17.90 6.94

22.5
7.5
6.6

65.0
75.0

27.5
18.5

SOIL DESCRIPTION

10
15

17.5

BORING ID DEPTH % GRAVEL % CLAY USCS% COBBLES % SAND % FINES% SILT

% FinerSieve% FinerSieve
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GRAIN SIZE DISTRIBUTION
ASTM D422 / ASTM C136

PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO
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#4
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100.0
98.34
91.53
73.31
48.39
28.32
16.64
8.43
5.29

5.3#200100.0
91.15
82.05
75.79
62.18
47.44
34.84
21.25
13.23
7.99
6.09

1"
3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

D60

D30

0.182 0.165

0.0

0.0

SILT OR CLAYSANDGRAVELCOBBLES

0.664 0.45

GRAIN SIZE

4.179 1.266

LE-3
LE-3
LE-3

22.91 7.66

6.1
5.3
5.3

56.1

86.2

37.8

8.5

SOIL DESCRIPTION
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BORING ID DEPTH % GRAVEL % CLAY USCS% COBBLES % SAND % FINES% SILT

% FinerSieve% FinerSieve
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GRAIN SIZE DISTRIBUTION
ASTM D422 / ASTM C136

PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO
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D10
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COEFFICIENTS
REMARKS

0.70 0.74
CU

CC

Sieve
#200 28.5100.0

95.06
95.06
93.65
91.19
77.58
60.27
43.74
26.52
15.61
8.89
6.04

1 1/2"
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

100.0
94.16
92.24
79.89
72.34
58.65
43.29
30.99
19.09
13.11
8.14
5.63

1 1/2"
1"

3/4"
1/2"
3/8"
#4
#10
#20
#40
#60
#100
#200

D60

D30

0.182 0.163

0.0
0.0

SILT OR CLAYSANDGRAVELCOBBLES

0.802 0.489

GRAIN SIZE

5.085 1.972

LE-4
LE-4
LE-5

28.00 12.08

5.6
6.0
28.5

53.0
71.5

41.3
22.4

SOIL DESCRIPTION
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BORING ID DEPTH % GRAVEL % CLAY USCS% COBBLES % SAND % FINES% SILT

% FinerSieve% FinerSieve
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ASTM D422 / ASTM C136

PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO
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fine coarse finemediumcoarse

D10

% Finer

COEFFICIENTS
REMARKS

CU

CC

Sieve
28.98#20031.46#200D60

D30

SILT OR CLAYSANDGRAVELCOBBLES

GRAIN SIZE

LE-5
LE-6

31.5
29.0

SOIL DESCRIPTION
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BORING ID DEPTH % GRAVEL % CLAY USCS% COBBLES % SAND % FINES% SILT

% FinerSieve% FinerSieve
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UNCONFINED COMPRESSION TEST
ASTM D2166
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PROJECT NUMBER:  20185011, Lithos No. 18026

SITE:  Various Locations
           Fort Collins, CO

PROJECT:  12th Street Outfall

CLIENT:  Lithos Engineering
                Fort Collins, CO

1901 Sharp Point Dr, Ste C
Fort Collins, CO
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SAMPLE LOCATION: LE-6 @ 7.5 feetSAMPLE TYPE: CA RING SAMPLER

15

Strain Rate: in/min

Failure Strain: %

Calculated Saturation: %

Height: in.

Diameter: in.

SPECIMEN FAILURE PHOTOGRAPH

Remarks:

Percent < #200 SievePIPLLL

54

6

DESCRIPTION:

Dry Density: pcf

Moisture Content: %

2.61

0.76Height / Diameter Ratio:

Calculated Void Ratio:

Undrained Shear Strength: (psf)

Unconfined Compressive Strength (psf)

Assumed Specific Gravity:

108

3.99

5.24

SPECIMEN TEST DATA



Project Number:

Service Date: 

Report Date:

Task:

Client

Date Received:

 

LE-1 LE-6

15.0 10.0

30 115

Analyzed By: 

The tests were performed in general accordance with applicable ASTM, AASHTO, or DOT test methods.  This report is exclusively for the use of the client 
indicated above and shall not be reproduced except in full without the written consent of our company.  Test results transmitted herein are only applicable to 
the actual samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.

20185011

Terracon (20)Sample Submitted By: 8/8/2018

Results of Corrosion Analysis

 

 

Chemist

08/09/18

 

Lab No.: 18-0987

Sample Number

Sample Location 

Sample Depth (ft.) 

08/14/18

750 Pilot Road, Suite F

Las Vegas, Nevada  89119

(702) 597-9393

Project

CHEMICAL LABORATORY TEST REPORT

Trisha Campo

Water Soluble Sulfate (SO4), ASTM C 1580 

(mg/kg) 

Lithos Engineering 12th Street Outfall




