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SECTION 1 - INTRODUCTION 

1.1 Objective and Purpose 

The South Boulder Creek Regional Detention Project (Project) will consist of 
constructing a stormwater detention facility along South Boulder Creek (SBC) and south 
of U.S. Highway 36 (US36).  The City of Boulder (City) retained RJH Consultants, Inc. 
(RJH) to provide engineering services for the Project.  As part of our services, RJH 
performed a preliminary (Phase II) geotechnical investigation at the Project site (Site).  
The objectives of this investigation were to collect data to support evaluation of 
subsurface conditions along approximate alignments of proposed facilities and support 
the 30-percent design.  The purposes of this Geotechnical Data Report (Report) are to a) 
present data collected from our Phase II geotechnical investigation, and b) present 
groundwater data that has been collected for the Project since completion of the South 

Boulder Creek Regional Detention - Water Level Data Collection Update (RJH, 2020b).  

RJH previously performed an initial (Phase I) geotechnical investigation at and around 
the Project Site.  Data collected from the Phase I geotechnical investigation is presented 
in the Phase I Geotechnical Report - South Boulder Creek Regional Detention Project 

(Phase I GDR) (RJH, 2019).   

1.2 Site Description 

The Site is located in southeast Boulder County, Colorado, adjacent to City limits.  The 
Site is generally located south of US36, west of SBC, and east of several residential 
communities.  The Site Vicinity Map is shown on Figure 1.1.  

Property owners near the Site include the University of Colorado (CU), Open Space and 
Mountain Parks (OSMP), and the Colorado Department of Transportation (CDOT).  An 
overview of the Site is shown on Figure 1.2.  Additional information about key existing 
components at and near the Site is presented in the Phase I GDR (RJH, 2019).   

Project facilities that are currently under consideration correspond to Option 1 as defined 
in the Concept Design Report (RJH, 2020a).  The Project facilities are currently 
anticipated to be designed for the 100-year flood event and would generally consist of the 
following features, which are shown on Figure 1.2: 

• An earthen embankment dam along the northwest portion of CU South Campus. 
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• A spillway along the south side of US36. 

• A detention excavation on the CU South Campus. 

• An outlet works tunnel that extends beneath US36 between the detention 
excavation and Viele Channel. 

• Earthfill placed on CU South Campus west of the detention excavation. 

1.3 Scope of Work 

RJH performed the following services for the Phase II geotechnical investigation: 

• Prepared a Site-specific Health and Safety Plan (HASP) prior to performing 
fieldwork. 

• Performed a geophysical seismic refraction investigation along the spillway 
alignment to evaluate the bedrock profile. 

• Coordinated utility clearances with Colorado 811 prior to subsurface work.   

• Prepared a subsurface investigation plan in accordance with the Colorado Office 
of the State Engineer (SEO) requirements and subcontracted with a drilling 
company. 

• Drilled eighteen borings and prepared field logs to document drilling activities 
and describe recovered materials.  

• Excavated five test pits, prepared field logs to document excavation activities, and 
described recovered materials.  

• Performed in-situ water pressure tests (Packer tests) to evaluate the hydraulic 
conductivity of the bedrock. 

• Performed in-situ hydraulic conductivity (slug) tests to evaluate hydraulic 
conductivity of surficial soils and bedrock. 

• Completed thirteen borings as open standpipe monitoring wells and permitted the 
monitoring wells with the Colorado Division of Water Resources (DWR).  The 
monitoring wells were instrumented with datalogging piezometers. 

• Backfilled borings not completed as monitoring wells with grout. 

• Performed periodic site visits to download water level measurements from Phase I 
and Phase II datalogging piezometers and manually collect readings from 
monitoring wells.  
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• Performed quality assurance review of collected samples and field logs by a 
senior engineer/geologist. 

• Performed laboratory tests on selected samples of soil and bedrock. 

• Prepared final boring logs based on field logs, quality assurance review, and 
laboratory test results. 

• Prepared this report.  

1.4 Authorization 

This work was performed in general accordance with the terms and conditions of the 
Professional Services Agreement between the City and RJH dated May 15, 2019.  

Fieldwork was performed in general accordance with the following: 

• Access agreements established with the City, CU, CDOT, OSMP, and 5330 
Manhattan Partners, LLC. 

• A General Floodplain Development Permit (FDP) was granted by Boulder County 
on November 1, 2016, to allow the installation of groundwater monitoring wells 
within the floodplain.  

• Subsurface Investigation Plan approved by the SEO. 

• Notice of Intent to Construct Monitoring Hole(s) permits were approved by the 
DWR prior to monitoring well construction. 

• Well completion reports and permit applications were submitted to and processed 
by the DWR following the construction of each monitoring well. 

Copies of access agreements and floodplain permits are provided in Appendix A.  SEO 
well permit documents are provided in Appendix B.  

1.5 Project Personnel 

The following personnel from RJH are responsible for the work contained in this Report: 

Project Manager:   Robert Huzjak, P.E. 

Project Engineer:   Eric Hahn, P.E. 

Lead Geotechnical Engineer:  Adam Prochaska, Ph.D., P.E., P.G.(1) 

Geological Engineers:   Jacquelyn Hagbery, E.I., P.G.(1) 
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Regan Wess, E.I. 
Geotechnical Engineers:  Samantha Guillies, P.E. 

Joseph Lawinger, E.I. 
Civil Engineers:   Matt Kull, E.I. 

Luke Anderson, E.I. 
Audrie Hillis, E.I. 
Matthew Howard, E.I. 
Jake Weems, E.I. 

Technical Review:   Robert Huzjak, P.E. 
Note:  (1) Licensed in states other than Colorado 

RJH coordinated our Site activities with the following personnel: 

Brandon Coleman, P.E. (City) 

Don D’Amico (OSMP) 

Jonathon Akins (CU) 

Tanisha Alford (CDOT) 

Susan Chrisman (5330 Manhattan Partners, LLC) 
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SECTION 2 - SITE INVESTIGATION 

2.1 General 

The Phase II geotechnical investigation included the following general activities: 

• Geophysical investigation. 

• Drilling, sampling, and logging 18 geotechnical borings. 

• Excavating, sampling, and logging five test pits.  

• Performing hydraulic conductivity (slug) tests in surficial soils and bedrock and 
water pressure (Packer) tests in bedrock.  

• Installing monitoring wells with data loggers in 13 of the 18 borings to provide 
long-term monitoring of groundwater levels.  

A plan of boring and test pit locations completed for the Phase II geotechnical investigation 
is presented on Figure 2.1.  A legend for Figure 2.1 is presented on Figure 2.2.   

The geophysical investigation was performed on November 7 and 8, 2019.  The geotechnical 
borings were drilled between January 20, 2020, and August 30, 2021.  The test pits were 
excavated between December 13 and 15, 2021.  RJH was also onsite periodically between 
August 2018 and March 2022 to obtain monitoring well readings, install data loggers in 
monitoring wells, and oversee surveying of the boring and monitoring well locations.  

Potable water obtained offsite was used during drilling and hydraulic conductivity testing.  

2.2 Surveying 

Borings and monitoring wells were surveyed by Flatirons Surveying, Inc. (Flatirons) on 
June 23, 2020, and October 5, 2021.  Test pit locations were measured by RJH using a 
handheld recreational-grade Global Positioning System (GPS).   

The horizontal coordinate system for the survey is the Colorado State Plane, North Zone, 
North American Datum of 1983 (NAD83), and the vertical datum is the North American 
Vertical Datum of 1988 (NAVD88). 
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2.3 Geophysical Investigation 

The geophysical investigation was performed by Collier Consulting, Inc. (Collier) on 
November 7 and 8, 2019.  The objectives of the investigation were to estimate the top of 
bedrock along the spillway alignment and evaluate if any buried paleochannels existed.  The 
geophysical investigation was performed generally along the CDOT Right-of-Way (ROW) 
and extended approximately 3,000 feet, as shown on Figure 2.1.  Collier used Multi-Channel 
Analysis of Surface Waves (MASW) to process the collected geophysical data.   

The geophysical investigation report prepared by Collier is presented in Appendix C.  
The survey results present shear wave velocity data and interpretations of bedrock based 
on the velocity data.  In some areas, it was difficult for Collier to estimate the top of 
bedrock because of the variability of the shale.  The locations of the two borings along 
the spillway, B-214(P) and B-215(P), were selected in areas where the depth of the 
bedrock was difficult to interpret from the MASW data. 

2.4 Borings 

Eighteen borings were drilled for the Phase II geotechnical investigation.  The horizontal 
coordinates and ground surface elevations at the boring locations are provided in Table 
2.1.  The boring locations are presented on Figure 2.1.  Photographs of the boring 
locations are provided in Appendix G.1.  

TABLE 2.1 
SUMMARY OF BORINGS 

 

Boring or 
Well ID  

Northing(1) 
(ft) 

Easting(1) 

(ft) 
Elevation(2) 

(ft) 

Depth(3) to 
Bedrock 

(ft) 

Total Depth(3) 

of Boring or 
Well 
(ft) 

Boring or Well 
Completion  

B-201(P) 1236619.7 3074124.6 5358.8 17.5 38.0 2-inch Monitoring Well 

B-202(P) 1236886.2 3074595.9 5351.8 15.1 35.0 2-inch Monitoring Well 

B-203(P) 1236927.9 3074814.6 5353.8 15.0 34.0 2-inch Monitoring Well 

B-204(P) 1236836.2 3075333.5 5353.8 20.8 40.0 2-inch Monitoring Well 

B-205(P) 1236743.3 3075809.0 5354.3 17.5 38.0 2-inch Monitoring Well 

B-206 1236837.1 3076117.6 5354.7(4) 14.5 35.1 Cement-Bentonite Grout 

B-207(P) 1236997.6 3076388.1 5350.1 12.5 34.0 2-inch Monitoring Well 
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Boring or 
Well ID  

Northing(1) 
(ft) 

Easting(1) 

(ft) 
Elevation(2) 

(ft) 

Depth(3) to 
Bedrock 

(ft) 

Total Depth(3) 

of Boring or 
Well 
(ft) 

Boring or Well 
Completion  

B-208(P) 1236457.4 3075844.6 5359.9 20.1 40.0 2-inch Monitoring Well 

B-209(P) 1235872.7 3075850.3 5354.7 7.0 30.0 2-inch Monitoring Well 

B-210 1235542.8 3075765.8 5354.0(4) 3.7 25.0 Cement-Bentonite Grout 

B-211(P) 1235986.9 3075493.9 5354.8 11.0 30.0 2-inch Monitoring Well 

B-212(P) 1236198.6 3075102.9 5359.4 10.2 30.0 2-inch Monitoring Well 

B-213 1236455.3 3074765.5 5355.5(4) 16.0 37.0 Cement-Bentonite Grout 

B-214(P) 1236273.3 3077129.3 5358.3 8.0 60.0 2-inch Monitoring Well 

B-215(P) 1235903.4 3077841.7 5362.8 12.8 65.3 2-inch Monitoring Well 

B-216 1236317.1 3074169.2 5375.6(4) 32.7 38.0 Cement-Bentonite Grout 

B-217(P) 1235549.7 3074158.5 5384.7 29.0 33.3 2-inch Monitoring Well 

B-218 1235163.2 3074158.3 5381.8(4) 15.5 25.5 Cement-Bentonite Grout 
Notes: 
1. Boring and monitoring well locations were surveyed by Flatirons.  Horizontal coordinate system is 

Colorado State Plane, North Zone, NAD83 and is considered accurate to within 0.1 feet. 
2. Elevation is reported for the top of the monitoring well flush mount casing, unless noted otherwise, and 

is within approximately 0.2 feet of ground surface elevation.  Vertical datum is NAVD88 and considered 
accurate to within 0.1 feet. 

3. Vertical depth below ground surface. 
4. Ground surface elevation. 

RJH retained Elite Drilling Services (Elite) of Denver, Colorado, to provide drilling 
equipment and services.  Elite used an all-terrain rubber-tire-mounted CME 550x drill rig 
with an automatic hammer to complete the borings. 

Borings were advanced from the ground surface and into bedrock using 8.0-inch outside-
diameter (O.D.) (4.25-inch inside-diameter (I.D.)) hollow stem augers (HSA).  During 
auger advancement, sampling was performed at frequencies that ranged from continuously 
to 2.5-foot intervals.  The following sampler types were used during drilling:  

• 1.375-inch I.D. (2.0-inch O.D.) standard split-spoon sampler (American Society 
for Testing and Materials International (ASTM) D1586).  These sample locations 
are denoted with the prefix “S-“ on the boring logs. 

• 2.0-inch I.D. (2.5-inch O.D.) thick-walled, ring-lined (California) sampler (ASTM 
D3550).  These sample locations are denoted with the prefix “CA-“ on the boring logs.  
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• 2.5-inch I.D. (3.0-inch O.D.) ring-lined split barrel (Dames & Moore, or Modified 
California) sampler (ASTM D3550).  These sample locations are denoted with the 
prefix “D-“ on the boring logs.  

• CME continuous sampler.  These sample locations are denoted with “C-“ on the boring logs.  

• Bulk samples of cuttings were collected during auger advancement.  These 
sample locations are denoted with “Bu-“ on the boring logs.  

The ability to sample coarse particles was limited by the sampler sizes and sampling 
techniques, and the collected samples may underestimate the percentages of gravels, 
cobbles, or boulders within the subsurface. 

A standard penetration test (SPT) was performed in general accordance with ASTM 
D1586 at the location of each split-spoon sample.  At each SPT location, RJH obtained a 
“standard penetration resistance” or SPT N-value.  The SPT N-value equals the number 
of blows that are required for a 140-pound hammer dropped 30 inches to drive a standard 
split-spoon sampler from 6 to 18 inches.  At some locations, the SPT sampler 
encountered refusal (50 blows for less than 6 inches of penetration) prior to advancing 18 
inches; therefore, SPT N-values could not be obtained at these sample locations.  The 
number of blows that were required from a 140-pound hammer dropped 30-inches to 
drive a California sampler and Dames & Moore sampler were also recorded; these blow 
counts do not correlate directly to N-values but provide a general indication of the 
consistency of the sampled material.  The SPT N-values and blow counts presented in 
this Report were not adjusted to account for overburden pressures, hammer energy, etc.  

Bedrock in 15 of the 18 borings was sampled continuously using NQ3-size (1.75-inch 
core diameter, 2.98-inch hole diameter) wireline rock coring techniques in general 
accordance with ASTM D2113.  Bedrock core runs ranged in length from 0.5 to 5.0 feet 
and were typically 1.0 to 5.0 feet long.  

Borings were completed as monitoring wells as described in Section 2.9 except for five 
borings (B-206, B-210, B-213, B-216, and B-218) that were backfilled with tremie-
placed cement-bentonite grout upon completion.  

2.5 Test Pits 

On December 13 to 15, 2021, five test pits were performed within potential borrow areas. 
RJH subcontracted Coal Creek Excavation (Coal Creek) of Erie, Colorado, to provide 
excavation equipment and services.  Coal Creek excavated the test pits using a rubber-
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tracked Komatsu PC138 excavator.  RJH collected bulk samples from the test pits.  The 
horizontal coordinates and ground surface elevations at the test pit locations are provided 
in Table 2.2.  The test pit locations are presented on Figure 2.1.  

TABLE 2.2 
SUMMARY OF TEST PITS 

 

Test Pit ID Northing(1) (ft) 
Easting(1) 

(ft) 
Elevation(2) 

(ft) 

Depth(3) to 
Bedrock 

(ft) 

Total 
Depth(3) of 

Test Pit  
(ft) 

TP-201 1236718.4 3075654.8 5354.8 NE(4) 9.0 
TP-202 1236781.6 3074898.0 5354.0 NE 8.0 
TP-203 1236519.7 3075013.6 5355.0 7.0 9.5 
TP-204 1235541.1 3074223.5 5369.0 NE 12.0 
TP-205 1235070.9 3074152.1 5371.7 5.5 7.0 

Notes: 
1. Test pit locations were measured using a handheld GPS with an anticipated horizontal accuracy of 10 

feet.  Horizontal coordinate system is Colorado State Plane, North Zone, NAD83. 
2. Elevations were estimated using the measured horizontal coordinates and Project topography from 

Flatirons 2018 topographic survey.  Elevation is reported at the ground surface and has an anticipated 
vertical accuracy of 1 foot. Vertical datum is NAVD88. 

3. Vertical depth below ground surface. 
4. NE = Not encountered 
5. Groundwater was encountered in TP-205 at a depth of 5.5 feet.  Groundwater was not encountered in 

the other four test pits. 

Test pits were backfilled with the excavated materials.   

2.6 Logging and Sample Packaging Procedures  

RJH observed drilling and excavation procedures, recorded relevant drilling and 
excavation information, photographed and visually classified soil and rock samples, and 
prepared a field log of each boring.  In the field, soil samples were classified in general 
accordance with ASTM D2488 (visual-manual method), except that constituent 
percentages were estimated for the entire recovered sample, not just the fraction finer 
than 3 inches.  Rock cores were classified in general accordance with the U.S. Bureau of 
Reclamation (Reclamation) Engineering Geology Field Manual (Reclamation, 2001). 

Collected soil and rock samples were packaged and transported in general conformance with 
ASTM D4220.  Recovered split-spoon, California samples, and Dames & Moore samples 
were placed in sealed plastic bags to help preserve the natural moisture content of the 
material.  Intact samples recovered from California and Dames & Moore samplers were kept 
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in brass liners that were capped and sealed with vinyl tape.  Bulk samples collected from 
auger cuttings were placed in either sealed plastic bags or canvas sample bags. 

RJH prepared final boring and test pit logs based on field and laboratory classifications, 
quality assurance office review of samples, and indirect observations (i.e., drill chatter, 
drill resistance, etc.) as appropriate.  Between recovered samples, the lithology presented 
on the boring logs is interpreted.  Explanations of the soil and bedrock descriptors used 
on the boring logs and test pit logs are presented in Appendix D.  Boring logs are 
presented in Appendix E, and test pit logs are presented in Appendix F.  Photographs of 
representative recovered soil samples are presented in Appendix G.2.  Photographs of 
recovered rock core are presented in Appendix G.3.  Photographs of the test pits are 
presented in Appendix G.4.   

2.7 Hydraulic Conductivity (Slug) Testing in Soil and Bedrock 

RJH performed 17 in-situ slug tests to evaluate the hydraulic conductivity characteristics of soil 
and bedrock.  In-situ hydraulic conductivity testing consisted of rising head and falling head tests 
over test intervals ranging from 0 to 12.0 feet in length.  Falling head tests were performed with 
potable water obtained offsite by Elite.  Testing was generally performed as follows: 

• Rising Head Test:  Rising head tests were performed in completed monitoring 
wells.  A submersible pump was used to remove water from the well casing.  The 
water level in the well was then measured over time as it recovered to near its 
original level.  RJH interprets rising head tests to predominantly measure 
horizontal hydraulic conductivity (Kh).  

• Falling Head Test:  Falling head tests were performed in augers as borings were 
advanced.  Hollow stem augers remained at the bottom of the hole during the test.  
The augers were filled with water, and then the water level within the augers was 
measured over time as it declined.  RJH interprets that falling head tests 
predominantly measure vertical hydraulic conductivity (Kv). 

RJH generally collected data manually in the field using a stopwatch and electronic water 
level indicator while performing rising head tests and falling head tests.  Two rising head tests 
performed within bedrock in B-204(P) and B-208(P) used the datalogger installed in the 
monitoring well to collect data every 12 hours for multiple days while the water level in the 
well recovered.  Additional information about the dataloggers is presented in Section 2.9.    

Hydraulic conductivity of each test interval was estimated from the field data using 
techniques published by Reclamation (2001) and Lambe and Whitman (1969) as 
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appropriate for each test configuration.  In-situ hydraulic conductivity test results are 
summarized in Table 2.3, and additional information is presented in Appendix H. 

TABLE 2.3  
HYDRAULIC CONDUCTIVITY (SLUG) TEST RESULTS 

 

Boring ID  Test  

Depth 
Interval(1) 

(ft) Test Type  

Hydraulic 
Conductivity 

(cm/s) 

Direction of 
Hydraulic 

Conductivity 
Measured  

USCS 
Classification  

Fill 
B-202(P) K-1 4.0 to 15.0 Rising Head 8.6x10-5 Kh SC 

B-203(P) K-1 14.0 to 15.0 Rising Head 3.4x10-6 Kh Unknown(2) 

B-209(P) K-1 6.0 to 7.0 Rising Head 2.0x10-4 Kh GP-GC 

B-211(P) K-1 6.0 to 13.0 Rising Head 3.5x10-4 Kh CL 

B-212(P) K-1 6.3 to 10.0 Rising Head 4.5x10-5 Kh SM to SC 

B-217(P) K-1 17.0 to 29.0 Rising Head 2.0x10-4 Kh SP-SC to CL 

Alluvium 
B-201(P) K-1 12.5 to 12.5 Falling Head 5.0x10-3 Kv GP-GC 

B-201(P) K-2 7.9 to 17.5 Rising Head 2.6x10-4 Kh GP-GC to SP-
SC 

B-204(P) K-1 7.5 to 9.5 Falling Head 4.6x10-5 Kv SP to CL 

B-207(P) K-1 4.1 to 12.7 Rising Head 2.4x10-4 Kh SP-SM 

B-214(P) K-1 3.1 to 8.0 Rising Head 2.9x10-4 Kh SP-SM to SM 

B-215(P) K-1 6.5 to 12.8 Rising Head 2.9x10-4 Kh SC to SP-SM 

Pierre Shale 
B-204(P) K-2 23.5 to 30.0 Rising Head 1.4x10-6 Kh Shale 

B-204(P)(3) K-3 23.5 to 30.0 Rising Head 9.6x10-8 Kh Shale 

B-205(P) K-1 18.5 to 25.3 Rising Head 4.9x10-5 Kh Shale 

B-208(P) K-1 23.5 to 30.0 Rising Head 1.9x10-6 Kh Shale 

B-208(P)(3) K-2 23.5 to 30.0 Rising Head 5.8x10-7 Kh Shale 
Notes: 
1. Vertical depth below the ground surface. 
2. Unified Soil Classification System (USCS) classification is unknown at this depth interval.  A sandstone 

cobble was recovered from the depth interval. 
3. Rising head calculations were performed using data downloaded from the data loggers.   
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2.8 Water Pressure Testing in Bedrock 

Water pressure testing (Packer testing) was performed to evaluate the in-situ hydraulic 
conductivity of the bedrock.  Borings were flushed with clear water prior to the start of 
each test.  Potable water used for flushing the borings and performing the tests was 
obtained offsite by Elite.  Test intervals ranged from about 1.5 to 15.0 feet long and were 
typically about 4.0 to 8.0 feet long. 

Test pressures were applied in a stepped sequence.  Generally, the stepped sequence 
included pressures at about 50, 70, 90, 70, and 50 percent of the maximum allowable 
pressure.  The maximum allowable pressure was considered to be the estimated effective 
vertical stress at the top of the test interval.   

All five pressure steps were not conducted for test intervals when there was zero or 
negligible volume change (no take) during the first three pressure steps.  In these cases, 
the final two pressure steps were not performed. 

At each pressure step, the flow of water within the test zone was measured at 1-minute 
intervals.  The applied pressure was generally maintained on the test zone until a 
relatively constant flow volume was obtained for five consecutive minutes, and then the 
pressure was adjusted to the next step. 

Lugeon values and hydraulic conductivities computed for each pressure step, based on 
the applied pressures, measured water loss during the 1-minute intervals, and estimated 
head loss of water from flow through the test apparatus.  Hydraulic conductivities at each 
pressure step were estimated based on equations published by Hvorslev (1951).  Lugeon 
values at each pressure step were based on equations published by Houslby (1990).  The 
reported hydraulic conductivity and Lugeon value for each step of the Packer test was 
developed by calculating the geometric mean of hydraulic conductivities developed for 
each 1-minute interval for each pressure step. 

For each Packer test, RJH evaluated the Lugeon value at each applied pressure relative to 
other Lugeon values obtained from the other pressures.  Based on relative trends in results, 
RJH categorized the flow condition as one of the following (Weaver and Bruce, 2007):  

• Laminar Flow:  Lugeon values were relatively constant at each pressure step, 
which usually indicates smooth flow in fine fractures.  For tests that showed 
laminar flow, we reported the arithmetic mean of the Lugeon values from each 
pressure step. 
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• Turbulent Flow:  Lugeon values decreased with increasing pressure and 
increased with decreasing pressure, which usually indicates fast flow in wide 
fractures.  For tests that showed turbulent flow, we reported the lowest Lugeon 
value from all pressure steps. 

• Dilation:  Lugeon values step up significantly at the highest pressure stage and 
step back at lower pressure stages, which usually indicates local dilation of 
fractures due to compression of adjacent softer material or closure of adjacent 
parallel fractures.  For tests that showed dilation, we reported the arithmetic mean 
of the Lugeon values from the lowest pressure steps (“a” steps). 

• Washout:  Lugeon values increase for each pressure step, which usually indicates 
flushing out of fracture infilling.  For tests that showed washout, we reported the 
Lugeon value from the final pressure step. 

• Void Filling:  Lugeon values decrease for each pressure step, which usually 
indicates that voids are being filled.  For tests that showed void filling, we 
reported the lowest Lugeon value from all pressure steps. 

• No Flow:  There was zero or negligible water loss at each pressure step.  For tests 
that showed no flow, we reported a nominal value of 0.1 Lugeon (1.0x10-7 
centimeters per second (cm/s)). 

Idealized test result sequences associated with each of these six flow conditions are 
presented on Figure 2.3. 

Water pressure test results are in Appendix I and are summarized in Table 2.4. 

TABLE 2.4 
WATER PRESSURE TEST RESULTS 

 

Boring 
ID Test 

Depth 
Interval(1) 

(ft) 
Lugeon 
Value(2) 

Hydraulic 
Conductivity 

(cm/s)(2) 
Flow 

Condition(2) 

Pierre Shale 

B-201(P) P-1 21.5 to 25.0 0.1 1.0x10-7 No Flow 

B-201(P) P-2 25.0 to 30.0  0.1 1.0x10-7 No Flow 

B-201(P) P-3 30.0 to 38.0  0.1 1.0x10-7 No Flow 

B-202(P) P-1 18.5 to 22.5 0.1 1.0x10-7 No Flow 

B-202(P) P-2 22.5 to 29.0 0.1 1.0x10-7 No Flow 

B-202(P) P-3 29.0 to 35.0 0.1 1.0x10-7 No Flow 
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Boring 
ID Test 

Depth 
Interval(1) 

(ft) 
Lugeon 
Value(2) 

Hydraulic 
Conductivity 

(cm/s)(2) 
Flow 

Condition(2) 

B-203(P) P-1 15.5 to 18.0 0.1 1.0x10-7 No Flow 

B-203(P) P-2 18.0 to 25.0 0.1 1.0x10-7 No Flow 

B-203(P) P-3 25.0 to 34.0 0.1 1.0x10-7 No Flow 

B-204(P) P-1 24.0 to 27.5 0.1 1.0x10-7 No Flow 

B-204(P) P-2 27.5 to 35.0 0.1 1.0x10-7 No Flow 

B-204(P) P-3 35.0 to 40.0 0.1 1.0x10-7 No Flow 

B-205(P) P-1 21.0 to 24.0 0.1 1.0x10-7 No Flow 

B-205(P) P-2 24.0 to 29.0 0.1 1.0x10-7 No Flow 

B-205(P) P-3 29.0 to 38.0 0.1 1.0x10-7 No Flow 

B-206 P-1 18.5 to 20.0 0.1 1.0x10-7 No Flow 

B-206 P-2 20.0 to 25.0 0.1 1.7x10-7 No Flow 

B-206 P-3 25.0 to 35.0 0.1 1.0x10-7 No Flow 

B-207(P) P-1 17.0 to 22.0 0.1 1.0x10-7 Infilling 

B-207(P) P-2 22.0 to 27.0 0.1 1.8x10-7 No Flow 

B-207(P) P-3 27.0 to 34.0 0.1 1.0x10-7 No Flow 

B-208(P) P-1 23.5 to 27.5 0.1 1.0x10-7 No Flow 

B-208(P) P-2 27.5 to 34.0 0.2 2.8x10-7 Laminar 

B-208(P) P-3 34.0 to 40.0 0.1 1.7x10-7 No Flow 

B-209(P) P-1 11.0 to 15.0 0.1 1.8x10-7 No Flow 

B-209(P) P-2 15.0 to 20.0 0.2 2.5x10-7 Laminar 

B-209(P) P-3 20.0 to 30.0 0.1 1.7x10-7 No Flow 

B-210 P-1 7.0 to 15.0 0.1 1.0x10-7 No Flow 

B-210 P-2 15.0 to 20.0 0.1 1.0x10-7 No Flow 

B-210 P-3 20.0 to 25.0 0.1 1.8x10-7 No Flow 

B-211(P) P-1 17.0 to 20.0 0.1 1.0x10-7 No Flow 

B-211(P) P-2 20.0 to 25.0 0.1 1.6x10-7 No Flow 

B-211(P) P-3 25.0 to 30.0 0.1 1.0x10-7 No Flow 

B-212(P) P-1 14.0 to 17.0 0.1 1.0x10-7 No Flow 

B-212(P) P-2 17.0 to 22.0 0.1 1.0x10-7 No Flow 

B-212(P) P-3 22.0 to 30.0 0.1 1.0x10-7 No Flow 

B-213 P-1 20.5 to 22.5 0.1 1.0x10-7 No Flow 
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Boring 
ID Test 

Depth 
Interval(1) 

(ft) 
Lugeon 
Value(2) 

Hydraulic 
Conductivity 

(cm/s)(2) 
Flow 

Condition(2) 

B-213 P-2 22.5 to 28.0 0.1 1.0x10-7 No Flow 

B-213 P-3 28.0 to 37.0  0.1 1.0x10-7 No Flow 

B-214(P) P-1 12.0 to 17.0 0.1 1.0x10-7 No Flow 

B-214(P) P-2 17.0 to 23.0 0.1 1.0x10-7 No Flow 

B-214(P) P-3 23.0 to 30.0 0.1 1.0x10-7 No Flow 

B-214(P) P-4 30.0 to 45.0 0.1 1.0x10-7 No Flow 

B-214(P) P-5 45.0 to 60.0 0.1 1.5x10-7 No Flow 

B-215(P) P-1 17.3 to 22.3 0.1 1.8x10-7 No Flow 

B-215(P) P-2 22.3 to 30.3 0.1 1.0x10-7 Infilling 

B-215(P) P-3 30.3 to 38.3 0.1 1.0x10-7 No Flow 

B-215(P) P-4 38.3 to 50.3 0.1 2.1x10-7 No Flow 

B-215(P) P-5 50.3 to 65.0 0.1 1.0x10-7 No Flow 
Notes: 

1. Vertical depth below the ground surface. 
2. Packer tests that exhibited no flow are assigned a nominal hydraulic conductivity of 0.1 lugeon 

(1.0x10-7 cm/s). 

2.9 Monitoring Well Installation 

Monitoring wells were installed in each boring except B-206, B-210, B-213, B-216, and 
B-218.  The locations of the monitoring wells are shown on Figure 2.4.   

The sensing zones for monitoring wells B-204(P), B-205(P), and B-208(P) are located 
entirely within bedrock, and we interpret that these wells measure groundwater 
conditions in the shallow bedrock.  The remaining wells have sensing zones either 
entirely within the soil or within a combination of soil and bedrock, and we interpret that 
these wells monitor the groundwater levels within the soil. 

Monitoring wells were constructed using solid and slotted polyvinyl chloride (PVC) pipe 
and 10/20 silica sand.  Well casings consisted of a 2-inch Schedule 40 PVC pipe.  
Information about construction of each monitoring well is shown on Figures 2.5 to 2.17.  
Well permit information is provided in Appendix B.  

All monitoring wells were developed to remove drilling water from the well and sand 
pack.  Wells were developed using a surge block and submersible pump until either no 
additional water could be removed or the water was generally clear.  
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Each monitoring well was instrumented by RJH with a Rugged TROLL 200 or a Rugged 
TROLL 100 datalogging piezometer that was programmed to collect water level readings 
automatically every 12 hours.  The instruments are non-vented piezometers manufactured 
by In-Situ, Inc.   

2.10 Monitoring Well Readings  

Groundwater levels were manually measured in monitoring wells after the well 
installation, after well development, and approximately monthly after the installation.  
The data collected from the monitoring wells through March 1, 2022, is presented on 
Figures 2.18 to 2.23.  These figures also include data collected from wells installed 
during the Phase I geotechnical investigation (RJH, 2019).  The locations of the wells are 
presented on Figure 2.4.  Data on Figures 2.18 to 2.23 are generally grouped according to 
the well locations onsite as follows: 

• Figure 2.18 shows wells that are within far-field alluvium upstream of the Site 
(i.e., Group 1). 

• Figure 2.19 shows wells that are predominantly located within areas of fill on CU 
South Campus (i.e., Group 2).  

• Figure 2.20 shows wells that are located within alluvium near the Site upstream 
(south) of US36 (i.e., Group 3). 

• Figure 2.21 shows wells that are located within alluvium near the Site 
downstream (north) of US36 (i.e., Group 4). 

• Figure 2.22 shows wells that are within far-field alluvium downstream of the Site 
(i.e., Group 5). 

• Figure 2.23 shows wells that are screened in Pierre Shale (i.e., Group 6).  
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SECTION 3 - LABORATORY TESTING 

Laboratory tests were performed on selected samples of soil and bedrock.  RJH engaged 
Advanced Terra Testing of Lakewood, Colorado, to perform the following geotechnical 
laboratory tests:  

• Forty-eight moisture content tests (ASTM D2216) and thirty density tests (ASTM 
D7263).  Additional moisture-density test results for initial specimen conditions 
were also obtained with the results from consolidation, unconfined compressive 
strength, and triaxial tests. 

• Thirty-four Atterberg limit multipoint tests (ASTM D4318). 

• Thirty-one particle size analysis tests (ASTM D6913). 

• Four grain size analyses with a hydrometer (ASTM D7928 and D6913). 

• Seven percent minus #200 tests (ASTM D1140). 

• Three one-dimensional consolidation tests (ASTM D2435). 

• Thirteen unconfined compressive strength (UCS) tests (D7012, Method C). 

• Nine consolidated, undrained triaxial shear tests with pore pressure measurements 
(ASTM D4767). 

• Three swell/collapse tests (ASTM D4546). 

• Three flexible wall permeability tests (ASTM D5084). 

• Six crumb dispersion tests (Reclamation Method). 

• Three direct shear tests (ASTM D3080). 

• One standard proctor test (ASTM D698). 

• Two suites of corrosion tests, including pH test (ASTM D4972), resistivity test 
(ASTM G187), chlorides test (ASTM D1411), sulfates test (ASTM C1580), and 
sulfides test (ASTM D4658). 

RJH also engaged SGS of Wheat Ridge, Colorado, to perform the following 
environmental laboratory tests: 

• Two n-Hexane Extractable Material (HEM) Oil and Grease tests (SW-846 Test 
Method 9071B). 
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• One SGT-HEM Non-polar Material test (SW-846 Test Method 9071B with silica 
gel treatment). 

Geotechnical laboratory test results are summarized in Table 3.1.  Corrosion test results are 
summarized in Table 3.2, and environmental test results are summarized in Table 3.3.  
Laboratory test results from the borings and test pits are provided in Appendix J.1.  The shear 
data reduction results are provided in Appendix J.2.  The interpreted triaxial test results are 
presented in Table 4.1 to 4.3.   
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TABLE 3.1 
LABORATORY TEST RESULTS  

Boring 
Depth 

(ft) 

Moisture 
Content 

(%) 

Dry 
Unit 

Weight 
(pcf) 

Liquid 
Limit, 

LL 
Plasticity 
Index, PI 

Percent 
Cobbles 
(12" to 

3") 

Percent 
Gravel 
(3" to 

#4) 

Percent 
Sand 
(#4 to 
#200) 

Percent 
Fines 

(<#200) 

Optimum 
Moisture 
Content 

(%) 

Maximum 
Dry Unit 
Weight 

(pcf) 

Coefficient of 
Compression 

(Cc) 

Coefficient of 
Re-Compression 

(Cr) 

Preconsolidation 
Stress 
(psf) 

Unconfined 
Compressive 

Strength 
(psi) 

Crumb 
Test 

Grade 
Swell 
(%) 

Swell 
Pressure 

(psf) 

Hydraulic 
Conductivity 

(cm/s) 
CU South General Fill 

B-202(P) 3.2-3.5 17.4 106.2 34 12   16 57 27(1)                     
B-202(P) 5.4-5.7 7.8 103.6 27 7   21 59 20                     
B-203(P) 3.2-3.8 6.2 105.9 31 11   35(2) 49(2) 16(2)     0.069(11) 0.009(11) --(10)(11)           
B-203(P) 7.9-8.2 11.2 108.9 30 6   9 62 30                     
B-203(P) 8.2-8.5 11.4 112.3 30 6   24(2) 59(2) 17(2)(3)                   2.6x10-5(11) 
B-208(P) 5.0-6.5 9.5   38 19   32(2) 15(2) 53(2)                     
B-209(P) 0.0-2.5 4.0   30 15   60 30 10                     
B-209(P) 5.0-6.5           55(2) 32(2) 13(2)                     

B-210 0.0-3.7     32 16   24(2) 38(2) 38(2)                     
B-210 2.5-3.7           49(2) 28(2) 23(2)                     

B-211(P) 0.0-1.5           35(2) 32(2) 33(2)                     
B-211(P) 2.5-4.0 15.5   44 25     3 97                     
B-212(P) 0.0-3.4 7.1   NP(4) NP   37(2) 48(2) 15(2)                     
B-212(P) 0.0-10.2     23 8   39 43 18                     

B-213 5.5-6.5 75.8   80 54     9 90                     
B-213 10.0-11.1 10.1   28 9   47(2) 38(2) 15(2)                     

US36 Embankment Fill 

B-215(P) 4.4-5.0 
12.6 108.5 

41 26   20 35 45(5)             1       
13.9 119.4 

B-215(P) 5.7-6.0 15.6 114.9 45 29   22 16 62                   1.2x10-7(11) 
CU South Berm Fill 

B-217(P) 20.0-21.5 13.7   70 51   8 16 76             1       

B-218 5.5-10.0 7.3   42 22   2 8 90             1       
TP-204 7.5-12.0 5.5   38 21   18 45 37             1       
B-216,  

B-217(P), 
TP-204 

0.0-15.0 8.4   43 20   1 8 91(6) 17.2 108.7 0.247(12) 0.031(12) 4,940(12)   1     2.0x10-6(12) 
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Boring 
Depth 

(ft) 

Moisture 
Content 

(%) 

Dry 
Unit 

Weight 
(pcf) 

Liquid 
Limit, 

LL 
Plasticity 
Index, PI 

Percent 
Cobbles 
(12" to 

3") 

Percent 
Gravel 
(3" to 

#4) 

Percent 
Sand 
(#4 to 
#200) 

Percent 
Fines 

(<#200) 

Optimum 
Moisture 
Content 

(%) 

Maximum 
Dry Unit 
Weight 

(pcf) 

Coefficient of 
Compression 

(Cc) 

Coefficient of 
Re-Compression 

(Cr) 

Preconsolidation 
Stress 
(psf) 

Unconfined 
Compressive 

Strength 
(psi) 

Crumb 
Test 

Grade 
Swell 
(%) 

Swell 
Pressure 

(psf) 

Hydraulic 
Conductivity 

(cm/s) 
Alluvium  

B-201(P) 5.0-7.9 3.3   27 10   61 30 9                     
B-201(P) 12.5-14.0           46 44 10                     
B-204(P) 5.7-6.0 5.7   NP NP   1 96 3                     
B-204(P) 12.5-19.0 10.3   21 3   40(2) 50(2) 10(2)                     
B-205(P) 15.0-16.5 15.2   29 13   43 42 15                     

B-206 8.0-10.4 4.5   21 2   44 45 11                     
B-206 12.5-14.0 13.0   22 2   41 20 39                     

B-207(P) 10.0-11.5           30 57 13                     
B-208(P) 15.0-16.5           28 60 13                     
B-208(P) 17.5-18.9 12.7   21 4                             
B-214(P) 5.0-6.4           37(2) 53(2) 10(2)                     
B-215(P) 7.5-9.0           30 62 9                     
B-217(P) 27.5-29.0     26 9   41 33 26                     
TP-201 5.0-9.0           57 38 5                     

Pierre Shale 
B-201(P) 22.4-23.0 12.9 118.9 46 28                   160         
B-201(P) 24.4-24.9 11.5 128.6                                 
B-202(P) 16.9-17.5 13.7 114.4                       141         
B-202(P) 19.4-20.0 38.3 100.5                                 
B-202(P) 21.6-22.2 13.6 120.2           100               1.64(7) 9,445   
B-203(P) 15.8-16.3 12.4 121.4 38 19     4 96                     
B-203(P) 16.9-17.4 12.9 113.5                       110         
B-203(P) 19.5-20.0 10.4 122.7                 0.13(11) 0.036(11) 18,940(11)           
B-204(P) 25.4-25.9 10.6 121.8                       218         
B-204(P) 26.4-27.0 9.9 131.3 38 21     4 96               0.60(8) 16,369   
B-207(P) 16.3-16.9 8.3 130.2 35 16     2 98           246         
B-208(P) 25.1-25.6 13.7 110.4                       71         
B-209(P) 11.3-11.8 8.8 117.9 37 21     15 85           166         

B-210 7.1-7.6 10.2 121.3                       103         
B-211(P) 12.0-13.5 16.3                           1       
B-212(P) 11.6-12.1 9.5 130.4                           0.65(9) 4,006   
B-212(P) 13.5-14.1 9.3 127.7 35 19     8 92                     

B-213 19.3-19.8 13.6 119.0                       165         
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Boring 
Depth 

(ft) 

Moisture 
Content 

(%) 

Dry 
Unit 

Weight 
(pcf) 

Liquid 
Limit, 

LL 
Plasticity 
Index, PI 

Percent 
Cobbles 
(12" to 

3") 

Percent 
Gravel 
(3" to 

#4) 

Percent 
Sand 
(#4 to 
#200) 

Percent 
Fines 

(<#200) 

Optimum 
Moisture 
Content 

(%) 

Maximum 
Dry Unit 
Weight 

(pcf) 

Coefficient of 
Compression 

(Cc) 

Coefficient of 
Re-Compression 

(Cr) 

Preconsolidation 
Stress 
(psf) 

Unconfined 
Compressive 

Strength 
(psi) 

Crumb 
Test 

Grade 
Swell 
(%) 

Swell 
Pressure 

(psf) 

Hydraulic 
Conductivity 

(cm/s) 
B-213 21.2-21.7 11.5 123.8                                 

B-214(P) 11.2-11.7 12.6 125.4                       124         
B-214(P) 15.8-16.4 8.7 134.7                       359         
B-215(P) 19.4-19.9 11.9 123.8 36 19     1 99           256         
B-215(P) 22.3-22.9 9.1 128.7                       380         

Notes:  
1. Fines consist of 18 percent silt and 9 percent clay.  
2. Size of sample did not meet the requirements of ASTM D6913. 
3. Fines consist of 12 percent silt and 5 percent clay. 
4. NP = non-plastic. 
5. Fines consist of 28 percent silt and 17 percent clay.  
6. Fines consist of 65 percent silt and 26 percent clay.  
7. Inundation load:  2008 psf. 
8. Inundation load:  4000 psf. 
9. Inundation load:  993 psf. 
10. Preconsolidation stress could not be identified from lab results.  
11. This test was performed on an intact sample.  
12. This test was performed on a remolded sample.  
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TABLE 3.2 
CORROSION TEST RESULTS 

 

Boring  
Depth  

(ft) 

Sulfate 
Concentration 

(ppm) 

Chloride 
Concentration 

(ppm) pH  

Minimum 
Resistivity 

(Ω-cm) 
B-205(P) 7.5-7.7 45 36 7.6 8200 
B-214(P) 16.4-17.0 379 15.5 8.1 856 

TABLE 3.3 
ENVIRONMENTAL TEST RESULTS 

 

Boring Depth (ft) 

HEM Oil 
and 

Grease 
(mg/kg) 

SGT-HEM 
Non-polar 
Material 
(mg/kg) 

B-202(P) 
7.5-9.0, 

10.0-11.0, 
12.5-13.5 

46,900 12,200(1) 

B-213 2.5-4.0(1) 41,800 -- 
Note: 
1. Test was performed on black gravel-sized particles selectively removed from recovered samples. 
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SECTION 4 - SITE AND SUBSURFACE CONDITIONS  

4.1 General Site Conditions 

The Site vicinity was generally covered by grass and other light vegetation; however, 
some areas with mature trees and woody brush were also present at various locations.  

Various existing facilities and evidence of historical disturbance associated with previous 
mining activities are present throughout the CU South Campus.  Pedestrian trails on the 
CU South Campus and OSMP property also experience significant use from the public 
throughout the year.  Additional information about general existing Site conditions is 
presented in the Phase I GDR (RJH, 2019).   

4.2 Geology 

4.2.1 Site Geology 

Geology at the Site generally consists of alluvium overlying Pierre Shale bedrock.  Based 
on the published mapping, the bedrock in the Site vicinity is dipping downward to the 
southeast at about 20 degrees.  Alluvium is predominantly coarse-grained (sand, gravel, 
cobbles, and boulders) and was deposited by South Boulder Creek.  The alluvium has 
previously been mined from throughout the CU South Campus area, and the mined area 
has been reclaimed with fill. 

A Project-specific geologic map and additional information about Site geology is 
presented in the Phase I GDR (RJH, 2019). 

4.2.2 Seismicity  

According to U. S. Geological Survey (USGS) Quaternary Faults and Folds Database 
(USGS, 2021a), there are no active faults near the site.  The closest potentially active 
fault is the Golden Fault, 8 miles to the south.  

Peak ground accelerations (PGA) with a 5,000-year recurrence interval were obtained from 
the USGS Unified Hazard Tool (USGS, 2021b) and were adjusted in accordance with 
American Society of Civil Engineers (ASCE) Standard 7-16 Minimum Design Loads and 

Associated Criteria for Buildings and other Structures (ASCE, 2016) to account for the 
foundation conditions expected to exist onsite.  We interpret site conditions to be site class C 
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(very dense soil and soft rock), and the PGA is 0.25g.  Ground accelerations at the Site are 
predominately influenced by events with magnitudes 4.5 to 6.   

4.3 Subsurface Conditions 

4.3.1 General Subsurface Profile 

The general subsurface profile at the exploration locations included fill and alluvium 
overlying Pierre Shale bedrock.  Various features of fill exist at the Site as described in 
Section 4.3.2.  Subsurface cross sections are presented on Figures 4.1 to 4.3, and the 
encountered subsurface conditions are described in the following sections.   

Large particles (cobbles and boulders) were encountered in both alluvium and fill.  These 
particles were observed in test pits, were exposed on the ground surface, and indirect 
indicators of cobbles and boulders (sampler refusal, auger refusal, and other difficult 
drilling conditions) were common throughout the Phase I and Phase II investigations.  
The representativeness of soil samples collected from borings was limited by the drilling 
and sampling techniques, the sampler sizes, and the volumes of the collected samples.  
Test pits allowed for improved observation and sampling of large particles; however, the 
samples collected from test pits might still not be representative of the overall material 
gradation because of practical limitations to sample volume.  The composition of 
collected samples may vary from the actual, in-situ material, and in our opinion, the 
collected samples and gradation test results likely underestimate the abundance of gravel, 
cobbles, and boulders.   

Material descriptions presented in sections 4.3.2 to 4.3.4 are based on data collected 
during Phase II.  Additional information collected during the Phase I investigation is 
presented in the Phase I GDR (RJH, 2019).  

4.3.2 Fill 

4.3.2.1 US36 Embankment Fill 

US36 embankment fill exists beneath the highway and adjacent trails within the CDOT 
ROW.  B-215(P) was drilled at the approximate location where the spillway is proposed 
to connect to the US36 embankment fill.  At this location, the fill extended from the 
ground surface to 6.0 feet below the ground surface and was underlain by alluvium. 
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The fill consisted of sandy lean clay with gravel, clayey sand with gravel, and gravelly 
lean clay with sand.  Fill ranged from 35 to 75 percent medium to high plasticity fines, 10 
to 40 percent fine to coarse grained sand, and 15 to 25 percent fine to coarse grained 
gravel with a maximum recovered particle size of 1 inch.  The fill ranged from medium 
stiff to very stiff.  N values obtained from two SPT tests were 11 and 18, and pocket 
penetrometer results ranged from 1.0 to 4.0 tons per square foot (tsf).  The fill generally 
ranged from dry to moist and was wet where the bottom of the fill was near the 
groundwater table.  

Three tested samples had moisture contents of 12.6, 13.9, and 15.6 percent, and dry unit 
weights of 108.5, 119.4, and 114.9 pounds per cubic foot (pcf), respectively.  Two 
samples had liquid limits of 41 and 45 with plastic indices of 26 and 29, respectively.  
The gradation results for two samples were 20 and 22 percent gravel, 35 and 16 percent 
sand, and 45 and 62 percent fines, respectively.  The tested sample with 45 percent fines 
contained 17 percent clay and 28 percent silt.  A crumb dispersion test was performed on 
a sample, and the sample was classified as non-dispersive.  One flexible wall 
permeability test was performed on an intact specimen of fill, and the vertical hydraulic 
conductivity was 1.2x10-7 cm/s. 

4.3.2.2 CU South General Fill 

The CU South General Fill is located throughout a previously mined portion of the CU 
South Campus that has been reclaimed as a generally broad, flat area.  B-201(P), B-
202(P), B-203(P), B-208(P), B-209(P), B-210, B-211(P), B-212(P), B-213, TP-202, and 
TP-203 encountered fill throughout this area.  The fill ranged from 2.0 to 16.0 feet thick 
and was underlain by alluvium or bedrock.  In B-201(P) and B-208(P), the fill was 
underlain by alluvium.  In the remaining borings and in TP-203, the fill was underlain by 
bedrock.  In TP-202, the excavation terminated in fill at a depth of 8.0 feet.   

The fill consisted mostly of clayey sand with gravel; however, the fill ranged widely from 
fine grained to coarse grained soil types.  Coarse grained materials included clayey sand 
with gravel, silty sand with gravel, clayey sand, clayey sand with gravel, poorly graded sand 
with clay and gravel, silty sand with gravel, well graded sand with silt, gravel, and cobbles, 
well graded sand with silt, gravel, and cobbles, clayey sand with gravel and cobbles, poorly 
graded gravel with clay and sand, clayey gravel with sand, and well graded gravel with 
sand, cobbles, and boulders.  Fine grained materials included fat clay, lean clay, gravelly 
lean clay with sand, sandy lean clay with gravel, sandy lean clay with cobbles, sandy lean 
clay with gravel, and gravelly lean clay with sand.   
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Fill typically contained 15 to 40 percent gravel, 30 to 60 percent sand, and 15 to 65 
percent non-plastic to medium plasticity fines; however, the composition of fill was 
variable and ranged from 0 to 25 percent boulders, 0 to 35 percent cobbles, 0 to 70 
percent fine to coarse grained gravel, 5 to 80 percent fine to coarse grained sand, and 5 to 
95 non-plastic to high plasticity fines.  Nine sampler locations encountered refusal (50 
blows for less than 6 inches) after 0.2 to 1.2 feet of advancement.  At 19 other sample 
locations, N values ranged from 1 to 72 and averaged 29.  The fill ranged from dry to 
wet, and the fine grained fill ranged from very soft to very stiff. The maximum particle 
size recovered was 18 inches.  Five rising head tests that predominantly measure Kh had 
results that ranged from 2.0x10-4 to 3.4x10-6 cm/s.  

Moisture contents ranged from 4.0 to 75.8 percent, with an average of 16.0 for 11 
samples tested.  Unit weights ranged from 103.6 to 112.3, with an average of 107.4, for 
five samples tested.  The liquid limits ranged from 23 to 80 and averaged 36, and the 
plasticity indices ranged from 6 to 54 and averaged 16 for the 12 samples tested.  Sixteen 
gradation tests were performed on fill from this area, and the results ranged from 9 to 60 
percent gravel, 3 to 62 percent sand, and 10 to 97 percent fines.  A one-dimension 
compression test was performed on one sample of intact fill collected from within the 
proposed embankment foundation and yielded a compression index (Cc) of 0.069 and a 
recompression index (Cr) of 0.009.  One flexible wall permeability test was performed on 
an intact specimen of fill, and the vertical hydraulic conductivity was 2.6x10-5 cm/s. 

Three consolidated undrained triaxial tests were performed on intact samples of fill at 
consolidation pressures of 1,000, 2,000, and 3,000 pounds per square foot (psf).  RJH 
interpreted the laboratory test results to develop peak strengths for the fill.  The strength 
parameters developed from our interpretation of the triaxial data are summarized in Table 
4.1, and the strength envelopes are presented in Appendix J2.   

TABLE 4.1 
CU SOUTH GENERAL FILL STRENGTH PARAMETERS 

 

Failure Criteria 

Effective Stress Total Stress 
φ'  

(deg.) 
c' 

(psf) 
φT  

(deg.) 
cT 

(psf) 
3 percent Axial Strain 36 0 17 31 

 

Black, gravel-sized particles that consisted of strongly cemented black sand-sized 
particles were recovered in B-202(P) from 7.5 to 13.5 feet deep and in B-213 from 2.5 to 
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4.0 feet deep.  Two tested samples contained 41,800 and 46,900 milligrams per kilogram 
(mg/kg) of HEM (oil and grease).  One tested sample contained 12,200 mg/kg of Silica 
Gel Treated HEM, which removes polar compounds and yields a result that is more 
targeted to petroleum-related organics.   

4.2.2.3 CU South Berm Fill 

CU South Berm Fill comprises an earthen berm oriented north/south near the west side of 
the CU South Campus.  In B-216, B-217(P), and B-218, the fill ranged from 14.5 to 26.0 
feet in thickness and was underlain by alluvium.  In TP-205, the fill was 5.5 feet thick 
and was underlain by bedrock.  In TP-204, the excavation terminated in fill at a depth of 
12.0 feet.   

The fill consisted mostly of lean clay with sand; however, the fill ranged widely from fine 
grained to coarse grained soil types.  Fine grained materials included fat clay with sand 
and cobbles, lean clay, lean clay with sand, lean clay with sand and cobbles, sandy lean 
clay, and sandy lean clay with cobbles.  Coarse grained materials included clayey sand 
with cobbles and gravel, clayey sand with gravel and cobbles and boulders, and clayey 
gravel with sand.   

Fill typically contained 75 to 95 percent low to medium plasticity fines; however, the 
composition of the CU South Berm Fill ranged from 0 to 10 percent boulders, 0 to 25 
percent cobbles, 0 to 25 percent fine to coarse grained gravel, 5 to 55 percent fine to 
coarse grained sand, and 30 to 95 non-plastic to high plasticity fines.  One sampler 
location encountered refusal after 1.4 feet of advancement.  At nine other sample 
locations, N values ranged from 6 to 31 and averaged 18.  The fill ranged from dry to wet 
and medium stiff to hard.  The maximum particle size recovered was 17 inches.   

Moisture contents ranged from 5.5 to 13.7 percent, with an average of 8.7, for four samples 
tested.  The liquid limits ranged from 38 to 70 and averaged 48, and the plasticity indices 
ranged from 20 to 51 and averaged 29 for the four samples tested.  Four gradation tests were 
performed on fill from the CU South Berm, and the results ranged from, 1 to 18 percent 
gravel, 8 to 45 percent sand, and 37 to 91 percent fines.  The tested sample with 91 percent 
fines contained 65 percent silt and 26 percent clay.  The optimum moisture content was 17.2 
percent, with a maximum dry unit weight of 108.7 pcf for one Standard Procter Test.  The 
results of four crumb test were all non-dispersive. 

Consolidation, hydraulic conductivity, and triaxial tests were performed on a sample of lean 
clay with sand that was remolded to about 95 percent of the standard Proctor maximum dry 
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unit weight at 0 to 2 percent above the optimum moisture content.  The tested material had a 
preconsolidation stress of 4,940 psf, a compression index (Cc) of 0.247, a recompression 
index (Cr) of 0.031, and vertical hydraulic conductivity of 2.0x10-6 cm/s.  Three 
consolidated undrained triaxial tests were performed on the remolded CU South Berm Fill at 
consolidation pressures of 500, 1,500, and 2,500 psf.  RJH interpreted the laboratory test 
results to develop peak strengths for the fill.  The strength parameters developed from our 
interpretation of the triaxial data are summarized in Table 4.2, and the strength envelopes 
are presented in Appendix J.2.   

TABLE 4.2 
REMOLDED CU SOUTH BERM FILL STRENGTH PARAMETERS 

 

Failure Criteria 

Effective Stress Total Stress 
φ' 

(deg.) 
c’ 

(psf) 
φT 

(deg.) 
cT 

(psf) 
1 percent Axial Strain 30 0 10 500 
Maximum Principal 
Stress Ratio 37 0 9 470 

4.3.3 Alluvium (Qal) 

Alluvium was encountered in eleven borings and one test pit.  In B-215(P), alluvium was 
interpreted to exist beneath the US36 embankment fill and above bedrock and was 6.8 
feet thick.  On the west side of CU South and in one boring near the levee, the alluvium 
in borings B-201(P), B-208(P), B-216, B-217(P), and B-218 was interpreted to exist 
beneath the fill and above bedrock and ranged from 1.0 to 16.7 feet thick.  In the 
northeast portion of CU South Campus and on OSMP property, the alluvium in B-204(P), 
B-205(P), B-206, B-207(P), and B-214(P) was encountered at the ground surface and 
extended to bedrock and ranged in thickness from 8.0 to 20.8 feet.  In TP-201, on the east 
side of CU South, the excavation terminated in fill at a depth of 9.0 feet. 

Alluvium primarily consisted of coarse-grained materials (boulders, cobbles, gravels, and 
sands) with lesser amounts of non-plastic to medium plastic fines.  In several of the 
borings and test pits, cobbles and/or boulders were encountered at or near the ground 
surface or while drilling.  Samples of alluvium from the borings and test pits are 
primarily classified as poorly graded sand with silt and gravel.  Other soils in lesser 
amounts are classified as poorly graded sand with clay and gravel, poorly graded gravel 
with clay and sand, clayey gravel with sand, poorly graded gravel with silt and sand, silty 
gravel with sand, poorly graded gravel with clay and sand and cobbles, poorly graded 
gravel with clay and cobbles, well graded gravel with silt and sand and cobbles, well 
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graded gravel with sand and cobbles and boulders, clayey sand with gravel, silty sand, 
poorly graded sand, poorly graded sand with clay, gravelly lean clay with sand, poorly 
graded sand with silt, and sandy lean clay.   

In TP-201, alluvium consisted of 25 to 40 percent cobbles and 0 to 25 percent boulders 
within a matrix of soil.  The matrix material observed in TP-201 and sampled from borings 
was typically 45 to 65 percent gravel, 30 to 45 percent sand, and 0 to 15 percent fines, and 
ranged from 5 to 70 percent fine to coarse grained gravel, 15 to 100 percent fine to coarse 
grained sand, and 0 to 45 percent non-plastic to medium plasticity fines.   

Nineteen sampler locations encountered refusal (50 blows for less than 6 inches) after 
advancing the sampler 0.2 to 1.5 feet.  At 25 other sample locations, N values ranged from 
5 to 73 and averaged 36.  The alluvium generally ranged from medium dense to very dense.  
Alluvium was dry to moist above the water table and moist to wet below the water table.  
Four rising head tests that predominately measure Kh had results that ranged from 2.4x10-4 
to 2.9x10-4 cm/s.  Two falling head tests that predominately measure Kv had results that 
ranged from 5.0x10-3 to 4.6x10-5 cm/s.  The shear wave velocity of the alluvium generally 
ranged from about 800 to 1,500 feet per second (fps) along the spillway alignment. 

Moisture contents ranged from 3.3 to 15.2 percent, with an average of 9.2, for seven 
samples tested.  The liquid limits ranged from 21 to 29 and averaged 24, and the 
plasticity indices ranged from 2 to 13 and averaged 6 for six samples tested and one 
additional sample was non-plastic.  Thirteen gradation tests were performed on the 
alluvium, and the results ranged from 0 to 5 percent cobbles, 1 to 61 percent gravel, 20 to 
96 percent sand, and 3 to 39 percent fines.  

4.3.4 Pierre Shale (Kp) 

Bedrock of the Pierre Shale formation was encountered in each boring and in two test pits 
(TP-203 and TP-205).  Pierre Shale was encountered 3.7 to 32.7 feet below the ground 
surface and extended for the remaining depths investigated.  In TP-201, TP-202, and TP-
204, the excavations extended 8.0 to 12.0 feet deep and did not encounter bedrock.  

The Pierre Shale consisted of mostly fines of low to high plasticity, varied in color from 
brown to gray, and was generally dry to moist.  Moisture observed in samples might have 
been influenced by water used during drilling.  The hardness ranged from H4 to H7 and 
generally was H6 to H7.  Bedrock ranged from fresh to decomposed and unfractured to 
intensely fractured and was mostly slightly weathered and unfractured.  The interpreted 
top of weathered bedrock had a shear wave velocity of approximately 1,100 to 1,500 fps, 
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and the shear wave velocity ranged up to about 4,000 fps within the depths evaluated by 
the geophysical survey.  Apparent trends between rock properties and depth were not 
identified at the exploration locations. 

Thirteen sample locations encountered refusal (50 blows for less than 6 inches) after 
advancing the sampler from 0.5 to 1.4 feet.  At nine other sample locations, N-values 
ranged from 14 to 62 and averaged 44.  Bedrock core recovery ranged from 0 to 167 
percent and averaged 102 percent, and was mostly 95 to 105 percent.  Over-recovery 
(recovery greater than 100 percent) occurred in multiple core runs, most likely due to 
stress relief after extraction.  Rock quality designations (RQD) ranged from 0 to 167 and 
averaged 100; however, the RQD may not be applicable because of the softness of the 
shale.  RQD greater than 100 occurred when recovery was greater than 100 percent.  

Moisture contents ranged from 8.3 to 38.3 percent for 23 samples tested. Excluding one 
anomalously high result, the moisture contents ranged from 8.3 to 16.3, with an average 
of 11.4 percent.  Unit weights ranged from 100.5 to 134.7 pcf, with an average of 122.1 
pcf for 22 samples tested.  The liquid limits ranged from 35 to 46 and averaged 38, and 
the plasticity indices ranged from 16 to 28 and averaged 20 for the seven samples tested.  
The unconfined compressive strength of thirteen samples ranged from 71 to 380 psi and 
averaged 192 psi.  The unconfined compressive strength of tested samples is generally 
lower towards the west (on CU South) than along the spillway alignment.  A one-
dimension compression test was performed on one sample with a preconsolidation stress 
of 18,940 psf and yielded a compression index (Cc) of 0.13 and a recompression index 
(Cr) of 0.036. The results of one crumb test were non-dispersive.  Three swell/collapse 
tests were performed and resulted in swell of 1.64, 0.60, and 0.65 percent and swell 
pressures of 9,445, 16,369, and 4,006 psf, respectively. 

Three consolidated undrained triaxial tests were performed on samples of intact rock core 
at consolidation pressures of 500, 1500, and 4,000 psf.  RJH interpreted the laboratory 
test results to develop peak and fully softened strengths for the intact bedrock.  Peak 
strengths represent the strength of the bedrock at low displacements, and fully softened 
strength represents a lower strength that exists after relatively large displacements.  We 
selected peak and fully softened strengths to occur at 1 and 9 percent axial strain, 
respectively.  We developed both drained and undrained strength envelopes 
corresponding to peak and fully softened conditions.  The strength parameters developed 
from our interpretation of the triaxial data are summarized in Table 4.3, and the strength 
envelopes are presented in Appendix J2.   
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TABLE 4.3 
PIERRE SHALE STRENGTH PARAMETERS 

 

Failure Criteria 

Effective Stress Total Stress 
φ' 

(deg.) 
c'  

(psf) 
φT 

(deg.) 
cT  

(psf) 
Peak Strength (1 percent 

Axial Strain) 65 0 0 4,000 
Fully Softened Strength (9 

percent Axial Strain) 40 0 0 4,000 

Direct shear tests were performed on two samples of intact rock core of Pierre Shale 
along existing bedding planes.  Test specimens often continued to gain strength with 
increasing displacement, and therefore we were not able to differentiate between peak 
and fully softened strengths.  The friction angle for softened conditions is estimated to be 
32 degrees.  Additional information is presented in Appendix J.2. 

Five rising head tests that predominately measure Kh had hydraulic conductivity results 
that ranged from 4.9x10-5 to 9.6x10-8 cm/s.  Forty-nine Packer tests were performed in 
the Pierre Shale.  Test results ranged from 0.1 to 0.2 Lugeons (1.0x10-7 to 2.8x10-7 cm/s) 
and had a geometric mean of 0.1 Lugeon (1.2x10-7 cm/s).  Test results exhibited laminar 
flow, infilling, and no flow.   

4.3.5 Groundwater 

During drilling and test pit excavation, groundwater was encountered in 14 borings and 
one test pit at depths of about 3.5 to 28.0 feet below the ground surface.  In the remaining 
four borings and four test pits, free water was not measured at the time of drilling or 
excavation.  Two of the four borings in which water was not measured during drilling 
were completed as monitoring wells and groundwater recharged into the completed wells 
after drilling.   

Groundwater was observed in alluvial or fill material and bedrock, but the phreatic 
surface exists within fill and alluvium. Groundwater generally varies spatially, as 
presented on Figures 4.1 to 4.3, and varies seasonally, as shown on Figures 2.18 to 2.23.   

Groundwater levels recorded in wells installed during Phase I and Phase II are presented 
on Figures 2.18 to 2.23.  On each of these figures, the individual triangles represent water 
levels measured manually by RJH, and the solid lines represent groundwater levels 
measured every 12 hours by the datalogging piezometers.   
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Between April 2020 and February 2022, the groundwater levels on Figures 2.18 to 2.23 
are generally higher and more variable in the spring and summer and are generally lower 
and more stable in the fall and winter.  Trends observed between June 2019 and April 
2020 are presented in the Water Level Data Collection Update (RJH, 2020b), and trends 
observed prior to June 2019 are presented in the Phase I GDR (RJH, 2019). 

Collected data was not included on the graphs if the data was not considered to be 
representative of site water levels.  Conditions that caused measurements not to be 
representative included a) time period when the data logger was removed from B-103(P), 
b) period when the data logger cable was hung at the incorrect elevation at B-103, and c) 
period when SW-101 did not respond similarly to nearby groundwater monitoring wells 
because the pond was frozen.   

4.4 Subsurface Profile along Embankment Alignment 

The subsurface profile generally along the proposed embankment alignment is shown on 
Figure 4.1 and consists of varying thicknesses of fill and alluvium overlying Pierre Shale 
bedrock.  CU South Berm Fill is present near the left side of the embankment and is 
mostly fine-grained soil that is expected to contain some cobbles and boulders.  Alluvium 
is present at the ground surface near the right side of the embankment and is anticipated 
to be a coarse-grained material that also contains cobbles and boulders.  CU South 
General Fill exists throughout the central portion of the embankment alignment and is 
anticipated to range from fine-grained to coarse-grained material, with cobbles and 
boulders.    

During Phase I, two borings, B-111(P) and B-114(P), were drilled near the embankment 
alignment. Additional information about B-111(P) and B-114(P) is presented in the Phase I GDR.   

4.5 Subsurface Profile along the Spillway Alignment 

The subsurface profile along the spillway alignment is shown on Figure 4.1 and generally 
consists of alluvium overlying bedrock.  The alluvium is predominantly poorly graded 
sand with silt and gravel and is expected to contain cobbles and boulders.  Bedrock 
generally becomes lower in elevation, and alluvium becomes thicker towards the left side 
of the spillway.  The top of bedrock ranges from 12.8 feet below the ground surface at the 
right end of the spillway to 14.5 feet below the ground surface at the left end of the 
spillway.  Bedrock encountered during the Phase II investigation was predominantly 
unfractured to slightly fractured and low-permeable.  However, the bedrock encountered 
in B-110(P) during the Phase I investigation was moderately to intensely fractured from 
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0.0 to 17.0 feet into bedrock and more permeable (hydraulic conductivity ranged from 0.2 
to 29 lugeons).  Additional information about B-110(P) is presented in the Phase I GDR. 

US36 Embankment Fill is present above alluvium at the right end of the spillway 
alignment.  This fill is generally stiff fine-grained soil. 

4.6 Subsurface Profile along the Detention Excavation Perimeter 

The subsurface profile along the detention excavation perimeter is shown on Figure 4.2 
and generally consists of CU South General Fill and alluvium overlying bedrock.  
Bedrock ranges from 3.7 to 20.1 feet below the ground surface and was low-permeable.  
The bedrock was unfractured to moderately fractured and fresh to slightly weathered. 

Alluvium is present in the northeast portion of the detention excavation and was 
generally sand and gravel with varying amounts of cobbles and boulders with a 
maximum particle size of 20 inches.  CU South General Fill exists along most of the 
detention excavation perimeter, was highly variable and ranged from fine grained to 
coarse grained soil with a maximum particle size of 18 inches.  The fill ranged from 3.7 
to 16.0 feet thick  Measured groundwater levels vary from about 2.0 to 6.4 feet below the 
ground surface.  

4.7 Subsurface Profile along the Outlet Works Alignment 

The subsurface profile near the outlet works alignment is shown on Figure 4.3.  Materials 
near the proposed outlet works profile consists of alluvium overlying bedrock.  The outlet 
works is expected to be located predominantly through alluvium; however, the invert of 
the tunnel might also encounter shallow bedrock.  Alluvium generally consists of coarse 
grained material that includes sand, gravel, cobbles, and boulders.  Groundwater is 
anticipated to be near to slightly above the outlet works alignment. 

4.8 Subsurface Conditions within On Site Borrow Areas  

We anticipate that onsite borrow material could be obtained from the CU South berm, 
CU general fill within the detention excavation, and the CU levee.   

The CU South berm generally consists predominantly of clayey low permeable material 
and is expected to contain some cobbles and boulders, and is predominantly situated 
above the groundwater table.   
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The CU general fill composition is variable and includes both fine and coarse grained 
soil.  Up to about 35 percent cobbles and less than 10 percent boulders were also 
encountered in test pits performed in CU general fill within the proposed detention 
excavation area.   

The CU levee was not investigated during the Phase II investigation; however, based on 
two borings performed during Phase I (RJH, 2019), the levee fill appears to consist of 
clayey sand, clayey sand with gravel, and lean clay.  Groundwater is not anticipated to be 
encountered within the levee fill. 
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SECTION 5 - LIMITATIONS 

This Report has been prepared for the exclusive use of RJH, the City, and other Project 
partners to support the preliminary design of Project facilities.  In our opinion, additional 
data will be required to support the development of the final design.  RJH is not 
responsible for technical interpretations of this data by others.  RJH has endeavored to 
conduct our professional services for this Project in a manner consistent with a level of 
care and skill ordinarily exercised by members of the engineering profession currently 
practicing in Colorado under similar conditions as this Project.  RJH makes no other 
warranty, expressed or implied. 

The methods used in this study indicate subsurface conditions only at the specific 
locations where samples were obtained, only at the time they were obtained, and only to 
the depths penetrated.  Samples cannot be relied on to accurately reflect variations in 
subsurface conditions that may exist between sampling locations. 

The nature and extent of variations between borings may not become evident until 
construction.  Timely and comprehensive observation and evaluation of actual subsurface 
conditions, supported by appropriate field and laboratory testing, will be critical during 
construction as variations from anticipated subsurface conditions may be encountered. 
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GWS-51  NOTICE OF INTENT TO CONSTRUCT MONITORING HOLE(S) 

9/2016  Please type or print legibly in black or blue ink or file online, dwrpermitsonline@state.co.us 

State of Colorado, Office of the State Engineer 1313 Sherman St, Room 821, 

Denver, CO 80203 Phone 303-866-3581 www.water.state.co.us 

 

Well Owner Name(s): ___________________________________ 

Address: ______________________________________________  

Phone: ______________________________________________________ 

Email: ____________________________________________________ 

Landowner’s Name: ___________________________________________ 

Please check one and complete as indicated including contact info: 

 Water Well Driller Licensed in Colorado – Lic. No.  _________________ 

 Professional Engineer Registered in Colorado – Reg. No.  ___________ 

 Professional Geologist per C.R.S. 23-41-208(b) 

 Other — anyone directly employed by or under the supervision of a licensed 

driller, registered professional engineer or professional geologist  

Contact / Company  ____________________________________________ 

Address  _____________________________________________________ 

City, State & Zip _______________________________________________ 

Phone  ______________________________________________________ 

Email  ______________________________________________________ 

Print Name:________________________________________________ 
 
Signature or enter full name here:  _____________________________ 
 

 

Location:  Section __________ 

Township    N S, Range     E W, PM 

County: __________________________________________ 

Subdivision: _______________________________________ 
Lot: _______  Block: ________  Filing: __________________ 

Site/Property Address  _______________________________ 

  __________________________________________________ 

GPS Location in UTM format if known: 

Set GPS unit to true north, datum NAD83, and use meters for 
the distance units, Zone 12  or  Zone 13. 

Easting _________________ Northing  __________________ 

# of Monitoring Holes to be constructed in Section:  ______ 

Estimated Depth _______  Ft., Aquifer  _______________ 

 

Purpose of Monitoring Hole(s)  ___________________ 

____________________________________________ 

____________________________________________ 

 

 
Anticipated Date of Construction: __________________ 

 

Date Notice Submitted: ___________________________ 

(Must be at least 3 days prior to construction) 

 

ACKNOWLEDGEMENT FROM STATE ENGINEER'S OFFICE 
FOR OFFICE USE ONLY 

 _____________________________________________ - MH      PROCESSED BY  __________________________________  

DIV.                         WD                           BAS                        MD                                     DATE ACKNOWLEDGED _______________________________  

CONDITIONS OF MONITORING HOLE ACKNOWLEDGEMENT 

A COPY OF THE WRITTEN NOTICE OR ACKNOWLEDGEMENT SHALL BE AVAILABLE AT THE DRILLING SITE. 

1)   Notice was provided to the State Engineer at least 72 hours prior to construction of monitoring & observation hole(s). 

2) Construction of the hole(s) must be completed within 90 days of the date notice was given to the State Engineer.  Testing and/or 

pumping shall not exceed a total of 200 hours unless prior written approval is obtained from the State Engineer.  Water diverted during 

testing must not be used for beneficial purposes.  The owner of the hole(s) is responsible for obtaining permit(s) and complying with all rules 

and regulations pertaining to the discharge of fluids produced during testing.   

3) All work must comply with the Water Well Construction Rules, 2 CCR 402-2.  Standard permit application and work report forms are 

found on the DWR website at http://www.water.state.co.us.  Well Construction and Yield Estimate Reports (GWS-31) must be 

completed for each hole drilled.  The licensed contractor or authorized individual must submit the completed forms to this office within 60 

days of monitoring hole completion.  Aquifer testing information must be submitted on Well Yield Test Report (GWS-39). 

4) Unless a well permit is obtained or variance approved, the hole(s) must be plugged and sealed within eighteen (18) months after 

construction.  An Abandonment Report (GWS-09) must be submitted within 60 days of plugging & sealing.  The above MH 

acknowledgement number, owner's structure name, and owner's name and address must be provided on all well permit application(s), well 

construction and abandonment reports.   

5) A MONITORING HOLE CANNOT BE CONVERTED TO A PRODUCTION WATER WELL, except for purposes of remediation (recovery) or as a 

permanent dewatering system, if constructed in accordance with the Water Well Construction Rules and policies of the State Engineer. 

6) IF HOLES WILL NOT BE CONSTRUCTED UNDER THIS NOTICE WITHIN 90 DAYS, PLEASE WRITE “NO HOLES CONSTRUCTED” ON A COPY OF 

THE ACKNOWLEDGED NOTICE WITH THE FILE NUMBER AND EMAIL TO THE DIVISION OF WATER RESOURCES AT 

DWRpermitsonline@state.co.us. 

THIS ACKNOWLEDGEMENT OF NOTICE DOES NOT INDICATE THAT WELL PERMIT(S) CAN BE APPROVED. 

9

1777 Broadway, Boulder, CO 80302
(303) 441-4232
ColemanB@bouldercolorado.gov

✔ 44966

Adam Prochaska / RJH Consultants, Inc.

9800 Mt. Pyramid Ct, Suite 330

Englewood, CO 80112

(303) 225-4611

aprochaska@rjh-consultants.com

Adam Prochaska

Adam Prochaska

1 70■ 6th
Boulder

■

CDOT right-of-way, south of
US 36

2

65

Monitor groundwater levels in alluvium
or shallow bedrock

05/18/2020

05/11/2020

02/2017

Incomplete forms or Notice provided less than 72 hours prior to well construction will not be acknowledged

City of Boulder, Colorado Attn: Brandon Coleman

Alluvial or Pierre Shale

Colorado Department of Transportation (CDOT)

RCVD DWR
 05/11/2020

1 6 05/11/2020

60778
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GWS-51  NOTICE OF INTENT TO CONSTRUCT MONITORING HOLE(S) 

9/2016  Please type or print legibly in black or blue ink or file online, dwrpermitsonline@state.co.us 

State of Colorado, Office of the State Engineer 1313 Sherman St, Room 821, 

Denver, CO 80203 Phone 303-866-3581 www.water.state.co.us 

 

Well Owner Name(s): ___________________________________ 

Address: ______________________________________________  

Phone: ______________________________________________________ 

Email: ____________________________________________________ 

Landowner’s Name: ___________________________________________ 

Please check one and complete as indicated including contact info: 

 Water Well Driller Licensed in Colorado – Lic. No.  _________________ 

 Professional Engineer Registered in Colorado – Reg. No.  ___________ 

 Professional Geologist per C.R.S. 23-41-208(b) 

 Other — anyone directly employed by or under the supervision of a licensed 

driller, registered professional engineer or professional geologist  

Contact / Company  ____________________________________________ 

Address  _____________________________________________________ 

City, State & Zip _______________________________________________ 

Phone  ______________________________________________________ 

Email  ______________________________________________________ 

Print Name:________________________________________________ 
 
Signature or enter full name here:  _____________________________ 
 

 

Location:  Section __________ 

Township    N S, Range     E W, PM 

County: __________________________________________ 

Subdivision: _______________________________________ 
Lot: _______  Block: ________  Filing: __________________ 

Site/Property Address  _______________________________ 

  __________________________________________________ 

GPS Location in UTM format if known: 

Set GPS unit to true north, datum NAD83, and use meters for 
the distance units, Zone 12  or  Zone 13. 

Easting _________________ Northing  __________________ 

# of Monitoring Holes to be constructed in Section:  ______ 

Estimated Depth _______  Ft., Aquifer  _______________ 

 

Purpose of Monitoring Hole(s)  ___________________ 

____________________________________________ 

____________________________________________ 

 

 
Anticipated Date of Construction: __________________ 

 

Date Notice Submitted: ___________________________ 

(Must be at least 3 days prior to construction) 

 

ACKNOWLEDGEMENT FROM STATE ENGINEER'S OFFICE 
FOR OFFICE USE ONLY 

 _____________________________________________ - MH      PROCESSED BY  __________________________________  

DIV.                         WD                           BAS                        MD                                     DATE ACKNOWLEDGED _______________________________  

CONDITIONS OF MONITORING HOLE ACKNOWLEDGEMENT 

A COPY OF THE WRITTEN NOTICE OR ACKNOWLEDGEMENT SHALL BE AVAILABLE AT THE DRILLING SITE. 

1)   Notice was provided to the State Engineer at least 72 hours prior to construction of monitoring & observation hole(s). 

2) Construction of the hole(s) must be completed within 90 days of the date notice was given to the State Engineer.  Testing and/or 

pumping shall not exceed a total of 200 hours unless prior written approval is obtained from the State Engineer.  Water diverted during 

testing must not be used for beneficial purposes.  The owner of the hole(s) is responsible for obtaining permit(s) and complying with all rules 

and regulations pertaining to the discharge of fluids produced during testing.   

3) All work must comply with the Water Well Construction Rules, 2 CCR 402-2.  Standard permit application and work report forms are 

found on the DWR website at http://www.water.state.co.us.  Well Construction and Yield Estimate Reports (GWS-31) must be 

completed for each hole drilled.  The licensed contractor or authorized individual must submit the completed forms to this office within 60 

days of monitoring hole completion.  Aquifer testing information must be submitted on Well Yield Test Report (GWS-39). 

4) Unless a well permit is obtained or variance approved, the hole(s) must be plugged and sealed within eighteen (18) months after 

construction.  An Abandonment Report (GWS-09) must be submitted within 60 days of plugging & sealing.  The above MH 

acknowledgement number, owner's structure name, and owner's name and address must be provided on all well permit application(s), well 

construction and abandonment reports.   

5) A MONITORING HOLE CANNOT BE CONVERTED TO A PRODUCTION WATER WELL, except for purposes of remediation (recovery) or as a 

permanent dewatering system, if constructed in accordance with the Water Well Construction Rules and policies of the State Engineer. 

6) IF HOLES WILL NOT BE CONSTRUCTED UNDER THIS NOTICE WITHIN 90 DAYS, PLEASE WRITE “NO HOLES CONSTRUCTED” ON A COPY OF 

THE ACKNOWLEDGED NOTICE WITH THE FILE NUMBER AND EMAIL TO THE DIVISION OF WATER RESOURCES AT 

DWRpermitsonline@state.co.us. 

THIS ACKNOWLEDGEMENT OF NOTICE DOES NOT INDICATE THAT WELL PERMIT(S) CAN BE APPROVED. 

9

1777 Broadway, Boulder, CO 80302
(303) 441-4232
ColemanB@bouldercolorado.gov

✔ 44966

Adam Prochaska / RJH Consultants, Inc.

9800 Mt. Pyramid Ct, Suite 330

Englewood, CO 80112

(303) 225-4611

aprochaska@rjh-consultants.com

Adam Prochaska

Adam Prochaska

1 70■ 6th
Boulder

■

CDOT right-of-way, south of
US 36

2

65

Monitor groundwater levels in alluvium
or shallow bedrock

05/18/2020

05/11/2020

02/2017

Incomplete forms or Notice provided less than 72 hours prior to well construction will not be acknowledged

City of Boulder, Colorado Attn: Brandon Coleman

Alluvial or Pierre Shale

Colorado Department of Transportation (CDOT)

RCVD DWR
 05/11/2020

1 6 05/11/2020

60778
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GWS-51  NOTICE OF INTENT TO CONSTRUCT MONITORING HOLE(S) 

9/2016  Please type or print legibly in black or blue ink or file online, dwrpermitsonline@state.co.us 

State of Colorado, Office of the State Engineer 1313 Sherman St, Room 821, 

Denver, CO 80203 Phone 303-866-3581 www.water.state.co.us 

 

Well Owner Name(s): ___________________________________ 

Address: ______________________________________________  

Phone: ______________________________________________________ 

Email: ____________________________________________________ 

Landowner’s Name: ___________________________________________ 

Please check one and complete as indicated including contact info: 

 Water Well Driller Licensed in Colorado – Lic. No.  _________________ 

 Professional Engineer Registered in Colorado – Reg. No.  ___________ 

 Professional Geologist per C.R.S. 23-41-208(b) 

 Other — anyone directly employed by or under the supervision of a licensed 

driller, registered professional engineer or professional geologist  

Contact / Company  ____________________________________________ 

Address  _____________________________________________________ 

City, State & Zip _______________________________________________ 

Phone  ______________________________________________________ 

Email  ______________________________________________________ 

Print Name:________________________________________________ 
 
Signature or enter full name here:  _____________________________ 
 

 

Location:  Section __________ 

Township    N S, Range     E W, PM 

County: __________________________________________ 

Subdivision: _______________________________________ 
Lot: _______  Block: ________  Filing: __________________ 

Site/Property Address  _______________________________ 

  __________________________________________________ 

GPS Location in UTM format if known: 

Set GPS unit to true north, datum NAD83, and use meters for 
the distance units, Zone 12  or  Zone 13. 

Easting _________________ Northing  __________________ 

# of Monitoring Holes to be constructed in Section:  ______ 

Estimated Depth _______  Ft., Aquifer  _______________ 

 

Purpose of Monitoring Hole(s)  ___________________ 

____________________________________________ 

____________________________________________ 

 

 
Anticipated Date of Construction: __________________ 

 

Date Notice Submitted: ___________________________ 

(Must be at least 3 days prior to construction) 

 

ACKNOWLEDGEMENT FROM STATE ENGINEER'S OFFICE 
FOR OFFICE USE ONLY 

 _____________________________________________ - MH      PROCESSED BY  __________________________________  

DIV.                         WD                           BAS                        MD                                     DATE ACKNOWLEDGED _______________________________  

CONDITIONS OF MONITORING HOLE ACKNOWLEDGEMENT 

A COPY OF THE WRITTEN NOTICE OR ACKNOWLEDGEMENT SHALL BE AVAILABLE AT THE DRILLING SITE. 

1)   Notice was provided to the State Engineer at least 72 hours prior to construction of monitoring & observation hole(s). 

2) Construction of the hole(s) must be completed within 90 days of the date notice was given to the State Engineer.  Testing and/or 

pumping shall not exceed a total of 200 hours unless prior written approval is obtained from the State Engineer.  Water diverted during 

testing must not be used for beneficial purposes.  The owner of the hole(s) is responsible for obtaining permit(s) and complying with all rules 

and regulations pertaining to the discharge of fluids produced during testing.   

3) All work must comply with the Water Well Construction Rules, 2 CCR 402-2.  Standard permit application and work report forms are 

found on the DWR website at http://www.water.state.co.us.  Well Construction and Yield Estimate Reports (GWS-31) must be 

completed for each hole drilled.  The licensed contractor or authorized individual must submit the completed forms to this office within 60 

days of monitoring hole completion.  Aquifer testing information must be submitted on Well Yield Test Report (GWS-39). 

4) Unless a well permit is obtained or variance approved, the hole(s) must be plugged and sealed within eighteen (18) months after 

construction.  An Abandonment Report (GWS-09) must be submitted within 60 days of plugging & sealing.  The above MH 

acknowledgement number, owner's structure name, and owner's name and address must be provided on all well permit application(s), well 

construction and abandonment reports.   

5) A MONITORING HOLE CANNOT BE CONVERTED TO A PRODUCTION WATER WELL, except for purposes of remediation (recovery) or as a 

permanent dewatering system, if constructed in accordance with the Water Well Construction Rules and policies of the State Engineer. 

6) IF HOLES WILL NOT BE CONSTRUCTED UNDER THIS NOTICE WITHIN 90 DAYS, PLEASE WRITE “NO HOLES CONSTRUCTED” ON A COPY OF 

THE ACKNOWLEDGED NOTICE WITH THE FILE NUMBER AND EMAIL TO THE DIVISION OF WATER RESOURCES AT 

DWRpermitsonline@state.co.us. 

THIS ACKNOWLEDGEMENT OF NOTICE DOES NOT INDICATE THAT WELL PERMIT(S) CAN BE APPROVED. 

9

1777 Broadway, Boulder, CO 80302
(303) 441-4232
ColemanB@bouldercolorado.gov

✔ 44966

Adam Prochaska / RJH Consultants, Inc.

9800 Mt. Pyramid Ct, Suite 330

Englewood, CO 80112

(303) 225-4611

aprochaska@rjh-consultants.com

Adam Prochaska

Adam Prochaska

1 70■ 6th
Boulder

■

OSMP property near US36 and
south of S Boulder Rd

1

65

Monitor groundwater levels in alluvium
or shallow bedrock

05/18/2020

05/11/2020

02/2017

Incomplete forms or Notice provided less than 72 hours prior to well construction will not be acknowledged

City of Boulder, Colorado Attn: Brandon Coleman

Alluvial or Pierre Shale

City of Boulder Open Space and Mountain Parks (OSMP)

RCVD DWR
 05/11/2020

1 6
60779

05/11/2020
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GWS-51  NOTICE OF INTENT TO CONSTRUCT MONITORING HOLE(S) 

9/2016  Please type or print legibly in black or blue ink or file online, dwrpermitsonline@state.co.us 

State of Colorado, Office of the State Engineer 1313 Sherman St, Room 821, 

Denver, CO 80203 Phone 303-866-3581 www.water.state.co.us 

 

Well Owner Name(s): ___________________________________ 

Address: ______________________________________________  

Phone: ______________________________________________________ 

Email: ____________________________________________________ 

Landowner’s Name: ___________________________________________ 

Please check one and complete as indicated including contact info: 

 Water Well Driller Licensed in Colorado – Lic. No.  _________________ 

 Professional Engineer Registered in Colorado – Reg. No.  ___________ 

 Professional Geologist per C.R.S. 23-41-208(b) 

 Other — anyone directly employed by or under the supervision of a licensed 

driller, registered professional engineer or professional geologist  

Contact / Company  ____________________________________________ 

Address  _____________________________________________________ 

City, State & Zip _______________________________________________ 

Phone  ______________________________________________________ 

Email  ______________________________________________________ 

Print Name:________________________________________________ 
 
Signature or enter full name here:  _____________________________ 
 

 

Location:  Section __________ 

Township    N S, Range     E W, PM 

County: __________________________________________ 

Subdivision: _______________________________________ 
Lot: _______  Block: ________  Filing: __________________ 

Site/Property Address  _______________________________ 

  __________________________________________________ 

GPS Location in UTM format if known: 

Set GPS unit to true north, datum NAD83, and use meters for 
the distance units, Zone 12  or  Zone 13. 

Easting _________________ Northing  __________________ 

# of Monitoring Holes to be constructed in Section:  ______ 

Estimated Depth _______  Ft., Aquifer  _______________ 

 

Purpose of Monitoring Hole(s)  ___________________ 

____________________________________________ 

____________________________________________ 

 

 
Anticipated Date of Construction: __________________ 

 

Date Notice Submitted: ___________________________ 

(Must be at least 3 days prior to construction) 

 

ACKNOWLEDGEMENT FROM STATE ENGINEER'S OFFICE 
FOR OFFICE USE ONLY 

 _____________________________________________ - MH      PROCESSED BY  __________________________________  

DIV.                         WD                           BAS                        MD                                     DATE ACKNOWLEDGED _______________________________  

CONDITIONS OF MONITORING HOLE ACKNOWLEDGEMENT 

A COPY OF THE WRITTEN NOTICE OR ACKNOWLEDGEMENT SHALL BE AVAILABLE AT THE DRILLING SITE. 

1)   Notice was provided to the State Engineer at least 72 hours prior to construction of monitoring & observation hole(s). 

2) Construction of the hole(s) must be completed within 90 days of the date notice was given to the State Engineer.  Testing and/or 

pumping shall not exceed a total of 200 hours unless prior written approval is obtained from the State Engineer.  Water diverted during 

testing must not be used for beneficial purposes.  The owner of the hole(s) is responsible for obtaining permit(s) and complying with all rules 

and regulations pertaining to the discharge of fluids produced during testing.   

3) All work must comply with the Water Well Construction Rules, 2 CCR 402-2.  Standard permit application and work report forms are 

found on the DWR website at http://www.water.state.co.us.  Well Construction and Yield Estimate Reports (GWS-31) must be 

completed for each hole drilled.  The licensed contractor or authorized individual must submit the completed forms to this office within 60 

days of monitoring hole completion.  Aquifer testing information must be submitted on Well Yield Test Report (GWS-39). 

4) Unless a well permit is obtained or variance approved, the hole(s) must be plugged and sealed within eighteen (18) months after 

construction.  An Abandonment Report (GWS-09) must be submitted within 60 days of plugging & sealing.  The above MH 

acknowledgement number, owner's structure name, and owner's name and address must be provided on all well permit application(s), well 

construction and abandonment reports.   

5) A MONITORING HOLE CANNOT BE CONVERTED TO A PRODUCTION WATER WELL, except for purposes of remediation (recovery) or as a 

permanent dewatering system, if constructed in accordance with the Water Well Construction Rules and policies of the State Engineer. 

6) IF HOLES WILL NOT BE CONSTRUCTED UNDER THIS NOTICE WITHIN 90 DAYS, PLEASE WRITE “NO HOLES CONSTRUCTED” ON A COPY OF 

THE ACKNOWLEDGED NOTICE WITH THE FILE NUMBER AND EMAIL TO THE DIVISION OF WATER RESOURCES AT 

DWRpermitsonline@state.co.us. 

THIS ACKNOWLEDGEMENT OF NOTICE DOES NOT INDICATE THAT WELL PERMIT(S) CAN BE APPROVED. 

9

1777 Broadway, Boulder, CO 80302
(303) 441-4232
ColemanB@bouldercolorado.gov

✔ 44966

Adam Prochaska / RJH Consultants, Inc.

9800 Mt. Pyramid Ct, Suite 330

Englewood, CO 80112

(303) 225-4611

aprochaska@rjh-consultants.com

Adam Prochaska

Adam Prochaska

1 70■ 6th
Boulder

■

OSMP land south of US36
and east of "CU Boulder South"

 1

65

Monitor groundwater levels in alluvium
or shallow bedrock

05/29/2020

05/22/2020

02/2017

Incomplete forms or Notice provided less than 72 hours prior to well construction will not be acknowledged

City of Boulder, Colorado Attn: Brandon Coleman

Alluvial or Pierre Shale

City of Boulder Open Space and Mountain Parks (OSMP)

RCVD DWR
 05/22/2020

1 6
60805

05/22/2020
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Section

City of Boulder, Colorado Attn: Brandon Coleman

RCVD DWR
 08/16/2021

62389
1 6 08/17/2021
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APPENDIX B.3 

 
WELL PERMITS 

 

 



ORIGINAL PERMIT APPLICANT(S)

AUTHORIZED AGENT

CITY OF BOULDER (COLEMAN, BRANDON)

RJH CONSULTANTS (PROCHASKA, ADAM)

APPROVED WELL LOCATION
Water Division:
Designated Basin:
Management District:
County:
Parcel Name:

1
N/A
N/A
BOULDER
N/A

Water District: 6

Well to be constructed on specified tract of land
Northing: 4425633.0

UTM COORDINATES (Meters, Zone:13, NAD83)

481024.0Easting:

WELL PERMIT NUMBER 317907-

RECEIPT NUMBER 10004080

ISSUANCE OF THIS PERMIT DOES NOT CONFER A WATER RIGHT
CONDITIONS OF APPROVAL

1) This well shall be used in such a way as to cause no material injury to existing water rights. The issuance of this permit does not 
ensure that no injury will occur to another vested water right or preclude another owner of a vested water right from seeking 
relief in a civil court action.

2) The construction of this well shall be in compliance with the Water Well Construction Rules 2 CCR 402-2, unless approval of a 
variance has been granted by the State Board of Examiners of Water Well Construction and Pump Installation Contractors in 
accordance with Rule 18.

3) Approved pursuant to CRS 37-92-602(3)(b)(I) for uses as described in CRS 37-92-602(1)(f). Use of this well is limited to 
monitoring water levels and/or water quality sampling.

4) Approved for the use of an existing well known as B-215(P).

5) This well must be equipped with a locking cap or seal to prevent well contamination or possible hazards as an open well. The 
well must be kept capped and locked at all times except during sampling or measuring.

6) Records of water level measurements and water quality analyses shall be maintained by the well owner and submitted to the 
Division of Water Resources upon request.

7) Upon conclusion of the monitoring program the well owner shall plug this well in accordance with Rule 16 of the Water Well 
Construction Rules. A Well Abandonment Report must be completed and submitted to the Division of Water Resources within 60 
days of plugging.

8) The owner shall mark the well in a conspicuous location with the well permit number and name of aquifer as appropriate, and 
shall take necessary means and precautions to preserve these markings.

9) This well must have been constructed by or under the supervision of a licensed well driller or other authorized individual 
according to the Water Well Construction Rules.

10) This well must be located not more than 200 feet from the location specified on this permit.

NOTE: Issuance of this permit does not guarantee that this well can be converted to a production well under a future permit. 
Additionally, pursuant to Rule 14.2 of the Water Well Construction Rules (2 CCR 402-2), monitoring holes constructed pursuant 
to a monitoring hole notice shall not be converted to a production well. (Upon obtaining a permit from the State Engineer, a 
monitoring hole may be converted to a monitoring well, recovery well for remediation of the aquifer, or a dewatering system 
for dewatering the aquifer.)

NOTICE: This permit has been approved subject to the following changes: The 60778-MH was not referenced on this permit since 
it was issued for Sec. 9, Twp. 1 S, Rng. 70 W, 6th P.M., and the monitoring well was constructed in Sec. 10, Twp. 1 S, Rng. 70 
W, 6th P.M. You are hereby notified that you have the right to appeal the issuance of this permit, by filing a written request 
with this office within sixty (60) days of the date of issuance, pursuant to the State Administrative Procedures Act. (See Section 
24-4-104 through 106, C.R.S.)

PERMIT TO USE AN EXISTING WELL

SW 1/4 NW 1/4 Section 10 Township 1.0 S Range 70.0 W Sixth P.M.

Physical Address: CDOT RIGHT-OF-WAY, SOUTH OF US36 
BOULDER, CO 80309

For questions about this permit call 303.866.3581 or go to www.water.state.co.us Page 1 of 2Printed 07-09-2020
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7/9/2020

N/A
Issued By ANITIA ARCHULETA

Expiration Date:

Date Issued:

For questions about this permit call 303.866.3581 or go to www.water.state.co.us Page 2 of 2Printed 07-09-2020

WELL PERMIT NUMBER 317907- RECEIPT NUMBER 10004080
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Imstng: 491406. 0 Northing: 44I51

PERMIT TO USE AN UISTING WELL

CONDIDOM OF APPROVAL

This sort star be us cl M such a way as to cause no material m3 ury to existing water rights. The issuance of this permit does not
Mre Wt no injury MN rccntr m another women water right or preclude another owner of a vmt l water right from seeking

IH M a their curt ante. 

The construction of this sort star Min canphaI with the Water Wel Construction 12 CCR 4M 2, notes approxi of a

mmI has Man Standard by the Sole WM ofF miners of Warer Wel Construction and mans lrstamtm Contractor; in
accar6ancewM Fule 18. 

Alproed Whsuan WCM 3292602( 3)( 6)( 1) far ureas dimmi in CRS 37 92 Ali of this wai har Hat
mmMrng water leers and/ or weer qa rhy stooping. 

Alprov l far mouse of an existing sort acMowleged for construction under monitoring mid notice W352 MN, and Mavn as

MAP). This vreLLmustM yAyLdwM a morning; cap orsearlo prevent well cnrammation orfordi h munbas an opah wai The
wel oust Mkcµ cayLdand IUYN at art tineexBtt during sampling or measuring. 

Netwod: of water leermessurmmtsand water 4amy anari shall M maintained bythe vreNovmerandymenhi H name
Lai of WaterPrnloceupu request. 

Upon androids of the monitoring programs the vreNovmershail pug thkwell in xcrdancewM Fule 16 of monodist Wel
Construction Rule. A WeNMandnmen PtypM1must M couple d and warmured to the Divisbh of Water Resources within w

days of pugging. 

The owner short malk the we in a conspicuous stands truth the wHr permit summer and name of a} uifer as appropriate, and

start land necessary means and precautions to revere these martini

ThG sort most had leen constructed by or under the superveion of a ordered wHr other or other authorised mdbauak
aorMng tithe Winner Well Construction Rules. 
ThG sort most be Imm1 Hnot mi man 20) fret from the [ statim scetlh Hon INS permit. 

NOTE: Issuance of this pi dres not guarantee that this well ran Mimmersed b a production well under a future perch. 

Ad. fificn . Wquant b Fule 14. 2 of the Wafer Well Construction Rules ( 2 CCR 4022), monitoring hales cnsuucted pursuant
a mmifodng M1de notice shad nes M cmerfH ma production vreo. ( peau obtaining a per form the State Engineer, a

moNbrng mid may M chnerfH m a moNbrng wHr, revery wHr for mnetation of the a} uifer, ora dewatering system

Date lswM: 4/ 16/ 2020

Named ARCNUI£ TA
Expiration Dd[ e: N/ A

Prinbd 04- 16ams) Far rnn' Ibe bom tae µ non can I01. 1663SH or So to wmosdAr. miscons saw of

WELL PERMR NUMBER 317090
ISOCOLORADO

DIVINon of Waht Aewlucea

cemmmegq uaMal4ermnm
RECEIPT NUMBER 100I

ORIGNALPERMITAPPUCANrRI APPROVED WELL LOCATION

G" OF WUMM( COLEMAN, BRANDON) Water D'rviai0n: 1 Water DIstrat: 6

Designated Baddi N/ A

Management Dletrat N/ A

Century: WULDER

Parcel Name: N/ A

AUCIpR6ED AGENC Phi Addrese: N/ A

Url CONSULTANTS INC ( PROCIVISaA, AWN) NW 114 NE 114Secton 9Tew%hlp 1. 05 Range MB W Sixth P. M. 

Imstng: 491406. 0 Northing: 44I51

PERMIT TO USE AN UISTING WELL

CONDIDOM OF APPROVAL

This sort star be us cl M such a way as to cause no material m3 ury to existing water rights. The issuance of this permit does not
Mre Wt no injury MN rccntr m another women water right or preclude another owner of a vmt l water right from seeking
IH M a their curt ante. 

The construction of this sort star Min canphaI with the Water Wel Construction 12 CCR 4M 2, notes approxi of a

mmI has Man Standard by the Sole WM ofF miners of Warer Wel Construction and mans lrstamtm Contractor; in
accar6ancewM Fule 18. 

Alproed Whsuan WCM 3292602( 3)( 6)( 1) far ureas dimmi in CRS 37 92 Ali of this wai har Hat
mmMrng water leers and/ or weer qa rhy stooping. 

Alprov l far mouse of an existing sort acMowleged for construction under monitoring mid notice W352 MN, and Mavn as

MAP). This vreLLmustM yAyLdwM a morning; cap orsearlo prevent well cnrammation orfordi h munbas an opah wai The
wel oust Mkcµ cayLdand IUYN at art tineexBtt during sampling or measuring. 

Netwod: of water leermessurmmtsand water 4amy anari shall M maintained bythe vreNovmerandymenhi H name
Lai of WaterPrnloceupu request. 

Upon androids of the monitoring programs the vreNovmershail pug thkwell in xcrdancewM Fule 16 of monodist Wel
Construction Rule. A WeNMandnmen PtypM1must M couple d and warmured to the Divisbh of Water Resources within w

days of pugging. 

The owner short malk the we in a conspicuous stands truth the wHr permit summer and name of a} uifer as appropriate, and

start land necessary means and precautions to revere these martini

ThG sort most had leen constructed by or under the superveion of a ordered wHr other or other authorised mdbauak
aorMng tithe Winner Well Construction Rules. 

ThG sort most be Imm1 Hnot mi man 20) fret from the [ statim scetlh Hon INS permit. 

NOTE: Issuance of this pi dres not guarantee that this well ran Mimmersed b a production well under a future perch. 

Ad. fificn . Wquant b Fule 14. 2 of the Wafer Well Construction Rules ( 2 CCR 4022), monitoring hales cnsuucted pursuant
a mmifodng M1de notice shad nes M cmerfH ma production vreo. ( peau obtaining a per form the State Engineer, a

moNbrng mid may M chnerfH m a moNbrng wHr, revery wHr for mnetation of the a} uifer, ora dewatering system

Date lswM: 4/ 16/ 2020

Named ARCNUI£ TA
Expiration Dd[ e: N/ A

Prinbd 04- 16ams) Far rnn' Ibe bom tae µ non can I01. 1663SH or So to wmosdAr. miscons saw of
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COMPLETION REPORTS 
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GWS-31 
02/2017 

INSTRUCTIONS FOR WELL CONSTRUCTION AND YIELD ESTIMATE REPORT 
 

This report must be computer generated online, typed or printed in BLACK OR BLUE INK and may be reproduced by photocopy or computer generation.  
Photocopy reproductions must retain margins and print quality.  Attach additional sheets if more space is required.  Each additional sheet must be identified 
at the top by the well owner’s name, the permit number, form name/number and a sequential page number.  Report depths in feet below ground surface.   
If filing online please see online form submittal instructions at http://water.state.co.us/groundwater/wellpermit/onlineformsubmittal/Pages/DWRSite1.aspx   
You may also save, print and email the completed form to: dwrpermitsonline@state.co.us 
 
The form must be submitted to the State Engineer’s Office within 60 days after completing the well or 7 days after the permit expiration date, 
whichever is earlier.  A copy of the form must be provided to the well owner. 
 
Item Instructions: (numbers correspond with those on the front of this form) 
 

1. Complete the well permit and receipt number. 

2. Provide the identification (owner’s well designation) for the well. 

3. Fill in well owner name.  

4. Provide the street address where the well is located. 

5. Provide the GPS location where the well was drilled (required field). 

Colorado contains two (2) UTM zones.  Zone 13 covers most of Colorado.  The boundary between Zone 12 and Zone 13 is the 108th Meridian (longitude).  
West of the 108th Meridian is UTM Zone 12 and east of the 108th Meridian is UTM Zone 13.  The 108th Meridian is approximately 57 miles east of the 
Colorado-Utah state line.  On most GPS units, the UTM zone is given as part of the Easting measurement, e.g. 12T0123456.  Check the appropriate 
box for the zone. 

6. Complete the legal description location of the well and county.  For wells located in subdivisions, the name, lot, block, and filing, must be provided.   

7. Report the ground surface elevation in feet above sea level if available.  This value may be obtained from a topographic map.  Provide the date the 
well was completed and describe the drilling method used to construct the well. 

8. Indicate the aquifer in which the well was completed, the total depth drilled, and the actual completed depth of the well. 

9. Indicate whether or not the well inspection team was required to be notified prior to construction.  If required, provide the date notification was given.  
See http://water.state.co.us/groundwater/BOE/Pages/VariancesWaivers.aspx for more information on Notifications. 

10. Check the box indicating the type aquifer in which the well is completed (See Rule 5.2.2 Well Construction Rules).  

11. Fully describe the materials encountered in drilling.  Do not use formation names unless they are in conjunction with a description of materials.  Examples 
of descriptive terms include: 

Type – sandstone, sand, etc. 
Grain size – Boulders, gravel, sand, silt, clay, etc. 
Color – Denote for all materials, most critical in sedimentary rock 
Water Location – Depth where water is encountered (if it can be determined) 

12. Provide the diameters of the drilled borehole. 

13. The outside diameter, type, wall thickness, and interval of plain and perforated casing lengths must be indicated.  For perforated casing, the screen 
size must be indicated. 

14. Indicate the material and size of filter pack (e.g. sand, gravel, etc.) and the interval where placed. 

15. Indicate the type and setting depth for any packers installed. 

16. The material, amount, and interval of the grout slurry must be reported.  Density may be indicated as pounds per gallon, gallons of water per sack, 
total gallons of water used, or number of sacks used, etc.  Specify the grout placement method, i.e. tremie pipe or positive placement.  The percentage 
of additives mixed with the grout should be reported under remarks. 

17. Record the type and the amount of disinfection used, how placed, and the length of time left in the hole. 

18. Report Well Yield Estimate data as required by Rule 17.1.1.  Spaces are provided to report all estimates made during the assessment.  The report should 
show that the estimate complied with the provisions of the rules.  If available, report clock time when measurements were taken.  If an estimate was 
not performed, explain when it will be done.  A full Well Yield Test may be performed instead of an estimate; if so, check the appropriate box and 
submit the data on form GWS-39. 

19. Fill in Company Name, Email, and Address and License Number (or PE/PG) of the Individual who is responsible for the well construction.  The licensed 
contractor or authorized individual responsible for the construction of the well must sign or if filing online, enter his/her name on the report.  If filing 
online the State Engineer considers the entering of the licensed contractors name on the form to be a certification of accuracy and truthfulness in 
compliance with Rule 17.4 of the Water Well Construction Rules and Regulations, 2 CCR 402-2. 

Rule 17.4 Certification - Work reports must be signed and certified as to accuracy and truthfulness of the information on the report by the well 
construction or pump installation contractors or authorized individuals responsible for the work performed by them or under their direction or 
supervision, or by the private driller or private pump installer if the work was performed by them.  Such reports are deemed to be completed, signed 
and certified under oath. 

Submit completed report to: State of Colorado, Office of the State Engineer, 1313 Sherman St, Room 821, Denver, CO 80203.  You may also save, print, scan 
and email the completed form to dwrpermitsonline@state.co.us 
 
IF YOU HAVE ANY QUESTIONS regarding any item on this form, please call the Division of Water Resources Ground Water Information Desk (303-866-3587), or 
the nearest Division of Water Resources Field Office located in Greeley (970-352-8712), Pueblo (719-542-3368), Alamosa (719-589-6683), Montrose (970-249-
6622), Glenwood Springs (970-945-5665), Steamboat Springs (970-879-0272), or Durango (970-247-1845), or refer to our web site at www.water.state.co.us 
for general information, forms, online filing instructions and access to state rules and statutes. Appendix B.4 14 of 14

http://water.state.co.us/groundwater/wellpermit/onlineformsubmittal/Pages/DWRSite1.aspx
mailto:dwrpermitsonline@state.co.us
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APPENDIX C 

 
GEOPHYSICS REPORT  

 

 

 

 



January 16, 2020 

 

RJH Consultants, Inc.  

9800 Mt. Pyramid Court, Suite 330 

Englewood, CO 80112 

 

Attn: Samantha Guillies 

Office: (303) 225-4611 

Email: sguillies@rjh-consultants.com  

 

 

 

RE: MASW Geophysical Investigation 

 South Boulder Creek, Boulder, CO 

 Collier Geophysics Project 19-225 

 

 

 

Collier Geophysics, LLC (Collier) conducted a geophysical investigation on behalf of RJH 

Consultants, Inc. (RJH) southeast of Boulder, CO (Figure 1). The seismic line paralleled US 36 

and the US 36 Bike Path, northwest of where they cross the South Boulder Creek. The objectives 

of the investigation were to map top of rock and to map buried paleochannels (if present). The 

objectives were met using Multi-channel Analysis of Surface Waves (MASW). 

The survey was performed November 7
th

 and 8
th

, led by Collier geophysicist Miriam Moller. The 

following report presents results from the geophysical investigation and summarizes the site 

conditions, field methods, data acquisition, and interpretation procedures. For further information 

regarding the details of the MASW technique, see Appendix A. 
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MASW Geophysical Investigation RJH Consultants, Inc.

Project #19-225  
January 16, 2020        

 

 

Geophysical Letter Report 2 Collier Geophysics 

 

 
Figure 1. Project location map with approximate project area shown in yellow. Google Earth Imagery, 2019.  

 

Site Conditions 

The seismic line paralleled the US 36 bike path, along its southern side, with a total line length of 

approximately 3,000 feet. Conditions along most of the line consisted of short grass and gravely 

soils. On the southeast end of the line, around South Boulder Creek, conditions consisted of 

moderately thick, very tall grasses and shrubs with rocky to silty soils. Figure 2 presents 

photographs taken during data collection, showing typical conditions encountered at the site. The 

creek had 6 inches to 2 feet of running water, depending on the depth and width of the creek bed. 

The weather during data collection was cold to cool and partly sunny. 
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MASW Geophysical Investigation RJH Consultants, Inc.

Project #19-225  
January 16, 2020        

 

 

Geophysical Letter Report 3 Collier Geophysics 

 

Figure 2. Typical site conditions encountered during data collection. 

 

Data Acquisition 

Data were collected along one continuous line at the site, as shown in the line location map in 

Figure 3. Seismic data were acquired using Geometrics Geode 24-channel digital seismographs, 

a state-of-the-art, 24-bit seismograph, connected to a field laptop via an Ethernet cable. Data 

were collected using two 24 channel seismographs coupled together to collect 48 channels of 

active data, in a roll-along manner (explained below). The geophones were placed down the line 

at a 10 foot interval, for an array length of 470 feet. Data were acquired using an active seismic 

source, consisting of a 90-pound (lb) accelerated weight drop mounted on an ATV, impacting a 

metal strike plate. Shot points were located every 30 feet along the line, beginning with a 30 foot 

off-end shot. Once the shot point reached the center of the 48 channel spread, the first 24 

channels of the spread were picked up and moved forward of the array off the end of the line, in 

a roll-along manner. In this way, continuous data coverage was possible along any length of line. 

Data were collected over a total of approximately 3,020 linear feet. 
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Figure 3. Line location map (red line). Google Map Imagery(2019). 

 

Acquisition parameters of the seismic system used for this survey comprised of stacked 2-second 

records at a 0.125 millisecond (ms) sample rate. Analog data from the geophones are collected in 

the seismograph where the data are digitized, transmitted to the laptop computer, and then 

recorded on the hard drive. The geophone positions, and thereby, line location and orientation, 

were measured with a Trimble Geo7x, a handheld GPS unit with sub-foot precision. 

  

Appendix C 4 of 19



MASW Geophysical Investigation RJH Consultants, Inc.

Project #19-225  
January 16, 2020        

 

 

Geophysical Letter Report 5 Collier Geophysics 

 

Data Processing 

MASW analysis consists of generating a frequency-velocity transform from the surface waves, 

picking the transformed data to derive a dispersion curve, and inverting this dispersion curve to a 

layered shear-wave velocity (Vs) model. These steps are repeated for each shot location down-

line, using 24 geophones at a time. This generates a 1D Vs model centered at each 24 geophone 

group (between the 12
th

 and 13
th

 geophone positions), every 30 feet down the seismic line. The 

1D Vs models are inverted together, to generate a 2D Vs profile of the line. Because the 1D 

models are centered on a 24 geophone group, there is a difference between the surface line 

coverage from data collection and the 

length of the final processed 2D profile. 

The result is that the final 2D profile is 

shorter than the surface coverage. The inset 

photo on the right shows the difference, 

with the red line representing the surface 

coverage of the seismic lines as deployed in 

the field, and the overlying yellow line 

representing the subsurface coverage of the 

final 2D profiles. 

Figure 4 illustrates the dispersion curve picking approach used for MASW soundings, with an 

example from of this investigation. The program SurfSeis, version 6.3, by the Kansas Geological 

Survey, was used for the MASW processing.  

 
Figure 4. Example of dispersion curve picking (white boxes) from this project. 
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Results and Discussion 

Attached to end of this report are Figures 5 and 6, presenting line locations, results, and 

interpretations, in 11” x 17” landscape format. Figure 5 presents the full depth of the MASW Vs 

results. Figure 6 presents the results truncated at approximately 100 feet below ground surface 

with two times vertical exaggeration. Both figures are annotated with simplified borehole 

information, provided to Collier by RJH, and include annotated line location maps. Each profile 

has the same color scale line to line, with high velocity values represented by “warm” colors 

(orange and red) and low velocity values represented by “cool” colors (dark and light blue).  

As stated in the borehole data, top of rock is slightly to highly weathered. This variable 

weathering of the rock makes choosing a single velocity to represent the top of rock 

interpretation impractical. Additionally, shale, as was encountered in the borings, has a wide 

range of possible shear wave velocity values, from 700 feet per second (ft/s), to above 8,000 ft/s. 

Based on bedrock depth from the borings and velocity gradients from Figures 5 and 6, a velocity 

range from approximately 1,100 to 1,500 feet per second (ft/s) was interpreted as the top of 

weathered rock. This is annotated on the profiles as a dashed black line. The interpreted top of 

rock line differs marginally from the bedrock depth indicated in the boreholes. At boring B-111 

the overburden immediately above bedrock is very dense with high blow counts, which could 

attribute to the higher velocity values seen in the near surface at this location. At B-110, the logs 

indicate low RQD values (<20%) down to about 20 feet, and bedrock is described as moderately 

weathered, and moderately to highly fractured. Both of which could attribute to the lower 

velocity values here, and therefore deeper interpreted top of rock. While Boring B-109 indicates 

higher RQD, it also states moderate to intense weathering increasing to slight weathering, and 

moderate fracturing of the bedrock. Again, these attributes can lower the velocity of the bedrock. 

Given these correlations, it is apparent that bedrock has varying degrees of weathering and 

fracturing across the site. It could be inferred that low velocity value variations at depth indicate 

areas of higher fracturing and weathering, or possibly paleochannels, as discussed below.  

The second objective of the geophysical investigation was to map paleochannels if there were 

any present. The top of rock profile is relatively flat across the across the site. There is a section 

howevwe, from 1,700 to 1,925 feet downline, where the top of rock line could be approximately 

20 feet deeper, as indicated with the red dashed line. With the aforementioned variability of the 

shale, it is difficult to determine which is more likely. There are additional, deeper, low velocity 

anomalies across the site as well, which may be due to paleochannels and/or flood deposits. 

Without boring data at those exact locations, it is difficult to determine the exact cause. Most 

notable of these low velocity variations are 675 to 1,050 feet downline, 2,350 to 2,650 feet, 2,650 
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to 2,750 feet, and 2,975 feet to the end of the line, east of the current creek location. Except for 

the anomaly at 2,700 feet, these anomalies are 20 to 30 feet deep. The anomaly at 2,700 feet 

downline is approximately 50 feet below ground surface.  

Closure 

The geophysical methods and field procedures defined in this report were applicable to the 

project objectives and have been successfully applied by Collier geophysicists to investigations 

of similar size and nature. However, sometimes field or subsurface conditions are different from 

those anticipated and the resultant data may not achieve the investigation objectives. Collier 

warrants that our services were performed within the limits prescribed for this project, with the 

usual thoroughness and competence of the geophysical profession. Collier conducted this project 

using the current standards of the geophysical industry and utilized in house quality control 

standards to produce a precise geophysical survey. 

The quality of the data acquired during this investigation was good. The quality of the data yields 

a high degree of confidence in the results obtained and presented in this report. If you have any 

questions regarding the field procedures, data analyses, or the interpretive results presented 

herein, please do not hesitate to contact us. We appreciate working with you and look forward to 

providing RJH Consultants, Inc. with geophysical services in the future. 

 

Respectfully Submitted, 

Collier Geophysics, LLC  

 

____________________________   ___________________________ 

Miriam Moller      Jacob Sheehan 

Geophysicist      Senior Geophysicist 

 

(1 copy e-mailed PDF format)  
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AN INTRODUCTION TO THE MULTICHANNEL ANALYSIS  

OF SURFACE WAVES (MASW) METHOD 

 
 
GENERAL: 
The multichannel analysis of surface waves method (MASW) is a nondestructive seismic method to evaluate 
the shear-wave velocity distribution and structure for overburden soil deposits and the bedrock.  It analyses 
dispersion properties of certain types of seismic surface waves (fundamental-mode Rayleigh waves) 
propagating horizontally along the surface of measurement directly from impact points to receivers (hammer 
shot points to geophones. respectively). The method provides the shear wave (Vs) information in either 1D 
(depth) or 2D (depth and surface distance) formats. 
 
The main benefit of the MASW method is to take a full advantage of the complicated nature of seismic waves 
that always contain body and surface wave energy.  Surface wave energy comprises greater than 70% of the 
energy generated by an impact to the surface.  Utilizing pattern-recognition techniques similar to those used in 
seismic exploration surveys, the MASW method properly accounts for the body waves, the ambient noise, 
and the surface wave energy contained in a shot record.  In urban settings this method is the most applicable 
seismic method to map the subsurface. 
 
 
OBJECTIVE: 
The objective of the MASW geophysical survey method is to present in 1D or 2D format the lateral and 
vertical changes in shear wave velocities caused by geologic structure.  The structure can be the result of 
stiffness changes in the overburden soils, relief on the bedrock surface, or a combination of both.  
 
 
FIELD METHOD: 
The fieldwork is accomplished in noisy urban environments using a specialized array of surface geophones 
(low frequency phones) and measuring the travel-time and frequency of energy created by hammer blows to 
the ground surface. The field setup generally involves laying out a line of geophones spaced appropriately for 
the depth of investigation and the target. 
 
Figure 1 illustrates the basic setup for MASW field surveys.  A multiple number of receivers (usually 24 or 
more) are deployed with an even spacing along a linear survey line with geophones connected to a multi-
channel seismograph.  Each channel is dedicated to recording vibrations from one receiver.  Typically records 
of 1 second are stored in the seismograph from impacts to the surface repeated several times for signal 
stacking, using a 1 millisecond sample interval.  One multichannel record, commonly referred to as a shot 
gather, consists of a multiple number of time series (called traces) from all the receivers in ordered manner 
(i.e., 1 through 24).  Because MASW processing schemes utilize a wavefield transform applied to the field 
data, the method has the capability to automatically account for adverse effects of near-field, far-field, spatial 
aliasing, and ambient energy.  Therefore, acquisition parameters for MASW have a wide range of tolerance, 
unlike conventional refraction and reflection seismic surveys.  The two most important parameters to be 
considered for MASW surveys are the source offset and the receiver spacing.  These parameters are 
dependent on the site conditions and the average stiffness of the near-surface geologic materials. 
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Figure 1. Schematic illustration of the typical MASW field 

instrumentation, setup and data recording. 
 
 
Data acquisition proceeds with the linear array of geophones incrementally moving forward at an interval 
equal to the receiver spacing, and repeating the hammer impacts and recordings.  Figure 2 presents a plan-
view schematic diagram of the progression of field recordings. Shot and receiver geometry (i.e., spacing) 
remain the same of course, however the array is moved linearly along the same line as the initial setup, 
usually designed to be near or centered on a drill hole location.   
 

 
 

Figure 2. Typical MASW field survey setup – each setup is termed an array.  
G (triangles) represent geophone positions and S (stars) represent shot points. 

 
 
 

 

Drill hole 
# 5  

ft 

10 
ft 

Three stacked shots at each shot location 
Phone spacing =5 ft 

G 1 G 24 

S1 

S12 
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DATA PROCESSING: 
Data processing consists of three basic steps. 

1) Preliminary detection of surface waves; 
2) Constructing the dispersion image panel and extracting the signal dispersion curve; and, 
3) Back-calculating (inverting) the shear-wave variation with depth (1D) 

 
Figure 3 illustrates these first three steps.  Generally, a series of 1D profiles are generated for each array 
position and the process is iteratively repeated for each shot gather. 
 

 
Figure 3. Illustration of the process used to derive 1D shear wave  

velocity profile from MASW data (from Kansas Geologic Survey). 
 
Figure 4 defines the process flow for analysis and interpretation of MASW data.  The sequence was 
developed and the inversion process automated using software from Kansas Geologic Survey (KGS).  
Data processing is complex series of iterative sequences analyzing each shot record for dispersion of the 
surface waves recorded, combining the acquisition parameters and extracting the optimum offset traces.  
The dispersion curves generated are then run through an inversion algorithm that produces a 1D velocity 
profile.  Figure 5 shows the step-by-step process in a more schematic format than the actual flow-chart 
presented in Figures 4 or the first part of the data processing sequence shown in Figure 3.   
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Figure 4.  Processing flow used to derive MASW shear wave velocity (2D) cross-sections (from Kansas 
Geologic Survey). 
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Figure 5.  Illustration of the process used to derive MASW shear wave velocity (2D) cross-sections (from 

Kansas Geologic Survey). 
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RESULTS: 
Because surface waves propagate approximately 90-92% of the shear wave velocity for near-surface 
geologic materials, and the material property that governs the speed of both of these seismic waves is the 
material stiffness, profiles generated with MASW surveys are shown as shear-wave profiles.  MASW 
results are typically shown as 2D cross-section beneath the geophone array.  Typically, it represents the 
distribution of shear-wave velocities in overburden soils, showing any lateral variation due to stiffness 
(e.g., cementation or induration).  Shear wave velocity is NOT affected by fluids in the pore spaces, as 
compressional (P-) waves are and as such the MASW method cannot detect the presence of the water 
table.  Because bedrock, even if weathered is typically much stiffer than overlying soils, the method is 
well-suited to map the interface between soil and bedrock.  Where the bedrock is weathered, the interface 
may be identified as having a gradual increase in velocity (stiffness) with depth; that is a gradient between 
soft soils, stiff weathered bedrock, and competent (hard) bedrock.   
 
Figure 6 shows a typical MASW cross-section where a thin layer of soft soil overlies weathered 
(claystone) bedrock.  The bedrock grades with depth into competent claystone, siltstone and sandstone; 
typical shallow geology along the Rocky Mountain front range. Boring logs should be used to confirm the 
velocity structure with the geologic materials and posted on the 2D velocity sections as much as possible 
(i.e., without projection from great distances).  Figure 7 shows a long (~1,000 feet) cross-section of S-
wave velocities obtained from a ‘deep’ geotechnical project in Hawaii for the Honolulu High-Capacity 
Transit Corridor Project (HHCTCP), where Vs data were needed to depths of greater than 150 feet below 
ground surface for foundation design.  
 

 
Figure 6.  Example MASW shear wave velocity (2D) cross-section.  Z is depth in feet, and X is distance along 

the ground surface in feet. Interpretation: Blue (low-velocities) represents soft overburden soils, green 
(moderate velocities) represents weathered bedrock, and orange/red (high-velocities) indicates competent 

bedrock. 
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Figure 7.  Example passive 2D MASW shear wave velocity (2D) cross-section.  Z is depth in feet, and X is 
distance along the ground surface in feet. Interpretation: Blue (low-velocities) represents soft overburden 

soils, green (moderate velocities) represents weathered bedrock, and orange/red (high-velocities) represents 
competent bedrock. This project is for deep geotechnical needs on the Island of Oahu, Hawaii. 
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Example of Specifics used for an Environmental Project at a Dry Cleaner Facility (Project No. 
1/05-119-01.4301 – Aurora Colorado). 
 
Field Instrumentation: (pictured to the right) 
RAS-24 Seistronix 24-channel seismograph 
HP field laptop computer with RAS-24 system software 
GeoStuff 24-channel landstreamer – 4.5 Hz geophones, 5-foot geophone spacing,  
 115 total length  
Source – 16 lbs sledge hammer,  
Records: 

1 second record length 
1 millisecond sample interval 
3 blows per station on aluminum plate 

Station interval – 5 feet 
Source interval – 10 feet (to first geophone) 
Processing software – MASW SurfSeis (KGS) 
proprietary software 
 
Four lines occupied: Lines A, B, C and D. 
 
Line A – 32 shot records, 275 feet 
Line B – 42 shot records, 325 feet 
Line C – 42 shot records, 325 feet 
Line D – 65 shot records, 440 feet 
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BOREHOLE LOG DESCRIPTORS 

 

 



14-2-26_Soil_and_Rock_Descriptors.doc 

ABBREVIATIONS 
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Bu Bulk sample 
CA 2.0-inch I.D. ring-lined split barrel California sample 
DM 2.5-inch I.D. ring-lined split barrel Dames and Moore (modified California) 

sample 
RQD Rock Quality Designation 
S 1.375-inch I.D. standard split-spoon sample (unlined) 
U Shelby Tube sample 
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SOIL CLASSIFICATION FLOWCHARTS AND DESCRIPTION CRITERIA 
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14-2-26_Soil_and_Rock_Descriptors.doc.docx 

TABLE 1.1 
CRITERIA FOR DESCRIBING SOIL STRUCTURE(1) 

 
Description Criteria 

Stratified Alternating layers of varying material or color with layers greater than or equal 
to 1/4 inch thick (6 mm)  

Laminated Alternating layers of varying material or color with layers less than 1/4 inch thick 
(6 mm) 

Fissured Breaks along definite plates of fracture with little resistance to fracturing 
Slickensided Fracture planes appear polished or glossy, sometimes striated 
Blocky Cohesive soil that can be broken down into small angular lumps which resist 

further breakdown 
Lensed Inclusion of small pockets of different soils, such as small lenses of sand 

scattered through a mass of clay 
Homogeneous Same color and appearance throughout 
Note: 
1. Modified from ASTM D 2488 Description and Identification of Soils (Visual-Manual Procedure) and differ 

from the U.S. Bureau of Reclamation Engineering Geology Field Manual (2001).  
 

TABLE 1.2 
RELATIVE DENSITY OF SANDS ACCORDING TO RESULTS OF  

STANDARD PENETRATION TEST(1) 
 

Number of Blows N Relative Density 
0-4 Very Loose 

5-10 Loose 
11-30 Medium 
31-50 Dense 

Over 50 Very Dense 
Note:  
1. Modified from Terzaghi, Peck, and Mesri (1996). 

 
TABLE 1.3 

GUIDE FOR STIFFNESS OF FINE-GRAINED SOILS(1) 
 

Description 
 

Criteria 
 

Estimated 
Unconfined 

Compressive 
Strength 

(TSF) 
Very Soft Extrudes between fingers when squeezed <0.25 

Soft Molded by light finger pressure 0.25-0.50 
Medium Molded by strong finger pressure 0.50-1.00 

Stiff Readily indented by thumb or penetrated with great effort 1.00-2.00 
Very Stiff Readily indented by thumbnail 2.00-4.00 

Hard Indented with difficulty by thumbnail >4.00 
Note: 
1. Reproduced from NAVFAC (1986). 
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TABLE 1.4 
CRITERIA FOR DESCRIBING SOIL MOISTURE CONDITION(1) 

 
Description Criteria 

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

Note: 
1. Reproduced from ASTM 2488 Description and Identification of Soils (Visual-Manual Procedure).   

 
TABLE 1.5 

CRITERIA FOR DESCRIBING SOIL CEMENTATION(1)(2) 
 

Description Criteria 
Weak Crumbles or breaks with handling or little finger pressure 

Moderate Crumbles or breaks with considerable finger pressure 
Strong Will not crumble or break with finger pressure 

Notes: 
1. Reproduced from ASTM 2488 Description and Identification of Soils (Visual-Manual Procedure). 
2. The absence of cementation was not recorded on boring logs. 

 
TABLE 1.6 

CRITERIA FOR DESCRIBING SOIL REACTION WITH HCL(1) 
 

Description Criteria 
None(2) No visible reaction 
Weak Some reaction, with bubbles forming slowly 
Strong Violent reaction, with bubbles forming immediately 

Notes: 
1. Reproduced from ASTM 2488 Description and Identification of Soils (Visual-Manual Procedure).   
2. The absence of a reaction was not recorded on boring logs. 
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SEDIMENTARY ROCK CLASSIFICATION AND CRITERIA FOR DESCRIPTIONS 
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TABLE 2.1 

GENERAL SEDIMENTARY ROCK TYPES 
 

Rock Type General Description 
Conglomerate Mostly gravel, cobbles, or boulders; grains are rounded to subrounded.  
Breccia Mostly gravel, cobbles, or boulders; grains are angular to subangular. 
Sandstone Mostly sand sized particles. 
Siltstone Mostly silt sized particles that are generally non to low plastic. 
Claystone Mostly clay sized particles that are generally low to high plastic fines. 

Mudstone Mostly clay sized particles that are generally low to high plastic fines.  
Generally less competent and more friable than claystone.   

Shale Mostly clay sized particles that are generally low to high plastic fines; more 
competent than claystone; fissile along bedding planes. 

 
 

TABLE 2.2 
BEDDING, FOLIATION, OR FLOW TEXTURE DESCRIPTIONS(1)(2) 

 
Descriptor Thickness/Spacing 

Massive Greater than 10 ft. (3 m) 
Very Thickly (Bedded, Foliated, or Banded) 3 to 10 ft. (1 to 3 m)  
Thickly 1 to 3 ft. (300 mm to 1 m) 
Moderately 0.3 to 1 ft. (100 to 300 mm) 
Thinly 0.1 to 0.3 ft. (30 to 100 mm) 
Very Thinly 0.03 [3/8-in.] to 0.1 ft. (10 to 30 mm) 
Laminated (Intensely Foliated or Banded) Less than 0.03 ft. [ 3/8-in] (10 mm) 

Notes: 
1. The dip of the bedding noted on the logs is measured from horizontal for vertical boreholes and normal 

to the axis on angled boreholes. 
2. Reproduced from U.S. Bureau of Reclamation, Engineering Geology Field Manual (2001).   
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TABLE 2.4 
FRACTURE DENSITY DESCRIPTORS(1) 

 
Descriptor Criteria 

(Excludes Mechanical Breaks) 
Unfractured No observed fractures. 
Very Slightly Fractured Core recovered mostly in lengths greater than 3 feet (1 m). 

Slightly to Very Slightly Fractured (2) 

Slightly Fractured 
Core recovered mostly in lengths from 1 to 3 feet (300 to 1,000 mm) with 
few scattered lengths less than 1 foot (300 mm) or greater than 3 feet 
(1,000 mm). 
Moderately to Slightly Fractured (2) 

Moderately Fractured Core recovered mostly in lengths from 0.33 to 1.0 foot (100 to 300 mm) 
lengths with most lengths about 0.67 foot (200 mm). 
Intensely to Moderately Fractured (2) 

Intensely Fractured 
Lengths average from 0.1 to 0.33 foot (30 to 100 mm) with scattered 
fragmented intervals.  Core recovered mostly in lengths less than 0.33 
foot (100 mm). 

Very Intensely to Intensely Fractured (2) 

Very Intensely Fractured Core recovered mostly as chips and fragments with a few scattered short 
core lengths. 

Notes: 
1. Reproduced from U.S. Bureau of Reclamation, Engineering Geology Field Manual (2001). 
2. Combinations of fracture densities are permissible (e.g., very intensely to intensely fractured or moderately to 

slightly fractured) where equal distribution of both fracture density characteristics are present over a significant 
core interval or exposure, or where characteristics are “in between” the descriptor definitions. 

 
TABLE 2.5 

ROCK HARDNESS / STRENGTH DESCRIPTORS(1) 
 

Alphanumeric 
Descriptor Descriptor Criteria 

H1 Extremely Hard Core, fragment, or exposure cannot be scratched with knife or sharp 
pick; can only be chipped with repeated heavy hammer blow. 

H2 Very Hard Cannot be scratched with knife or sharp pick.  Core or fragment breaks 
with repeated heavy hammer blow. 

H3 Hard Can be scratched with knife or sharp pick with difficulty (heavy 
pressure).  Heavy hammer blow required to break specimen. 

H4 Moderately Hard Can be scratched with knife or sharp pick with light or moderate 
pressure.  Core or fragment breaks with moderate hammer blow. 

H5 Moderately Soft 
Can be grooved 1/16 inch (2 mm) deep by knife or sharp pick with 
moderate or heavy pressure.  Core or fragment breaks with light 
hammer blow or heavy manual pressure. 

H6 Soft 
Can be grooved or gouged easily by knife or sharp pick with light 
pressure.  Can be scratched with fingernail.  Breaks with light to 
moderate manual pressure. 

H7 Very Soft Can be readily indented, grooved, or gouged with fingernail, or carved 
with a knife.  Breaks with light manual pressure. 

Note: 
1. Reproduced from U.S. Bureau of Reclamation, Engineering Geology Field Manual (2001). 
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TABLE 2.6 
FRACTURE OPENNESS DESCRIPTORS(1) 

 
Alphanumeric 

Descriptor Descriptor Openness 
O0 Tight No visible separation 
O1 Slightly Open Less than 0.003 ft [1/32 in] (< 1 mm) 
O2 Moderately Open 0.003 to 0.01 ft [1/32 to 1/8 in] (1 to 3 mm) 
O3 Open 0.01 to 0.03 ft [1/8 to 3/8 in] (3 to 10 mm) 
O4 Moderately Wide 0.03 to 0.1 ft [ 3/8 to 1.2 in] (10 to 30 mm) 
O5 Wide Greater than 0.1 ft [1.2 in] (> 30 mm)  

Note: 
1. Reproduced from U.S. Bureau of Reclamation, Engineering Geology Field Manual (2001). 

 

TABLE 2.7 
FRACTURE ROUGHNESS DESCRIPTORS(1) 

 
Alphanumeric 

Descriptor 
Roughness 
Descriptor Criteria 

R1 Stepped Near-normal steps and ridges occur on the fracture surface. 
R2 Rough Large angular asperities can be seen. 

R3 Moderately 
Rough Asperities are clearly visible and fracture surface feels abrasive. 

R4 Slightly Rough Small asperities on the fracture surface are visible and can be felt. 
R5 Smooth No asperities, smooth to the touch. 

R6 Polished/ 
Slickensided 

Extremely smooth and shiny.  A polished fault surface, often with 
a lineation parallel to the displacement direction. 

Note: 
1. Reproduced from U.S. Bureau of Reclamation, Engineering Geology Field Manual (2001). 

 
TABLE 2.8 

FRACTURE FILLING THICKNESS DESCRIPTORS(1) 
 

Alphanumeric 
Descriptor Fracture Filling Descriptor Thickness 

T0 Clean No film or coating 
T1 Very Thin Less than 0.003 ft [1/32 in] (< 1 mm) 
T2 Moderately Thin 0.003 to 0.01 ft [1/32 to 1/8 in] (1 to 3 mm)
T3 Thin 0.01 to 0.03 ft [1/8 to 3/8 in] (3 to 10 mm) 
T4 Moderately Thick 0.03 [3/8 in] to 0.1 ft (10 to 30 mm) 
T5 Thick Greater than 0.1 ft (> 30 mm) 

Note: 
1. Reproduced from U.S. Bureau of Reclamation, Engineering Geology Field Manual (2001). 
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TABLE 2.9 
REACTION WITH HCL(1) 

 
Descriptor Criteria 

None(2) No visible reaction 
Weak Some reaction, with bubbles forming slowly 
Strong Violent reaction, with bubbles forming immediately 

Notes: 
1. Reproduced from ASTM 2488 Description and Identification of Soils (Visual-Manual Procedure).   
2. The absence of a reaction was not recorded on boring logs. 
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236619.7, E 3074124.6 ft 

Ground EI: 5358.8 ft Total Depth: 38.0 ft
Groundwater EI: 5353.3 ft On Date: 02-17-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-17-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

02-18-2020
SMG
ABP

Borehole ID:

B-201(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5356.8

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 1

S - 2

D - 3

CA - 4

Blows per 6 inch

2/5/20

26/22/20

17/25/45

50 for 5 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

1.5

0.4

R
ec

ov
er

y 
(ft

)

1.5

0.9

0.8

0.2

Remarks

Minor grinding, brown cuttings.

Groundwater encountered at 5.5 
feet during drilling on 2/17/20.

Grinding.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-1: Clayey Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 25-35% fines, low to medium plasticity; 15-25% 
gravel, fine to coarse grained, subangular to subrounded;  
maximum particle size = 1.25 inches; medium dense; moist; 
brown; occasional roots; weak reaction with HCl; (SC); 
[Fill]

S-2, D-3, CA-4, S-5, S-6: Poorly Graded Gravel with Clay 
and Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 25-35% sand, fine to coarse grained, 
subangular to subrounded; 5-15% fines, low plasticity;  
maximum particle size = 1.25 inches; dense; dry; light 
brown; (GP-GC); 
[Alluvium]

4.5 to 7.0 ft:  maximum particle size = 2.5 inches; very 
dense; slightly moist; brown; 

7.0 to 9.0 ft: Mostly gravel; 35-45% sand; Fines are 
low to medium plasticity;  maximum particle size = 2.5 
inches; very dense; slightly moist; 

9.0 to 11.7 ft: 35-45% sand;  maximum particle size = 
1.25 inches; very dense; moist; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236619.7, E 3074124.6 ft 

Ground EI: 5358.8 ft Total Depth: 38.0 ft
Groundwater EI: 5353.3 ft On Date: 02-17-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-17-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

02-18-2020
SMG
ABP

Borehole ID:

B-201(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5344.3

5341.3

5339.8

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 5

S - 6

S - 7

S - 8

Blows per 6 inch

40/50 for 2 inches

16/33/40

20/35/50 for 1 inch

20/50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

0.7

1.5

1.1

1.0

R
ec

ov
er

y 
(ft

)

0.5

1.1

1.1

1.0

Remarks

Minor grinding.

Increasing amount of gravel in 
cuttings.

Falling head test performed with 
bottom of the augers at 12.5 
feet before performing S-6. 

Slow drilling, grinding. 

Top of bedrock at 17.5 feet.

Augered to 19.0 feet and 
switched to NQ3 coring 
equipment after performing S-8.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

11.7 to 14.5 ft: 35-45% sand;  maximum particle size 
= 1.5 inches; very dense; wet; 

S-7: Poorly Graded Sand with Clay and Gravel
Mostly sand; 15-25% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, low to medium 
plasticity;  maximum particle size = 1.5 inches; very dense; 
wet; brown; (SP-SC); 
[Alluvium]

S-8: Shale
Mostly fines, medium plasticity; 5-15% sand; fresh to slightly 
weathered; dry to moist; gray; weak to strong reaction with 
HCl; 
[PIERRE SHALE]

17.5 to 17.6 ft: moderately to intensely weathered; 
oxidized; 

End of boring log at 19.00 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236619.7, E 3074124.6 ft 

Ground EI: 5358.8 ft Total Depth: 38.0 ft
Groundwater EI: 5353.3 ft On Date: 02-17-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-17-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

02-18-2020
SMG
ABP

Borehole ID:

B-201(P)
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1

In
te

rv
al

 (f
t)

19.0 to 
20.0

Pe
ne

tra
tio

n 
(ft

)

1.0

R
ec

ov
er

y 
ft,

 (%
)

0.7
(70)

R
Q

D
, f

t (
%

)

0.0
(0)

C
or

in
g 

Ti
m

e 
(m

in
)

5

N
o.

  o
f P

ie
ce

s

5

Lo
ng

es
t (

ft)

0.3

Sh
or

te
st

 (f
t)

<0.1

H
ar

dn
es

s

H7

In
 S

itu
 T

es
tin

g

Jo
in

t 
D

es
cr

ip
tio

n

Core loss

Mechanical break
Mechanical break
Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

19.0 to 38.0 ft: Shale
Laminated; mostly fines, medium to high plasticity; less 
than 5% sand; fresh to slightly weathered; unfractured; dry 
to moist; gray; weak reaction with HCl; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236619.7, E 3074124.6 ft 

Ground EI: 5358.8 ft Total Depth: 38.0 ft
Groundwater EI: 5353.3 ft On Date: 02-17-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-17-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

02-18-2020
SMG
ABP

Borehole ID:

B-201(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-2

Smooth drilling.

NQ-3

Drillers stopped core 
run at 27.5 feet 

because of plugged 
bit. 

NQ-4

Full circulation. 

NQ-5

In
te

rv
al

 (f
t)

20.0 to 
23.0

23.0 to 
25.0

25.0 to 
27.5

27.5 to 
30.0

Pe
ne

tra
tio

n 
(ft

)

3.0

2.0

2.5

2.5

R
ec

ov
er

y 
ft,

 (%
)

3.0
(100)

1.9
(95)

3.0
(120)

2.4
(96)

R
Q

D
, f

t (
%

)
3.0

(100)

1.9
(95)

3.0
(120)

2.4
(96)

C
or

in
g 

Ti
m

e 
(m

in
)

6

5

6

6

N
o.

  o
f P

ie
ce

s

1

2

2

2

Lo
ng

es
t (

ft)

3.0

1.8

2.9

2.3

Sh
or

te
st

 (f
t)

3.0

0.1

0.1

0.1

H
ar

dn
es

s

H7

H7

H7

H7

In
 S

itu
 T

es
tin

g
P-1

P-2

Jo
in

t 
D

es
cr

ip
tio

n

Core loss

Mechanical break

Mechanical break

Core loss

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

25.0 to 30.0 ft: Fines are medium plasticity; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236619.7, E 3074124.6 ft 

Ground EI: 5358.8 ft Total Depth: 38.0 ft
Groundwater EI: 5353.3 ft On Date: 02-17-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-17-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

02-18-2020
SMG
ABP

Borehole ID:

B-201(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-6

NQ-7

Full circulation, 
smooth drilling. 

NQ-8

Bottom of boring at 
38.0 feet.
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Description and Classification of Materials
30.0 to 34.0 ft: Fines are medium plasticity; 
very slightly fractured; 

34.0 to 38.0 ft: Fines are medium plasticity; 

End of rock core log at 38.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236886.2, E 3074595.9 ft 

Ground EI: 5351.8 ft Total Depth: 35.0 ft
Groundwater EI: 5341.8 ft On Date: 02-03-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-03-2020
Elite - Greg
15.1 ft

End Date: 
Logged By: 

Checked By: 

02-06-2020
SMG
ABP

Borehole ID:

B-202(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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n

D
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t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 1

CA - 2

CA - 3

S - 4

Blows per 6 inch

3/10/7

14/21

16/9

2/12/17

Pe
ne

tra
tio

n 
(ft

)

1.5

1.0

1.0

1.5

R
ec
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er

y 
(ft

)

1.0

1.0

0.6

1.3

Remarks

Grinding.

Continuous grinding, dark brown 
cuttings. 

Black gravel-sized particles 
recovered in S-4, S-5, and S-6. 
Particles consist of strongly 
cemented black sand-sized 
particles.

Smooth drilling, darker brown 
cuttings. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-1, CA-2, CA-3, S-4, CA-5, S-6, S-7: Clayey Sand with 
Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 20-30% fines, low plasticity; 15-25% gravel, 
fine to coarse grained, subangular to subrounded;  
maximum particle size = 1.5 inches; medium dense; slightly 
moist; brown; (SC); 
[Fill]

2.0 to 4.3 ft: Fines are low to medium plasticity; 
10-20% gravel;  maximum particle size = 1.75 inches; 
dense; dry; 

4.3 to 6.8 ft: 15-25% fines; organics; 

6.8 to 9.5 ft: 15-25% fines; dry; brown-black; 

9.5 to 11.8 ft: 15-25% fines;  maximum particle size = 
1.25 inches; moist to wet; brown-black; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236886.2, E 3074595.9 ft 

Ground EI: 5351.8 ft Total Depth: 35.0 ft
Groundwater EI: 5341.8 ft On Date: 02-03-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-03-2020
Elite - Greg
15.1 ft

End Date: 
Logged By: 

Checked By: 

02-06-2020
SMG
ABP

Borehole ID:

B-202(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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Type - No

CA - 5

S - 6

S - 7

Blows per 6 inch

25/27

32/50 for 6 inches

11/15/16
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(ft
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1.0

1.0

1.5

R
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y 
(ft

)

1.0

0.8

1.4

Remarks

Groundwater encountered at 
10.0 feet during drilling on 
2/3/20.

Minor grinding.

Top of bedrock at 15.1 feet. 

Augered to 16.5 feet and 
switched to NQ3 coring 
equipment after performing S-7.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

]

11.8 to 15.1 ft: 20-30% gravel;  maximum particle size 
= 1.5 inches; very dense; moist to wet; light brown -
black; 

S-7: Shale
Mostly fines, low to medium plasticity; less than 10% sand, 
fine grained, subangular to subrounded; slightly weathered; 
moist; gray; H7; 
[PIERRE SHALE]

End of boring log at 16.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236886.2, E 3074595.9 ft 

Ground EI: 5351.8 ft Total Depth: 35.0 ft
Groundwater EI: 5341.8 ft On Date: 02-03-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-03-2020
Elite - Greg
15.1 ft

End Date: 
Logged By: 

Checked By: 

02-06-2020
SMG
ABP

Borehole ID:

B-202(P)
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation. 
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n

Mechanical break

0 degrees, Tight, 
slightly rough to 
smooth, clean

Jo
in
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Description and Classification of Materials

16.5 to 35.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand; fresh to slightly weathered; unfractured; dry to moist; 
gray; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236886.2, E 3074595.9 ft 

Ground EI: 5351.8 ft Total Depth: 35.0 ft
Groundwater EI: 5341.8 ft On Date: 02-03-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-03-2020
Elite - Greg
15.1 ft

End Date: 
Logged By: 

Checked By: 

02-06-2020
SMG
ABP

Borehole ID:

B-202(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-2

Smooth drilling. 

NQ-3

Full circulation.
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Description and Classification of Materials

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236886.2, E 3074595.9 ft 

Ground EI: 5351.8 ft Total Depth: 35.0 ft
Groundwater EI: 5341.8 ft On Date: 02-03-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-03-2020
Elite - Greg
15.1 ft

End Date: 
Logged By: 

Checked By: 

02-06-2020
SMG
ABP

Borehole ID:

B-202(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

5316.8

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-6

NQ-7

Bottom of boring at 
35.0. 
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Description and Classification of Materials
30.0 to 32.4 ft: weak reaction with HCl; 

32.4 to 32.5 ft: H5, strongly cemented; 
strong reaction with HCl; 
32.5 to 35.0 ft: weak reaction with HCl; 

End of rock core log at 35.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236927.9, E 3074814.6 ft 

Ground EI: 5353.8 ft Total Depth: 34.0 ft
Groundwater EI: Not Encountered On Date: 02-07-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-07-2020
Elite - Greg
15.0 ft

End Date: 
Logged By: 

Checked By: 

02-11-2020
SMG
ABP

Borehole ID:

B-203(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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n
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Type - No

S - 1

D - 2

CA - 3

CA - 4

Blows per 6 inch

3/7/50 for 2 inches

13/13/42

11/7

5/8

Pe
ne
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n 
(ft

)

1.2

1.5

1.0

1.0

R
ec

ov
er

y 
(ft

)

0.9

0.8

0.3

1.0

Remarks

Minor grinding.

Brown cuttings with coarse 
gravel.

Bu-5 from 2.5 to 13.0 feet.

Smooth drilling. 
G

ra
ph

ic
 

Li
th

ol
og

y Description and Classification of Materials

S-1: Clayey Sand
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-25% fines, low plasticity; less than 15% 
gravel, fine to coarse grained, subangular to subrounded;  
maximum particle size = 1.5 inches; very dense; moist; 
brown; (SC); 
[Fill]

D-2: Clayey Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 30-40% gravel, fine to coarse grained, 
subangular to subrounded; 10-20% fines, low to medium 
plasticity;  maximum particle size = 1.5 inches; dry to moist; 
brown; occasional organics; (SC); 
[Fill]

CA-3, CA-4, D-6, CA-7: Silty Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-30% fines, nonplastic to low plasticity; 
5-25% gravel, fine to coarse grained, subangular to 
subrounded;  maximum particle size = 2 inches; dry to 
moist; brown; (SM); 
[Fill]

6.8 to 9.3 ft:  maximum particle size = 0.75 inches; 

9.3 to 12.0 ft: Fines are low to medium plasticity;  
maximum particle size = 1.25 inches; moist; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236927.9, E 3074814.6 ft 

Ground EI: 5353.8 ft Total Depth: 34.0 ft
Groundwater EI: Not Encountered On Date: 02-07-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-07-2020
Elite - Greg
15.0 ft

End Date: 
Logged By: 

Checked By: 

02-11-2020
SMG
ABP

Borehole ID:

B-203(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5340.9
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Type - No

D - 6

CA - 7

Blows per 6 inch

3/2/7

11/25
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n 
(ft

)

1.5

1.0

R
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y 
(ft

)

1.2

1.0

Remarks

Augered to 13.5 feet and 
switched to NQ3 coring 
equipment after performing 
CA-7.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

12.0 to 12.9 ft: 25-35% fines;  maximum particle size 
= 1.5 inches; moist; 

CA-7: Lean Clay
Laminated; mostly fines, medium plasticity; 5-15% sand; 
fresh to slightly weathered; dry to moist; gray; (CL); 
[Fill]

End of boring log at 13.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236927.9, E 3074814.6 ft 

Ground EI: 5353.8 ft Total Depth: 34.0 ft
Groundwater EI: Not 

Encountered On Date: 02-07-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-07-2020
Elite - Greg
15.0 ft

End Date: 
Logged By: 

Checked By: 

02-11-2020
SMG
ABP

Borehole ID:

B-203(P)
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1

Top of bedrock at 
15.0 feet. 

Full circulation.

NQ-2

Smooth drilling

NQ-3
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Core loss

Mechanical break

Mechanical break

Mechanical break

Mechanical break

5 degrees, Tight to 
slightly open, slightly 

rough, clean
0 degrees, Tight to 

slightly open, slightly 
rough to smooth, 

clean

Mechanical break

Mechanical break

Mechanical break
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t S
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th

ol
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y

Description and Classification of Materials

13.5 to 15.0 ft: Sandstone Cobble
Mostly sand, fine grained; less than 15% fines; fresh to 
slightly weathered; unfractured; dry; red; 
[Fill]

15.0 to 34.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand; fresh to slightly weathered; slightly to moderately 
fractured; dry to moist; gray; 
[PIERRE SHALE]

18.0 to 24.0 ft: unfractured; 

Continued on next sheet
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Mechanical break

5 degrees, Tight to
slightly open, slightly

rough, clean
0 degrees, Tight to

slightly open, slightly
rough and smooth,

clean
Mechanical break
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236927.9, E 3074814.6 ft 

Ground EI: 5353.8 ft Total Depth: 34.0 ft
Groundwater EI: Not 

Encountered On Date: 02-07-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-07-2020
Elite - Greg
15.0 ft

End Date: 
Logged By: 

Checked By: 

02-11-2020
SMG
ABP

Borehole ID:

B-203(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-4

Full circulation. 

NQ-5

Smooth drilling.

NQ-6

Full circulation.

NQ-7

In
te

rv
al

 (f
t)

20.0 to 
24.0

24.0 to 
25.0

25.0 to 
29.0

29.0 to 
30.0

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

4.0

1.0

R
ec

ov
er

y 
ft,

 (%
)

4.4
(110)

1.0
(100)

3.3
(82)

0.9
(90)

R
Q

D
, f

t (
%

)

4.4
(110)

0.7
(70)

3.3
(82)

0.9
(90)

C
or

in
g 

Ti
m

e 
(m

in
)

15

5

25

6

N
o.

  o
f P

ie
ce

s
7

4

7

1

Lo
ng

es
t (

ft)

2.9

0.3

1.2

0.9

Sh
or

te
st

 (f
t)

0.2

0.2

0.1

0.9

H
ar

dn
es

s

H6 to 
H7

H6 to 
H7

H6

H5 to 
H6

In
 S

itu
 T

es
tin

g

P-2

P-3

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

0 degrees, Tight, 
slightly rough, clean

Core loss

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Core loss

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

25.0 to 30.0 ft: unfractured; dry; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236927.9, E 3074814.6 ft 

Ground EI: 5353.8 ft Total Depth: 34.0 ft
Groundwater EI: Not 

Encountered On Date: 02-07-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-07-2020
Elite - Greg
15.0 ft

End Date: 
Logged By: 

Checked By: 

02-11-2020
SMG
ABP

Borehole ID:

B-203(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

5319.8

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-8

Bottom of boring at 
34.0 feet. 

In
te

rv
al

 (f
t)

30.0 to 
34.0

Pe
ne

tra
tio

n 
(ft

)

4.0

R
ec

ov
er

y 
ft,

 (%
)

4.6
(115)

R
Q

D
, f

t (
%

)

4.6
(115)

C
or

in
g 

Ti
m

e 
(m

in
)

13
N

o.
  o

f P
ie

ce
s

>10

Lo
ng

es
t (

ft)

2.8

Sh
or

te
st

 (f
t)

0.1

H
ar

dn
es

s

H6 to 
H7

In
 S

itu
 T

es
tin

g

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break
Mechanical break
Mechanical break

Mechanical break

5 degrees, Tight, 
slightly rough to 
smooth, clean

5 degrees, Tight, 
slightly rough to 
smooth, clean

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

End of rock core log at 34.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236836.2, E 3075333.5 ft 

Ground EI: 5353.8 ft Total Depth: 40.0 ft
Groundwater EI: 5337.4 ft On Date: 01-28-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-28-2020
Elite - Greg
20.8 ft

End Date: 
Logged By: 

Checked By: 

01-29-2020
SMG
ABP

Borehole ID:

B-204(P)
Sheet 1 of 3

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5344.6

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 1

CA - 2

CA - 3

CA - 4

Blows per 6 inch

4/5/9

5/7

2/3

3/3

Pe
ne

tra
tio

n 
(ft

)

1.5

1.0

1.0

1.0

R
ec

ov
er

y 
(ft

)

1.5

1.0

1.0

1.0

Remarks

Smooth drilling.

Sandy cuttings.

Performed K-1 after augering to 
7.5 feet and performing CA-4.

Minor grinding.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-1, CA-2, CA-3, CA-4: Poorly Graded Sand
Mostly sand, fine to coarse grained, subangular to 
subrounded; less than 5% fines, nonplastic; less than 5% 
gravel, coarse grained, subangular to subrounded;  
maximum particle size = 1 inch; dry to moist; light brown; 
(SP); 
[Alluvium]

2.0 to 4.3 ft:  maximum particle size = 0.25 inches; 

4.3 to 9.3 ft:  maximum particle size = 0.25 inches; 
moist; 

S-5: Sandy Lean Clay
Mostly fines, low plasticity; 30-40% sand, fine to coarse 
grained, subangular to subrounded;  maximum particle size 
= 0.5 inches; wet; dark brown; (CL); 
[Alluvium]

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236836.2, E 3075333.5 ft 

Ground EI: 5353.8 ft Total Depth: 40.0 ft
Groundwater EI: 5337.4 ft On Date: 01-28-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-28-2020
Elite - Greg
20.8 ft

End Date: 
Logged By: 

Checked By: 

01-29-2020
SMG
ABP

Borehole ID:

B-204(P)
Sheet 2 of 3

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5341.8

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 5

S - 6

S - 7

S - 8

Blows per 6 inch

18/6/4

6/7/14

40/50 for 6 inches

20/30/50 for 6 
inches

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

1.0

1.5

R
ec

ov
er

y 
(ft

)

0.1

0.2

1.0

1.5

Remarks

Continuous grinding, minor rig 
rocking. 

Elite realigned rig over the 
augers because rig was rocking 
off of augers. 

Continuous grinding, rig rocking.

Groundwater encountered at 
16.4 feet during drilling on 
1/28/20. 

Darker brown cuttings.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-6, S-7, S-8, S-9: Poorly Graded Sand with Silt and Gravel
Mostly sand, fine to medium grained, subangular to 
subrounded; 35-45% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, low plasticity;  
maximum particle size = 1.5 inches; wet; brown; (SP-SM); 
[Alluvium]

14.5 to 16.8 ft: 30-40% sand; 

19.6 to 20.8 ft: 30-40% sand; Fines are low plasticity; 

Continued on next sheet

Appendix E 17 of 87

Sheet 2 of 5



LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236836.2, E 3075333.5 ft 

Ground EI: 5353.8 ft Total Depth: 40.0 ft
Groundwater EI: 5337.4 ft On Date: 01-28-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-28-2020
Elite - Greg
20.8 ft

End Date: 
Logged By: 

Checked By: 

01-29-2020
SMG
ABP

Borehole ID:

B-204(P)
Sheet 3 of 3

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5333.0

5331.8

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Type - No

S - 9

Blows per 6 inch

20/13/20

Pe
ne

tra
tio

n 
(ft

)

1.5

R
ec

ov
er

y 
(ft

)

1.5

Remarks

Top of bedrock at 20.8 feet.

Augered to 22.0 feet and 
switched to NQ3 rock coring 
after performing S-9. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-9: Shale
Laminated; mostly fines, medium plasticity; less than 15% 
sand; fresh to slightly weathered; slightly moist; gray; H7; 
[PIERRE SHALE]

End of boring log at 22.00 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236836.2, E 3075333.5 ft 

Ground EI: 5353.8 ft Total Depth: 40.0 ft
Groundwater EI: 5337.4 ft On Date: 01-28-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-28-2020
Elite - Greg
20.8 ft

End Date: 
Logged By: 

Checked By: 

01-29-2020
SMG
ABP

Borehole ID:

B-204(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-1

Drillers note that 
mechanical breaks 
are from increasing 

the coring pressure to 
core through the rock. 

NQ-2

Full circulation. 

NQ-3

In
te

rv
al

 (f
t)

22.0 to 
25.0

25.0 to 
27.5

27.5 to 
30.0

Pe
ne

tra
tio

n 
(ft

)

3.0

2.5

2.5

R
ec

ov
er

y 
ft,

 (%
)

3.5
(117)

2.5
(100)

2.5
(100)

R
Q

D
, f

t (
%

)

3.0
(100)

2.5
(100)

2.5
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

16

16

10

N
o.

  o
f P

ie
ce

s

>10

4

5

Lo
ng

es
t (

ft)

0.5

1.7

0.9

Sh
or

te
st

 (f
t)

0.1

0.1

0.1

H
ar

dn
es

s

H7

H7

H7

In
 S

itu
 T

es
tin

g

P-1

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break
Mechanical break
Mechanical break
Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

22.0 to 40.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand; fresh; unfractured; dry to slightly moist; gray; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236836.2, E 3075333.5 ft 

Ground EI: 5353.8 ft Total Depth: 40.0 ft
Groundwater EI: 5337.4 ft On Date: 01-28-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-28-2020
Elite - Greg
20.8 ft

End Date: 
Logged By: 

Checked By: 

01-29-2020
SMG
ABP

Borehole ID:

B-204(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
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n

5313.8

D
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t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-4

Full circulation.

NQ-5

NQ-6

Full circulation.

NQ-7

Bottom of boring at 
40.0 feet. 

In
te
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al

 (f
t)

30.0 to 
34.0

34.0 to 
35.0

35.0 to 
39.0

39.0 to 
40.0

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

4.0

1.0

R
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er

y 
ft,

 (%
)

4.1
(102)

1.2
(120)

4.4
(110)

1.0
(100)

R
Q

D
, f

t (
%

)

4.1
(102)

1.2
(120)

4.4
(110)

1.0
(100)
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)
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1.2

1.1

2.6

0.7

Sh
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0.1

0.1

0.1

0.1

H
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H7

H7

H7

H7

In
 S
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P-2

P-3
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n

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break
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Description and Classification of Materials

End of rock core log at 40.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236743.3, E 3075809.0 ft 

Ground EI: 5354.3 ft Total Depth: 38.0 ft
Groundwater EI: 5343.8 ft On Date: 03-11-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

03-11-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

03-13-2020
SMG/JNH
ABP 

Borehole ID:

B-205(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5352.3

5349.8

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

3/8/7

6/8/21

28/50 for 5 inches

50 for 2 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

0.9

0.2

R
ec

ov
er

y 
(ft

)

0.5

1.1

0.9

0.2

Remarks

Bu-1 from 0.0 to 7.5 feet.

Minor grinding, cobbles in 
cuttings.

Continous grinding.

Grinding, minor rig rocking.

Groundwater level 
measurement at 7.7 feet on 
3/13/20 at 08:10 during 
monitoring well installation. 
Finer sand material in cuttings.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2: Poorly Graded Sand with Silt and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 25-35% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic to low 
plasticity;  maximum particle size = 1.2 inches; medium 
dense; moist; brown; occasional roots; (SP-SM); 
[Alluvium]

S-3: Poorly Graded Gravel with Silt and Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 25-35% sand, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic;  
maximum particle size = 1.4 inches; medium dense; dry; 
light brown; (GP-GM); 
[Alluvium]

S-4, S-5, S-6: Poorly Graded Sand with Silt and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 30-40% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic to low 
plasticity;  maximum particle size = 1.2 inches; very dense; 
dry; (SP-SM); 
[Alluvium]

6.7 to 8.9 ft:  maximum particle size = 1 inch; dry to 
slightly moist; 

8.9 to 11.8 ft: Gravel is angular;  maximum particle 
size = 1.4 inches; dry to moist; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236743.3, E 3075809.0 ft 

Ground EI: 5354.3 ft Total Depth: 38.0 ft
Groundwater EI: 5343.8 ft On Date: 03-11-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

03-11-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

03-13-2020
SMG/JNH
ABP 

Borehole ID:

B-205(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5340.3
5340.3

5336.8

5335.3

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 6

S - 7

S - 8

S - 9

Blows per 6 inch

20/50 for 6 inches

50 for 6 inches

14/25/29

14/50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.0

0.5

1.5

1.0

R
ec

ov
er

y 
(ft

)

0.8

0.5

1.2

1.0

Remarks

Groundwater encountered at 
10.5 feet during drilling on 
3/11/20.

Grinding, minor rig rocking. 

Minor grinding, slow augering.

Groundwater level 
measurement at 15.2 feet 
before starting rock coring on 
3/12/20 at 08:30.

Top of bedrock at 17.5 feet.

Drillers noted that it felt like the 
augers encountered bedrock at 
17.5 feet.

Augered to 19.0 feet and then 
switched to NQ3 rock coring 
after performing S-9.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-7: Poorly Graded Gravel with Silt and Sand
Similar to S-3 Except:  maximum particle size = 1 inch; very 
dense; wet; (GP-GM); 
[Alluvium]

S-8: Poorly Graded Gravel with Clay and Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 35-45% sand, fine to coarse grained, 
subangular to subrounded; 10-20% fines, medium plasticity;  
maximum particle size = 1.3 inches; very dense; wet; brown; 
(GP-GC); 
[Alluvium]

S-9: Shale
Laminated; mostly fines, medium plasticity; less than 15% 
sand, fine grained; slightly weathered; moist; gray; H7; 
[PIERRE SHALE]

End of boring log at 19.00 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236743.3, E 3075809.0 ft 

Ground EI: 5354.3 ft Total Depth: 38.0 ft
Groundwater EI: 5343.8 ft On Date: 03-11-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

03-11-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

03-13-2020
SMG/JNH
ABP

Borehole ID:

B-205(P)
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1
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19.0 to 
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Mechanical break

Mechanical break
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Description and Classification of Materials

19.0 to 36.3 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand, fine grained; fresh to slightly weathered; 
unfractured; dry to moist; gray; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236743.3, E 3075809.0 ft 

Ground EI: 5354.3 ft Total Depth: 38.0 ft
Groundwater EI: 5343.8 ft On Date: 03-11-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

03-11-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

03-13-2020
SMG/JNH
ABP

Borehole ID:

B-205(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Lost approximately 
70 gallons of water 
while coring NQ-2.

NQ-2

Hole collapsed to 
22.4 feet after NQ-2. 

Drillers removed 
extra material during 
next core run. Sluff 

from 22.4 to 24.0 was 
not logged.

NQ-3

Full circulation.

NQ-4

Full circulation.

NQ-5
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20.0 to 
24.0

24.0 to 
25.0

25.0 to 
29.0

29.0 to 
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4.0
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)
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1.0
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4.0
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1.0
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)
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1.0
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1.0
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4
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4
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2

1
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0.9

1.0

2.9

1.0
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1.0

1.0

1.0
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H5 to 
H6
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P-1

P-2
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cr
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tio

n

Core loss

Mechanical break

20 degrees, Tight, 
moderately rough, 

clean
20 degrees, Tight, 
moderately rough, 

clean
20 degrees, Tight, 
moderately rough, 

clean
Moderately open, 
moderately rough, 
very thin infilling, 
Magnesium stain
50 degrees, Tight, 
moderately rough, 

clean
30 degrees, Tight, 
moderately rough, 

moderately thin white 
to light gray infilling

Mechanical break

20 degrees, 
Moderately open, 
moderately rough, 
clean to very thin 

infilling

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials
20.0 to 24.0 ft: moderately fractured; 

25.0 to 29.0 ft: slightly fractured; 

29.0 to 30.0 ft: minor iron staining; weak 
reaction with HCl; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236743.3, E 3075809.0 ft 

Ground EI: 5354.3 ft Total Depth: 38.0 ft
Groundwater EI: 5343.8 ft On Date: 03-11-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

03-11-2020
Elite - Greg
17.5 ft

End Date: 
Logged By: 

Checked By: 

03-13-2020
SMG/JNH
ABP

Borehole ID:

B-205(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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n

5318.0

5317.8

5316.3

D
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 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-6

Full circulation.

NQ-7

Bottom of boring at 
38.0 feet.
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30.0 to 
35.0

35.0 to 
38.0
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)
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5.0
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5.0
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)
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6
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5
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1.9

1.3
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0.4

<0.1
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H6

H4 to 
H6
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P-3
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D
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cr
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n

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

20 degrees, 
Moderately open, 
moderately rough, 

very thin calcite 
infilling

Mechanical break

Jo
in

t S
ym

bo
l

Li
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og

y

Description and Classification of Materials

35.0 to 36.3 ft: slightly fractured; occasional 
weak reaction with HCl; 

36.3 to 36.5 ft: Sandstone
Laminated; mostly sand, fine to medium grained, 
subangular to subrounded; slightly fractured; dry to moist; 
gray and white mottled; H4; weak to strong reaction with 
HCl; 
[PIERRE SHALE]
36.5 to 38.0 ft: Shale
Similar to 19.0 to 20.0 ft Except: slightly fractured; 
occasional weak reaction with HCl; 
[PIERRE SHALE]

End of rock core log at 38.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 -1
Boring Location: N 1236837.1, E 3076117.6 ft 

Ground EI: 5354.7 ft Total Depth: 35.1 ft
Groundwater EI: 5340.2 ft On Date: 03-16-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

03-16-2020
Elite - Greg
14.5 ft

End Date: 
Logged By: 

Checked By: 

03-18-2020
EJS
ABP

Borehole ID:

B-206
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with cement-bentonite grout. 
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5352.7

D
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1

2
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6

7

8

9

10

Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

7/10/32

9/24/50 for 4 inches

25/50 for 3 inches

24/50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

1.3

0.8

1.0

R
ec

ov
er

y 
(ft

)

1.4

1.2

0.7

0.9

Remarks

Bu-1 from 0.0 to 7.5 feet.

Minor grinding. 

Minor grinding, redish brown 
cuttings.

Minor grinding. 

Groundwater level 
measurement at 8.1 feet on 
3/19/2020 after rock coring to 
35.1 feet. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2: Poorly Graded Sand with Clay and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 35-45% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, low plasticity;  
maximum particle size = 1.25 inches; dense; dry to moist; 
dark brown; occasional roots; (SP-SC); 
[Alluvium]

S-3, S-4, S-5, S-6: Poorly Graded Sand with Silt and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 35-45% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic to low 
plasticity;  maximum particle size = 1.25 inches; very dense; 
(SP-SM); 
[Alluvium]

4.4 to 6.7 ft: 25-35% gravel; less than 10% fines; very 
dense; brown to gray; 

6.7 to 8.0 ft: 25-35% gravel;  maximum particle size = 
0.75 inches; very dense; 

8.0 to 9.3 ft: Fines are low plasticity; dry to moist; red 
to brown; 

9.3 to 11.5 ft: 20-30% gravel; Fines are low plasticity; 
dry to moist; dark brown; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 -1
Boring Location: N 1236837.1, E 3076117.6 ft 

Ground EI: 5354.7 ft Total Depth: 35.1 ft
Groundwater EI: 5340.2 ft On Date: 03-16-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

03-16-2020
Elite - Greg
14.5 ft

End Date: 
Logged By: 

Checked By: 

03-18-2020
EJS
ABP

Borehole ID:

B-206
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with cement-bentonite grout. 

El
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n

5343.2

5340.2

5338.2

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 6

S - 7

S - 8

Blows per 6 inch

50 for 5 inches

14/19/10

7/14/37

Pe
ne

tra
tio

n 
(ft

)

0.4

1.5

1.5

R
ec

ov
er

y 
(ft

)

0.4

0.9

1.5

Remarks

Groundwater level 
measurement at 10.1 feet on 
3/17/2020 at 09:00.
Harder grinding, rig rocking.
Slower drilling.

Groundwater level 
measurement at 11.0 feet on 
3/16/2020 at 12:30.

Top of bedrock at 14.5 feet.

Augered to 16.5 feet and 
switched to NQ3 rock coring 
after performing S-8. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-7: Silty Gravel with Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 35-45% fines, low plasticity; 15-25% sand, fine 
to coarse grained, subangular to subrounded;  maximum 
particle size = 1.25 inches; medium dense; wet; dark brown; 
(GM); 
[Alluvium]

S-8: Shale
Laminated; mostly fines, medium to high plasticity; less than 
10% sand; intensely weathered to decomposed; dry to 
moist; brown; 
[PIERRE SHALE]

15.5 to 16.5 ft: slightly to moderately weathered; gray; 
occasional iron staining; 

End of boring log at 16.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236837.1, E 3076117.6 ft 

Ground EI: 5354.7 ft Total Depth: 35.1 ft
Groundwater EI: 5340.2 ft On Date: 03-16-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

03-16-2020
Elite - Greg
14.5 ft

End Date: 
Logged By: 

Checked By: 

03-18-2020
EJS
ABP

Borehole ID:

B-206
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Boring backfilled with cement-bentonite grout. 
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20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth coring.

Gray return fluid. 
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)

3.5

R
ec

ov
er

y 
ft,

 (%
)
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s

H7
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P-1

Jo
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D
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cr
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tio

n

Mechanical break
Tight, slightly rough, 

clean
Mechanical break
Mechanical break

Mechanical break, 
some iron staining
Mechanical break
10 degrees, Tight, 
moderately rough, 

clean
10 degrees, Tight, 
moderately rough, 

clean

Mechanical break

Jo
in

t S
ym

bo
l

Li
th
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y

Description and Classification of Materials

16.5 to 35.1 ft: Shale
Laminated; mostly fines, medium plasticity; less than 10% 
sand, fine grained; fresh to slightly weathered; slightly 
fractured; moist; gray; occasional strong reaction with HCl; 
[PIERRE SHALE]

Continued on next sheet
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some iron staining
Mechanical break
10 degrees, Tight, 
moderately rough, 

clean
10 degrees, Tight, 
moderately rough, 

clean

10 degrees, Tight,
slightly rough, clean

Mechanical break, 
some iron staining
Mechanical break

5338.2



LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236837.1, E 3076117.6 ft 

Ground EI: 5354.7 ft Total Depth: 35.1 ft
Groundwater EI: 5340.2 ft On Date: 03-16-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

03-16-2020
Elite - Greg
14.5 ft

End Date: 
Logged By: 

Checked By: 

03-18-2020
EJS
ABP

Borehole ID:

B-206
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Boring backfilled with cement-bentonite grout. 
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21
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23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-2

NQ-3

Full circulation.

NQ-4

NQ-5

In
te
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 (f
t)

20.0 to 
24.0

24.0 to 
25.0

25.0 to 
29.0

29.0 to 
30.0

Pe
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tio

n 
(ft

)

4.0

1.0

4.0

1.0

R
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y 
ft,

 (%
)

4.0
(100)

1.0
(100)

4.2
(105)

1.1
(110)

R
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D
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t (
%

)

4.0
(100)

0.9
(90)

4.2
(105)

1.1
(110)
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)
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4

6

2
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2

4
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0.9
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0.6
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0.3

0.1

0.3

0.5
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H6 to 
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H6 to 
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H6 to 
H7

H6 to 
H7
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P-2
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n

Mechanical break

Mechanical break

Mechanical break 
along bedding plane

Mechanical break 
along bedding plane

Mechanical break 
along bedding plane

Tight, smooth, clean

10 degrees, Tight, 
rough, clean

0 degrees, Tight, 
moderately rough, 

clean

10 degrees, Tight, 
rough, clean

Mechanical break

Jo
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t S
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bo
l
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th
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og

y

Description and Classification of Materials
20.0 to 24.0 ft: fresh; slightly to moderately 
fractured; occasional weak reaction with 
HCl; 

24.0 to 25.0 ft: fresh; no reaction with HCl; 

25.0 to 29.0 ft: 5-15% sand; fresh; slightly to 
moderately fractured; 

29.0 to 30.0 ft: 5-15% sand; fresh; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236837.1, E 3076117.6 ft 

Ground EI: 5354.7 ft Total Depth: 35.1 ft
Groundwater EI: 5340.2 ft On Date: 03-16-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

03-16-2020
Elite - Greg
14.5 ft

End Date: 
Logged By: 

Checked By: 

03-18-2020
EJS
ABP

Borehole ID:

B-206
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Boring backfilled with cement-bentonite grout. 
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40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-6

NQ-7.

Bottom of boring at 
35.1.
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34.0 to 
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0.9
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H7

H6 to 
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g

P-3
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n

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Healed fracture

Mechanical break

Mechanical break

Mechanical break
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y

Description and Classification of Materials
30.0 to 35.1 ft: Fines are medium to high 
plasticity; fresh; moderately fractured; 

End of rock core log at 35.10 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236997.6, E 3076388.1 ft 

Ground EI: 5350.1 ft Total Depth: 34.0 ft
Groundwater EI: 5344.0 ft On Date: 05-18-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

05-18-2020
Elite - Greg
12.5 ft

End Date: 
Logged By: 

Checked By: 

05-20-2020
SMG
ABP

Borehole ID:

B-207(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
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n

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

2/12/20

14/24/32

14/24/45

50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

1.5

0.5

R
ec

ov
er

y 
(ft

)

1.2

1.1

1.3

0.5

Remarks

Bu-1 from 0.0 to 6.0 feet.

Smooth drilling

Sandy light brown cuttings with 
gravel. 

Minor grinding

Groundwater level 
measurement at 4.5 feet on 
5/19/20 at 08:15. 

Continuous grinding. 

Groundwater encountered at 6.0 
feet during drilling on 5/19/20. 

Grinding, rig rocking.

Minor grinding.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, S-3, S-4, S-5, S-6: Poorly Graded Sand with Silt and 
Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-25% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic;  
maximum particle size = 1.25 inches; dense; dry to moist; 
brown; (SP-SM); 
[Alluvium]

0.0 to 2.0 ft: occasional roots; 

2.0 to 4.5 ft: 20-30% gravel;  maximum particle size = 
1.5 inches; very dense; dry to moist; occasional roots; 
weak reaction with HCl; 

4.5 to 7.0 ft: 20-30% gravel;  maximum particle size = 
1.5 inches; very dense; dry to moist; occasional iron 
staining, occasional weathered shale fragments; 

7.0 to 12.5 ft: Fines are nonplastic to low plasticity; 
25-35% gravel;  maximum particle size = 1.5 inches; 
very dense; wet; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236997.6, E 3076388.1 ft 

Ground EI: 5350.1 ft Total Depth: 34.0 ft
Groundwater EI: 5344.0 ft On Date: 05-18-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

05-18-2020
Elite - Greg
12.5 ft

End Date: 
Logged By: 

Checked By: 

05-20-2020
SMG
ABP

Borehole ID:

B-207(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5337.6

5336.1

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 6

S - 7

Blows per 6 inch

14/34/50 for 6 
inches

5/20/40

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

R
ec

ov
er

y 
(ft

)

1.1

1.5

Remarks

Less gravel in cuttings.

Top of bedrock at 12.5

Augered to 14.0 feet and 
switched to NQ3 rock coring 
after performing S-7. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-7: Shale
Laminated; mostly fines, medium plasticity; 5-15% sand, fine 
grained; slightly to moderately weathered; dry to moist; gray; 
H7; 
[PIERRE SHALE]

End of boring log at 14.00 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236997.6, E 3076388.1 ft 

Ground EI: 5350.1 ft Total Depth: 34.0 ft
Groundwater EI: 5344.0 ft On Date: 05-18-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-18-2020
Elite - Greg
12.5 ft

End Date: 
Logged By: 

Checked By: 

05-20-2020
SMG
ABP

Borehole ID:

B-207(P)
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1

Full circulation.

Smooth drilling. 

NQ-2

In
te

rv
al

 (f
t)

14.0 to 
15.0

15.0 to 
20.0

Pe
ne

tra
tio

n 
(ft

)

1.0

5.0

R
ec

ov
er

y 
ft,

 (%
)

1.2
(120)

5.1
(102)

R
Q

D
, f

t (
%

)

1.2
(120)

5.1
(102)

C
or

in
g 

Ti
m

e 
(m

in
)

3

13

N
o.

  o
f P

ie
ce

s

2

6

Lo
ng

es
t (

ft)

0.9

2.9

Sh
or

te
st

 (f
t)

0.3

0.1

H
ar

dn
es

s

H7

H7

In
 S

itu
 T

es
tin

g

P-1

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

14.0 to 34.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand; fresh to slightly weathered; unfractured; dry to moist; 
gray; strong reaction with HCl; 
[PIERRE SHALE]

15.0 to 20.0 ft: no reaction with HCl; 

Continued on next sheet

Appendix E 33 of 87

Sheet 3 of 5

Mechanical break
Mechanical break

5336.1



LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236997.6, E 3076388.1 ft 

Ground EI: 5350.1 ft Total Depth: 34.0 ft
Groundwater EI: 5344.0 ft On Date: 05-18-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-18-2020
Elite - Greg
12.5 ft

End Date: 
Logged By: 

Checked By: 

05-20-2020
SMG
ABP

Borehole ID:

B-207(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-3

NQ-4

NQ-5

Smooth drilling.

NQ-6

In
te

rv
al

 (f
t)

20.0 to 
22.0

22.0 to 
25.0

25.0 to 
27.0

27.0 to 
30.0

Pe
ne

tra
tio

n 
(ft

)
2.0

3.0

2.0

3.0

R
ec

ov
er

y 
ft,

 (%
)

2.0
(100)

3.2
(107)

1.8
(90)

3.2
(107)

R
Q

D
, f

t (
%

)

2.0
(100)

3.2
(107)

1.8
(90)

3.2
(107)

C
or

in
g 

Ti
m

e 
(m

in
)

5

8

5

7

N
o.

  o
f P

ie
ce

s

4

5

3

5

Lo
ng

es
t (

ft)

0.9

1.5

0.9

0.9

Sh
or

te
st

 (f
t)

0.1

<0.1

0.2

0.1

H
ar

dn
es

s

H7

H7

H7

H7

In
 S

itu
 T

es
tin

g

P-2

Jo
in

t 
D

es
cr

ip
tio

n

0 degrees, Tight to 
slightly open, 

moderately to slightly 
rough, very thin 

infilling

Mechanical break
Mechanical break

Mechanical break

0 degrees, Tight to 
slightly open, slightly 

rough to smooth, 
clean to very thin 

infilling

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Core loss

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials
20.0 to 22.0 ft: slightly fractured; weak to 
strong reaction with HCl; 

22.0 to 25.0 ft: slightly fractured; no reaction 
with HCl; 

25.0 to 27.0 ft: no reaction with HCl; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236997.6, E 3076388.1 ft 

Ground EI: 5350.1 ft Total Depth: 34.0 ft
Groundwater EI: 5344.0 ft On Date: 05-18-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-18-2020
Elite - Greg
12.5 ft

End Date: 
Logged By: 

Checked By: 

05-20-2020
SMG
ABP

Borehole ID:

B-207(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

5316.1

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation. 

NQ-7

Bottom of boring at 
34.0 feet.

In
te
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al

 (f
t)

30.0 to 
34.0

Pe
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tio

n 
(ft

)

4.0

R
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 (%
)

4.2
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R
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)

4.2
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)
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4.2

H
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Description and Classification of Materials

End of rock core log at 34.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236457.4, E 3075844.6 ft 

Ground EI: 5359.9 ft Total Depth: 40.0 ft
Groundwater EI: 5342.4 ft On Date: 01-30-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-30-2020
Elite - Greg
20.1 ft

End Date: 
Logged By: 

Checked By: 

01-31-2020
SMG
ABP

Borehole ID:

B-208(P)
Sheet 1 of 3

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5355.4

5350.4

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

7/11/13

7/19/11

6/11/20

7/11/10

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

1.5

1.5

R
ec

ov
er

y 
(ft

)

0.8

1.3

1.5

1.4

Remarks

Bu-1 from 0.0 to 5.0 feet. 

Minor grinding. 

Smooth drilling, brown cuttings.

Minor grinding. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, S-3: Clayey Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 30-40% gravel, fine to coarse grained, 
subangular to subrounded; 20-30% fines, low plasticity;  
maximum particle size = 1.5 inches; medium dense; dry to 
moist; brown; included slightly to moderately weathered 
Pierre Shale fragments, occasional roots; (SC); 
[Fill]

2.0 to 4.5 ft: 25-35% gravel; included moderately to 
intensely weathered Pierre Shale fragments, no roots; 

S-4, S-5: Gravelly Lean Clay with Sand
Mostly fines, medium plasticity; 25-35% gravel, fine to 
coarse grained, subangular to subrounded; 15-25% sand, 
fine to coarse grained, subangular to subrounded;  
maximum particle size = 1 inch; very stiff; dry to slightly 
moist; brown to gray; PP = 3 tsf; included processed Pierre 
Shale; (CL); 
[Fill]

7.0 to 9.5 ft: 15-25% gravel;  maximum particle size = 
1 inch; gray; occasional iron staining; 

S-6: Poorly Graded Gravel with Clay and Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 25-35% sand, fine to coarse grained, 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236457.4, E 3075844.6 ft 

Ground EI: 5359.9 ft Total Depth: 40.0 ft
Groundwater EI: 5342.4 ft On Date: 01-30-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-30-2020
Elite - Greg
20.1 ft

End Date: 
Logged By: 

Checked By: 

01-31-2020
SMG
ABP

Borehole ID:

B-208(P)
Sheet 2 of 3

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5347.9

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 6

S - 7

S - 8

S - 9

Blows per 6 inch

6/15/30

50 for 6 inches

20/25/35

25/40/50 for 5 
inches

Pe
ne

tra
tio

n 
(ft

)

1.5

0.5

1.5

1.4

R
ec

ov
er

y 
(ft

)

1.4

0.5

1.4

0.9

Remarks

Grinding, minor rig rocking. 

Minor grinding, gravel in 
cuttings.

Groundwater encountered at 
17.5 feet during drilling on 
1/30/20.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

subangular to subrounded; 5-10% fines, low to medium 
plasticity; dense; brown to gray; (GP-GC); 
[Alluvium]

S-7, S-8, S-9: Poorly Graded Sand with Clay and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 20-30% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic to low 
plasticity;  maximum particle size = 1.25 inches; very dense; 
dry to moist; brown to gray; (SP-SC); 
[Alluvium]

14.0 to 17.0 ft:  maximum particle size = 1.5 inches; 
moist; 

17.0 to 20.1 ft:  maximum particle size = 1.75 inches; 
wet; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236457.4, E 3075844.6 ft 

Ground EI: 5359.9 ft Total Depth: 40.0 ft
Groundwater EI: 5342.4 ft On Date: 01-30-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-30-2020
Elite - Greg
20.1 ft

End Date: 
Logged By: 

Checked By: 

01-31-2020
SMG
ABP

Borehole ID:

B-208(P)
Sheet 3 of 3

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5339.8

5338.4

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Type - No

S - 10

Blows per 6 inch

25/50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.0

R
ec

ov
er

y 
(ft

)

1.0

Remarks

Top of bedrock at 20.1 feet. 

Augered to 21.5 feet and 
switched to NQ3 rock coring 
after performing S-10. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-10: Shale
Laminated; mostly fines, medium plasticity; less than 15% 
sand; slightly weathered; slightly moist; gray; 
[PIERRE SHALE]

End of boring log at 21.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236457.4, E 3075844.6 ft 

Ground EI: 5359.9 ft Total Depth: 40.0 ft
Groundwater EI: 5342.4 ft On Date: 01-30-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-30-2020
Elite - Greg
20.1 ft

End Date: 
Logged By: 

Checked By: 

01-31-2020
SMG
ABP

Borehole ID:

B-208(P)
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Drillers noted that the coring pressure would increase around 
the softer rock. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Drillers noted that the 
coring pressure 
would increase 

around the softer 
rock.

Full circulation.

NQ-1

NQ-1 was performed 
using a pack bit. 

Drillers had trouble 
removing NQ-1 from 
casing resulting in 

multiple mechanical 
breaks in the sample. 
Drillers switched to a 
surface set bit after 

NQ-1.

Full circulation.

NQ-2

Drillers noted they 
lowered the coring 

pressure from 220 to 
180 for runs NQ-3, 

NQ-4, NQ-5.

NQ-3

In
te

rv
al

 (f
t)

21.5 to 
25.0

25.0 to 
27.5

27.5 to 
30.0

Pe
ne

tra
tio

n 
(ft

)

3.5

2.5

2.5

R
ec

ov
er

y 
ft,

 (%
)

1.2
(34)

2.9
(116)

2.9
(116)

R
Q

D
, f

t (
%

)

1.2
(34)

2.9
(116)

2.9
(116)

C
or

in
g 

Ti
m

e 
(m

in
)

11

7

5

N
o.

  o
f P
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ce

s

>10

8

8

Lo
ng

es
t (

ft)

0.2

1.1

1.0

Sh
or

te
st

 (f
t)

<0.1

0.1

0.1

H
ar

dn
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s

H7

H7

H7

In
 S

itu
 T

es
tin

g

P-1

Jo
in

t 
D

es
cr

ip
tio

n

Core loss 

Mechanical breaks

Mechanical breaks

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

5 degrees, Tight, 
slightly rough to 
smooth, clean

Mechanical break
Mechanical break

Mechanical break
Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

21.5 to 40.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand; fresh; unfractured to very slightly fractured; dry to 
moist; gray; 
[PIERRE SHALE]

24.4 to 24.6 ft: H5, strongly cemented zone; 
strong reaction with HCl; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236457.4, E 3075844.6 ft 

Ground EI: 5359.9 ft Total Depth: 40.0 ft
Groundwater EI: 5342.4 ft On Date: 01-30-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-30-2020
Elite - Greg
20.1 ft

End Date: 
Logged By: 

Checked By: 

01-31-2020
SMG
ABP

Borehole ID:

B-208(P)
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Drillers noted that the coring pressure would increase around 
the softer rock. Boring completed as monitoring well.

El
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at
io

n

5319.9

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-4

NQ-5

NQ-6

Full circulation.

NQ-7

Bottom of boring at 
40.0 feet. 

In
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al

 (f
t)

30.0 to 
34.0

34.0 to 
35.0

35.0 to 
39.0

39.0 to 
40.0

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

4.0

1.0

R
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er

y 
ft,

 (%
)

4.2
(105)

1.1
(110)

4.0
(100)

1.0
(100)

R
Q

D
, f

t (
%

)

4.2
(105)

1.1
(110)

4.0
(100)

1.0
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)
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3
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5
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5

1

3

1
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0 degrees, Tight, 
slightly rough to 
smooth, clean
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Mechanical break
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Description and Classification of Materials
30.0 to 40.0 ft: fresh to slightly weathered; 

End of rock core log at 40.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235872.7, E 3075850.3 ft 

Ground EI: 5354.7 ft Total Depth: 30.0 ft
Groundwater EI: 5348.7 ft On Date: 01-22-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-22-2020
Elite - Greg
7.0 ft

End Date: 
Logged By: 

Checked By: 

01-23-2020
SMG
ABP

Borehole ID:

B-209(P)
Sheet 1 of 1

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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n

5347.7

5346.2

D
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t)

1

2

3

4

5

6

7

8

9
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Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

7/32/40

50 for 3 inches

12/41/11

30/50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

0.3

1.5

1.0

R
ec

ov
er

y 
(ft

)

1.5

0.3

0.7

1.0

Remarks

Bu-1 from 0.0 to 2.5 feet.

Grinding, rig rocking.

Brown cuttings with gravel. 

Bu-2 from 2.5 to 5.0 feet. 

Cutting are more red. 

Grinding.

Groundwater encountered at 6.0 
feet during drilling on 1/22/20.

Brown cuttings.

Top of bedrock at 7.0 feet. 

Augered to 8.5 feet and 
switched to NQ3 rock coring 
after performing S-5.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, S-3, S-4: Poorly Graded Gravel with Clay and Sand
Mostly gravel, fine to coarse grained, angular to subangular; 
25-35% sand, fine to coarse grained, subangular to 
subrounded; 5-15% fines, medium plasticity;  maximum 
particle size = 1.5 inches; dry to moist; brown; occasional 
roots; (GP-GC); 
[Fill]

2.0 to 5.0 ft: red; 

5.0 to 7.0 ft: Gravel is subangular to subrounded; 
Fines are low to medium plasticity;  maximum particle 
size = 1.25 inches; wet; light brown; no roots; 

S-5: Shale
Laminated; mostly fines, medium plasticity; 5-15% sand; 
fresh to slightly weathered; dry to slightly moist; gray; H7; 
[PIERRE SHALE]

End of boring log at 8.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235872.7, E 3075850.3 ft 

Ground EI: 5354.7 ft Total Depth: 30.0 ft
Groundwater EI: 5348.7 ft On Date: 01-22-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-22-2020
Elite - Greg
7.0 ft

End Date: 
Logged By: 

Checked By: 

01-23-2020
SMG
ABP

Borehole ID:

B-209(P)
90.0 Bearing: Not applicable Sheet 1 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling.
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)
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1.2
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1.2
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o.

  o
f P

ie
ce

s

5

Lo
ng

es
t (

ft)

0.4
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n

Core loss

Mechanical break
Mechanical break

Mechanical break

Mechanical break
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t S
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y

Description and Classification of Materials

8.5 to 30.0 ft: Shale
Laminated; mostly fines, medium plasticity; 10-15% sand; 
fresh to slightly weathered; unfractured; dry to moist; gray; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235872.7, E 3075850.3 ft 

Ground EI: 5354.7 ft Total Depth: 30.0 ft
Groundwater EI: 5348.7 ft On Date: 01-22-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-22-2020
Elite - Greg
7.0 ft

End Date: 
Logged By: 

Checked By: 

01-23-2020
SMG
ABP

Borehole ID:

B-209(P)
90.0 Bearing: Not applicable Sheet 2 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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13

14

15

16
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19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-2

Smooth drilling. 

NQ-3

Smooth drilling.
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15.0 to 
20.0
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Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
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Mechanical break
Mechanical break
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Mechanical break

Mechanical break

Mechanical break

Mechanical break
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Description and Classification of Materials
10.0 to 15.0 ft: weak reaction with HCl; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235872.7, E 3075850.3 ft 

Ground EI: 5354.7 ft Total Depth: 30.0 ft
Groundwater EI: 5348.7 ft On Date: 01-22-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-22-2020
Elite - Greg
7.0 ft

End Date: 
Logged By: 

Checked By: 

01-23-2020
SMG
ABP

Borehole ID:

B-209(P)
90.0 Bearing: Not applicable Sheet 3 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc
Drillers note that the 
shale is swelling in 
the core sleeves.

Smooth drilling.

NQ-4

NQ-5

Bottom of boring at 
30.0 feet. 
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Mechanical break
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Mechanical break
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Description and Classification of Materials

End of rock core log at 30.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235542.8, E 3075765.8 ft 

Ground EI: 5354.0 ft Total Depth: 25.0 ft
Groundwater EI: Not Encountered On Date: 01-20-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-20-2020
Elite - Greg
3.7 ft

End Date: 
Logged By: 

Checked By: 

01-21-2020
SMG
ABP

Borehole ID:

B-210
Sheet 1 of 1

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with cement-bentonite grout. 
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n

5352.3

5350.3

5350.0

5349.5

D
ep
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1

2

3

4
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Type - No

S - 2

S - 3

S - 4

Blows per 6 inch

2/50 for 4 inches

7/17/20

50 for 6 inches 

Pe
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tio

n 
(ft

)

0.9

1.5

0.5

R
ec

ov
er

y 
(ft

)

0.8

1.5

0.5

Remarks

Bu-1 from 0.0 to 3.7 feet.

Grinding, minor rig rocking. 

Smooth drilling.

Minor grinding.

Top of bedrock at 3.7 feet.

Augered to 4.5 feet and 
switched to NQ3 rock coring 
after performing S-4. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2: Clayey Sand
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-20% fines, medium plasticity; less than 10% 
gravel, fine to coarse grained, angular to subangular;  
maximum particle size = 0.5 inches; very dense; moist; 
brown; roots throughout; (SC); 
[Fill]

S-3: Clayey Gravel with Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 20-30% sand, fine to coarse grained, 
subangular to subrounded; 15-25% fines, low to medium 
plasticity;  maximum particle size = 1.5 inches; very dense; 
moist; light brown; (GC); 
[Fill]

S-3: Sandy Shale
Laminated; mostly fines, low to medium plasticity; 20-30% 
sand, fine grained; moderately to intensely weathered; dry; 
brown to gray; H7, oxidized; 
[PIERRE SHALE]
S-4: Shale
Laminated; mostly fines, low to medium plasticity; less than 
15% sand, fine grained; fresh to slightly weathered; dry; 
brown to gray; 
[PIERRE SHALE]

End of boring log at 4.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235542.8, E 3075765.8 ft 

Ground EI: 5354.0 ft Total Depth: 25.0 ft
Groundwater EI: Not 

Encountered On Date: 01-20-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-20-2020
Elite - Greg
3.7 ft

End Date: 
Logged By: 

Checked By: 

01-21-2020
SMG
ABP

Borehole ID:

B-210
90.0 Bearing: Not applicable Sheet 1 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring backfilled with cement-bentonite grout. 
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc
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Smooth drilling.
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Description and Classification of Materials

4.5 to 25.0 ft: Shale
Laminated; mostly fines, low to medium plasticity; less 
than 5% sand; fresh to slightly weathered; unfractured; 
moist to wet; gray; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235542.8, E 3075765.8 ft 

Ground EI: 5354.0 ft Total Depth: 25.0 ft
Groundwater EI: Not 

Encountered On Date: 01-20-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-20-2020
Elite - Greg
3.7 ft

End Date: 
Logged By: 

Checked By: 

01-21-2020
SMG
ABP

Borehole ID:

B-210
90.0 Bearing: Not applicable Sheet 2 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring backfilled with cement-bentonite grout. 
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20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling. 

NQ-3

Smooth drilling. 

NQ-4

Several mechanical 
breaks were caused 
during extraction of 
rock core from the 

core barrel. 
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Mechanical break

10 degrees, Slightly 
to moderately open, 

slightly rough to 
smooth, very thin to 

moderately thin 
infilling

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
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Description and Classification of Materials
10.0 to 15.0 ft: very slightly to slightly 
fractured; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235542.8, E 3075765.8 ft 

Ground EI: 5354.0 ft Total Depth: 25.0 ft
Groundwater EI: Not 

Encountered On Date: 01-20-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-20-2020
Elite - Greg
3.7 ft

End Date: 
Logged By: 

Checked By: 

01-21-2020
SMG
ABP

Borehole ID:

B-210
90.0 Bearing: Not applicable Sheet 3 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring backfilled with cement-bentonite grout. 
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling

NQ-5

Drillers note smooth 
drilling except for soft 

areas of rock core 
where mechanical 

breaks have 
occurred.

Bottom of boring at 
25.0 feet. 
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Mechanical break

Mechanical break

3 degrees, Slightly to 
moderately open, 
slightly rough to 

smooth, clean to very 
thin infilling
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Description and Classification of Materials
20.0 to 23.0 ft: very slightly fractured; 

23.0 to 25.0 ft: very slightly fractured; H5; 

End of rock core log at 25.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235986.9, E 3075493.9 ft 

Ground EI: 5354.8 ft Total Depth: 30.0 ft
Groundwater EI: 5349.8 ft On Date: 01-24-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-24-2020
Elite - Greg
11.0 ft

End Date: 
Logged By: 

Checked By: 

01-27-2020
SMG
ABP

Borehole ID:

B-211(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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D
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1
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10

Type - No

S - 2

S - 3

Blows per 6 inch

3/5/8

8/8/8

Pe
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tio

n 
(ft

)

1.5

1.5

R
ec

ov
er

y 
(ft

)

1.0

1.5

Remarks

Bu-1 from 0.0 to 2.5 feet. 

Smooth drilling.

Groundwater encountered at 5.0 
feet during drilling on 1/24/2020.
Boring was advanced from 4.0 
to 10.0 feet using NQ3 rock 
coring after performing S-3. 
Core recovery was poor and 
consisted mostly of gravel 
particles.

S-4 was performed after coring 
to 10.0 feet. Boring collapsed at 
6.0 feet after performing S-4. 
S-5 and S-6 were performed to 
remove collapsed material from 
the boring and each sampler 
advanced 2.0 feet under the 
weight of the hammer.

Augers were advanced from 4.0 
to 10.0 feet after S-6. S-7 was 
performed in the same depth 
interval as S-4 after augering to 
10.0 feet

Switched back to augering after 
S-6.

Grinding. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2: Clayey Gravel with Sand
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 25-35% sand, fine to coarse grained, 
subangular to subrounded; 25-35% fines, low to medium 
plasticity;  maximum particle size = 1 inch; moist; brown; 
occasional roots; (GC); 
[Fill]

S-3, S-4, S-5, S-6, S-7: Lean Clay
Mostly fines, medium to high plasticity; less than 5% sand, 
fine to coarse grained; less than 5% gravel, fine grained;  
maximum particle size = 0.75 inches; very stiff; dry to moist; 
gray; processed Pierre Shale; (CL); 
[Fill]

6.0 to 9.0 ft: wet; 

9.0 to 11.0 ft: less than 10% gravel, fine grained;  
maximum particle size = 0.5 inches; medium stiff; 
moist; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235986.9, E 3075493.9 ft 

Ground EI: 5354.8 ft Total Depth: 30.0 ft
Groundwater EI: 5349.8 ft On Date: 01-24-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

01-24-2020
Elite - Greg
11.0 ft

End Date: 
Logged By: 

Checked By: 

01-27-2020
SMG
ABP

Borehole ID:

B-211(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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11
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Type - No

S - 4

S - 8

Blows per 6 inch

9/16/40

35/50 for 5 inches

Pe
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tio

n 
(ft

)

1.5

0.9

R
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er

y 
(ft

)

1.5

0.9

Remarks

S-7 was performed in the same 
interval as S-4. Recovery was 
1.5 feet and blow counts were 
3/7/11.
Drillers note more difficult 
augering at 11.0 feet.

Augered to 13.5 feet and 
switched to NQ3 rock coring 
after performing S-8. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-8: Shale
Laminated; mostly fines, low to medium plasticity; less than 
10% sand, fine grained; slightly weathered; slightly moist; 
gray; H7; 
[PIERRE SHALE]

End of boring log at 13.50 ft

Appendix E 50 of 87

Sheet 2 of 4



LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235986.9, E 3075493.9 ft 

Ground EI: 5354.8 ft Total Depth: 30.0 ft
Groundwater EI: 5349.8 ft On Date: 01-24-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-24-2020
Elite - Greg
11.0 ft

End Date: 
Logged By: 

Checked By: 

01-27-2020
SMG
ABP

Borehole ID:

B-211(P)
90.0 Bearing: Not applicable Sheet 2 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1 was performed 
from 4.0 to 5.0 feet 

and NQ-2 was 
performed from 5.0 to 

10.0 feet.

NQ-3

Full circulation

NQ-4

In
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 (f
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15.0 to 
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Mechanical break

Mechanical break
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Description and Classification of Materials

13.5 to 30.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand, fine to coarse grained, subangular to subrounded; 
fresh to slightly weathered; unfractured; dry to moist; gray; 
[PIERRE SHALE]

19.0 to 20.0 ft: H6; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235986.9, E 3075493.9 ft 

Ground EI: 5354.8 ft Total Depth: 30.0 ft
Groundwater EI: 5349.8 ft On Date: 01-24-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

01-24-2020
Elite - Greg
11.0 ft

End Date: 
Logged By: 

Checked By: 

01-27-2020
SMG
ABP

Borehole ID:

B-211(P)
90.0 Bearing: Not applicable Sheet 3 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-5

Full circulation, 
smooth drilling.

NQ-6

Bottom of boring at 
30.0 feet. 

In
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 (f
t)

20.0 to 
25.0

25.0 to 
30.0
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n

Mechanical break

30 degrees, Slightly 
to moderately open, 

moderately to slightly 
rough, very thin 
calcite infilling

Mechanical break

Mechanical break
Mechanical break

15 degrees, Tight to 
slightly open, smooth, 

clean
0 degrees, Tight to 

slightly open, 
moderately to slightly 

rough, very thin 
calcite infilling

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th
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og

y

Description and Classification of Materials
20.0 to 30.0 ft: very slightly fractured; 

End of rock core log at 30.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236198.6, E 3075102.9 ft 

Ground EI: 5359.4 ft Total Depth: 30.0 ft
Groundwater EI: Not Measured On Date: 02-19-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-19-2020
Elite - Greg
10.2 ft

End Date: 
Logged By: 

Checked By: 

02-21-2020
SMG
ABP

Borehole ID:

B-212(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
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n

5355.2

5353.0

5350.2

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

6/14/14

35/50 for 5 inches

50 for 4 inches

30/50 for 5 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

0.9

0.3

0.8

R
ec

ov
er

y 
(ft

)

1.3

0.9

0.1

0.5

Remarks

Boulders up to 2.5 feet in 
diameter on the ground surface 
near boring.
Bu-1 from 0.0 to 10.2 feet. 

Grinding, gravel in cuttings.

Continuous grinding. Split spoon 
shoe broke during hammering 
for S-4.

Rig rocking, more intense 
grinding. Coarser gravel in 
cuttings. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, S-3: Silty Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 30-40% gravel, fine to coarse grained, 
subangular to subrounded; 10-20% fines, nonplastic;  
maximum particle size = 1.5 inches; medium dense; moist; 
brown; occasional roots; (SM); 
[Fill]

2.5 to 4.2 ft: very dense; slightly moist; 

S-4: Clayey Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-25% fines, low plasticity; 35-45% gravel, 
fine to coarse grained, subangular to subrounded;  
maximum particle size = 1 inch; very dense; moist to wet; 
brown; occasional roots; (SC); 
[Fill]

S-5: Silty Sand with Gravel
Similar to S-2 Except: very dense; dry to moist; red to 
brown; no roots; weak reaction with HCl; (SM); 
[Fill]

S-6: Clayey Sand with Gravel
Similar to S-4 Except: Gravel is angular to subrounded;  
maximum particle size = 1.75 inches; very dense; slightly 
moist; no roots; (SC); 
[Fill]

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236198.6, E 3075102.9 ft 

Ground EI: 5359.4 ft Total Depth: 30.0 ft
Groundwater EI: Not Measured On Date: 02-19-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-19-2020
Elite - Greg
10.2 ft

End Date: 
Logged By: 

Checked By: 

02-21-2020
SMG
ABP

Borehole ID:

B-212(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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Type - No

S - 6

Blows per 6 inch

6/22/40

Pe
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n 
(ft

)

1.5

R
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er

y 
(ft

)

1.2

Remarks

Top of bedrock at 10.2 feet.

Augered to 11.5 feet and 
switched to NQ3 rock coring 
after performing S-6.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

10.2 to 11.5 ft: Shale
Mostly fines, medium plasticity; 5-15% sand, fine grained; 
fresh to slightly weathered; dry to moist; gray; H7; weak 
reaction with HCl; 
[PIERRE SHALE]

End of boring log at 11.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236198.6, E 3075102.9 ft 

Ground EI: 5359.4 ft Total Depth: 30.0 ft
Groundwater EI: Not Measured On Date: 02-19-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-19-2020
Elite - Greg
10.2 ft

End Date: 
Logged By: 

Checked By: 

02-21-2020
SMG
ABP

Borehole ID:

B-212(P)
90.0 Bearing: Not applicable Sheet 2 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1

Smooth drilling, full 
circulation.

NQ-2

Drillers note that the 
bit is plugging due to 

softness of rock.

NQ-3
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Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

20 degrees, 
Moderately open, 

moderately to slightly 
rough, clean

Mechanical break
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Description and Classification of Materials

11.5 to 30.0 ft: Shale
Laminated; mostly fines, medium plasticity; 5-10% sand; 
fresh to slightly weathered; unfractured; dry; gray; weak 
reaction with HCl; 
[PIERRE SHALE]

17.0 to 20.0 ft: very slightly fractured; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236198.6, E 3075102.9 ft 

Ground EI: 5359.4 ft Total Depth: 30.0 ft
Groundwater EI: Not Measured On Date: 02-19-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-19-2020
Elite - Greg
10.2 ft

End Date: 
Logged By: 

Checked By: 

02-21-2020
SMG
ABP

Borehole ID:

B-212(P)
90.0 Bearing: Not applicable Sheet 3 of 3

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.
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Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-4

NQ-5

NQ-6

NQ-7

Bottom of boring at 
30.0 feet.
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Description and Classification of Materials

End of rock core log at 30.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236455.3, E 3074765.5 ft 

Ground EI: 5355.5 ft Total Depth: 37.0 ft
Groundwater EI: 5350.8 ft On Date: 02-12-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-12-2020
Elite - Greg
16.0 ft

End Date: 
Logged By: 

Checked By: 

02-14-2020
SMG
ABP

Borehole ID:

B-213
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with cement-bentonite grout. 
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6

7

8
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Type - No

S - 1

S - 2

S - 4

S - 5

Blows per 6 inch

9/20/23

21/23/18

1/1/0

50 for 5 inches

Pe
ne
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tio

n 
(ft

)

1.5

1.5

1.5

0.5

R
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(ft
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1.5

1.5

1.5

0.5

Remarks

Minor grinding.

Smooth drilling. 

Bu-3 from 2.5 to 5.5 feet. 

Much of sample S-2 consists of 
black sand-sized particles. 

Groundwater encountered at 4.7 
feet during drilling on 2/12/20. 

Grinding, minor rig rocking.

Smooth drilling

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-1: Clayey Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 20-30% gravel, subangular to subrounded; 
15-25% fines, low plasticity;  maximum particle size = 1.25 
inches; dense; slightly moist; brown; (SC); 
[Fill]

S-2: Poorly Graded Sand with Clay and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-25% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, low to medium 
plasticity;  maximum particle size = 1 inch; dense; slightly 
moist; black; (SP-SC); 
[Fill]

S-4, S-5: Fat Clay
Mostly fines, medium to high plasticity; 5-15% sand, fine to 
coarse grained, subangular to subrounded; wet; dark brown 
to gray; PP = 1.5 tsf; processed Pierre Shale; (CH); 
[Fill]

5.5 to 7.0 ft: less than 5% sand; very soft; gray; 

7.0 to 9.0 ft: PP = 1 tsf; 

S-6: Clayey Gravel with Sand
Mostly gravel, subangular to subrounded; 35-45% sand, 
medium to coarse grained, subangular to subrounded; 
15-25% fines, low to medium plasticity;  maximum particle 
size = 1.5 inches; medium dense; brown; (GC); 
[Fill]

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236455.3, E 3074765.5 ft 

Ground EI: 5355.5 ft Total Depth: 37.0 ft
Groundwater EI: 5350.8 ft On Date: 02-12-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

02-12-2020
Elite - Greg
16.0 ft

End Date: 
Logged By: 

Checked By: 

02-14-2020
SMG
ABP

Borehole ID:

B-213
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with cement-bentonite grout. 
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5337.0
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Type - No

S - 6

S - 7

S - 8

S - 9

Blows per 6 inch

12/15/3

3/4/4

15/11/13

13/16/27

Pe
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n 
(ft

)

1.5

1.5

1.5

1.5

R
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)

1.2

1.5

1.3

1.5

Remarks

Drillers noted soil seemed stiffer 
while augering.

Top of bedrock at 16.0.

Augered to 18.5 and switched to 
NQ3 rock coring after 
performing S-9.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-6, S-7, S-8: Lean Clay
Mostly fines, low plasticity; 5-15% sand, fine to coarse 
grained, subangular to subrounded; less than 5% gravel, 
subrounded to rounded;  maximum particle size = 1 inch; 
medium stiff; moist to wet; gray; PP = 0.75 tsf; (CL); 
[Fill]

11.5 to 13.5 ft: PP = 1.25 tsf; 

13.5 to 15.0 ft: soft; moist; PP = 0.25 tsf; 

S-8: Sandy Lean Clay with Gravel
Mostly fines, low to medium plasticity; 20-30% sand, 
medium to coarse grained, subangular to subrounded; 
15-25% gravel, fine to coarse grained, subangular to 
subrounded;  maximum particle size = 0.75 inches; soft; 
brown to gray ; PP = 0.5 tsf; (CL); 
[Fill]

S-9: Shale
Laminated; mostly fines, medium plasticity; 5-15% sand; 
slightly weathered; dry to moist; gray; 
[PIERRE SHALE]

End of boring log at 18.50 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236455.3, E 3074765.5 ft 

Ground EI: 5355.5 ft Total Depth: 37.0 ft
Groundwater EI: 5350.8 ft On Date: 02-12-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-12-2020
Elite - Greg
16.0 ft

End Date: 
Logged By: 

Checked By: 

02-14-2020
SMG
ABP

Borehole ID:

B-213
90.0 Bearing: Not applicable Sheet 2 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Boring backfilled with cement-bentonite grout. 

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-1

In
te

rv
al

 (f
t)

18.5 to 
20.0

Pe
ne

tra
tio

n 
(ft

)

1.5

R
ec

ov
er

y 
ft,

 (%
)

1.3
(87)

R
Q

D
, f

t (
%

)

1.3
(87)

C
or

in
g 

Ti
m

e 
(m

in
)

6

N
o.

  o
f P

ie
ce

s

4

Lo
ng

es
t (

ft)

0.5

Sh
or

te
st

 (f
t)

0.1

H
ar

dn
es

s

H7

In
 S

itu
 T

es
tin

g

Jo
in

t 
D

es
cr

ip
tio

n

Core loss 

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

18.5 to 37.0 ft: Shale
Laminated; mostly fines, medium plasticity; less than 5% 
sand; fresh to slightly weathered; unfractured; slightly 
moist; gray; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236455.3, E 3074765.5 ft 

Ground EI: 5355.5 ft Total Depth: 37.0 ft
Groundwater EI: 5350.8 ft On Date: 02-12-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-12-2020
Elite - Greg
16.0 ft

End Date: 
Logged By: 

Checked By: 

02-14-2020
SMG
ABP

Borehole ID:

B-213
90.0 Bearing: Not applicable Sheet 3 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Boring backfilled with cement-bentonite grout. 

El
ev

at
io

n

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc
Full circulation, 
smooth drilling.

NQ-2

NQ-3

Drillers note core bit 
was plugging up near 

the end of NQ-3.

NQ-4

Full circulation

NQ-5

Full circulation

In
te

rv
al

 (f
t)

20.0 to 
22.5

22.5 to 
25.0

25.0 to 
28.0

28.0 to 
30.0

Pe
ne

tra
tio

n 
(ft

)

2.5

2.5

3.0

2.0

R
ec

ov
er

y 
ft,

 (%
)

2.9
(116)

2.5
(100)

3.4
(113)

2.1
(105)

R
Q

D
, f

t (
%

)

2.9
(116)

2.5
(100)

3.4
(113)

2.1
(105)

C
or

in
g 

Ti
m

e 
(m

in
)

7

14

10

9

N
o.

  o
f P

ie
ce

s

3

5

6

3

Lo
ng

es
t (

ft)

1.1

1.2

1.8

3.7

Sh
or

te
st

 (f
t)

0.2

0.2

0.2

0.1

H
ar

dn
es

s

H6

H7

H7

H7

In
 S

itu
 T

es
tin

g

P-1

P-2

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Mechanical break

25 degrees, Slightly 
open, slightly rough, 
very thin clay infilling

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials
20.0 to 22.5 ft: slightly weathered; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236455.3, E 3074765.5 ft 

Ground EI: 5355.5 ft Total Depth: 37.0 ft
Groundwater EI: 5350.8 ft On Date: 02-12-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

02-12-2020
Elite - Greg
16.0 ft

End Date: 
Logged By: 

Checked By: 

02-14-2020
SMG
ABP

Borehole ID:

B-213
90.0 Bearing: Not applicable Sheet 4 of 4

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Mechanical breaks are generally near softer rock core. Boring backfilled with cement-bentonite grout. 

El
ev

at
io

n

5318.5

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-6

NQ-7

Full circulation.

NQ-8

Bottom of boring at 
37.0.

In
te

rv
al

 (f
t)

30.0 to 
32.3

32.3 to 
35.0

35.0 to 
37.0

Pe
ne

tra
tio

n 
(ft

)

2.3

2.7

2.0

R
ec

ov
er

y 
ft,

 (%
)

2.5
(109)

3.0
(111)

2.0
(100)

R
Q

D
, f

t (
%

)

2.5
(109)

3.0
(111)

2.0
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

12

13

10

N
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  o
f P
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s

7

10

6

Lo
ng
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t (

ft)

0.6

0.5

0.6

Sh
or
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st

 (f
t)

0.1

0.1

0.1

H
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dn
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s

H7

H7

H6 to 
H7

In
 S

itu
 T

es
tin

g

P-3

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
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y

Description and Classification of Materials

End of rock core log at 37.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
Sheet 1 of 1

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5351.3

5350.3

5349.3

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

S - 4

S - 5

Blows per 6 inch

6/12/17

7/4/12

12/42/50 for 5 
inches

6/5/9

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

1.4

1.5

R
ec

ov
er

y 
(ft

)

1.0

1.1

1.0

1.5

Remarks

Cobbles on ground surface up 
to 8.5 inches. 
Bu-1 from 0.0 to 8.0 feet.
Grinding, rig rocking. 

Continous grinding, sandy 
brown cuttings.

Groundwater level 
measurement at 3.0 feet on 
6/2/20 at 09:15. 

Groundwater encountered at 3.5 
feet during drilling on 6/1/20.

Continous grinding, slow 
augering.

Top of bedrock at 8.0 feet.

Augered to 9.0 feet and 
switched to NQ3 rock coring 
after performing S-5. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2: Poorly Graded Sand with Silt and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 20-30% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic to low 
plasticity;  maximum particle size = 2 inches; medium dense; 
dry to moist; brown; occasional organics and roots; (SP-
SM); 
[Alluvium]

2.0 to 4.5 ft: 15-25% gravel;  maximum particle size = 
1.5 inches; moist; no roots or organics; 

4.5 to 7.0 ft: 30-40% gravel;  maximum particle size = 
1.25 inches; very dense; moist to wet; no roots or 
organics; 

S-5: Silty Sand
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-25% fines, nonplastic to low plasticity; less 
than 10% gravel, fine to coarse grained, subangular to 
subrounded;  maximum particle size = 0.5 inches; medium 
dense; wet; brown; (SM); 
[Alluvium]

S-5: Shale
Mostly fines, medium plasticity; less than 10% sand, fine 
grained; moderately to intensely weathered; dry to moist; 
gray to brown; occasional iron staining; 
[PIERRE SHALE]

End of boring log at 9.00 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
90.0 Bearing: Not applicable Sheet 1 of 6

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

No recovery in NQ-1 
because gravel piece 
stuck in shoe of core 

barrel.

NQ-1

In
te

rv
al

 (f
t)

9.0 to 
10.0

Pe
ne

tra
tio

n 
(ft

)

1.0

R
ec

ov
er

y 
ft,

 (%
)

0.0
(0)

R
Q

D
, f

t (
%

)

0.0
(0)

C
or

in
g 

Ti
m

e 
(m

in
)

2

N
o.

  o
f P

ie
ce

s

0

Lo
ng

es
t (

ft)

NA

Sh
or

te
st

 (f
t)

NA

H
ar

dn
es

s

NA

In
 S

itu
 T

es
tin

g

Jo
in

t 
D

es
cr

ip
tio

n

Core loss

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

9.0 to 60.0 ft: Shale
Laminated; mostly fines, medium plasticity; 5-15% sand; 
fresh to slightly weathered; slightly fractured; dry to moist; 
gray; occasional weak to strong reaction with HCl along 
bedding planes and fractures; 
[PIERRE SHALE]

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
90.0 Bearing: Not applicable Sheet 2 of 6

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-2

Full circulation.

NQ-3

Smooth drilling. 

NQ-4

Full circulation. 

In
te

rv
al

 (f
t)

10.0 to 
14.0

14.0 to 
17.0

17.0 to 
20.0

Pe
ne

tra
tio

n 
(ft

)

4.0

3.0

3.0

R
ec

ov
er

y 
ft,

 (%
)

3.8
(95)

3.0
(100)

3.2
(107)

R
Q

D
, f

t (
%

)

3.8
(95)

3.0
(100)

3.2
(107)

C
or

in
g 

Ti
m

e 
(m

in
)

9

6

7

N
o.

  o
f P

ie
ce

s
7

8

6

Lo
ng

es
t (

ft)

1.1

1.2

1.8

Sh
or

te
st

 (f
t)

0.4

<0.1

0.1

H
ar

dn
es

s

H7

H7

H7

In
 S

itu
 T

es
tin

g

P-1

Jo
in

t 
D

es
cr

ip
tio

n

Core loss

Mechanical break

Mechanical break

0 degrees, Tight to 
slightly open, slightly 
rough, clean to very 

thin infilling

0 degrees, Slightly to 
moderately open, 
moderately rough, 
clean to very thin 

calcite infilling

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

14.0 to 20.0 ft: unfractured; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
90.0 Bearing: Not applicable Sheet 3 of 6

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
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th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling.

NQ-5

Full circulation. 

NQ-6

Full circulation.

NQ-7

NQ-8

In
te

rv
al

 (f
t)

20.0 to 
23.0

23.0 to 
25.0

25.0 to 
28.0

28.0 to 
30.1

Pe
ne

tra
tio

n 
(ft

)

3.0

2.0

3.0

2.1

R
ec

ov
er

y 
ft,

 (%
)

3.2
(107)

2.1
(105)

3.1
(103)

2.2
(105)

R
Q

D
, f

t (
%

)
3.2

(107)

2.1
(105)

3.1
(103)

2.2
(105)

C
or

in
g 

Ti
m
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(m
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)

5

4

6

5

N
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f P

ie
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s

6

4

6

6
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t (

ft)

0.8

0.8

0.7

0.5

Sh
or

te
st

 (f
t)

0.2

0.4

0.1

0.1

H
ar
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H7

H7

H7

H7

In
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 T

es
tin

g

P-2

P-3

Jo
in

t 
D

es
cr
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tio

n

Mechanical break

Mechanical break

Mechanical break

10 degrees, Tight to 
slightly open, slightly 

rough to smooth, 
clean to very thin 

infilling
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

23.0 to 30.0 ft: unfractured; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
90.0 Bearing: Not applicable Sheet 4 of 6

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
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th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-9

Smooth drilling.

Drillers dropped core 
sample causing 

mechanical breaks. 

NQ-10

Full circulation.

NQ-11

In
te

rv
al

 (f
t)

30.1 to 
35.0

35.0 to 
39.0

39.0 to 
40.0

Pe
ne

tra
tio

n 
(ft

)

4.9

4.0

1.0

R
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er

y 
ft,

 (%
)

4.9
(100)

4.2
(105)

1.0
(100)

R
Q

D
, f

t (
%

)

4.9
(100)

4.2
(105)

1.0
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

10

7

2

N
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f P

ie
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s

>10

5

3
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ng

es
t (

ft)

0.5

1.9

0.5

Sh
or

te
st

 (f
t)

<0.1

0.1

0.1

H
ar

dn
es

s

H6 to 
H7

H7

H7

In
 S

itu
 T

es
tin

g

P-4

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Mechanical break

45 degrees, Slightly 
open, smooth, very 

thin infilling, 
Occasional iron 

staining
Mechanical break

45 degrees, Tight to 
slightly open, smooth, 

clean to very thin 
infilling

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break, 
Less than 1/8 inch 
layer of shells and 

calcite

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

35.0 to 44.0 ft: unfractured; Shells present 
at 39.0 feet; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
90.0 Bearing: Not applicable Sheet 5 of 6

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

41

42

43

44

45

46

47

48

49

50

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation. 

NQ-12

Smooth drilling. 

NQ-13

NQ-14

NQ-15

Full circulation. 

In
te

rv
al

 (f
t)

40.0 to 
44.0

44.0 to 
45.0

45.0 to 
46.0

46.0 to 
50.0

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

1.0

4.0

R
ec

ov
er

y 
ft,

 (%
)

4.0
(100)

1.1
(110)

1.0
(100)

4.2
(105)

R
Q

D
, f

t (
%

)

4.0
(100)

1.1
(110)

1.0
(100)

4.2
(105)

C
or

in
g 

Ti
m

e 
(m

in
)

7

3

2

8

N
o.

  o
f P

ie
ce

s
6

3

3

5

Lo
ng

es
t (

ft)

2.0

0.7

0.3

3.0

Sh
or

te
st

 (f
t)

0.1

0.2

0.2

0.1

H
ar

dn
es

s

H6 to 
H7

H6 to 
H7

H7

H6 to 
H7

In
 S

itu
 T

es
tin

g

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

44.0 to 46.0 ft: unfractured; weak reaction 
with HCl; 

46.0 to 50.0 ft: unfractured; occasional 
shells; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236273.3, E 3077129.3 ft 

Ground EI: 5358.3 ft Total Depth: 60.0 ft
Groundwater EI: 5354.8 ft On Date: 06-01-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

06-01-2020
Elite - Greg
8.0 ft

End Date: 
Logged By: 

Checked By: 

06-03-2020
SMG
JNH

Borehole ID:

B-214(P)
90.0 Bearing: Not applicable Sheet 6 of 6

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

5298.3

D
ep

th
 (f

t)

51

52

53

54

55

56

57

58

59

60

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Full circulation.

NQ-16

NQ-17

Smooth drilling. 

NQ-18

NQ-19

Bottom of boring at 
60.0 feet. 

In
te

rv
al

 (f
t)

50.0 to 
54.0

54.0 to 
55.0

55.0 to 
59.0

59.0 to 
60.0

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

4.0

1.0

R
ec

ov
er

y 
ft,

 (%
)

4.2
(105)

1.0
(100)

4.0
(100)

1.0
(100)

R
Q

D
, f

t (
%

)

4.2
(105)

1.0
(100)

4.0
(100)

1.0
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

8

2

9

2

N
o.

  o
f P

ie
ce

s
4

1

3

1

Lo
ng

es
t (

ft)

2.0

1.0

3.8

1.0

Sh
or

te
st

 (f
t)

0.4

1.0

0.1

1.0

H
ar

dn
es

s

H6 to 
H7

H6

H6

H6

In
 S

itu
 T

es
tin

g

P-5

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Mechanical break

Mechanical break
Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials
50.0 to 60.0 ft: unfractured; 

End of rock core log at 60.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
Sheet 1 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5358.8

5357.8

5356.8

5355.3

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

CA - 3

S - 4

CA - 5

CA - 6

S - 7

S - 9

Blows per 6 inch

3/5/6

5/10

6/8/10

6/6

8/8

3/9/16

2/23/24

Pe
ne

tra
tio

n 
(ft

)

1.5

1.0

1.5

1.0

1.0

1.5

1.5

R
ec

ov
er

y 
(ft

)

0.8

0.8

1.0

1.0

1.0

1.3

1.5

Remarks

Bu-1 from 0.0 to 6.0 feet.

Brown cuttings.

Minor grinding,

Smooth drilling. 

Bu-11 from 6.0 to 7.5 feet.

Groundwater encountered at 6.0 
feet during drilling on 5/26/20.
Groundwater level 
measurement at 6.1 feet on 
5/24/20 at 08:45. 

CA-8 was performed from 7.5 to 
8.5 feet before performing S-9. 
CA-5 had no recovery and blow 
counts were 4/8.

Continous grinding. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, CA-3, S-4: Sandy Lean Clay with Gravel
Mostly fines, medium plasticity; 25-35% sand, fine to coarse 
grained, subangular to subrounded; 15-25% gravel, fine 
grained, subangular to subrounded;  maximum particle size 
= 0.75 inches; very stiff; dry to moist; brown; PP = 2.5 tsf; 
occasional strong reaction with HCl, occsaional roots; (CL); 
[Fill]

1.5 to 2.5 ft:  maximum particle size = 0.5 inches; 
medium stiff; PP = 1 tsf; (CL); 

2.5 to 4.0 ft: 20-30% sand; Gravel is fine to coarse 
grained;  maximum particle size = 1 inch; very stiff; PP 
= 4 tsf; strong reaction with HCl; 

CA-5: Clayey Sand with Gravel
Mostly fines, high plasticity; 30-40% sand, fine to coarse 
grained, subangular to subrounded; 15-25% gravel, fine 
grained;  maximum particle size = 0.75 inches; stiff; moist; 
white to tan; PP = 1.25 tsf; weak to strong reaction with HCl; 
(SC); 
[Fill]

CA-6: Gravelly Lean Clay with Sand
Mostly fines, high plasticity; 10-20% sand, fine to coarse 
grained, subangular to subrounded; 15-25% gravel, fine 
grained;  maximum particle size = 0.75 inches; medium stiff; 
moist to wet; brown; weak to strong reaction with HCl; (CL); 
[Fill]

S-7: Clayey Sand with Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 15-25% fines, medium plasticity; 15-25% 
gravel, fine to coarse grained, subangular to subrounded;  
maximum particle size = 1.5 inches; medium dense; wet; 
brown; (SC); 
[Alluvium]

S-9: Poorly Graded Sand with Silt and Gravel
Mostly sand, fine to coarse grained, subangular to 
subrounded; 25-35% gravel, fine to coarse grained, 
subangular to subrounded; 5-15% fines, nonplastic to low 
plasticity;  maximum particle size = 1.5 inches; dense; wet; 
brown; (SP-SM); 
[Alluvium]

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
Sheet 2 of 2

CME-550X Rubber Tire ATV Mounted Rig
4-1/4" I.D., 8" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5352.0

5350.0

5347.5

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 10

S - 12

S - 13

Blows per 6 inch

50 for 3 inches

2/4/11

17/23/50 for 3 
inches

Pe
ne

tra
tio

n 
(ft

)

0.3

1.5

1.3

R
ec

ov
er

y 
(ft

)

0.0

1.2

1.3

Remarks

Rig rocking, drillers note large 
cobble while augering.

Top of bedrock at 12.8 feet.

Augered to 15.3 feet and 
switched to NQ3 rock coring 
after performing S-13. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-12: Poorly Graded Sand with Silt
Mostly sand, fine to coarse grained, subangular to 
subrounded; 5-15% fines, nonplastic to low plasticity; 5-15% 
gravel, fine grained, subangular to subrounded;  maximum 
particle size = 0.75 inches; medium dense; wet; brown; (SP-
SM); 
[Alluvium]

S-12, S-13: Shale
Laminated; mostly fines, medium plasticity; less than 10% 
sand; moderately to intensely weathered; moist; gray to 
brown; occasional iron staining; 
[PIERRE SHALE]

14.0 to 15.3 ft: moderately weathered; occasional 
weak to strong reaction with HCl; 

End of boring log at 15.30 ft
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
90.0 Bearing: Not applicable Sheet 2 of 7

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling, full 
circulation.

NQ-1

Full circulation.

In
te

rv
al

 (f
t)

15.3 to 
18.8

Pe
ne

tra
tio

n 
(ft

)

3.5

R
ec

ov
er

y 
ft,

 (%
)

3.5
(100)

R
Q

D
, f

t (
%

)

3.5
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

12

N
o.

  o
f P

ie
ce

s

6

Lo
ng

es
t (

ft)

1.5

Sh
or

te
st

 (f
t)

0.1

H
ar

dn
es

s

H7

In
 S

itu
 T

es
tin

g

P-1

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

20 degrees, Tight, 
slightly rough, 

moderately thin 
calcite  infilling

Mechanical break

Mechanical break

Mechanical break
Mechanical break
Mechanical break
Mechanical break

10 degrees, Tight to 

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

15.3 to 65.3 ft: Shale
Laminated; mostly fines, medium plasticity; less than 10% 
sand; slightly to moderately weathered; slightly to 
moderately fractured; dry to moist; gray; strong reaction 
with HCl; 
[PIERRE SHALE]

19.3 to 22.3 ft: slightly weathered; 

Continued on next sheet
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20 degrees, Tight,
slightly rough,

moderately thin
calcite infilling
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
90.0 Bearing: Not applicable Sheet 3 of 7

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-2

NQ-3

NQ-4

NQ-5

In
te

rv
al

 (f
t)

18.8 to 
22.3

22.3 to 
25.3

25.3 to 
29.3

29.3 to 
30.3

Pe
ne

tra
tio

n 
(ft

)

3.5

3.0

4.0

1.0

R
ec

ov
er

y 
ft,

 (%
)

3.6
(103)

3.0
(100)

4.0
(100)

0.9
(90)

R
Q

D
, f

t (
%

)

3.6
(103)

3.0
(100)

4.0
(100)

0.9
(90)

C
or

in
g 

Ti
m

e 
(m

in
)

13

7

11

3

N
o.

  o
f P

ie
ce

s

7

1

3

2

Lo
ng

es
t (

ft)

1.5

3.0

2.7

0.5

Sh
or

te
st

 (f
t)

0.1

3.0

0.2

0.4

H
ar

dn
es

s

H7

H7

H7

H7

In
 S

itu
 T

es
tin

g

P-2

Jo
in

t 
D

es
cr

ip
tio

n

slightly open, 
moderately to slightly 

rough, very thin 
infilling

5 degrees, Tight to 
slightly open, 

moderately to slightly 
rough, very thin 

infilling

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

22.3 to 30.3 ft: slightly weathered; 
unfractured; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
90.0 Bearing: Not applicable Sheet 4 of 7

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-6

NQ-7

Full circulation.

NQ-8

NQ-9

In
te

rv
al

 (f
t)

30.3 to 
34.3

34.3 to 
35.3

35.3 to 
38.3

38.3 to 
40.3

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

3.0

2.0

R
ec

ov
er

y 
ft,

 (%
)

4.0
(100)

1.1
(110)

3.0
(100)

2.1
(105)

R
Q

D
, f

t (
%

)

4.0
(100)

1.1
(110)

3.0
(100)

2.1
(105)

C
or

in
g 

Ti
m

e 
(m

in
)

10

2

8

4

N
o.

  o
f P

ie
ce

s

2

2

3

4

Lo
ng

es
t (

ft)
3.6

0.6

2.2

1.5

Sh
or

te
st

 (f
t)

0.4

0.5

0.3

0.1

H
ar

dn
es

s

H6 to 
H7

H6 to 
H7

H6 to 
H7

H6 to 
H7

In
 S

itu
 T

es
tin

g

P-3

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

10 degrees, Tight to 
slightly open, 

moderately to slightly 
rough, clean to very 

thin infilling

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

30.3 to 34.3 ft: slightly weathered; 
unfractured; occasional strong reaction with 
HCl; 

34.3 to 35.3 ft: slightly weathered; very 
slightly fractured; 

35.3 to 40.3 ft: slightly weathered; 
unfractured; occasional strong reaction with 
HCl; 

Continued on next sheet
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10 degrees, Tight to 
slightly open, 

moderately to slightly
rough, clean to very 

thin infilling

Mechanical break



LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
90.0 Bearing: Not applicable Sheet 5 of 7

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

41

42

43

44

45

46

47

48

49

50

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling. 

NQ-10

NQ-11

Full circulation

NQ-12

NQ-13

In
te

rv
al

 (f
t)

40.3 to 
44.3

44.3 to 
45.3

45.3 to 
49.3

49.3 to 
50.3

Pe
ne

tra
tio

n 
(ft

)

4.0

1.0

4.0

1.0

R
ec

ov
er

y 
ft,

 (%
)

4.0
(100)

0.8
(80)

4.1
(102)

1.0
(100)

R
Q

D
, f

t (
%

)

4.0
(100)

0.8
(80)

4.1
(102)

1.0
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

10

2

11

2

N
o.

  o
f P

ie
ce

s

1

1

1

3

Lo
ng

es
t (

ft)
4.0

0.8

4.1

0.7

Sh
or

te
st

 (f
t)

4.0

0.8

4.1

0.1

H
ar

dn
es

s

H6 to 
H7

H6

H6

H6 to 
H7

In
 S

itu
 T

es
tin

g

P-4

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

40.3 to 44.3 ft: slightly weathered; 
unfractured; weak to strong reaction with 
HCl; 

44.3 to 49.3 ft: fresh to slightly weathered; 
unfractured; weak to strong reaction with 
HCl; 

49.3 to 50.3 ft: fresh to slightly weathered; 
unfractured; occasional strong reaction with 
HCl; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
90.0 Bearing: Not applicable Sheet 6 of 7

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

D
ep

th
 (f

t)

51

52

53

54

55

56

57

58

59

60

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

Smooth drilling.

NQ-14

NQ-15

NQ-16

Full circulation.

NQ-17

In
te

rv
al

 (f
t)

50.3 to 
52.3

52.3 to 
55.3

55.3 to 
59.3

59.3 to 
60.3

Pe
ne

tra
tio

n 
(ft

)

2.0

3.0

4.0

1.0

R
ec

ov
er

y 
ft,

 (%
)

2.0
(100)

3.0
(100)

4.2
(105)

0.9
(90)

R
Q

D
, f

t (
%

)

2.0
(100)

3.0
(100)

4.2
(105)

0.9
(90)

C
or

in
g 

Ti
m

e 
(m

in
)

3

6

8

2

N
o.

  o
f P

ie
ce

s

3

2

4

1

Lo
ng

es
t (

ft)

1.3

2.2

1.8

0.9

Sh
or

te
st

 (f
t)

0.3

0.8

0.5

0.9

H
ar

dn
es

s

H6

H6

H6 to 
H7

H6

In
 S

itu
 T

es
tin

g

P-5

Jo
in

t 
D

es
cr

ip
tio

n

Mechanical break

10 degrees, Tight to 
slightly open, slightly 
rough, clean to very 

thin infilling

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Mechanical break

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

50.3 to 52.3 ft: fresh to slightly weathered; 
very slightly fractured; occasional strong 
reaction with HCl; 

52.3 to 59.3 ft: fresh to slightly weathered; 
unfractured; occasional strong reaction with 
HCl, shells present at 55.3 feet; 

59.3 to 60.3 ft: fresh to slightly weathered; 
unfractured; occasional weak reaction with 
HCl; 

Continued on next sheet
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LOG OF ROCK CORE
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235903.4, E 3077841.7 ft 

Ground EI: 5362.8 ft Total Depth: 65.3 ft
Groundwater EI: 5356.8 ft On Date: 05-26-2020

Start Date: 
Driller: 

Bedrock Depth: 
Plunge:

Drilling Rig:

Equipment:

05-26-2020
Elite - Greg
12.8 ft

End Date: 
Logged By: 

Checked By: 

05-28-2020
SMG
JNH

Borehole ID:

B-215(P)
90.0 Bearing: Not applicable Sheet 7 of 7

CME-550X Rubber Tire ATV Mounted Rig

NQ3 Wireline Rock Coring

Notes Contacts are approximate and lithology between recovered samples is interpreted. RQD may not be applicable because of rock 
hardness. Fracture angles measured perpendicular to core axis. Overrecovery is likely due to rock swelling after rock core 
extraction. Boring completed as monitoring well.

El
ev

at
io

n

5297.5

D
ep

th
 (f

t)

61

62

63

64

65

66

67

68

69

70

Notes:  Groundwater, 
Drilling, Conditions, 

Circulation etc

NQ-18

Bottom of boring at 
65.3 feet.

In
te

rv
al

 (f
t)

60.3 to 
65.3

Pe
ne

tra
tio

n 
(ft

)

5.0

R
ec

ov
er

y 
ft,

 (%
)

5.0
(100)

R
Q

D
, f

t (
%

)

5.0
(100)

C
or

in
g 

Ti
m

e 
(m

in
)

12

N
o.

  o
f P

ie
ce

s

1

Lo
ng

es
t (

ft)

5.0

Sh
or

te
st

 (f
t)

5.0
H

ar
dn

es
s

H6

In
 S

itu
 T

es
tin

g

Jo
in

t 
D

es
cr

ip
tio

n

Jo
in

t S
ym

bo
l

Li
th

ol
og

y

Description and Classification of Materials

60.3 to 65.3 ft: fresh to slightly weathered; 
unfractured; occasional strong reaction with 
HCl; 

End of rock core log at 65.30 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236317.1, E 3074169.2 ft 

Ground EI: 5375.6 ft Total Depth: 38.0 ft
Groundwater EI: 5348.1 ft On Date: 08-30-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-30-2021
Elite - Dan
32.7 ft

End Date: 
Logged By: 

Checked By: 

08-30-2021
LEA
ABP

Borehole ID:

B-216
Sheet 1 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 30 gallons of cement-bentonite grout.

El
ev

at
io

n

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 1

CA - 2

S - 3

Blows per 6 inch

3/3/4

6/12

9/9/10

Pe
ne

tra
tio

n 
(ft

)

1.5

1.0

1.5

R
ec

ov
er

y 
(ft

)

1.5

1.0

1.5

Remarks

Smooth, fast drilling.

Brown, dry cuttings.

Smooth drilling.

Bu-5 from 5.0 to 15.0 feet.

Smooth drilling.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-1, CA-2, S-3, C-4: Lean Clay with Sand
Mostly fines, medium plasticity; 15-25% sand, fine to 
medium grained, subangular to subrounded; stiff; dry; 
brown; weak to strong reaction with HCI; occasional roots; 
(CL); 
[Fill]

4.5 to 6.8 ft: weak reaction with HCI;; 

6.8 to 9.5 ft: weak reaction with HCI; no roots; 

9.5 to 16.3 ft: includes some processed Pierre Shale; 
no roots; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236317.1, E 3074169.2 ft 

Ground EI: 5375.6 ft Total Depth: 38.0 ft
Groundwater EI: 5348.1 ft On Date: 08-30-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-30-2021
Elite - Dan
32.7 ft

End Date: 
Logged By: 

Checked By: 

08-30-2021
LEA
ABP

Borehole ID:

B-216
Sheet 2 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 30 gallons of cement-bentonite grout.

El
ev

at
io

n

5359.4

5356.1

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

C - 4

S - 6

Blows per 6 inch

N/A

13/15/20

Pe
ne

tra
tio

n 
(ft

)

5.0

1.5

R
ec

ov
er

y 
(ft

)

4.0

1.0

Remarks

Smooth drilling.

Brown, dry cuttings.

Minor grinding.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-6: Poorly Graded Gravel with Clay and Sand
Mostly gravel, fine to coarse grained, subangular to 
rounded; 25-35% sand, fine to coarse grained, subangular 
to subrounded; 5-15% fines, medium plasticity;  maximum 
particle size = 1 inch; medium dense; dry; brown; (GP-GC); 
[Alluvium]

C-7: Poorly Graded Gravel with Clay, Sand, and Cobbles
Mostly gravel, fine to coarse grained, angular to rounded; 
20-30% cobbles, angular to subrounded; 10-20% sand, fine 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236317.1, E 3074169.2 ft 

Ground EI: 5375.6 ft Total Depth: 38.0 ft
Groundwater EI: 5348.1 ft On Date: 08-30-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-30-2021
Elite - Dan
32.7 ft

End Date: 
Logged By: 

Checked By: 

08-30-2021
LEA
ABP

Borehole ID:

B-216
Sheet 3 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 30 gallons of cement-bentonite grout.

El
ev

at
io

n

5353.6

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Type - No

C - 7

C - 8

S - 9

Blows per 6 inch

N/A

N/A

20/26/32

Pe
ne

tra
tio

n 
(ft

)

2.0

3.0

1.5

R
ec

ov
er

y 
(ft

)

2.4

2.1

1.1

Remarks

Grinding. More gravel in 
cuttings.

Smooth drilling.

Grinding. C-7 encountered 
refusal at 22.0 feet.

Less gravel in cuttings.

Grinding.

Groundwater encountered at 
27.5 feet during drilling on 
8/30/21.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

to coarse grained, subangular to subrounded; 5-10% fines, 
low plasticity;  maximum particle size = 3.25 inches; dry; 
brown; (GP-GC); 
[Alluvium]

C-8, S-9, S-10: Poorly Graded Sand with Clay and Gravel
Mostly sand, fine to coarse grained, angular to subrounded; 
30-40% gravel, fine to coarse grained, subangular to 
subrounded; 5-15% fines, low plasticity;  maximum particle 
size = 3 inches; dry; brown; (SP-SC); 
[Alluvium]

24.0 to 26.5 ft: moist; 

26.5 to 29.5 ft: 25-35% gravel;  maximum particle size 
= 1 inch; very dense; wet; 

29.5 to 32.0 ft: 25-35% gravel;  maximum particle size 
= 1.25 inches; medium dense; wet; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1236317.1, E 3074169.2 ft 

Ground EI: 5375.6 ft Total Depth: 38.0 ft
Groundwater EI: 5348.1 ft On Date: 08-30-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-30-2021
Elite - Dan
32.7 ft

End Date: 
Logged By: 

Checked By: 

08-30-2021
LEA
ABP

Borehole ID:

B-216
Sheet 4 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 30 gallons of cement-bentonite grout.

El
ev

at
io

n

5343.6

5342.9

5337.6

D
ep

th
 (f

t)

31

32

33

34

35

36

37

38

39

40

Type - No

S - 10

S - 11

S - 12

S - 13

Blows per 6 inch

10/10/5

8/10/40

50 for 6 inches

50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

0.5

0.5

R
ec

ov
er

y 
(ft

)

0.5

1.5

0.9

0.9

Remarks

Sampler shoe plugged with 
gravel.

Top of bedrock at 32.7 feet.

Smooth drilling.

Gray, moist cuttings.

Smooth drilling. 

Bottom of boring at 38.0 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-11: Poorly Graded Sand with Clay
Mostly sand, fine to coarse grained, angular to subrounded; 
5-15% gravel, fine grained, subangular to subrounded; 
5-15% fines, low plasticity;  maximum particle size = 0.75 
inches; medium dense; wet; brown; (SP-SC); 
[Alluvium]
S-11, S-12, S-13: Shale
Mostly fines, medium plasticity; less than 5% sand; slightly 
to moderately weathered; moist; gray; H7; weak reaction 
with HCl; 
[PIERRE SHALE]

34.5 to 36.5 ft: slightly weathered; 

36.5 to 38.0 ft: moist to wet; 

End of boring log at 38.00 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235549.7, E 3074158.5 ft 

Ground EI: 5384.5 ft Total Depth: 33.3 ft
Groundwater EI: 5356.5 ft On Date: 08-27-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-27-2021
Elite - Dan
29.0 ft

End Date: 
Logged By: 

Checked By: 

08-27-2021
RMW
ABP

Borehole ID:

B-217(P)
Sheet 1 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5377.8

5374.5

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

CA - 4

C - 5

Blows per 6 inch

2/3/3

4/4/5

9/14

N/A

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

1.0

2.5

R
ec

ov
er

y 
(ft

)

1.5

1.4

0.7

1.9

Remarks

Bu-1 from 0.0 to 7.5 feet.

Smooth drilling. 

Brown, dry cuttings.

Minor grinding.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, S-3, CA-4: Lean Clay
Mostly fines, low plasticity; 5-15% sand, fine to medium 
grained, subangular to subrounded; less than 5% gravel, 
fine grained, subangular;  maximum particle size = 0.5 
inches; medium stiff; dry; light brown; processed Pierre 
Shale; roots throughout; (CL); 
[Fill]

2.0 to 4.5 ft: Sand is fine grained; no gravel; weak 
reaction with HCl; 

4.5 to 6.8 ft:  maximum particle size = 0.25 inches; 

C-5: Sandy Lean Clay
Mostly fines, low plasticity; 15-25% sand, fine to medium 
grained, subangular to subrounded; 5-15% gravel, fine 
grained, subangular;  maximum particle size = 1.5 inches; 
medium stiff to stiff; dry; light brown; (CL); 
[Fill]

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235549.7, E 3074158.5 ft 

Ground EI: 5384.5 ft Total Depth: 33.3 ft
Groundwater EI: 5356.5 ft On Date: 08-27-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-27-2021
Elite - Dan
29.0 ft

End Date: 
Logged By: 

Checked By: 

08-27-2021
RMW
ABP

Borehole ID:

B-217(P)
Sheet 2 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5364.5

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

C - 6

S - 7

Blows per 6 inch

N/A

8/10/12

Pe
ne

tra
tio

n 
(ft

)

5.0

1.5

R
ec

ov
er

y 
(ft

)

4.5

1.4

Remarks

Processed Pierre Shale present 
in cuttings.

Grinding. Moist to dry cuttings.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

C-6, S-7: Lean Clay with Sand
Mostly fines, low to medium plasticity; 15-25% sand, fine to 
medium grained, subangular to subrounded; less than 5% 
gravel, fine grained, subangular;  maximum particle size = 
0.25 inches; stiff; dry; brown; no roots; weathered shale 
pieces recovered in sample; (CL); 
[Fill]

16.3 to 20.0 ft: no gravel;  maximum particle size = 0.5 
inches; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235549.7, E 3074158.5 ft 

Ground EI: 5384.5 ft Total Depth: 33.3 ft
Groundwater EI: 5356.5 ft On Date: 08-27-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-27-2021
Elite - Dan
29.0 ft

End Date: 
Logged By: 

Checked By: 

08-27-2021
RMW
ABP

Borehole ID:

B-217(P)
Sheet 3 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.

El
ev

at
io

n

5360.6

5358.5

5355.5

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Type - No

S - 8

C - 9

C - 10

CA - 11

S - 12

S - 13

Blows per 6 inch

5/10/21

N/A

N/A

8/11

2/2/3

11/11/8

Pe
ne

tra
tio

n 
(ft

)

1.5

2.4

1.1

1.0

1.5

1.5

R
ec

ov
er

y 
(ft

)

1.5

3.2

1.0

0.7

0.0

1.1

Remarks

The C-9 sample interval is from 
20.0 to 23.9 and partially 
overlapped the S-8 sample 
interval.

Cobble at 22.3 ft diameter of 
sampler.
Slower drilling with minor 
grinding.

Grinding.

No recovery in sample S-12 
likely due to cobbles from 26.0 
to 27.5 feet, as noted by driller.

Groundwater encountered at 
28.0 feet during drilling on 
8/27/21.

Top of bedrock at 29.0 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-8, C-9: Fat Clay with Sand with Cobbles
Mostly fines, high plasticity; 10-20% sand, fine to coarse 
grained, subangular to subrounded; 5-15% gravel, fine to 
medium grained, subangular to subrounded; 5-15% cobbles, 
subrounded;  maximum particle size = 3.25 inches; stiff; 
moist; brown; (CL); 
[Fill]

C-10, CA-11: Clayey Sand with Cobbles and Gravel
Mostly sand, fine to medium grained, angular to subangular; 
25-35% cobbles, subangular to subrounded; 15-25% fines, 
low to medium plasticity; 15-25% gravel, fine to medium 
grained, angular to subrounded;  maximum particle size = 
3.25 inches; moist; brown; weak reaction with HCl; (SC); 
[Fill]

S-13: Clayey Gravel with Sand
Mostly gravel, fine to medium grained, subrounded; 30-40% 
sand, fine to coarse grained, subangular to subrounded; 
20-30% fines, low plasticity;  maximum particle size = 1.25 
inches; medium dense; moist to wet; brown; (GC); 
[Alluvium]

S-14, S-15: Shale
Mostly fines, low to medium plasticity; less than 10% sand, 
fine grained; slightly weathered; dry to moist; dark gray; H7; 
weak reaction with HCl; 
[PIERRE SHALE]

Continued on next sheet

Appendix E 83 of 87



LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235549.7, E 3074158.5 ft 

Ground EI: 5384.5 ft Total Depth: 33.3 ft
Groundwater EI: 5356.5 ft On Date: 08-27-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-27-2021
Elite - Dan
29.0 ft

End Date: 
Logged By: 

Checked By: 

08-27-2021
RMW
ABP

Borehole ID:

B-217(P)
Sheet 4 of 4

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring completed as monitoring well.
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D
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t)

31

32

33

34

35

36

37

38

39

40

Type - No

S - 14

S - 15

Blows per 6 inch

35/40/50 for 5 
inches

35/50 for 3 inches

Pe
ne

tra
tio

n 
(ft

)

1.4

0.8

R
ec

ov
er

y 
(ft

)

1.6

1.2

Remarks

Bottom of boring at 33.3 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

32.0 to 33.3 ft: no reaction with HCl; 

End of boring log at 33.30 ft
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235163.2, E 3074158.3 ft 

Ground EI: 5381.8 ft Total Depth: 25.5 ft
Groundwater EI: Not Measured On Date: 08-26-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-26-2021
Elite - Dan
15.5 ft

End Date: 
Logged By: 

Checked By: 

08-26-2021
LEA
ABP

Borehole ID:

B-218
Sheet 1 of 3

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 20 gallons of cement-bentonite grout.
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n

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

Type - No

S - 2

S - 3

C - 4

Blows per 6 inch

10/12/14

12/11/12

N/A

Pe
ne

tra
tio

n 
(ft

)

1.5

1.5

4.5

R
ec

ov
er

y 
(ft

)

1.5

1.4

2.0

Remarks

Sample No. 1 was not collected. 

Cobbles, harder drilling from 0 
to 2.5 feet.

Smooth drilling.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

S-2, S-3, C-4, S-5, C-6: Lean Clay
Mostly fines, medium plasticity; 5-15% sand, fine to medium 
grained, subangular to subrounded; less than 5% gravel, 
fine grained, subangular to subrounded;  maximum particle 
size = 0.25 inches; stiff; dry; gray; processed Pierre Shale; 
weak reaction with HCl; (CL); 
[Fill]

4.0 to 5.5 ft:  maximum particle size = 0.5 inches; 
gray-brown; 

5.5 to 10.0 ft: Gravel is fine to coarse grained;  
maximum particle size = 1.5 inches; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235163.2, E 3074158.3 ft 

Ground EI: 5381.8 ft Total Depth: 25.5 ft
Groundwater EI: Not Measured On Date: 08-26-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-26-2021
Elite - Dan
15.5 ft

End Date: 
Logged By: 

Checked By: 

08-26-2021
LEA
ABP

Borehole ID:

B-218
Sheet 2 of 3

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 20 gallons of cement-bentonite grout.

El
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n

5368.8

5367.3

5366.3

D
ep

th
 (f

t)

11

12

13

14

15

16

17

18

19

20

Type - No

S - 5

C - 6

S - 7

C - 8

Blows per 6 inch

9/10/12

N/A

16/17/50 for 5 
inches

N/A

Pe
ne

tra
tio

n 
(ft

)

1.5

3.0

1.5

3.0

R
ec

ov
er

y 
(ft

)

1.9

2.8

0.4

4.0

Remarks

The C-6 sample interval is from 
10.0 to 13.0 and partially 
overlapped the S-5 sample 
interval.

Smooth drilling.

Top of bedrock at 15.5 feet.

Minor grinding.

Increased drilling resistance.

Smooth drilling.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

]
10.0 to 11.5 ft: moist; gray-brown; 

11.5 to 13.0 ft: no gravel; moist; brown; 

S-7: Clayey Gravel with Sand
Mostly gravel, fine to coarse grained, subangular; 20-30% 
sand, fine to coarse grained, angular to subangular; 10-20% 
fines, low to medium plasticity;  maximum particle size = 1 
inch; very dense; moist; brown; gravel pieces are fragments 
of a granitic particle; (GC); 
[Fill]

C-8: Poorly Graded Gravel with Clay and Cobbles
Mostly gravel, fine to coarse grained, subangular to 
subrounded; 25-35% sand, fine to coarse grained, 
subangular to subrounded; 5-15% fines, low to medium 
plasticity; less than 10% cobbles, subangular to 
subrounded;  maximum particle size = 3.5 inches; dense; 
moist; dark brown; (GP-GC); 
[Alluvium]
C-8, S-9, S-10, S-11: Shale
Mostly fines, medium plasticity; less than 10% sand, fine 
grained; moderately weathered; dry to moist; dark brown; 
H7; 
[PIERRE SHALE]

19.3 to 21.8 ft: Laminated; fresh to slightly weathered; 
dry; gray-black; 

Continued on next sheet
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LOG OF SOIL BORING
Project name: South Boulder Creek Regional Detention

Project No: 16134 
Boring Location: N 1235163.2, E 3074158.3 ft 

Ground EI: 5381.8 ft Total Depth: 25.5 ft
Groundwater EI: Not Measured On Date: 08-26-2021

Start Date: 
Driller: 

Bedrock Depth: 
Drilling Rig:
Equipment:

08-26-2021
Elite - Dan
15.5 ft

End Date: 
Logged By: 

Checked By: 

08-26-2021
LEA
ABP

Borehole ID:

B-218
Sheet 3 of 3

CME-75 Truck Mounted Rig
4-1/4" I.D., 7-3/4" O.D. Hollow Stem Auger (HSA)

Notes Contacts are approximate and lithology between recovered samples is interpreted. Material descriptions are based on recovered
samples, cuttings, and surface observations. Density descriptions are based on blow counts. Large particles may have 
influenced blow counts and sample recovery. Boring backfilled with 20 gallons of cement-bentonite grout.

El
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n

5356.3

D
ep

th
 (f

t)

21

22

23

24

25

26

27

28

29

30

Type - No

S - 9

S - 10

S - 11

Blows per 6 inch

43/50 for 5 inches

40/50 for 3 inches

50 for 6 inches

Pe
ne

tra
tio

n 
(ft

)

1.0

0.8

0.5

R
ec

ov
er

y 
(ft

)

1.0

1.2

1.0

Remarks

Smooth drilling.

Bottom of boring at 25.5 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

21.8 to 25.5 ft: Laminated; fresh; dry; gray-black; 

End of boring log at 25.50 ft

Appendix E 87 of 87



APPENDIX F 

 
TEST PIT LOGS 

 

 



LOG OF TEST PIT
Project name: South Boulder Creek Regional Detention

Project No: 16134 

Boring Location: N 1236718.4, E 3075654.8 ft 

Ground EI: 5354.8 ft Total Depth: 9.0 ft

Groundwater EI: Not 
Encountered On Date: 12-15-2021

Start Date: 12-15-2021 Logged By: LEA

End Date: 12-15-2021 Checked By: JNH

Borehole ID:

TP-201
Sheet 1 of 1

Bedrock Depth: Not 
Encountered

Bearing: North to South

Dimensions in ft

Width:3.5

Length:16.0

Contractor: Coal Creek Excavation - Jonathan

Equipment: Komatsu PC138 Excavator

Notes Contacts are approximate. Test pit was backfilled with excavated material. Test pit was compacted in 1-foot lifts with the 
excavator bucket head below a depth of 4 feet and compacted in 8-inch lifts with hydraulic compactor above a depth of 4 feet.

El
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at
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n

5349.8

5345.8

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

11

12

Type -
No

Bu - 1

Bu - 2

Depth Interval 
(ft)

0.5 - 5.0

5.0 - 9.0

Remarks

Ground Engineering collected 
material for laboratory testing from 

0.5 to 2.0 feet. 

Bottom of test pit at 9.0 feet. 

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

Bu-1: Well Graded Gravel with Silt, Sand, and Cobbles
Consists of  30-40% cobbles and 60-70% matrix material; Matrix 
material is; Mostly gravel, fine to coarse grained, subangular to 
subrounded; 30-40% sand, fine to coarse grained, subangular; 5-15% 
fines, nonplastic; dry; brown; occasional roots; cobbles are subrounded 
and mostly 4 to 6 inches; maximum particle size = 10 inches; (GW-GM); 
[Alluvium]

Bu-2: Well Graded Gravel with Sand, Cobbles, and Boulders
Consists of 25-35% cobbles, 15-25% boulders, and 40-60% matrix 
material; Matrix material is; Mostly gravel, fine to coarse grained, 
subangular to subrounded; 35-45% sand, fine to coarse grained, 
subangular to subrounded; less than 10% fines, medium plasticity; dry 
to moist; brown; cobbles and boulders are subrounded; maximum 
particle size = 20 inches and most particles are smaller than 8 inches; 
(GW); 
[Alluvium]

End of test pit at 9.00 ft

Appendix F 1 of 5



LOG OF TEST PIT
Project name: South Boulder Creek Regional Detention

Project No: 16134 

Boring Location: N 1236781.6, E 3074898.0 ft 

Ground EI: 5354.0 ft Total Depth: 8.0 ft

Groundwater EI: Not 
Encountered On Date: 12-13-2021

Start Date: 12-13-2021 Logged By: LEA

End Date: 12-13-2021 Checked By: JNH

Borehole ID:

TP-202
Sheet 1 of 1

Bedrock Depth: Not 
Encountered

Bearing: South to North

Dimensions in ft

Width:3.0

Length:16.0

Contractor: Coal Creek Excavation - Jonathan

Equipment: Komatsu PC138 Excavator

Notes Contacts are approximate. Test pit was backfilled with excavated material. Test pit was compacted in 1-foot lifts with the 
excavator bucket head below a depth of 4 feet and compacted in 8-inch lifts with hydraulic compactor above a depth of 4 feet.

El
ev

at
io

n

5348.5

5347.0

5346.0

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

11

12

Type -
No

Bu - 1

Bu - 2

Bu - 3

Depth Interval 
(ft)

0.5 - 5.5

5.5 - 7.0

7.0 - 8.0

Remarks

Ground Engineering collected 
material for laboratory testing from 

0.5 to 2.0 feet. 

Bottom of test pit at 8.0 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

Bu-1: Well Graded Sand with Silt, Gravel, and Cobbles
Consists of 25-35% cobbles and 65-75% matrix material; Matrix 
material is; Mostly sand, fine to coarse grained, subangular to 
subrounded; 30-40% gravel, fine to coarse grained, subangular to 
subrounded; 5-15% fines, low plasticity; dry to moist; brown; occasional 
roots; cobbles are subangular to subrounded; maximum particle size = 
10 inches; (SW-SM); 
[Fill]

Bu-2: Clayey Sand with Gravel, Cobbles, and Boulders
Consists of 20-30% cobbles, less than 5% boulders, and 65-75% matrix 
material; Matrix material is; Mostly sand, fine to coarse grained, 
subangular to subrounded; 25-35% gravel, fine to coarse grained, 
subangular to subrounded; 20-30% fines, medium plasticity; dry to 
moist; brown-black; cobbles and boulders are subangular to 
subrounded; maximum particle size = 13 inches; (SC); 
[Fill]
Bu-3: Clayey Sand with Gravel and Cobbles
Consists of 20-30% cobbles by volume and 70-80% matrix material; 
Matrix material is; Mostly sand, medium to coarse grained, subangular 
to subrounded; 25-35% gravel, fine to coarse grained, subangular to 
subrounded; 15-25% fines, low to medium plasticity; moist; black; 
cobbles are subangular to subrounded; maximum particle size = 11 
inches; (SC); 
[Fill]

End of test pit at 8.00 ft
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LOG OF TEST PIT
Project name: South Boulder Creek Regional Detention

Project No: 16134 

Boring Location: N 1236519.7, E 3075013.6 ft 

Ground EI: 5355.0 ft Total Depth: 9.5 ft

Groundwater EI: Not 
Encountered On Date: 12-15-2021

Start Date: 12-15-2021 Logged By: LEA

End Date: 12-15-2021 Checked By: JNH

Borehole ID:

TP-203
Sheet 1 of 1

Bedrock Depth: 7.0 ft

Bearing: South to North

Dimensions in ft

Width:3.5

Length:16.0

Contractor: Coal Creek Excavation - Jonathan

Equipment: Komatsu PC138 Excavator

Notes Contacts are approximate. Test pit was backfilled with excavated material. Test pit was compacted in 1-foot lifts with the 
excavator bucket head below a depth of 4 feet and compacted in 8-inch lifts with hydraulic compactor above a depth of 4 feet.
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n

5348.0

5345.5

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10
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12

Type -
No

Bu - 1

Bu - 2

Depth Interval 
(ft)

0.5 - 7.0

9.0 - 9.5

Remarks

Ground Engineering collected 
material for laboratory testing from 

0.5 to 2.0 feet. 

Top of bedrock at 7.0 feet.

Bottom of test pit at 9.5 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

Bu-1: Well Graded Gravel with Sand, Cobbles, and Boulders
Consists of 20-30% cobbles, less than 5% boulders, and 65-75% matrix 
material; Matrix material is; Mostly gravel, fine to coarse grained, 
subangular to subrounded; 30-40% sand, fine to coarse grained, 
subangular to subrounded; less than 10% fines, nonplastic; dry to 
moist; brown; cobbles are subangular to subrounded and mostly 3 to 4 
inches; maximum particle size = 18 inches; (GW); 
[Fill]

7.0 to 9.5 ft: Shale
Mostly fines, medium plasticity; less than 5% sand, fine to medium 
grained; slightly weathered; dry to moist; black; H7; 
[PIERRE SHALE]

End of test pit at 9.50 ft
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LOG OF TEST PIT
Project name: South Boulder Creek Regional Detention

Project No: 16134 

Boring Location: N 1235541.1, E 3074223.5 ft 

Ground EI: 5369.0 ft Total Depth: 12.0 ft

Groundwater EI: Not 
Encountered On Date: 12-14-2021

Start Date: 12-14-2021 Logged By: LEA

End Date: 12-14-2021 Checked By: JNH

Borehole ID:

TP-204
Sheet 1 of 1

Bedrock Depth: Not 
Encountered

Bearing: East to West

Dimensions in ft

Width:3.5

Length:14.0

Contractor: Coal Creek Excavation - Jonathan

Equipment: Komatsu PC138 Excavator

Notes Contacts are approximate. Test pit was backfilled with excavated material. Test pit was compacted in 1-foot lifts with the 
excavator bucket head below a depth of 4 feet and compacted in 8-inch lifts with hydraulic compactor above a depth of 4 feet.
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n

5361.5

5357.0

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

11

12

Type -
No

Bu - 1

Bu - 2

Depth Interval 
(ft)

0.5 - 7.5

7.5 - 12.0

Remarks

Ground Engineering collected 
material for laboratory testing from 

0.5 to 2.0 feet. 

Excavator scraping on cobbles and 
boulders.

Bottom of test pit at 12.0 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

Bu-1: Lean Clay with Sand and Cobbles
Consists of 10-20% cobbles and 80-90% matrix material; Matrix 
material is; Mostly fines, low plasticity; 5-15% sand, fine to medium 
grained, subangular; less than 5% gravel, fine to coarse grained, 
subangular; very stiff to hard; dry; brown; occasional weak reaction with 
HCl; occasional roots; cobbles are subangular to subrounded and 
mostly 3 inches; maximum particle size = 6 inches; (CL); 
[Fill]

Bu-2: Clayey Sand with Gravel, Cobbles, and Boulders
Consists of 15-25% cobbles, less than 10% boulders, and 65-85% 
matrix material; Matrix material is; Mostly sand, fine to coarse grained, 
subangular to subrounded; 30-40% fines, low to medium plasticity; 
15-25% gravel, fine to coarse grained, subangular; dry to moist; brown; 
cobbles and boulders are subangular to subrounded; cobbles are 
mostly 4 to 6 inches; maximum particle size = 17 inches; (SC); 
[Fill]

End of test pit at 12.00 ft
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LOG OF TEST PIT
Project name: South Boulder Creek Regional Detention

Project No: 16134 

Boring Location: N 1235070.9, E 3074152.1 ft 

Ground EI: 5371.7 ft Total Depth: 7.0 ft

Groundwater EI: 5366.2 ft On Date: 12-14-2021

Start Date: 12-14-2021 Logged By: LEA

End Date: 12-14-2021 Checked By: JNH

Borehole ID:

TP-205
Sheet 1 of 1

Bedrock Depth: 5.5 ft

Bearing: East to West

Dimensions in ft

Width:3.5

Length:15.5

Contractor: Coal Creek Excavation - Jonathan

Equipment: Komatsu PC138 Excavator

Notes Contacts are approximate. Test pit was backfilled with excavated material. Test pit was compacted in 1-foot lifts with the 
excavator bucket head below a depth of 4 feet and compacted in 8-inch lifts with hydraulic compactor above a depth of 4 feet.

El
ev

at
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n

5366.2

5364.7

D
ep

th
 (f

t)

1

2

3

4

5

6

7

8

9

10

11

12

Type -
No

Bu - 1

Bu - 2

Depth Interval 
(ft)

0.5 - 5.5

5.5 - 7.0

Remarks

Ground Engineering collected 
material for laboratory testing from 

0.5 to 2.0 feet. 

Groundwater encountered at 5.5 
feet during excavation on 

12/14/2021. 

Bottom of test pit at 7.0 feet.

G
ra

ph
ic

 
Li

th
ol

og
y Description and Classification of Materials

Bu-1: Sandy Lean Clay with Cobbles
Consists of 15-25% cobbles and 75-85% matrix material; Matrix 
material is; Mostly fines, low plasticity; 20-30% sand, fine to coarse 
grained, subangular to subrounded; less than 15% gravel, fine grained, 
subangular to subrounded; dry to moist; brown; cobbles are subangular 
to subrounded and mostly 4 to 6 inches; maximum particle size = 12 
inches; (CL); 
[Fill]

4.0 to 5.5 ft: moist to wet; 

Bu-2: Shale
Mostly fines, low to medium plasticity; less than 10% sand, fine to 
medium grained, subangular to subrounded; very intensely weathered 
to decomposed; moist to wet; black-brown; iron staining throughout; H7; 
[PIERRE SHALE]

End of test pit at 7.00 ft
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APPENDIX G 

 
PHOTOGRAPHS 

 

 
G.1 BORING LOCATION PHOTOGRAPHS  

G.2 BORING SAMPLE PHOTOGRAPHS 

G.3 CORE BOX PHOTOGRAPHS 

G.4 TEST PIT PHOTOGRAPHS 

 

 



APPENDIX G.1 

 
BORING LOCATION PHOTOGRAPHS 

 

 



 

Photograph 1: Area surrounding B-201(P) prior to drilling, looking northeast. Red arrow indicates 
approximate location of proposed boring.  

 

Photograph 2: Equipment setup at B-201(P), looking south.  
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Photograph 3: Completed monitoring well at B-201(P), looking west.

 

Photograph 4: Area surrounding B-202(P) prior to drilling, looking southeast. Red arrow indicates 
approximate location of proposed boring. 
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Photograph 5: Equipment setup at B-202(P), looking east.  

 

Photograph 6: Completed monitoring well at B-202(P), looking north.  
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Photograph 7: Area surrounding B-203(P) prior to drilling, looking north. Red arrow indicates 
approximate location of proposed boring. 

 

Photograph 8: Equipment setup at B-203(P), looking east. 
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Photograph 9: Completed monitoring well at B-203(P), looking northeast.  

 

Photograph 10: Area surrounding B-204(P) prior to drilling, looking north. Red arrow indicates 
approximate location of proposed boring. 
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Photograph 11: Equipment setup at B-204(P), looking northwest.  

 

Photograph 12: Completed monitoring well at B-204(P), looking southwest. Red arrow indicated location 
of monitoring well.  
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Photograph 13: Area surrounding B-205(P) prior to drilling, looking southwest. 

 

Photograph 14: Equipment setup at B-205(P), looking southeast.  
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Photograph 15: Completed monitoring well at B-205(P), looking southwest. 

 

Photograph 16: Area surrounding B-206 prior to drilling, looking east. Red arrow indicates approximate 
location of proposed boring.  
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Photograph 17: Equipment setup at B-206, looking north.  

 

Photograph 18: Backfilled boring at B-206, looking east.  
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Photograph 19: Area surrounding B-207(P) prior to drilling, looking south. Red arrow indicates 
approximate location of proposed boring. 

 

Photograph 20: Equipment setup at B-207(P), looking south. 
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Photograph 21: Completed monitoring well at B-207(P), looking north.  

 

Photograph 22: Area surrounding B-208(P) prior to drilling, looking northwest. Red arrow indicates 
approximate location of proposed boring.  
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Photograph 23: Equipment setup at B-208(P), looking southwest. 

 

Photograph 24: Completed monitoring well at B-208(P), looking west. Red arrow indicates location of 
monitoring well.  
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Photograph 25: Area surrounding B-209(P) prior to drilling, looking north. Red arrow indicates 
approximate location of proposed boring.  

 

Photograph 26: Equipment setup at B-209(P), looking northeast. 
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Photograph 27: Completed monitoring well at B-209(P), looking north. 

 

Photograph 28: Area surrounding B-210 prior to drilling, looking northwest. Red arrow indicates 
approximate location of proposed boring.  
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Photograph 29: Equipment setup at B-210, looking northwest.  

 

Photograph 30: Backfilled boring at B-210, looking east.  
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Photograph 31: Area surrounding B-211(P) prior to drilling, looking northeast. Red arrow indicates 
approximate location of proposed boring.  

 

Photograph 32: Equipment setup at B-211(P), looking west. 
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Photograph 33: Completed monitoring well at B-211(P), looking northwest.  

 

Photograph 34: Area surrounding B-212(P) prior to drilling, looking southwest.  
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Photograph 35: Equipment setup at B-212(P), looking northeast.  

 

Photograph 36: Completed monitoring well at B-212(P), looking north. 
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Photograph 37: Area surrounding B-213 prior to drilling, looking north.  

 

Photograph 38: Equipment setup at B-213, looking northwest. 
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Photograph 39: Backfilled boring at B-213, looking west. Red arrow indicates location of backfilled 
boring. 

 

Photograph 40: Area surrounding B-214(P) prior to drilling, looking north. Red arrow indicates 
approximate location of proposed boring.  

Appendix G.1 20 of 27



 

Photograph 41: Equipment setup at B-214(P), looking west.  

 

Photograph 42: Completed monitoring well at B-214(P), looking southwest.  

Appendix G.1 21 of 27



 

Photograph 43: Area surrounding B-215(P) prior to drilling, looking east. Red arrow indicates 
approximate location of proposed boring.  

 

Photograph 44: Equipment setup at B-215(P), looking southeast. 
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Photograph 45: Completed monitoring well at B-215(P), looking south.  

 

Photograph 46: Area surrounding B-216 prior to drilling, looking southeast.  
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Photograph 47: Equipment set up at B-216, looking south. 

 

Photograph 48: Backfilled boring at B-216, looking east.  

Appendix G.1 24 of 27



 

Photograph 49: Area surrounding B-217(P) prior to drilling, looking north. Red arrow indicates 
approximate location of proposed boring.  

 

Photograph 50: Equipment set up at B-217(P), looking south.  
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Photograph 51: Completed monitoring well at B-217(P), looking south.  

 

Photograph 52: Area surrounding B-218 prior to drilling, looking northeast. Red arrow indicates 
approximate location of proposed boring.  
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Photograph 53: Equipment set up at B-218, looking south. 

 

Photograph 54: Backfilled boring at B-218, looking south. 
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APPENDIX G.2 

 
BORING SAMPLE PHOTOGRAPHS 

 

 



 

Photograph 1: B-201(P); S-1 from 0.0 to 1.5 feet: Clayey Sand with Gravel [Fill] 

 

Photograph 2: B-205(P); S-5 from 7.5 to 7.7 feet: Poorly Graded Sand with Silt and Gravel [Alluvium] 
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Photograph 3: B-205(P); S-6 from 10.0 to 11.0 feet: Poorly Graded Sand with Silt and Gravel [Alluvium] 

 

Photograph 4: B-205(P); S-8 from 15.0 to 16.5 feet: Poorly Graded Gravel with Clay and Sand 

[Alluvium] 
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Photograph 5: B-207(P); S-4 from 5.0 to 6.5 feet: Poorly Graded Sand with Silt and Gravel [Alluvium] 

 

Photograph 6: B-208(P); S-3 from 2.5 to 4.0 feet: Clayey Sand with Gravel [Fill] 
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Photograph 7: B-208(P); S-6 from 10.0 to 11.5 feet: Poorly Graded Gravel with Clay and Sand 

[Alluvium] 

 

Photograph 8: B-209(P); S-2 from 0.0 to 1.5 feet: Poorly Graded Gravel with Clay and Sand [Fill] 
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Photograph 9: B-210; S-3 from 2.5 to 4.0 feet: Clayey Gravel with Sand [Fill] 

 

Photograph 10: B-212(P); S-2 from 0.0 to 1.5 feet: Silty Sand with Gravel [Fill] 
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Photograph 11: B-213; S-2 from 2.5 to 4.0: Poorly Graded Sand with Clay and Gravel [Fill] 

 

Photograph 12: B-214(P); S-3 from 2.5 to 4.0: Poorly Graded Sand with Silt and Gravel [Alluvium] 
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APPENDIX G.3 

 
CORE BOX PHOTOGRAPHS 

 

 



Photograph 1: B-201(P); Core box 1 of 1 [Pierre Shale] 

 

 

Photograph 2: B-202(P); Core box 1 of 1 [Pierre Shale] 
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Photograph 3: B-203(P); Core box 1 of 1 [Pierre Shale] 

 

 

Photograph 4: B-204(P); Core box 1 of 1 [Pierre Shale] 
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Photograph 5: B-205(P); Core box 1 of 1 [Pierre Shale] 

 

 

Photograph 6: B-206; Core box 1 of 1 [Pierre Shale] 

 

Appendix G.3 3 of 11



 

Photograph 7: B-207(P); Core box 1 of 1 [Pierre Shale] 

 

 

Photograph 8: B-208(P); Core box 1 of 1 [Pierre Shale] 
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Photograph 9: B-209(P); Core box 1 of 2 [Pierre Shale] 

 

 

Photograph 10: B-209(P); Core box 2 of 2 [Pierre Shale] 
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Photograph 11: B-210; Core box 1 of 2 [Pierre Shale] 

 

 

Photograph 12: B-210; Core box 2 of 2 [Pierre Shale] 
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Photograph 13: B-211(P); Core box 1 of 1 [Pierre Shale] 

 

 

Photograph 14: B-212(P); Core box 1 of 1 [Pierre Shale] 
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Photograph 15: B-213; Core box 1 of 1 [Pierre Shale] 

 

 

Photograph 16: B-214(P); Core box 1 of 3 [Pierre Shale] 
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Photograph 17: B-214(P); Core box 2 of 3 [Pierre Shale] 

 

 

Photograph 18: B-214(P); Core box 3 of 3 [Pierre Shale] 
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Photograph 19: B-215(P); Core box 1 of 3 [Pierre Shale] 

 

 

Photograph 20: B-215(P); Core box 2 of 3 [Pierre Shale] 
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Photograph 21: B-215(P); Core box 3 of 3 [Pierre Shale] 
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APPENDIX G.4 

 
TEST PIT PHOTOGRAPHS 

 

 

 



 

Photograph 1: Area surrounding TP-201 prior to excavation, looking southwest.  

 

Photograph 2: Equipment set up at TP-201 and stockpile of fill, looking northeast.  
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Photograph 3: TP-201 alluvium from 0.0 to 9.0 feet.  

 

Photograph 4: Backfilled TP-201, looking northeast.  
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Photograph 5: Area surrounding TP-202 prior to excavation, looking south.  

 

Photograph 6: Equipment set up at TP-202, looking southwest.  
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Photograph 7: TP-202 fill from 0.0 to 8.0 feet. 

 

Photograph 8: Stockpile of fill from TP-202.  
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Photograph 9: Backfilled TP-202, looking east.  

 

Photograph 10: Area surrounding TP-203 prior to excavation, looking northeast.  
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Photograph 11: Equipment set up at TP-203, looking north.  

 

Photograph 12: TP-203 fill from 0.0 to 7.0 and Pierre Shale from 7.0 to 9.5 feet.  
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Photograph 13: Backfilled TP-203, looking east.  

 

Photograph 14: Area surrounding TP-204 prior to excavation, looking northwest. Red arrow indicates 
approximate location of test pit location.  
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Photograph 15: Equipment set up at TP-204, looking east.  

 

Photograph 16: TP-204 fill from 0.0 to 12.0 feet. 
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Photograph 17: Stockpile of fill from TP-204.  

 

Photograph 18: Backfilled TP-204, looking east.  
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Photograph 19: Area surrounding TP-205 prior to excavation, looking west.  

 

Photograph 20: Equipment set up at TP-205, looking east.  

Appendix G.4 10 of 11



 

Photograph 21: TP-205 fill from 0.0 to 5.5 feet, and Pierre Shale from 5.5 to 7.0 feet.  

 

Photograph 22: Backfilled TP-205, looking north. 
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APPENDIX H 

 
IN-SITU HYDRAULIC CONDUCTIVITY TEST RESULTS  

 

 

 



Field Engineer/Geologist: SMG/APH 2/17/2020

Calculated By: SMG 4/9/2020

Checked By: APH 5/29/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-201(P)

Test Number: K-1

Depth to top of Ground 

Water
5.5 ft

Casing Stickup 3.2 ft

Top Depth of Test Interval 12.5 ft

Bottom Depth of Test 

Interval
12.5 ft

Inside Diameter Pipe 4.25 in

D = Diameter, intake, sample 4.25 in

L = Length, intake, sample 0.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

0.00 0.0 0 8.7 -- -- -- --

2.58 0.3 15 6.1 2.4E-03 7.2E-02 2.4E-03 7.2E-02

3.08 0.5 30 5.6 5.7E-04 1.8E-02 1.5E-03 4.5E-02

3.29 0.8 45 5.4 2.6E-04 7.8E-03 1.1E-03 3.3E-02

3.38 1.0 60 5.3 1.1E-04 3.4E-03 8.3E-04 2.5E-02

3.76 1.5 90 4.9 2.5E-04 7.6E-03 6.4E-04 1.9E-02

4.02 2.0 120 4.7 1.8E-04 5.6E-03 5.2E-04 1.6E-02

4.22 2.5 150 4.5 1.5E-04 4.5E-03 4.5E-04 1.4E-02

4.32 3.0 180 4.4 7.6E-05 2.3E-03 3.9E-04 1.2E-02

4.62 3.5 210 4.1 2.4E-04 7.3E-03 3.6E-04 1.1E-02

4.80 4.0 240 3.9 1.5E-04 4.6E-03 3.4E-04 1.0E-02

4.94 5.0 300 3.8 6.2E-05 1.9E-03 2.8E-04 8.6E-03

5.19 6.0 360 3.5 1.2E-04 3.5E-03 2.6E-04 7.8E-03

5.40 7.0 420 3.3 1.0E-04 3.2E-03 2.3E-04 7.1E-03

5.66 8.0 480 3.0 1.4E-04 4.2E-03 2.2E-04 6.8E-03

5.98 9.0 540 2.7 1.9E-04 5.7E-03 2.2E-04 6.6E-03

6.06 10.0 600 2.6 5.0E-05 1.5E-03 2.0E-04 6.1E-03

6.18 11.0 660 2.5 7.8E-05 2.4E-03 1.9E-04 5.8E-03

6.40 12.3 735 2.3 1.2E-04 3.8E-03 1.8E-04 5.6E-03

Estimated Permeability 1.5E-03 to 7.2E-02 (cm/sec)

Geometric Mean of Incremental Permeability 5.0.E-03 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case C.

Falling Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

0 2 4 6 8 10 12 14
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Time Step (minute)

Incremental From Time Zero
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Field Engineer/Geologist: SMG/APH 3/11/2020

Calculated By: SMG 4/9/2020

Checked By: APH 5/28/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-201(P)

Test Number: K-2

Depth to top of Ground 

Water
7.9 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 7.9 ft

Bottom Depth of Test 

Interval
17.5 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 8.8 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

13.46 0.0 0 5.6 -- -- -- --

12.66 0.3 15 4.8 1.3E-05 4.1E-04 1.3E-05 4.1E-04

12.27 0.5 30 4.4 7.4E-06 2.2E-04 1.0E-05 3.2E-04

11.86 0.8 45 4.0 8.5E-06 2.6E-04 9.7E-06 3.0E-04

11.62 1.0 60 3.7 5.4E-06 1.6E-04 8.7E-06 2.6E-04

11.05 1.5 90 3.2 7.2E-06 2.2E-04 8.2E-06 2.5E-04

10.55 2.0 120 2.7 7.4E-06 2.3E-04 8.0E-06 2.4E-04

9.61 3.0 180 1.7 9.4E-06 2.9E-04 8.5E-06 2.6E-04

9.03 4.0 240 1.1 8.9E-06 2.7E-04 8.6E-06 2.6E-04

8.67 5.0 300 0.8 8.3E-06 2.5E-04 8.5E-06 2.6E-04

8.41 6.0 360 0.5 8.9E-06 2.7E-04 8.6E-06 2.6E-04

8.26 7.0 420 0.4 7.5E-06 2.3E-04 8.4E-06 2.6E-04

8.15 8.0 480 0.3 7.9E-06 2.4E-04 8.4E-06 2.5E-04

8.05 9.0 540 0.2 1.1E-05 3.4E-04 8.6E-06 2.6E-04

7.98 10.0 600 0.1 1.4E-05 4.1E-04 9.1E-06 2.8E-04

Estimated Permeability 1.6E-04 to 4.1E-04 (cm/sec)

Geometric Mean of Incremental Permeability 2.6.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01
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Field Engineer/Geologist: JNH 5/20/2020

Calculated By: JNH 5/26/2020

Checked By: APH 5/28/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-202(P)

Test Number: K-1

Depth to top of Ground 

Water
3.9 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 4.0 ft

Bottom Depth of Test 

Interval
15.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.0 in

L = Length, intake, sample 10.7 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

11.40 0.0 0 7.5 -- -- -- --

11.08 0.3 15 7.2 3.3E-06 1.0E-04 3.3E-06 1.0E-04

10.78 0.5 30 6.9 3.2E-06 9.8E-05 3.3E-06 9.9E-05

10.50 0.8 45 6.6 3.1E-06 9.5E-05 3.2E-06 9.8E-05

10.13 1.0 60 6.2 4.4E-06 1.3E-04 3.5E-06 1.1E-04

9.68 1.5 90 5.8 2.8E-06 8.6E-05 3.3E-06 1.0E-04

9.15 2.0 120 5.2 3.6E-06 1.1E-04 3.4E-06 1.0E-04

8.67 2.5 150 4.7 3.6E-06 1.1E-04 3.4E-06 1.0E-04

8.34 3.0 180 4.4 2.7E-06 8.3E-05 3.3E-06 1.0E-04

8.02 3.5 210 4.1 2.8E-06 8.6E-05 3.2E-06 9.8E-05

7.74 4.0 240 3.8 2.7E-06 8.1E-05 3.2E-06 9.6E-05

7.21 5.0 300 3.3 2.8E-06 8.6E-05 3.1E-06 9.4E-05

6.81 6.0 360 2.9 2.4E-06 7.4E-05 3.0E-06 9.1E-05

6.47 7.0 420 2.5 2.4E-06 7.2E-05 2.9E-06 8.8E-05

6.20 8.0 480 2.3 2.1E-06 6.4E-05 2.8E-06 8.5E-05

5.95 9.0 540 2.0 2.2E-06 6.7E-05 2.7E-06 8.3E-05

5.73 10.0 600 1.8 2.2E-06 6.6E-05 2.7E-06 8.1E-05

Estimated Permeability 6.4E-05 to 1.3E-04 (cm/sec)

Geometric Mean of Incremental Permeability 8.6.E-05 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01
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Field Engineer/Geologist: JNH 5/20/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-203(P)

Test Number: K-1

Depth to top of Ground 

Water
7.38 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 14.0 ft

Bottom Depth of Test 

Interval
15.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 1.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

19.35 0.0 0 12.0 -- -- -- --

19.28 1.0 60 11.9 4.1E-07 1.2E-05 4.1E-07 1.2E-05

19.23 2.0 120 11.9 2.9E-07 8.9E-06 3.5E-07 1.1E-05

19.21 3.0 180 11.8 1.2E-07 3.6E-06 2.7E-07 8.3E-06

19.19 4.0 240 11.8 1.2E-07 3.6E-06 2.3E-07 7.1E-06

19.17 5.0 300 11.8 1.2E-07 3.6E-06 2.1E-07 6.4E-06

19.16 6.0 360 11.8 5.9E-08 1.8E-06 1.8E-07 5.6E-06

19.15 7.0 420 11.8 5.9E-08 1.8E-06 1.7E-07 5.1E-06

19.13 8.0 480 11.8 1.2E-07 3.6E-06 1.6E-07 4.9E-06

19.12 9.0 540 11.7 5.9E-08 1.8E-06 1.5E-07 4.5E-06

19.11 10.0 600 11.7 5.9E-08 1.8E-06 1.4E-07 4.3E-06

Estimated Permeability 1.8E-06 to 1.2E-05 (cm/sec)

Geometric Mean of Incremental Permeability 3.4.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01
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Field Engineer/Geologist: SMG/APH 1/28/2020

Calculated By: SMG 4/9/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-204(P)

Test Number: K-1

Depth to top of Ground 

Water
NE ft

Casing Stickup 3.5 ft

Top Depth of Test Interval 7.5 ft

Bottom Depth of Test 

Interval
(2) 9.5 ft

Inside Diameter Pipe 4.25 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 2.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

0.00 0.0 0 11.0 -- -- -- --

1.00 0.3 15 10.0 6.4E-05 2.0E-03 6.4E-05 2.0E-03

1.05 2.0 120 10.0 4.8E-07 1.5E-05 8.5E-06 2.6E-04

1.15 3.0 180 9.9 1.7E-06 5.2E-05 6.2E-06 1.9E-04

1.27 4.0 240 9.7 2.1E-06 6.3E-05 5.2E-06 1.6E-04

1.34 5.0 300 9.7 1.2E-06 3.7E-05 4.4E-06 1.3E-04

1.43 6.0 360 9.6 1.6E-06 4.8E-05 3.9E-06 1.2E-04

1.46 7.0 420 9.5 5.3E-07 1.6E-05 3.4E-06 1.0E-04

1.58 8.0 480 9.4 2.1E-06 6.5E-05 3.3E-06 1.0E-04

1.68 9.0 540 9.3 1.8E-06 5.5E-05 3.1E-06 9.5E-05

1.71 10.0 600 9.3 5.4E-07 1.7E-05 2.8E-06 8.7E-05

1.76 11.0 660 9.2 9.1E-07 2.8E-05 2.7E-06 8.1E-05

1.80 12.0 720 9.2 7.3E-07 2.2E-05 2.5E-06 7.7E-05

Estimated Permeability 1.5E-05 to 2.0E-03 (cm/sec)

Geometric Mean of Incremental Permeability 4.6.E-05 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case C.

(2) Based on groundwater measured at completion of well installation.

Falling Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 5/20/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-204(P)

Test Number: K-2

Depth to top of Ground 

Water
9.99 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 23.5 ft

Bottom Depth of Test 

Interval
30.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 6.2 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

28.91 0.0 0 18.9 -- -- -- --

28.80 1.0 60 18.8 1.6E-07 4.9E-06 1.6E-07 4.9E-06

28.74 2.0 120 18.8 8.7E-08 2.7E-06 1.2E-07 3.8E-06

28.68 3.0 180 18.7 8.8E-08 2.7E-06 1.1E-07 3.4E-06

28.64 4.0 240 18.7 5.9E-08 1.8E-06 9.8E-08 3.0E-06

28.61 5.0 300 18.6 4.4E-08 1.3E-06 8.7E-08 2.7E-06

28.59 6.0 360 18.6 2.9E-08 8.9E-07 7.8E-08 2.4E-06

28.56 7.0 420 18.6 4.4E-08 1.3E-06 7.3E-08 2.2E-06

28.54 8.0 480 18.6 2.9E-08 9.0E-07 6.7E-08 2.1E-06

28.53 9.0 540 18.5 1.5E-08 4.5E-07 6.2E-08 1.9E-06

28.51 10.0 600 18.5 2.9E-08 9.0E-07 5.8E-08 1.8E-06

Estimated Permeability 4.5E-07 to 4.9E-06 (cm/sec)

Geometric Mean of Incremental Permeability 1.4.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t
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Field Engineer/Geologist: Not Applicable

Calculated By: SMG 7/21/2020

Checked By: APH 7/22/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-204(P)

Test Number: K-3

Depth to top of Ground 

Water
10.67 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 23.5 ft

Bottom Depth of Test 

Interval
30.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 6.2 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

28.51 146.0 8760 17.8 -- -- -- --

27.99 866.0 51960 17.3 1.1E-09 3.5E-08 1.1E-09 3.5E-08

27.58 1586.0 95160 16.9 9.0E-10 2.8E-08 1.0E-09 3.1E-08

27.17 2306.0 138360 16.5 9.5E-10 2.9E-08 9.9E-10 3.0E-08

26.72 3026.0 181560 16.1 1.0E-09 3.1E-08 1.0E-09 3.1E-08

26.38 3746.0 224760 15.7 8.3E-10 2.5E-08 9.7E-10 3.0E-08

25.96 4466.0 267960 15.3 1.0E-09 3.1E-08 9.8E-10 3.0E-08

25.40 5186.0 311160 14.7 1.4E-09 4.3E-08 1.0E-09 3.2E-08

25.08 5906.0 354360 14.4 8.4E-10 2.6E-08 1.0E-09 3.1E-08

23.96 6626.0 397560 13.3 3.1E-09 9.3E-08 1.2E-09 3.8E-08

22.93 7346.0 440760 12.3 3.1E-09 9.3E-08 1.4E-09 4.3E-08

21.97 8066.0 483960 11.3 3.1E-09 9.5E-08 1.6E-09 4.8E-08

21.04 8786.0 527160 10.4 3.2E-09 9.9E-08 1.7E-09 5.2E-08

20.27 9506.0 570360 9.6 2.9E-09 8.9E-08 1.8E-09 5.5E-08

19.50 10226.0 613560 8.8 3.2E-09 9.7E-08 1.9E-09 5.8E-08

18.83 10946.0 656760 8.2 3.0E-09 9.1E-08 2.0E-09 6.0E-08

18.20 11666.0 699960 7.5 3.0E-09 9.3E-08 2.0E-09 6.2E-08

17.68 12386.0 743160 7.0 2.7E-09 8.4E-08 2.1E-09 6.4E-08

17.11 13106.0 786360 6.4 3.2E-09 9.8E-08 2.1E-09 6.6E-08

16.58 13826.0 829560 5.9 3.2E-09 9.9E-08 2.2E-09 6.7E-08

16.12 14546.0 872760 5.5 3.1E-09 9.3E-08 2.2E-09 6.9E-08

15.67 15266.0 915960 5.0 3.3E-09 1.0E-07 2.3E-09 7.0E-08

15.26 15986.0 959160 4.6 3.2E-09 9.9E-08 2.3E-09 7.1E-08

14.89 16706.0 1002360 4.2 3.2E-09 9.8E-08 2.4E-09 7.2E-08

14.56 17426.0 1045560 3.9 3.1E-09 9.3E-08 2.4E-09 7.3E-08

14.27 18146.0 1088760 3.6 3.0E-09 9.2E-08 2.4E-09 7.4E-08

14.02 18866.0 1131960 3.4 2.7E-09 8.2E-08 2.4E-09 7.4E-08

13.75 19586.0 1175160 3.1 3.2E-09 9.9E-08 2.5E-09 7.5E-08

13.50 20306.0 1218360 2.8 3.2E-09 9.6E-08 2.5E-09 7.6E-08

13.28 21026.0 1261560 2.6 3.1E-09 9.5E-08 2.5E-09 7.7E-08

13.08 21746.0 1304760 2.4 2.9E-09 8.9E-08 2.5E-09 7.7E-08

12.89 22466.0 1347960 2.2 3.3E-09 1.0E-07 2.6E-09 7.8E-08

12.69 23186.0 1391160 2.0 3.5E-09 1.1E-07 2.6E-09 7.9E-08

12.52 23906.0 1434360 1.9 3.3E-09 9.9E-08 2.6E-09 7.9E-08

12.35 24626.0 1477560 1.7 3.7E-09 1.1E-07 2.6E-09 8.0E-08

12.18 25346.0 1520760 1.5 4.2E-09 1.3E-07 2.7E-09 8.2E-08

12.06 26066.0 1563960 1.4 3.0E-09 9.2E-08 2.7E-09 8.2E-08

11.96 26786.0 1607160 1.3 2.8E-09 8.5E-08 2.7E-09 8.2E-08

11.83 27506.0 1650360 1.2 4.0E-09 1.2E-07 2.7E-09 8.3E-08

11.72 28226.0 1693560 1.0 4.0E-09 1.2E-07 2.8E-09 8.4E-08

11.58 28946.0 1736760 0.9 5.4E-09 1.7E-07 2.8E-09 8.6E-08

11.50 29666.0 1779960 0.8 3.3E-09 1.0E-07 2.8E-09 8.6E-08

11.42 30386.0 1823160 0.7 4.0E-09 1.2E-07 2.9E-09 8.7E-08

11.32 31106.0 1866360 0.6 5.5E-09 1.7E-07 2.9E-09 8.9E-08

11.26 31826.0 1909560 0.6 3.2E-09 9.7E-08 2.9E-09 8.9E-08

11.22 32546.0 1952760 0.6 2.8E-09 8.4E-08 2.9E-09 8.9E-08

11.13 33266.0 1995960 0.5 7.4E-09 2.2E-07 3.0E-09 9.2E-08

11.11 33986.0 2039160 0.4 1.0E-09 3.1E-08 3.0E-09 9.1E-08

11.02 34706.0 2082360 0.3 9.5E-09 2.9E-07 3.1E-09 9.5E-08

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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10.99 35426.0 2125560 0.3 3.0E-09 9.2E-08 3.1E-09 9.5E-08

10.92 36146.0 2168760 0.3 8.7E-09 2.6E-07 3.2E-09 9.8E-08

10.91 36866.0 2211960 0.2 2.5E-09 7.6E-08 3.2E-09 9.8E-08

10.82 37586.0 2255160 0.2 1.7E-08 5.1E-07 3.5E-09 1.1E-07

10.82 38306.0 2298360 0.2 3.9E-09 1.2E-07 3.4E-09 1.0E-07

10.78 39026.0 2341560 0.1 1.2E-08 3.6E-07 3.6E-09 1.1E-07

10.75 39746.0 2384760 0.1 1.4E-08 4.2E-07 3.7E-09 1.1E-07

10.74 40466.0 2427960 0.1 3.3E-09 1.0E-07 3.7E-09 1.1E-07

10.72 41186.0 2471160 0.1 1.3E-08 3.8E-07 3.9E-09 1.2E-07

Estimated Permeability 2.5E-08 to 5.1E-07 (cm/sec)

Geometric Mean of Incremental Permeability 9.6.E-08 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.
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Field Engineer/Geologist: JNH 5/21/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-205(P)

Test Number: K-1

Depth to top of Ground 

Water
7.22 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 18.5 ft

Bottom Depth of Test 

Interval
25.3 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 6.2 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

14.58 0.0 0 7.4 -- -- -- --

14.00 0.5 30 6.8 4.5E-06 1.4E-04 4.5E-06 1.4E-04

13.57 1.0 60 6.4 3.6E-06 1.1E-04 4.0E-06 1.2E-04

13.20 1.5 90 6.0 3.3E-06 1.0E-04 3.8E-06 1.2E-04

12.98 2.0 120 5.8 2.0E-06 6.2E-05 3.3E-06 1.0E-04

12.58 3.0 180 5.4 2.0E-06 6.0E-05 2.9E-06 8.8E-05

12.28 4.0 240 5.1 1.6E-06 4.8E-05 2.6E-06 7.8E-05

12.04 5.0 300 4.8 1.3E-06 4.0E-05 2.3E-06 7.0E-05

11.84 6.0 360 4.6 1.2E-06 3.5E-05 2.1E-06 6.5E-05

11.67 7.0 420 4.5 1.0E-06 3.1E-05 2.0E-06 6.0E-05

11.52 8.0 480 4.3 9.4E-07 2.9E-05 1.8E-06 5.6E-05

11.39 9.0 540 4.2 8.4E-07 2.6E-05 1.7E-06 5.3E-05

11.27 10.0 600 4.1 8.0E-07 2.4E-05 1.6E-06 5.0E-05

Estimated Permeability 2.4E-05 to 1.4E-04 (cm/sec)

Geometric Mean of Incremental Permeability 4.9.E-05 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 5/21/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-207(P)

Test Number: K-1

Depth to top of Ground 

Water
4.05 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 4.1 ft

Bottom Depth of Test 

Interval
12.7 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 8.4 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

10.46 0.0 0 6.4 -- -- -- --

9.50 0.5 30 5.5 7.2E-06 2.2E-04 7.2E-06 2.2E-04

8.98 1.0 60 4.9 4.5E-06 1.4E-04 5.9E-06 1.8E-04

8.63 1.5 90 4.6 3.3E-06 1.0E-04 5.0E-06 1.5E-04

8.26 2.0 120 4.2 3.8E-06 1.1E-04 4.7E-06 1.4E-04

7.30 3.0 180 3.3 5.8E-06 1.8E-04 5.1E-06 1.5E-04

6.23 4.0 240 2.2 8.9E-06 2.7E-04 6.0E-06 1.8E-04

5.46 5.0 300 1.4 9.7E-06 3.0E-04 6.8E-06 2.1E-04

4.95 6.0 360 0.9 1.0E-05 3.1E-04 7.3E-06 2.2E-04

4.59 7.0 420 0.5 1.1E-05 3.5E-04 7.9E-06 2.4E-04

4.36 8.0 480 0.3 1.2E-05 3.8E-04 8.5E-06 2.6E-04

4.22 9.0 540 0.2 1.3E-05 4.1E-04 9.0E-06 2.7E-04

4.15 10.0 600 0.1 1.2E-05 3.6E-04 9.3E-06 2.8E-04

Estimated Permeability 1.0E-04 to 4.1E-04 (cm/sec)

Geometric Mean of Incremental Permeability 2.4.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 5/21/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-208(P)

Test Number: K-1

Depth to top of Ground 

Water
10.25 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 23.5 ft

Bottom Depth of Test 

Interval
30.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 6.2 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

28.64 0.0 0 18.4 -- -- -- --

28.55 1.0 60 18.3 1.3E-07 4.1E-06 1.3E-07 4.1E-06

28.49 2.0 120 18.2 9.0E-08 2.7E-06 1.1E-07 3.4E-06

28.43 3.0 180 18.2 9.0E-08 2.7E-06 1.0E-07 3.2E-06

28.38 4.0 240 18.1 7.5E-08 2.3E-06 9.7E-08 3.0E-06

28.34 5.0 300 18.1 6.0E-08 1.8E-06 9.0E-08 2.7E-06

28.30 6.0 360 18.1 6.0E-08 1.8E-06 8.5E-08 2.6E-06

28.26 7.0 420 18.0 6.1E-08 1.8E-06 8.1E-08 2.5E-06

28.23 8.0 480 18.0 4.6E-08 1.4E-06 7.7E-08 2.3E-06

28.21 9.0 540 18.0 3.0E-08 9.3E-07 7.2E-08 2.2E-06

28.19 10.0 600 17.9 3.0E-08 9.3E-07 6.8E-08 2.1E-06

Estimated Permeability 9.3E-07 to 4.1E-06 (cm/sec)

Geometric Mean of Incremental Permeability 1.9.E-06 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: SMG/APH 1/23/2020

Calculated By: SMG 4/9/2020

Checked By: APH 5/29/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-209(P)

Test Number: K-1

Depth to top of Ground 

Water
6.0 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 6.0 ft

Bottom Depth of Test 

Interval
7.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 1.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

7.82 0.8 50 1.8 -- -- -- --

7.75 1.0 60 1.8 1.6E-05 5.0E-04 1.6E-05 5.0E-04

7.71 1.5 90 1.7 3.2E-06 9.7E-05 6.5E-06 2.0E-04

7.62 2.0 120 1.6 7.5E-06 2.3E-04 6.9E-06 2.1E-04

7.53 2.5 150 1.5 7.9E-06 2.4E-04 7.2E-06 2.2E-04

7.46 3.0 180 1.5 6.5E-06 2.0E-04 7.0E-06 2.1E-04

7.43 3.5 210 1.4 2.9E-06 8.8E-05 6.3E-06 1.9E-04

7.33 4.0 240 1.3 1.0E-05 3.1E-04 6.8E-06 2.1E-04

7.26 4.5 270 1.3 7.5E-06 2.3E-04 6.9E-06 2.1E-04

7.23 5.0 300 1.2 3.3E-06 1.0E-04 6.5E-06 2.0E-04

7.15 5.5 330 1.2 9.3E-06 2.8E-04 6.8E-06 2.1E-04

7.09 6.0 360 1.1 7.4E-06 2.3E-04 6.9E-06 2.1E-04

7.04 6.5 390 1.0 6.5E-06 2.0E-04 6.8E-06 2.1E-04

Estimated Permeability 8.8E-05 to 5.0E-04 (cm/sec)

Geometric Mean of Incremental Permeability 2.0.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: Not Applicable

Calculated By: SMG 7/21/2020

Checked By: APH 7/22/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-208(P)

Test Number: K-2

Depth to top of Ground 

Water
11.07 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 23.5 ft

Bottom Depth of Test 

Interval
30.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 6.2 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

27.78 97.0 5820 16.7 -- -- -- --

24.88 817.0 49020 13.8 7.2E-09 2.2E-07 7.2E-09 2.2E-07

17.29 1537.0 92220 6.2 3.0E-08 9.2E-07 1.9E-08 5.7E-07

13.14 2257.0 135420 2.1 4.2E-08 1.3E-06 2.6E-08 8.1E-07

11.74 2977.0 178620 0.7 4.2E-08 1.3E-06 3.0E-08 9.3E-07

11.44 3697.0 221820 0.4 2.3E-08 7.0E-07 2.9E-08 8.8E-07

11.28 4417.0 265020 0.2 2.2E-08 6.6E-07 2.8E-08 8.5E-07

11.17 5137.0 308220 0.1 2.6E-08 8.0E-07 2.8E-08 8.4E-07

11.15 5857.0 351420 0.1 8.3E-09 2.5E-07 2.5E-08 7.7E-07

11.12 6577.0 394620 0.1 1.6E-08 4.9E-07 2.4E-08 7.4E-07

11.11 7297.0 437820 0.0 8.5E-09 2.6E-07 2.3E-08 6.9E-07

Estimated Permeability 2.2E-07 to 1.3E-06 (cm/sec)

Geometric Mean of Incremental Permeability 5.8.E-07 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 5/21/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-211(P)

Test Number: K-1

Depth to top of Ground 

Water
4.62 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 6.0 ft

Bottom Depth of Test 

Interval
11.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 2.98 in

L = Length, intake, sample 5.0 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

8.58 0.0 0 4.0 -- -- -- --

5.21 1.0 60 0.6 8.1E-05 2.5E-03 8.1E-05 2.5E-03

4.90 1.5 90 0.3 6.4E-05 1.9E-03 7.6E-05 2.3E-03

4.81 2.0 120 0.2 3.3E-05 1.0E-03 6.5E-05 2.0E-03

4.78 2.5 150 0.2 1.5E-05 4.5E-04 5.5E-05 1.7E-03

4.77 3.0 180 0.1 5.5E-06 1.7E-04 4.7E-05 1.4E-03

4.75 4.0 240 0.1 6.1E-06 1.9E-04 3.7E-05 1.1E-03

4.74 5.0 300 0.1 3.4E-06 1.0E-04 3.0E-05 9.1E-04

4.72 6.0 360 0.1 7.8E-06 2.4E-04 2.6E-05 8.0E-04

4.70 7.0 420 0.1 9.5E-06 2.9E-04 2.4E-05 7.3E-04

4.69 8.0 480 0.1 5.7E-06 1.7E-04 2.2E-05 6.6E-04

4.68 10.0 600 0.1 3.3E-06 1.0E-04 1.8E-05 5.5E-04

Estimated Permeability 1.0E-04 to 2.5E-03 (cm/sec)

Geometric Mean of Incremental Permeability 3.5.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: JNH 5/21/2020

Calculated By: APH 5/29/2020

Checked By: JNH 6/8/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-212(P)

Test Number: K-1

Depth to top of Ground 

Water
6.29 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 6.3 ft

Bottom Depth of Test 

Interval
10.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 3.4 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

9.42 0.0 0 3.1 -- -- -- --

9.31 1.0 60 3.0 1.4E-06 4.3E-05 1.4E-06 4.3E-05

9.20 2.0 120 2.9 1.5E-06 4.5E-05 1.4E-06 4.4E-05

9.10 3.0 180 2.8 1.4E-06 4.2E-05 1.4E-06 4.3E-05

9.00 4.0 240 2.7 1.4E-06 4.4E-05 1.4E-06 4.4E-05

8.91 5.0 300 2.6 1.3E-06 4.1E-05 1.4E-06 4.3E-05

8.82 6.0 360 2.5 1.4E-06 4.2E-05 1.4E-06 4.3E-05

8.72 7.0 420 2.4 1.6E-06 4.9E-05 1.4E-06 4.4E-05

8.63 8.0 480 2.3 1.5E-06 4.6E-05 1.4E-06 4.4E-05

8.54 9.0 540 2.3 1.6E-06 4.7E-05 1.5E-06 4.4E-05

8.44 10.0 600 2.2 1.8E-06 5.5E-05 1.5E-06 4.5E-05

Estimated Permeability 4.1E-05 to 5.5E-05 (cm/sec)

Geometric Mean of Incremental Permeability 4.5.E-05 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: SMG/MSK 6/4/2020

Calculated By: APH 6/23/2020

Checked By: SMG 6/26/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-214(P)

Test Number: K-1

Depth to top of Ground 

Water
3.06 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 3.1 ft

Bottom Depth of Test 

Interval
8.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 4.9 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

8.03 0.0 0 5.0 -- -- -- --

7.62 0.5 30 4.6 5.4E-06 1.7E-04 5.4E-06 1.7E-04

6.81 1.0 60 3.8 1.2E-05 3.8E-04 8.9E-06 2.7E-04

6.31 1.5 90 3.3 9.1E-06 2.8E-04 9.0E-06 2.7E-04

5.85 2.0 120 2.8 9.7E-06 2.9E-04 9.1E-06 2.8E-04

5.17 2.5 150 2.1 1.8E-05 5.4E-04 1.1E-05 3.3E-04

4.82 3.0 180 1.8 1.1E-05 3.5E-04 1.1E-05 3.3E-04

4.41 4.0 240 1.4 8.4E-06 2.6E-04 1.0E-05 3.1E-04

4.09 5.0 300 1.0 8.6E-06 2.6E-04 1.0E-05 3.0E-04

3.78 6.0 360 0.7 1.1E-05 3.5E-04 1.0E-05 3.1E-04

3.58 7.0 420 0.5 1.0E-05 3.1E-04 1.0E-05 3.1E-04

3.42 8.0 480 0.4 1.2E-05 3.5E-04 1.0E-05 3.2E-04

3.32 9.0 540 0.3 1.0E-05 3.1E-04 1.0E-05 3.2E-04

3.29 10.0 600 0.2 3.9E-06 1.2E-04 9.7E-06 3.0E-04

Estimated Permeability 1.2E-04 to 5.4E-04 (cm/sec)

Geometric Mean of Incremental Permeability 2.9.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: SMG/MSK 5/29/2020

Calculated By: APH 6/23/2020

Checked By: SMG 6/26/2020

Approved By: ABP 7/23/2020

Project Number: 16134

Boring: B-215(P)

Test Number: K-1

Depth to top of Ground 

Water
6.5 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 6.5 ft

Bottom Depth of Test 

Interval
12.8 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 8.00 in

L = Length, intake, sample 6.3 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

11.89 0.0 0 5.4 -- -- -- --

10.79 0.5 30 4.3 1.2E-05 3.8E-04 1.2E-05 3.8E-04

10.20 1.0 60 3.7 8.0E-06 2.4E-04 1.0E-05 3.1E-04

9.70 1.5 90 3.2 7.8E-06 2.4E-04 9.4E-06 2.9E-04

9.22 2.0 120 2.7 8.8E-06 2.7E-04 9.2E-06 2.8E-04

8.57 3.0 180 2.1 7.4E-06 2.2E-04 8.6E-06 2.6E-04

8.09 4.0 240 1.6 7.1E-06 2.2E-04 8.2E-06 2.5E-04

7.56 5.0 300 1.1 1.1E-05 3.3E-04 8.8E-06 2.7E-04

7.07 6.0 360 0.6 1.7E-05 5.1E-04 1.0E-05 3.1E-04

6.81 7.0 420 0.3 1.6E-05 5.0E-04 1.1E-05 3.4E-04

6.68 8.0 480 0.2 1.5E-05 4.5E-04 1.1E-05 3.5E-04

6.65 9.0 540 0.2 4.9E-06 1.5E-04 1.1E-05 3.3E-04

6.62 10.0 600 0.1 6.0E-06 1.8E-04 1.0E-05 3.1E-04

Estimated Permeability 1.5E-04 to 5.1E-04 (cm/sec)

Geometric Mean of Incremental Permeability 2.9.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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Field Engineer/Geologist: SMG/LEA 8/30/2021

Calculated By: LEA 9/8/2021

Checked By: SMG 9/27/2021

Approved By: ABP 4/8/2022

Project Number: 16134

Boring: B-217(P)

Test Number: K-1

Depth to top of Ground 

Water
27.4 ft

Casing Stickup 0.0 ft

Top Depth of Test Interval 17.0 ft

Bottom Depth of Test 

Interval
29.0 ft

Inside Diameter Pipe 2.00 in

D = Diameter, intake, sample 7.75 in

L = Length, intake, sample 1.3 ft

M = Transformation Ratio 1.00 --

Permeability Permeability Permeability Permeability

(ft) (min) (sec) (ft) (ft/s) (cm/s) (ft/s) (cm/s)

28.85 0.0 0 1.5 -- -- -- --

28.80 0.3 15 1.4 9.1E-06 2.8E-04 9.1E-06 2.8E-04

28.77 0.5 30 1.4 5.6E-06 1.7E-04 7.3E-06 2.2E-04

28.74 0.8 45 1.3 5.7E-06 1.7E-04 6.8E-06 2.1E-04

28.70 1.0 60 1.3 7.8E-06 2.4E-04 7.0E-06 2.1E-04

28.64 1.5 90 1.2 6.1E-06 1.9E-04 6.7E-06 2.1E-04

28.59 2.0 120 1.2 5.3E-06 1.6E-04 6.4E-06 1.9E-04

28.54 2.5 150 1.1 5.5E-06 1.7E-04 6.2E-06 1.9E-04

28.49 3.0 180 1.1 5.8E-06 1.8E-04 6.1E-06 1.9E-04

28.40 4.0 240 1.0 5.6E-06 1.7E-04 6.0E-06 1.8E-04

28.31 5.0 300 0.9 6.1E-06 1.9E-04 6.0E-06 1.8E-04

28.20 6.0 360 0.8 8.3E-06 2.5E-04 6.4E-06 1.9E-04

28.13 7.0 420 0.7 5.9E-06 1.8E-04 6.3E-06 1.9E-04

28.03 8.0 480 0.6 9.5E-06 2.9E-04 6.7E-06 2.0E-04

27.98 9.0 540 0.6 5.3E-06 1.6E-04 6.6E-06 2.0E-04

27.90 10.0 600 0.5 9.6E-06 2.9E-04 6.9E-06 2.1E-04

Estimated Permeability 1.6E-04 to 2.9E-04 (cm/sec)

Geometric Mean of Incremental Permeability 2.0.E-04 (cm/sec)

(1) Calculations above the water table are from USBR, Engineering Geology Field Manual, Volume 2, pp 162-165.  

Calculations below the water table are from Hvorslev printed in Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G.

Rising Head Test - Data Reduction Calculation Sheet

Depth to Water Surface In 

Pipe From Top of Riser Pipe
Time, t Time, t

Length of 

Water 

Column at 

time, H

Incremental From Time Zero
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APPENDIX I 

 
PACKER TEST RESULTS  

 

 



Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: SMG Date: 2/17/2020

Calculated By: SMG Date: 3/3/2020

Checked By: JEL Date: 3/20/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

5.5 Pneumatic

90.0 180

21.5 Packer Length (in) 24.0

25.0 2.38

3.5 Steel

3.2 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64062.4

5.0 1.0 64062.4 0.0 0.0 0.0 * * * *

5.0 2.0 64062.4 0.0 0.0 0.0 * * * *

5.0 3.0 64062.4 0.0 0.0 0.0 * * * *

5.0 4.0 64062.4 0.0 0.0 0.0 * * * *

5.0 5.0 64062.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64062.4

6.0 1.0 64062.4 0.0 0.0 0.0 * * * *

6.0 2.0 64062.4 0.0 0.0 0.0 * * * *

6.0 3.0 64062.4 0.0 0.0 0.0 * * * *

6.0 4.0 64062.4 0.0 0.0 0.0 * * * *

6.0 5.0 64062.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64062.4

8.0 1.0 64062.4 0.0 0.0 0.0 * * * *

8.0 2.0 64062.4 0.0 0.0 0.0 * * * *

8.0 3.0 64062.4 0.0 0.0 0.0 * * * *

8.0 4.0 64062.4 0.0 0.0 0.0 * * * *

8.0 5.0 64062.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-201(P)

16134 P-1

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JEL Date: 2/18/2020

Calculated By: SMG Date: 3/3/2020

Checked By: JEL Date: 3/30/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

8.4 Pneumatic

90.0 180

25.0 Packer Length (in) 24.0

30.0 2.38

5.0 Steel

1.3 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 640703.6

6.0 1.0 640703.6 0.0 0.0 0.0 * * * *

6.0 2.0 640703.6 0.0 0.0 0.0 * * * *

6.0 3.0 640703.6 0.0 0.0 0.0 * * * *

6.0 4.0 640703.6 0.0 0.0 0.0 * * * *

6.0 5.0 640703.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 640703.6

8.0 1.0 640703.6 0.0 0.0 0.0 * * * *

8.0 2.0 640703.6 0.0 0.0 0.0 * * * *

8.0 3.0 640703.6 0.0 0.0 0.0 * * * *

8.0 4.0 640703.6 0.0 0.0 0.0 * * * *

8.0 5.0 640703.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 640703.6

10.0 1.0 640703.6 0.0 0.0 0.0 * * * *

10.0 2.0 640703.6 0.0 0.0 0.0 * * * *

10.0 3.0 640703.6 0.0 0.0 0.0 * * * *

10.0 4.0 640703.6 0.0 0.0 0.0 * * * *

10.0 5.0 640703.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-201(P)

16134 P-2

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JEL Date: 2/18/2020

Calculated By: SMG Date: 3/3/2020

Checked By: JEL Date: 3/30/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

8.4 Pneumatic

90.0 180

30.0 Packer Length (in) 24.0

38.0 2.38

8.0 Steel

1.3 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

7.0 0.0 640704.5

7.0 1.0 640704.5 0.0 0.0 0.0 * * * *

7.0 2.0 640704.5 0.0 0.0 0.0 * * * *

7.0 3.0 640704.5 0.0 0.0 0.0 * * * *

7.0 4.0 640704.5 0.0 0.0 0.0 * * * *

7.0 5.0 640704.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 640704.5

10.0 1.0 640704.5 0.0 0.0 0.0 * * * *

10.0 2.0 640704.5 0.0 0.0 0.0 * * * *

10.0 3.0 640704.5 0.0 0.0 0.0 * * * *

10.0 4.0 640704.5 0.0 0.0 0.0 * * * *

10.0 5.0 640704.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

12.0 0.0 640704.5

12.0 1.0 640704.5 0.0 0.0 0.0 * * * *

12.0 2.0 640704.5 0.0 0.0 0.0 * * * *

12.0 3.0 640704.5 0.0 0.0 0.0 * * * *

12.0 4.0 640704.5 0.0 0.0 0.0 * * * *

12.0 5.0 640704.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-201(P)

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/6/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.4 Pneumatic

90.0 180

18.5 Packer Length (in) 24.0

22.5 2.38

4.0 Steel

1.7 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 64116.3

4.0 1.0 64116.3 0.0 0.0 0.0 * * * *

4.0 2.0 64116.3 0.0 0.0 0.0 * * * *

4.0 3.0 64116.3 0.0 0.0 0.0 * * * *

4.0 4.0 64116.3 0.0 0.0 0.0 * * * *

4.0 5.0 64116.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64116.3

6.0 1.0 64116.3 0.0 0.0 0.0 * * * *

6.0 2.0 64116.3 0.0 0.0 0.0 * * * *

6.0 3.0 64116.3 0.0 0.0 0.0 * * * *

6.0 4.0 64116.3 0.0 0.0 0.0 * * * *

6.0 5.0 64116.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64116.3

7.0 1.0 64116.3 0.0 0.0 0.0 * * * *

7.0 2.0 64116.3 0.0 0.0 0.0 * * * *

7.0 3.0 64116.3 0.0 0.0 0.0 * * * *

7.0 4.0 64116.3 0.0 0.0 0.0 * * * *

7.0 5.0 64116.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-202(P)

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/6/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.4 Pneumatic

90.0 180

22.5 Packer Length (in) 24.0

29.0 2.38

6.5 Steel

2.8 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64117.0

5.0 1.0 64117.0 0.0 0.0 0.0 * * * *

5.0 2.0 64117.0 0.0 0.0 0.0 * * * *

5.0 3.0 64117.0 0.0 0.0 0.0 * * * *

5.0 4.0 64117.0 0.0 0.0 0.0 * * * *

5.0 5.0 64117.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64117.0

7.0 1.0 64117.0 0.0 0.0 0.0 * * * *

7.0 2.0 64117.0 0.0 0.0 0.0 * * * *

7.0 3.0 64117.0 0.0 0.0 0.0 * * * *

7.0 4.0 64117.0 0.0 0.0 0.0 * * * *

7.0 5.0 64117.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64117.2

9.0 1.0 64117.2 0.0 0.0 0.0 * * * *

9.0 2.0 64117.2 0.0 0.0 0.0 * * * *

9.0 3.0 64117.2 0.0 0.0 0.0 * * * *

9.0 4.0 64117.2 0.0 0.0 0.0 * * * *

9.0 5.0 64117.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-202(P)

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/6/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.4 Pneumatic

90.0 180

29.0 Packer Length (in) 24.0

35.0 2.38

6.0 Steel

1.3 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

7.0 0.0 64118.3

7.0 1.0 64118.3 0.0 0.0 0.0 * * * *

7.0 2.0 64118.3 0.0 0.0 0.0 * * * *

7.0 3.0 64118.3 0.0 0.0 0.0 * * * *

7.0 4.0 64118.3 0.0 0.0 0.0 * * * *

7.0 5.0 64118.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64118.3

9.0 1.0 64118.3 0.0 0.0 0.0 * * * *

9.0 2.0 64118.3 0.0 0.0 0.0 * * * *

9.0 3.0 64118.3 0.0 0.0 0.0 * * * *

9.0 4.0 64118.3 0.0 0.0 0.0 * * * *

9.0 5.0 64118.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

12.0 0.0 64118.5

12.0 1.0 64118.5 0.0 0.0 0.0 * * * *

12.0 2.0 64118.5 0.0 0.0 0.0 * * * *

12.0 3.0 64118.5 0.0 0.0 0.0 * * * *

12.0 4.0 64118.5 0.0 0.0 0.0 * * * *

12.0 5.0 64118.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-202(P)

16134 P-3

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/10/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

15.5 Packer Length (in) 24.0

18.0 2.38

2.5 Steel

2.7 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.5 0.0 64122.6

4.5 1.0 64122.6 0.0 0.0 0.0 * * * *

4.5 2.0 64122.6 0.0 0.0 0.0 * * * *

4.5 3.0 64122.6 0.0 0.0 0.0 * * * *

4.5 4.0 64122.6 0.0 0.0 0.0 * * * *

4.5 5.0 64122.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 64122.6

5.0 1.0 64122.6 0.0 0.0 0.0 * * * *

5.0 2.0 64122.6 0.0 0.0 0.0 * * * *

5.0 3.0 64122.6 0.0 0.0 0.0 * * * *

5.0 4.0 64122.6 0.0 0.0 0.0 * * * *

5.0 5.0 64122.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64122.6

6.0 1.0 64122.6 0.0 0.0 0.0 * * * *

6.0 2.0 64122.6 0.0 0.0 0.0 * * * *

6.0 3.0 64122.6 0.0 0.0 0.0 * * * *

6.0 4.0 64122.6 0.0 0.0 0.0 * * * *

6.0 5.0 64122.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-203(P)

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/10/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

18.0 Packer Length (in) 24.0

25.0 2.38

7.0 Steel

1.8 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 64124.2

4.0 1.0 64124.2 0.0 0.0 0.0 * * * *

4.0 2.0 64124.2 0.0 0.0 0.0 * * * *

4.0 3.0 64124.2 0.0 0.0 0.0 * * * *

4.0 4.0 64124.2 0.0 0.0 0.0 * * * *

4.0 5.0 64124.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64124.2

6.0 1.0 64124.2 0.0 0.0 0.0 * * * *

6.0 2.0 64124.2 0.0 0.0 0.0 * * * *

6.0 3.0 64124.2 0.0 0.0 0.0 * * * *

6.0 4.0 64124.2 0.0 0.0 0.0 * * * *

6.0 5.0 64124.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64124.2

7.0 1.0 64124.2 0.0 0.0 0.0 * * * *

7.0 2.0 64124.2 0.0 0.0 0.0 * * * *

7.0 3.0 64124.2 0.0 0.0 0.0 * * * *

7.0 4.0 64124.2 0.0 0.0 0.0 * * * *

7.0 5.0 64124.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-203(P)

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential

P:\16134 - South Boulder Creek\Engineering\Geotechnical\Phase II Investigations\Permeability_Testing\16134_Phase_II_Packer_Testing B-203, P-2

Appendix I 8 of 49



Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH/SMG Date: 2/11/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

25.0 Packer Length (in) 24.0

34.0 2.38

9.0 Steel

1.7 0.00033

Height of Pressure Gauge Stickup (ft) 1.2 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 64126.2

6.0 1.0 64126.2 0.0 0.0 0.0 * * * *

6.0 2.0 64126.2 0.0 0.0 0.0 * * * *

6.0 3.0 64126.2 0.0 0.0 0.0 * * * *

6.0 4.0 64126.2 0.0 0.0 0.0 * * * *

6.0 5.0 64126.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64126.2

8.0 1.0 64126.2 0.0 0.0 0.0 * * * *

8.0 2.0 64126.2 0.0 0.0 0.0 * * * *

8.0 3.0 64126.2 0.0 0.0 0.0 * * * *

8.0 4.0 64126.2 0.0 0.0 0.0 * * * *

8.0 5.0 64126.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 64126.2

10.0 1.0 64126.2 0.0 0.0 0.0 * * * *

10.0 2.0 64126.2 0.0 0.0 0.0 * * * *

10.0 3.0 64126.2 0.0 0.0 0.0 * * * *

10.0 4.0 64126.2 0.0 0.0 0.0 * * * *

10.0 5.0 64126.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-203(P)

16134 P-3

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/28/2020

Calculated By: APH Date: 1/28/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

24.0 Packer Length (in) 24.0

27.5 2.38

3.5 Steel

1.3 0.00033

Height of Pressure Gauge Stickup (ft) 1.7 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64108.1

5.0 1.0 64108.1 0.0 0.0 0.0 * * * *

5.0 2.0 64108.1 0.0 0.0 0.0 * * * *

5.0 3.0 64108.1 0.0 0.0 0.0 * * * *

5.0 4.0 64108.1 0.0 0.0 0.0 * * * *

5.0 5.0 64108.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64108.1

7.0 1.0 64108.1 0.0 0.0 0.0 * * * *

7.0 2.0 64108.1 0.0 0.0 0.0 * * * *

7.0 3.0 64108.1 0.0 0.0 0.0 * * * *

7.0 4.0 64108.1 0.0 0.0 0.0 * * * *

7.0 5.0 64108.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64108.1

9.0 1.0 64108.1 0.0 0.0 0.0 * * * *

9.0 2.0 64108.1 0.0 0.0 0.0 * * * *

9.0 3.0 64108.1 0.0 0.0 0.0 * * * *

9.0 4.0 64108.1 0.0 0.0 0.0 * * * *

9.0 5.0 64108.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-204(P)

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: SMG Date: 1/29/2020

Calculated By: APH Date: 1/31/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

16.4 Pneumatic

90.0 180

27.5 Packer Length (in) 24.0

35.0 2.38

7.5 Steel

2.4 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

7.0 0.0 64119.8

7.0 1.0 64119.8 0.0 0.0 0.0 * * * *

7.0 2.0 64119.8 0.0 0.0 0.0 * * * *

7.0 3.0 64119.8 0.0 0.0 0.0 * * * *

7.0 4.0 64119.8 0.0 0.0 0.0 * * * *

7.0 5.0 64119.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64119.8

9.0 1.0 64119.8 0.0 0.0 0.0 * * * *

9.0 2.0 64119.8 0.0 0.0 0.0 * * * *

9.0 3.0 64119.8 0.0 0.0 0.0 * * * *

9.0 4.0 64119.8 0.0 0.0 0.0 * * * *

9.0 5.0 64119.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

12.0 0.0 64119.8

12.0 1.0 64119.8 0.0 0.0 0.0 * * * *

12.0 2.0 64119.8 0.0 0.0 0.0 * * * *

12.0 3.0 64119.8 0.0 0.0 0.0 * * * *

12.0 4.0 64119.8 0.0 0.0 0.0 * * * *

12.0 5.0 64119.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-204(P)

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: SMG Date: 1/29/2020

Calculated By: APH Date: 1/31/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

16.4 Pneumatic

90.0 180

35.0 Packer Length (in) 24.0

40.0 2.38

5.0 Steel

1.2 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

8.0 0.0 64111.3

8.0 1.0 64111.3 0.0 0.0 0.0 * * * *

8.0 2.0 64111.3 0.0 0.0 0.0 * * * *

8.0 3.0 64111.3 0.0 0.0 0.0 * * * *

8.0 4.0 64111.3 0.0 0.0 0.0 * * * *

8.0 5.0 64111.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

11.0 0.0 64111.3

11.0 1.0 64111.3 0.0 0.0 0.0 * * * *

11.0 2.0 64111.3 0.0 0.0 0.0 * * * *

11.0 3.0 64111.3 0.0 0.0 0.0 * * * *

11.0 4.0 64111.3 0.0 0.0 0.0 * * * *

11.0 5.0 64111.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

14.0 0.0 64111.3

14.0 1.0 64111.3 0.0 0.0 0.0 * * * *

14.0 2.0 64111.3 0.0 0.0 0.0 * * * *

14.0 3.0 64111.3 0.0 0.0 0.0 * * * *

14.0 4.0 64111.3 0.0 0.0 0.0 * * * *

14.0 5.0 64111.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-204(P)

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Copyright 2010 RJH Consultants, Inc. - Company Confidential

P:\16134 - South Boulder Creek\Engineering\Geotechnical\Phase II Investigations\Permeability_Testing\16134_Phase_II_Packer_Testing B-204, P-3

Appendix I 12 of 49



Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 3/12/2020

Calculated By: SMG Date: 3/31/2020

Checked By: JEL Date: 4/1/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

10.5 Pneumatic

90.0 180

21.0 Packer Length (in) 24.0

24.0 2.38

3.0 Steel

3.5 0.00033

Height of Pressure Gauge Stickup (ft) 3.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 64073.4

4.0 1.0 64073.4 0.0 0.0 0.0 * * * *

4.0 2.0 64073.4 0.0 0.0 0.0 * * * *

4.0 3.0 64073.4 0.0 0.0 0.0 * * * *

4.0 4.0 64073.4 0.0 0.0 0.0 * * * *

4.0 5.0 64073.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64073.4

6.0 1.0 64073.4 0.0 0.0 0.0 * * * *

6.0 2.0 64073.4 0.0 0.0 0.0 * * * *

6.0 3.0 64073.4 0.0 0.0 0.0 * * * *

6.0 4.0 64073.4 0.0 0.0 0.0 * * * *

6.0 5.0 64073.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64073.4

7.0 1.0 64073.4 0.0 0.0 0.0 * * * *

7.0 2.0 64073.4 0.0 0.0 0.0 * * * *

7.0 3.0 64073.4 0.0 0.0 0.0 * * * *

7.0 4.0 64073.4 0.0 0.0 0.0 * * * *

7.0 5.0 64073.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-205(P)

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 3/12/2020

Calculated By: SMG Date: 3/31/2020

Checked By: JEL Date: 4/1/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

10.5 Pneumatic

90.0 180

24.0 Packer Length (in) 24.0

29.0 2.38

5.0 Steel

NA 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64075.5

5.0 1.0 64075.5 0.0 0.0 0.0 * * * *

5.0 2.0 64075.5 0.0 0.0 0.0 * * * *

5.0 3.0 64075.5 0.0 0.0 0.0 * * * *

5.0 4.0 64075.5 0.0 0.0 0.0 * * * *

5.0 5.0 64075.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64075.5

7.0 1.0 64075.5 0.0 0.0 0.0 * * * *

7.0 2.0 64075.5 0.0 0.0 0.0 * * * *

7.0 3.0 64075.5 0.0 0.0 0.0 * * * *

7.0 4.0 64075.5 0.0 0.0 0.0 * * * *

7.0 5.0 64075.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64075.7

9.0 1.0 64075.7 0.0 0.0 0.0 * * * *

9.0 2.0 64075.7 0.0 0.0 0.0 * * * *

9.0 3.0 64075.7 0.0 0.0 0.0 * * * *

9.0 4.0 64075.7 0.0 0.0 0.0 * * * *

9.0 5.0 64075.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-205(P)

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 3/12/2020

Calculated By: SMG Date: 3/31/2020

Checked By: JEL Date: 4/1/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

10.5 Pneumatic

90.0 180

29.0 Packer Length (in) 24.0

38.0 2.38

9.0 Steel

NA 0.00033

Height of Pressure Gauge Stickup (ft) NA Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

7.0 0.0 64076.7

7.0 1.0 64076.7 0.0 0.0 0.0 * * * *

7.0 2.0 64076.7 0.0 0.0 0.0 * * * *

7.0 3.0 64076.7 0.0 0.0 0.0 * * * *

7.0 4.0 64076.7 0.0 0.0 0.0 * * * *

7.0 5.0 64076.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64076.8

9.0 1.0 64076.8 0.0 0.0 0.0 * * * *

9.0 2.0 64076.8 0.0 0.0 0.0 * * * *

9.0 3.0 64076.8 0.0 0.0 0.0 * * * *

9.0 4.0 64076.8 0.0 0.0 0.0 * * * *

9.0 5.0 64076.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

12.0 0.0 64076.9

12.0 1.0 64076.9 0.0 0.0 0.0 * * * *

12.0 2.0 64076.9 0.0 0.0 0.0 * * * *

12.0 3.0 64076.9 0.0 0.0 0.0 * * * *

12.0 4.0 64076.9 0.0 0.0 0.0 * * * *

12.0 5.0 64076.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-205(P)

16134 P-3

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JNH Date: 3/17/2020

Calculated By: SMG Date: 3/31/2020

Checked By: JEL Date: 4/1/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

10.1 Pneumatic

90.0 180

18.5 Packer Length (in) 24.0

20.0 2.38

1.5 Steel

1.5 0.00033

Height of Pressure Gauge Stickup (ft) 2.0 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 64088.7

4.0 1.0 64088.7 0.0 0.0 0.0 * * * *

4.0 2.0 64088.7 0.0 0.0 0.0 * * * *

4.0 3.0 64088.7 0.0 0.0 0.0 * * * *

4.0 4.0 64088.7 0.0 0.0 0.0 * * * *

4.0 5.0 64088.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64088.7

6.0 1.0 64088.7 0.0 0.0 0.0 * * * *

6.0 2.0 64088.7 0.0 0.0 0.0 * * * *

6.0 3.0 64088.7 0.0 0.0 0.0 * * * *

6.0 4.0 64088.7 0.0 0.0 0.0 * * * *

6.0 5.0 64088.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64088.7

7.0 1.0 64088.7 0.0 0.0 0.0 * * * *

7.0 2.0 64088.7 0.0 0.0 0.0 * * * *

7.0 3.0 64088.7 0.0 0.0 0.0 * * * *

7.0 4.0 64088.7 0.0 0.0 0.0 * * * *

7.0 5.0 64088.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-206(P)

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: EJS Date: 3/17/2020

Calculated By: SMG Date: 3/31/2020

Checked By: JEL Date: 4/1/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

10.1 Pneumatic

90.0 180

20.0 Packer Length (in) 24.0

25.0 2.38

5.0 Steel

3.0 0.00033

Height of Pressure Gauge Stickup (ft) 3.0 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 64089.7

4.0 1.0 64089.7 0.0 0.0 0.0 * * * *

4.0 2.0 64089.7 0.0 0.0 0.0 * * * *

4.0 3.0 64089.7 0.0 0.0 0.0 * * * *

4.0 4.0 64089.7 0.0 0.0 0.0 * * * *

4.0 5.0 64089.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.5 0.0 64089.7

5.5 1.0 64089.8 0.1 0.1 0.0 6.1E-05 32 3.1E-05 3

5.5 2.0 64089.8 0.0 0.0 0.0 * * * *

5.5 3.0 64089.8 0.0 0.0 0.0 * * * *

5.5 4.0 64089.8 0.0 0.0 0.0 * * * *

5.5 5.0 64089.8 0.0 0.0 0.0 * * * *

6.2E-07 0.3 3.1E-07 0.2

7.0 0.0 64089.8

7.0 1.0 64089.8 0.0 0.0 0.0 * * * *

7.0 2.0 64089.8 0.0 0.0 0.0 * * * *

7.0 3.0 64089.8 0.0 0.0 0.0 * * * *

7.0 4.0 64089.8 0.0 0.0 0.0 * * * *

7.0 5.0 64089.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-206(P)

16134 P-2

Boring Diameter (in)
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JNH Date: 3/17/2020

Calculated By: SMG Date: 3/31/2020

Checked By: JEL Date: 4/1/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

10.1 Pneumatic

90.0 180

25.0 Packer Length (in) 24.0

35.0 2.38

10.0 Steel

1.5 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 64090.9

6.0 1.0 64090.9 0.0 0.0 0.0 * * * *

6.0 2.0 64090.9 0.0 0.0 0.0 * * * *

6.0 3.0 64090.9 0.0 0.0 0.0 * * * *

6.0 4.0 64090.9 0.0 0.0 0.0 * * * *

6.0 5.0 64090.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64090.9

8.0 1.0 64090.9 0.0 0.0 0.0 * * * *

8.0 2.0 64090.9 0.0 0.0 0.0 * * * *

8.0 3.0 64090.9 0.0 0.0 0.0 * * * *

8.0 4.0 64090.9 0.0 0.0 0.0 * * * *

8.0 5.0 64090.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 64090.9

10.0 1.0 64090.9 0.0 0.0 0.0 * * * *

10.0 2.0 64090.9 0.0 0.0 0.0 * * * *

10.0 3.0 64090.9 0.0 0.0 0.0 * * * *

10.0 4.0 64090.9 0.0 0.0 0.0 * * * *

10.0 5.0 64090.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-206(P)

16134 P-3

Boring Diameter (in)
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/19/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

3.0 Number of Packers Single

6.0 Pneumatic

90.0 180

17.0 Packer Length (in) 24.0

22.0 2.38

5.0 Steel

3.2 0.00033

Height of Pressure Gauge Stickup (ft) 3.2 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63411.5

4.0 1.0 63411.6 0.1 0.1 0.0 8.5E-05 45 4.3E-05 4

4.0 2.0 63411.7 0.1 0.1 0.0 8.5E-05 45 4.3E-05 4

4.0 3.0 63411.8 0.1 0.1 0.0 8.5E-05 45 4.3E-05 4

4.0 4.0 63411.9 0.1 0.1 0.0 8.5E-05 45 4.3E-05 4

4.0 5.0 63412.0 0.1 0.1 0.0 8.5E-05 45 4.3E-05 4

4.0 6.0 63412.1 0.1 0.1 0.0 8.5E-05 45 4.3E-05 4

8.5E-05 45 4.3E-05 4

5.0 0.0 63412.1

5.0 1.0 63412.2 0.1 0.1 0.0 7.6E-05 40 3.9E-05 4

5.0 2.0 63412.3 0.1 0.1 0.0 7.6E-05 40 3.9E-05 4

5.0 3.0 63412.4 0.1 0.1 0.0 7.6E-05 40 3.9E-05 4

5.0 4.0 63412.4 0.0 0.0 0.0 * * * *

5.0 5.0 63412.4 0.0 0.0 0.0 * * * *

7.0E-06 4 3.6E-06 1

6.0 0.0 63412.4

6.0 1.0 63412.4 0.0 0.0 0.0 * * * *

6.0 2.0 63412.4 0.0 0.0 0.0 * * * *

6.0 3.0 63412.4 0.0 0.0 0.0 * * * *

6.0 4.0 63412.4 0.0 0.0 0.0 * * * *

6.0 5.0 63412.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-207(P)

16134 P-1

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/19/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

3.0 Number of Packers Single

6.0 Pneumatic

90.0 180

22.0 Packer Length (in) 24.0

27.0 2.38

5.0 Steel

3.2 0.00033

Height of Pressure Gauge Stickup (ft) 3.2 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 63414.1

5.0 1.0 63414.1 0.0 0.0 0.0 * * * *

5.0 2.0 63414.1 0.0 0.0 0.0 * * * *

5.0 3.0 63414.1 0.0 0.0 0.0 * * * *

5.0 4.0 63414.2 0.1 0.1 0.0 7.6E-05 40 3.9E-05 4

5.0 5.0 63414.2 0.0 0.0 0.0 * * * *

6.5E-07 0.3 3.3E-07 0.2

6.0 0.0 63414.2

6.0 1.0 63414.2 0.0 0.0 0.0 * * * *

6.0 2.0 63414.2 0.0 0.0 0.0 * * * *

6.0 3.0 63414.2 0.0 0.0 0.0 * * * *

6.0 4.0 63414.2 0.0 0.0 0.0 * * * *

6.0 5.0 63414.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 63414.3

8.0 1.0 63414.3 0.0 0.0 0.0 * * * *

8.0 2.0 63414.3 0.0 0.0 0.0 * * * *

8.0 3.0 63414.3 0.0 0.0 0.0 * * * *

8.0 4.0 63414.3 0.0 0.0 0.0 * * * *

8.0 5.0 63414.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-207(P)

16134 P-2

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/19/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

27.0 Packer Length (in) 24.0

34.0 2.38

7.0 Steel

3.2 0.00033

Height of Pressure Gauge Stickup (ft) 3.2 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 63414.5

6.0 1.0 63414.5 0.0 0.0 0.0 * * * *

6.0 2.0 63414.5 0.0 0.0 0.0 * * * *

6.0 3.0 63414.5 0.0 0.0 0.0 * * * *

6.0 4.0 63414.5 0.0 0.0 0.0 * * * *

6.0 5.0 63414.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 63414.6

8.0 1.0 63414.6 0.0 0.0 0.0 * * * *

8.0 2.0 63414.6 0.0 0.0 0.0 * * * *

8.0 3.0 63414.6 0.0 0.0 0.0 * * * *

8.0 4.0 63414.6 0.0 0.0 0.0 * * * *

8.0 5.0 63414.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 63414.6

10.0 1.0 63414.6 0.0 0.0 0.0 * * * *

10.0 2.0 63414.6 0.0 0.0 0.0 * * * *

10.0 3.0 63414.6 0.0 0.0 0.0 * * * *

10.0 4.0 63414.6 0.0 0.0 0.0 * * * *

10.0 5.0 63414.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-207(P)

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/30/2020

Calculated By: APH Date: 1/31/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

17.5 Pneumatic

90.0 180

23.5 Packer Length (in) 24.0

27.5 2.38

4.0 Steel

1.6 0.00033

Height of Pressure Gauge Stickup (ft) 1.4 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64111.2

5.0 1.0 64111.2 0.0 0.0 0.0 * * * *

5.0 2.0 64111.2 0.0 0.0 0.0 * * * *

5.0 3.0 64111.2 0.0 0.0 0.0 * * * *

5.0 4.0 64111.2 0.0 0.0 0.0 * * * *

5.0 5.0 64111.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64111.2

7.0 1.0 64111.2 0.0 0.0 0.0 * * * *

7.0 2.0 64111.2 0.0 0.0 0.0 * * * *

7.0 3.0 64111.2 0.0 0.0 0.0 * * * *

7.0 4.0 64111.2 0.0 0.0 0.0 * * * *

7.0 5.0 64111.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64111.2

9.0 1.0 64111.2 0.0 0.0 0.0 * * * *

9.0 2.0 64111.2 0.0 0.0 0.0 * * * *

9.0 3.0 64111.2 0.0 0.0 0.0 * * * *

9.0 4.0 64111.2 0.0 0.0 0.0 * * * *

9.0 5.0 64111.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-208(P)

16134 P-1

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/31/2020

Calculated By: APH Date: 1/31/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

17.5 Pneumatic

90.0 180

27.5 Packer Length (in) 24.0

34.0 2.38

6.5 Steel

2.8 0.00033

Height of Pressure Gauge Stickup (ft) 1.4 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 64112.3

6.0 1.0 64112.3 0.0 0.0 0.0 * * * *

6.0 2.0 64112.3 0.0 0.0 0.0 * * * *

6.0 3.0 64112.3 0.0 0.0 0.0 * * * *

6.0 4.0 64112.4 0.1 0.1 0.0 4.0E-05 21 2.0E-05 2

6.0 5.0 64112.4 0.0 0.0 0.0 * * * *

5.7E-07 0.3 2.9E-07 0.2

8.0 0.0 64112.4

8.0 1.0 64112.5 0.1 0.1 0.0 3.5E-05 18 1.8E-05 2

8.0 2.0 64112.5 0.0 0.0 0.0 * * * *

8.0 3.0 64112.5 0.0 0.0 0.0 * * * *

8.0 4.0 64112.5 0.0 0.0 0.0 * * * *

8.0 5.0 64112.5 0.0 0.0 0.0 * * * *

5.5E-07 0.3 2.8E-07 0.2

10.0 0.0 64112.5

10.0 1.0 64112.6 0.1 0.1 0.0 3.1E-05 16 1.6E-05 1

10.0 2.0 64112.6 0.0 0.0 0.0 * * * *

10.0 3.0 64112.6 0.0 0.0 0.0 * * * *

10.0 4.0 64112.6 0.0 0.0 0.0 * * * *

10.0 5.0 64112.6 0.0 0.0 0.0 * * * *

5.4E-07 0.3 2.7E-07 0.2

South Boulder Creek B-208(P)

16134 P-2

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/31/2020

Calculated By: APH Date: 1/31/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

17.5 Pneumatic

90.0 180

34.0 Packer Length (in) 24.0

40.0 2.38

6.0 Steel

1.4 0.00033

Height of Pressure Gauge Stickup (ft) 1.4 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

8.0 0.0 64114.0

8.0 1.0 64114.0 0.0 0.0 0.0 * * * *

8.0 2.0 64114.0 0.0 0.0 0.0 * * * *

8.0 3.0 64114.0 0.0 0.0 0.0 * * * *

8.0 4.0 64114.0 0.0 0.0 0.0 * * * *

8.0 5.0 64114.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

11.0 0.0 64114.0

11.0 1.0 64114.2 0.2 0.2 0.0 6.2E-05 33 3.2E-05 3

11.0 2.0 64114.2 0.0 0.0 0.0 * * * *

11.0 3.0 64114.2 0.0 0.0 0.0 * * * *

11.0 4.0 64114.2 0.0 0.0 0.0 * * * *

11.0 5.0 64114.2 0.0 0.0 0.0 * * * *

6.2E-07 0.3 3.2E-07 0.2

14.0 0.0 64114.2

14.0 1.0 64114.2 0.0 0.0 0.0 * * * *

14.0 2.0 64114.2 0.0 0.0 0.0 * * * *

14.0 3.0 64114.2 0.0 0.0 0.0 * * * *

14.0 4.0 64114.2 0.0 0.0 0.0 * * * *

14.0 5.0 64114.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-208(P)

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: SMG Date: 1/22/2020

Calculated By: APH Date: 1/22/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

11.0 Packer Length (in) 24.0

15.0 2.38

4.0 Steel

4.4 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63457.7

4.0 1.0 63457.7 0.0 0.0 0.0 * * * *

4.0 2.0 63457.7 0.0 0.0 0.0 * * * *

4.0 3.0 63457.7 0.0 0.0 0.0 * * * *

4.0 4.0 63457.7 0.0 0.0 0.0 * * * *

4.0 5.0 63457.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 63457.7

5.0 1.0 63457.7 0.0 0.0 0.0 * * * *

5.0 2.0 63457.7 0.0 0.0 0.0 * * * *

5.0 3.0 63457.7 0.0 0.0 0.0 * * * *

5.0 4.0 63457.7 0.0 0.0 0.0 * * * *

5.0 5.0 63457.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 63457.7

6.0 1.0 63457.8 0.1 0.1 0.0 8.6E-05 45 4.4E-05 5

6.0 2.0 63457.8 0.0 0.0 0.0 * * * *

6.0 3.0 63457.8 0.0 0.0 0.0 * * * *

6.0 4.0 63457.8 0.0 0.0 0.0 * * * *

6.0 5.0 63457.8 0.0 0.0 0.0 * * * *

6.7E-07 0.3 3.4E-07 0.2

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-209(P)

16134 P-1

Boring Diameter (in)
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: SMG Date: 1/22/2020

Calculated By: APH Date: 1/22/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

3.0 Number of Packers Single

6.0 Pneumatic

90.0 180

15.0 Packer Length (in) 24.0

20.0 2.38

5.0 Steel

2.0 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63459.3

4.0 1.0 63459.3 0.0 0.0 0.0 * * * *

4.0 2.0 63459.3 0.0 0.0 0.0 * * * *

4.0 3.0 63459.3 0.0 0.0 0.0 * * * *

4.0 4.0 63459.3 0.0 0.0 0.0 * * * *

4.0 5.0 63459.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 63459.6

5.0 1.0 63459.6 0.0 0.0 0.0 * * * *

5.0 2.0 63459.6 0.0 0.0 0.0 * * * *

5.0 3.0 63459.7 0.1 0.1 0.0 8.3E-05 43 4.2E-05 4

5.0 4.0 63459.7 0.0 0.0 0.0 * * * *

5.0 5.0 63459.7 0.0 0.0 0.0 * * * *

6.6E-07 0.3 3.3E-07 0.2

6.0 0.0 63459.7

6.0 1.0 63459.7 0.0 0.0 0.0 * * * *

6.0 2.0 63459.7 0.0 0.0 0.0 * * * *

6.0 3.0 63459.8 0.1 0.1 0.0 7.4E-05 39 3.7E-05 4

6.0 4.0 63459.8 0.0 0.0 0.0 * * * *

6.0 5.0 63459.8 0.0 0.0 0.0 * * * *

6.4E-07 0.3 3.3E-07 0.2

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-209(P)

16134 P-2

Boring Diameter (in)
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/22/2020

Calculated By: APH Date: 1/22/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

20.0 Packer Length (in) 24.0

30.0 2.38

10.0 Steel

3.1 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 63451.2

5.0 1.0 63451.2 0.0 0.0 0.0 * * * *

5.0 2.0 63451.2 0.0 0.0 0.0 * * * *

5.0 3.0 63451.2 0.0 0.0 0.0 * * * *

5.0 4.0 63451.3 0.1 0.1 0.0 4.9E-05 26 2.5E-05 2

5.0 5.0 63451.3 0.0 0.0 0.0 * * * *

5.9E-07 0.3 3.0E-07 0.2

6.0 0.0 63451.3

6.0 1.0 63451.3 0.0 0.0 0.0 * * * *

6.0 2.0 63451.3 0.0 0.0 0.0 * * * *

6.0 3.0 63451.3 0.0 0.0 0.0 * * * *

6.0 4.0 63451.3 0.0 0.0 0.0 * * * *

6.0 5.0 63451.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 63451.3

8.0 1.0 63451.3 0.0 0.0 0.0 * * * *

8.0 2.0 63451.3 0.0 0.0 0.0 * * * *

8.0 3.0 63451.3 0.0 0.0 0.0 * * * *

8.0 4.0 63451.3 0.0 0.0 0.0 * * * *

8.0 5.0 63451.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-209(P)

16134 P-3

Boring Diameter (in)
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/21/2020

Calculated By: APH Date: 1/21/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

7.0 Packer Length (in) 24.0

15.0 2.38

8.0 Steel

3.3 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63443.6

4.0 1.0 63443.6 0.0 0.0 0.0 * * * *

4.0 2.0 63443.6 0.0 0.0 0.0 * * * *

4.0 3.0 63443.6 0.0 0.0 0.0 * * * *

4.0 4.0 63443.6 0.0 0.0 0.0 * * * *

4.0 5.0 63443.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 63443.6

5.0 1.0 63443.6 0.0 0.0 0.0 * * * *

5.0 2.0 63443.6 0.0 0.0 0.0 * * * *

5.0 3.0 63443.6 0.0 0.0 0.0 * * * *

5.0 4.0 63443.6 0.0 0.0 0.0 * * * *

5.0 5.0 63443.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 63443.7

6.0 1.0 63443.7 0.0 0.0 0.0 * * * *

6.0 2.0 63443.7 0.0 0.0 0.0 * * * *

6.0 3.0 63443.7 0.0 0.0 0.0 * * * *

6.0 4.0 63443.7 0.0 0.0 0.0 * * * *

6.0 5.0 63443.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-210

16134 P-1

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/21/2020

Calculated By: APH Date: 1/21/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

15.0 Packer Length (in) 24.0

20.0 2.38

5.0 Steel

1.2 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63445.0

4.0 1.0 63445.0 0.0 0.0 0.0 * * * *

4.0 2.0 63445.0 0.0 0.0 0.0 * * * *

4.0 3.0 63445.0 0.0 0.0 0.0 * * * *

4.0 4.0 63445.0 0.0 0.0 0.0 * * * *

4.0 5.0 63445.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 63445.0

5.0 1.0 63445.0 0.0 0.0 0.0 * * * *

5.0 2.0 63445.0 0.0 0.0 0.0 * * * *

5.0 3.0 63445.0 0.0 0.0 0.0 * * * *

5.0 4.0 63445.0 0.0 0.0 0.0 * * * *

5.0 5.0 63445.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 63445.0

6.0 1.0 63445.0 0.0 0.0 0.0 * * * *

6.0 2.0 63445.0 0.0 0.0 0.0 * * * *

6.0 3.0 63445.0 0.0 0.0 0.0 * * * *

6.0 4.0 63445.0 0.0 0.0 0.0 * * * *

6.0 5.0 63445.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-210

16134 P-2

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/21/2020

Calculated By: APH Date: 1/21/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

20.0 Packer Length (in) 24.0

25.0 2.38

5.0 Steel

1.2 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63446.0

4.0 1.0 63446.0 0.0 0.0 0.0 * * * *

4.0 2.0 63446.0 0.0 0.0 0.0 * * * *

4.0 3.0 63446.0 0.0 0.0 0.0 * * * *

4.0 4.0 63446.0 0.0 0.0 0.0 * * * *

4.0 5.0 63446.2 0.2 0.2 0.0 9.5E-05 50 4.8E-05 5

6.8E-07 0.4 3.4E-07 0.2

6.0 0.0 63446.2

6.0 1.0 63446.2 0.0 0.0 0.0 * * * *

6.0 2.0 63446.2 0.0 0.0 0.0 * * * *

6.0 3.0 63446.2 0.0 0.0 0.0 * * * *

6.0 4.0 63446.2 0.0 0.0 0.0 * * * *

6.0 5.0 63446.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 63446.3

8.0 1.0 63446.3 0.0 0.0 0.0 * * * *

8.0 2.0 63446.3 0.0 0.0 0.0 * * * *

8.0 3.0 63446.3 0.0 0.0 0.0 * * * *

8.0 4.0 63446.3 0.0 0.0 0.0 * * * *

8.0 5.0 63446.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-210

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/27/2020

Calculated By: APH Date: 1/27/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

17.0 Packer Length (in) 24.0

20.0 2.38

3.0 Steel

2.1 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 64104.0

4.0 1.0 64104.0 0.0 0.0 0.0 * * * *

4.0 2.0 64104.0 0.0 0.0 0.0 * * * *

4.0 3.0 64104.0 0.0 0.0 0.0 * * * *

4.0 4.0 64104.0 0.0 0.0 0.0 * * * *

4.0 5.0 64104.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 64104.0

5.0 1.0 64104.0 0.0 0.0 0.0 * * * *

5.0 2.0 64104.0 0.0 0.0 0.0 * * * *

5.0 3.0 64104.0 0.0 0.0 0.0 * * * *

5.0 4.0 64104.0 0.0 0.0 0.0 * * * *

5.0 5.0 64104.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64104.0

6.0 1.0 64104.0 0.0 0.0 0.0 * * * *

6.0 2.0 64104.0 0.0 0.0 0.0 * * * *

6.0 3.0 64104.0 0.0 0.0 0.0 * * * *

6.0 4.0 64104.0 0.0 0.0 0.0 * * * *

6.0 5.0 64104.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-211(P)

16134 P-1

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/27/2020

Calculated By: APH Date: 1/27/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

20.0 Packer Length (in) 24.0

25.0 2.38

5.0 Steel

2.1 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64104.9

5.0 1.0 64104.9 0.0 0.0 0.0 * * * *

5.0 2.0 64104.9 0.0 0.0 0.0 * * * *

5.0 3.0 64104.9 0.0 0.0 0.0 * * * *

5.0 4.0 64104.9 0.0 0.0 0.0 * * * *

5.0 5.0 64104.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64104.9

6.0 1.0 64104.9 0.0 0.0 0.0 * * * *

6.0 2.0 64104.9 0.0 0.0 0.0 * * * *

6.0 3.0 64104.9 0.0 0.0 0.0 * * * *

6.0 4.0 64104.9 0.0 0.0 0.0 * * * *

6.0 5.0 64104.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64104.9

8.0 1.0 64105.0 0.1 0.1 0.0 3.7E-05 19 1.9E-05 2

8.0 2.0 64105.0 0.0 0.0 0.0 * * * *

8.0 3.0 64105.0 0.0 0.0 0.0 * * * *

8.0 4.0 64105.0 0.0 0.0 0.0 * * * *

8.0 5.0 64105.0 0.0 0.0 0.0 * * * *

5.6E-07 0.3 2.9E-07 0.2

South Boulder Creek B-211(P)

16134 P-2

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 1/27/2020

Calculated By: APH Date: 1/27/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

25.0 Packer Length (in) 24.0

30.0 2.38

5.0 Steel

2.1 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 64105.9

6.0 1.0 64105.9 0.0 0.0 0.0 * * * *

6.0 2.0 64105.9 0.0 0.0 0.0 * * * *

6.0 3.0 64105.9 0.0 0.0 0.0 * * * *

6.0 4.0 64105.9 0.0 0.0 0.0 * * * *

6.0 5.0 64105.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64105.9

8.0 1.0 64105.9 0.0 0.0 0.0 * * * *

8.0 2.0 64105.9 0.0 0.0 0.0 * * * *

8.0 3.0 64105.9 0.0 0.0 0.0 * * * *

8.0 4.0 64105.9 0.0 0.0 0.0 * * * *

8.0 5.0 64105.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 64105.9

10.0 1.0 64105.9 0.0 0.0 0.0 * * * *

10.0 2.0 64105.9 0.0 0.0 0.0 * * * *

10.0 3.0 64105.9 0.0 0.0 0.0 * * * *

10.0 4.0 64105.9 0.0 0.0 0.0 * * * *

10.0 5.0 64105.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-211(P)

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JEL Date: 2/20/2020

Calculated By: SMG Date: 3/3/2020

Checked By: JEL Date: 3/30/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

14.0 Packer Length (in) 24.0

17.0 2.38

3.0 Steel

1.2 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 640705.8

4.0 1.0 640705.8 0.0 0.0 0.0 * * * *

4.0 2.0 640705.8 0.0 0.0 0.0 * * * *

4.0 3.0 640705.8 0.0 0.0 0.0 * * * *

4.0 4.0 640705.8 0.0 0.0 0.0 * * * *

4.0 5.0 640705.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 640705.8

5.0 1.0 640705.8 0.0 0.0 0.0 * * * *

5.0 2.0 640705.8 0.0 0.0 0.0 * * * *

5.0 3.0 640705.8 0.0 0.0 0.0 * * * *

5.0 4.0 640705.8 0.0 0.0 0.0 * * * *

5.0 5.0 640705.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 640705.8

6.0 1.0 640705.8 0.0 0.0 0.0 * * * *

6.0 2.0 640705.8 0.0 0.0 0.0 * * * *

6.0 3.0 640705.8 0.0 0.0 0.0 * * * *

6.0 4.0 640705.8 0.0 0.0 0.0 * * * *

6.0 5.0 640705.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-212(P)

16134 P-1

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JEL Date: 2/20/2020

Calculated By: SMG Date: 3/3/2020

Checked By: JEL Date: 3/30/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

17.0 Packer Length (in) 24.0

22.0 2.38

5.0 Steel

2.6 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 640706.3

5.0 1.0 640706.3 0.0 0.0 0.0 * * * *

5.0 2.0 640706.3 0.0 0.0 0.0 * * * *

5.0 3.0 640706.3 0.0 0.0 0.0 * * * *

5.0 4.0 640706.3 0.0 0.0 0.0 * * * *

5.0 5.0 640706.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 640706.3

7.0 1.0 640706.3 0.0 0.0 0.0 * * * *

7.0 2.0 640706.3 0.0 0.0 0.0 * * * *

7.0 3.0 640706.3 0.0 0.0 0.0 * * * *

7.0 4.0 640706.3 0.0 0.0 0.0 * * * *

7.0 5.0 640706.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 640706.3

9.0 1.0 640706.3 0.0 0.0 0.0 * * * *

9.0 2.0 640706.3 0.0 0.0 0.0 * * * *

9.0 3.0 640706.3 0.0 0.0 0.0 * * * *

9.0 4.0 640706.3 0.0 0.0 0.0 * * * *

9.0 5.0 640706.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-212(P)

16134 P-2

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Copyright 2010 RJH Consultants, Inc. - Company Confidential

P:\16134 - South Boulder Creek\Engineering\Geotechnical\Phase II Investigations\Permeability_Testing\16134_Phase_II_Packer_Testing B-212, P-2

Appendix I 35 of 49



Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: JEL Date: 2/21/2020

Calculated By: SMG Date: 3/3/2020

Checked By: JEL Date: 3/30/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

NE Pneumatic

90.0 180

22.0 Packer Length (in) 24.0

30.0 2.38

8.0 Steel

1.3 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64077.6

5.0 1.0 64077.6 0.0 0.0 0.0 * * * *

5.0 2.0 64077.6 0.0 0.0 0.0 * * * *

5.0 3.0 64077.6 0.0 0.0 0.0 * * * *

5.0 4.0 64077.6 0.0 0.0 0.0 * * * *

5.0 5.0 64077.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64077.7

7.0 1.0 64077.7 0.0 0.0 0.0 * * * *

7.0 2.0 64077.7 0.0 0.0 0.0 * * * *

7.0 3.0 64077.7 0.0 0.0 0.0 * * * *

7.0 4.0 64077.7 0.0 0.0 0.0 * * * *

7.0 5.0 64077.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64077.7

9.0 1.0 64077.7 0.0 0.0 0.0 * * * *

9.0 2.0 64077.7 0.0 0.0 0.0 * * * *

9.0 3.0 64077.7 0.0 0.0 0.0 * * * *

9.0 4.0 64077.7 0.0 0.0 0.0 * * * *

9.0 5.0 64077.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

South Boulder Creek B-212(P)

16134 P-3

Boring Diameter (in)

Depth to top of Ground Water (ft) Type

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/13/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

5.5 Pneumatic

90.0 180

20.5 Packer Length (in) 24.0

22.5 2.38

2.0 Steel

2.8 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64136.7

5.0 1.0 64136.7 0.0 0.0 0.0 * * * *

5.0 2.0 64136.7 0.0 0.0 0.0 * * * *

5.0 3.0 64136.7 0.0 0.0 0.0 * * * *

5.0 4.0 64136.7 0.0 0.0 0.0 * * * *

5.0 5.0 64136.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 64136.7

6.0 1.0 64136.7 0.0 0.0 0.0 * * * *

6.0 2.0 64136.7 0.0 0.0 0.0 * * * *

6.0 3.0 64136.7 0.0 0.0 0.0 * * * *

6.0 4.0 64136.7 0.0 0.0 0.0 * * * *

6.0 5.0 64136.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64136.7

8.0 1.0 64136.7 0.0 0.0 0.0 * * * *

8.0 2.0 64136.7 0.0 0.0 0.0 * * * *

8.0 3.0 64136.7 0.0 0.0 0.0 * * * *

8.0 4.0 64136.7 0.0 0.0 0.0 * * * *

8.0 5.0 64136.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-213

16134 P-1

Boring Diameter (in)
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/14/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

5.5 Pneumatic

90.0 180

22.5 Packer Length (in) 24.0

28.0 2.38

5.5 Steel

1.7 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 64142.4

5.0 1.0 64142.4 0.0 0.0 0.0 * * * *

5.0 2.0 64142.4 0.0 0.0 0.0 * * * *

5.0 3.0 64142.4 0.0 0.0 0.0 * * * *

5.0 4.0 64142.4 0.0 0.0 0.0 * * * *

5.0 5.0 64142.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 64142.2

7.0 1.0 64142.2 0.0 0.0 0.0 * * * *

7.0 2.0 64142.2 0.0 0.0 0.0 * * * *

7.0 3.0 64142.2 0.0 0.0 0.0 * * * *

7.0 4.0 64142.2 0.0 0.0 0.0 * * * *

7.0 5.0 64142.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 64142.2

9.0 1.0 64142.2 0.0 0.0 0.0 * * * *

9.0 2.0 64142.2 0.0 0.0 0.0 * * * *

9.0 3.0 64142.2 0.0 0.0 0.0 * * * *

9.0 4.0 64142.2 0.0 0.0 0.0 * * * *

9.0 5.0 64142.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-213

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: APH Date: 2/14/2020

Calculated By: APH Date: 2/14/2020

Checked By: SMG Date: 3/4/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

5.5 Pneumatic

90.0 180

28.0 Packer Length (in) 24.0

37.0 2.38

9.0 Steel

1.9 0.00033

Height of Pressure Gauge Stickup (ft) 1.5 Approximate Water Temperature 40

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

6.0 0.0 64146.6

6.0 1.0 64146.6 0.0 0.0 0.0 * * * *

6.0 2.0 64146.6 0.0 0.0 0.0 * * * *

6.0 3.0 64146.6 0.0 0.0 0.0 * * * *

6.0 4.0 64146.6 0.0 0.0 0.0 * * * *

6.0 5.0 64146.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

8.0 0.0 64146.6

8.0 1.0 64146.6 0.0 0.0 0.0 * * * *

8.0 2.0 64146.6 0.0 0.0 0.0 * * * *

8.0 3.0 64146.6 0.0 0.0 0.0 * * * *

8.0 4.0 64146.6 0.0 0.0 0.0 * * * *

8.0 5.0 64146.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

10.0 0.0 64146.6

10.0 1.0 64146.6 0.0 0.0 0.0 * * * *

10.0 2.0 64146.6 0.0 0.0 0.0 * * * *

10.0 3.0 64146.6 0.0 0.0 0.0 * * * *

10.0 4.0 64146.6 0.0 0.0 0.0 * * * *

10.0 5.0 64146.6 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-213

16134 P-3

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 6/2/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

3.0 Pneumatic

90.0 180

12.0 Packer Length (in) 24.0

17.0 2.38

5.0 Steel

2.0 0.00033

Height of Pressure Gauge Stickup (ft) 2.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

2.0 0.0 63446.2

2.0 1.0 63446.2 0.0 0.0 0.0 * * * *

2.0 2.0 63446.2 0.0 0.0 0.0 * * * *

2.0 3.0 63446.2 0.0 0.0 0.0 * * * *

2.0 4.0 63446.2 0.0 0.0 0.0 * * * *

2.0 5.0 63446.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

3.0 0.0 63446.2

3.0 1.0 63446.2 0.0 0.0 0.0 * * * *

3.0 2.0 63446.2 0.0 0.0 0.0 * * * *

3.0 3.0 63446.2 0.0 0.0 0.0 * * * *

3.0 4.0 63446.2 0.0 0.0 0.0 * * * *

3.0 5.0 63446.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

4.0 0.0 63446.2

4.0 1.0 63446.2 0.0 0.0 0.0 * * * *

4.0 2.0 63446.2 0.0 0.0 0.0 * * * *

4.0 3.0 63446.2 0.0 0.0 0.0 * * * *

4.0 4.0 63446.2 0.0 0.0 0.0 * * * *

4.0 5.0 63446.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-214

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 6/2/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

3.0 Pneumatic

90.0 180

17.0 Packer Length (in) 24.0

23.0 2.38

6.0 Steel

2.0 0.00033

Height of Pressure Gauge Stickup (ft) 2.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

4.0 0.0 63446.9

4.0 1.0 63446.9 0.0 0.0 0.0 * * * *

4.0 2.0 63446.9 0.0 0.0 0.0 * * * *

4.0 3.0 63446.9 0.0 0.0 0.0 * * * *

4.0 4.0 63446.9 0.0 0.0 0.0 * * * *

4.0 5.0 63446.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 63446.9

5.0 1.0 63446.9 0.0 0.0 0.0 * * * *

5.0 2.0 63446.9 0.0 0.0 0.0 * * * *

5.0 3.0 63446.9 0.0 0.0 0.0 * * * *

5.0 4.0 63446.9 0.0 0.0 0.0 * * * *

5.0 5.0 63446.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

6.0 0.0 63446.9

6.0 1.0 63446.9 0.0 0.0 0.0 * * * *

6.0 2.0 63446.9 0.0 0.0 0.0 * * * *

6.0 3.0 63446.9 0.0 0.0 0.0 * * * *

6.0 4.0 63446.9 0.0 0.0 0.0 * * * *

6.0 5.0 63446.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-214

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 6/2/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

3.0 Pneumatic

90.0 180

23.0 Packer Length (in) 24.0

30.0 2.38

7.0 Steel

3.0 0.00033

Height of Pressure Gauge Stickup (ft) 3.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 63447.9

5.0 1.0 63447.9 0.0 0.0 0.0 * * * *

5.0 2.0 63447.9 0.0 0.0 0.0 * * * *

5.0 3.0 63447.9 0.0 0.0 0.0 * * * *

5.0 4.0 63447.9 0.0 0.0 0.0 * * * *

5.0 5.0 63447.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

7.0 0.0 63447.9

7.0 1.0 63447.9 0.0 0.0 0.0 * * * *

7.0 2.0 63447.9 0.0 0.0 0.0 * * * *

7.0 3.0 63447.9 0.0 0.0 0.0 * * * *

7.0 4.0 63447.9 0.0 0.0 0.0 * * * *

7.0 5.0 63447.9 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 63448.0

9.0 1.0 63448.0 0.0 0.0 0.0 * * * *

9.0 2.0 63448.0 0.0 0.0 0.0 * * * *

9.0 3.0 63448.0 0.0 0.0 0.0 * * * *

9.0 4.0 63448.0 0.0 0.0 0.0 * * * *

9.0 5.0 63448.0 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-214

16134 P-3

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 6/3/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

3.0 Pneumatic

90.0 180

30.0 Packer Length (in) 24.0

45.0 2.38

15.0 Steel

2.0 0.00033

Height of Pressure Gauge Stickup (ft) 2.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

7.0 0.0 63450.4

7.0 1.0 63450.4 0.0 0.0 0.0 * * * *

7.0 2.0 63450.4 0.0 0.0 0.0 * * * *

7.0 3.0 63450.4 0.0 0.0 0.0 * * * *

7.0 4.0 63450.4 0.0 0.0 0.0 * * * *

7.0 5.0 63450.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 63450.4

9.0 1.0 63450.4 0.0 0.0 0.0 * * * *

9.0 2.0 63450.4 0.0 0.0 0.0 * * * *

9.0 3.0 63450.4 0.0 0.0 0.0 * * * *

9.0 4.0 63450.4 0.0 0.0 0.0 * * * *

9.0 5.0 63450.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

12.0 0.0 63450.4

12.0 1.0 63450.4 0.0 0.0 0.0 * * * *

12.0 2.0 63450.4 0.0 0.0 0.0 * * * *

12.0 3.0 63450.4 0.0 0.0 0.0 * * * *

12.0 4.0 63450.4 0.0 0.0 0.0 * * * *

12.0 5.0 63450.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-214

16134 P-4

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 6/3/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

3.0 Pneumatic

90.0 180

45.0 Packer Length (in) 24.0

60.0 2.38

15.0 Steel

2.0 0.00033

Height of Pressure Gauge Stickup (ft) 2.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

11.0 0.0 63451.8

11.0 1.0 63451.8 0.0 0.0 0.0 * * * *

11.0 2.0 63451.8 0.0 0.0 0.0 * * * *

11.0 3.0 63451.8 0.0 0.0 0.0 * * * *

11.0 4.0 63451.8 0.0 0.0 0.0 * * * *

11.0 5.0 63451.8 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

15.0 0.0 63451.9

15.0 1.0 63452.0 0.1 0.1 0.0 1.7E-05 9 8.7E-06 1

15.0 2.0 63452.0 0.0 0.0 0.0 * * * *

15.0 3.0 63452.0 0.0 0.0 0.0 * * * *

15.0 4.0 63452.0 0.0 0.0 0.0 * * * *

15.0 5.0 63452.0 0.0 0.0 0.0 * * * *

4.8E-07 0.3 2.4E-07 0.1

19.0 0.0 63452.1

19.0 1.0 63452.1 0.0 0.0 0.0 * * * *

19.0 2.0 63452.1 0.0 0.0 0.0 * * * *

19.0 3.0 63452.1 0.0 0.0 0.0 * * * *

19.0 4.0 63452.1 0.0 0.0 0.0 * * * *

19.0 5.0 63452.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-214

16134 P-5

Boring Diameter (in)
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P:\16134 - South Boulder Creek\Engineering\Geotechnical\Phase II Investigations\Permeability_Testing\16134_Phase_II_Packer_Testing B-214, P-5

Appendix I 44 of 49



Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/26/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

17.3 Packer Length (in) 24.0

22.3 2.38

5.0 Steel

3.0 0.00033

Height of Pressure Gauge Stickup (ft) 3.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

3.0 0.0 63416.3

3.0 1.0 63416.4 0.1 0.1 0.0 9.9E-05 52 5.0E-05 5

3.0 2.0 63416.4 0.0 0.0 0.0 * * * *

3.0 3.0 63416.4 0.0 0.0 0.0 * * * *

3.0 4.0 63416.4 0.0 0.0 0.0 * * * *

3.0 5.0 63416.4 0.0 0.0 0.0 * * * *

6.8E-07 0.4 3.5E-07 0.2

4.0 0.0 63416.5

4.0 1.0 63416.5 0.0 0.0 0.0 * * * *

4.0 2.0 63416.5 0.0 0.0 0.0 * * * *

4.0 3.0 63416.5 0.0 0.0 0.0 * * * *

4.0 4.0 63416.5 0.0 0.0 0.0 * * * *

4.0 5.0 63416.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

5.0 0.0 63416.5

5.0 1.0 63416.5 0.0 0.0 0.0 * * * *

5.0 2.0 63416.5 0.0 0.0 0.0 * * * *

5.0 3.0 63416.5 0.0 0.0 0.0 * * * *

5.0 4.0 63416.5 0.0 0.0 0.0 * * * *

5.0 5.0 63416.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-215

16134 P-1

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/27/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

22.3 Packer Length (in) 24.0

30.3 2.38

8.0 Steel

3.0 0.00033

Height of Pressure Gauge Stickup (ft) 3.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

5.0 0.0 63417.4

5.0 1.0 63417.5 0.1 0.1 0.0 5.4E-05 28 2.7E-05 2

5.0 2.0 63417.6 0.1 0.1 0.0 5.4E-05 28 2.7E-05 2

5.0 3.0 63417.7 0.1 0.1 0.0 5.4E-05 28 2.7E-05 2

5.0 4.0 63417.8 0.1 0.1 0.0 5.4E-05 28 2.7E-05 2

5.0 5.0 63417.8 0.0 0.0 0.0 * * * *

1.8E-05 9 8.9E-06 1

6.0 0.0 63417.9

6.0 1.0 63418.0 0.1 0.1 0.0 4.8E-05 25 2.5E-05 2

6.0 2.0 63418.0 0.0 0.0 0.0 * * * *

6.0 3.0 63418.1 0.1 0.1 0.0 4.8E-05 25 2.5E-05 2

6.0 4.0 63418.1 0.0 0.0 0.0 * * * *

6.0 5.0 63418.1 0.0 0.0 0.0 * * * *

1.8E-06 0.9 9.0E-07 0.3

8.0 0.0 63418.2

8.0 1.0 63418.2 0.0 0.0 0.0 * * * *

8.0 2.0 63418.2 0.0 0.0 0.0 * * * *

8.0 3.0 63418.2 0.0 0.0 0.0 * * * *

8.0 4.0 63418.2 0.0 0.0 0.0 * * * *

8.0 5.0 63418.2 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-215

16134 P-2

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/27/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/25/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

30.3 Packer Length (in) 24.0

38.3 2.38

8.0 Steel

2.0 0.00033

Height of Pressure Gauge Stickup (ft) 2.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

7.0 0.0 63419.3

7.0 1.0 63419.3 0.0 0.0 0.0 * * * *

7.0 2.0 63419.3 0.0 0.0 0.0 * * * *

7.0 3.0 63419.3 0.0 0.0 0.0 * * * *

7.0 4.0 63419.3 0.0 0.0 0.0 * * * *

7.0 5.0 63419.3 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

9.0 0.0 63419.4

9.0 1.0 63419.4 0.0 0.0 0.0 * * * *

9.0 2.0 63419.4 0.0 0.0 0.0 * * * *

9.0 3.0 63419.4 0.0 0.0 0.0 * * * *

9.0 4.0 63419.4 0.0 0.0 0.0 * * * *

9.0 5.0 63419.4 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

12.0 0.0 63419.5

12.0 1.0 63419.5 0.0 0.0 0.0 * * * *

12.0 2.0 63419.5 0.0 0.0 0.0 * * * *

12.0 3.0 63419.5 0.0 0.0 0.0 * * * *

12.0 4.0 63419.5 0.0 0.0 0.0 * * * *

12.0 5.0 63419.5 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-215

16134 P-3

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/27/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/26/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

38.3 Packer Length (in) 24.0

50.3 2.38

12.0 Steel

3.0 0.00033

Height of Pressure Gauge Stickup (ft) 3.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

9.0 0.0 63421.5

9.0 1.0 63421.5 0.0 0.0 0.0 * * * *

9.0 2.0 63421.6 0.1 0.1 0.0 2.7E-05 14 1.4E-05 1

9.0 3.0 63421.6 0.0 0.0 0.0 * * * *

9.0 4.0 63421.6 0.0 0.0 0.0 * * * *

9.0 5.0 63421.6 0.0 0.0 0.0 * * * *

5.3E-07 0.3 2.7E-07 0.2

12.0 0.0 63421.6

12.0 1.0 63421.6 0.1 0.1 0.0 2.2E-05 12 1.1E-05 1

12.0 2.0 63421.6 0.0 0.0 0.0 * * * *

12.0 3.0 63421.6 0.0 0.0 0.0 * * * *

12.0 4.0 63421.6 0.0 0.0 0.0 * * * *

12.0 5.0 63421.6 0.0 0.0 0.0 * * * *

5.1E-07 0.3 2.6E-07 0.2

15.0 0.0 63421.7

15.0 1.0 63421.7 0.0 0.0 0.0 * * * *

15.0 2.0 63421.7 0.0 0.0 0.0 * * * *

15.0 3.0 63421.7 0.0 0.0 0.0 * * * *

15.0 4.0 63421.7 0.0 0.0 0.0 * * * *

15.0 5.0 63421.7 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-215

16134 P-4

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Packer Test Data Reduction Calculation Sheet

Project Name Boring 

Project No. Test

Field Engineer/Geologist: MSK Date: 5/28/2020

Calculated By: APH Date: 6/23/2020

Checked By: SMG Date: 6/26/2020

Approved By: ABP Date: 7/22/2020

Test Data Packer Configuration

(All depths/heights measured from ground surface)

Sampler Type NQ3

2.98 Number of Packers Single

6.0 Pneumatic

90.0 180

50.3 Packer Length (in) 24.0

65.0 2.38

14.7 Steel

3.0 0.00033

Height of Pressure Gauge Stickup (ft) 3.0 Approximate Water Temperature 60

Applied Water Pressure

Elapsed 

Time Volume

Change in 

Volume

(psi) (min) (gal) (gal) (gal/min) (cf/min) (ft/min) (ft/yr) (cm/sec) (Lugeons)

12.0 0.0 63420.1

12.0 1.0 63420.1 0.0 0.0 0.0 * * * *

12.0 2.0 63420.1 0.0 0.0 0.0 * * * *

12.0 3.0 63420.1 0.0 0.0 0.0 * * * *

12.0 4.0 63420.1 0.0 0.0 0.0 * * * *

12.0 5.0 63420.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

16.0 0.0 63420.1

16.0 1.0 63420.1 0.0 0.0 0.0 * * * *

16.0 2.0 63420.1 0.0 0.0 0.0 * * * *

16.0 3.0 63420.1 0.0 0.0 0.0 * * * *

16.0 4.0 63420.1 0.0 0.0 0.0 * * * *

16.0 5.0 63420.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

21.0 0.0 63420.1

21.0 1.0 63420.1 0.0 0.0 0.0 * * * *

21.0 2.0 63420.1 0.0 0.0 0.0 * * * *

21.0 3.0 63420.1 0.0 0.0 0.0 * * * *

21.0 4.0 63420.1 0.0 0.0 0.0 * * * *

21.0 5.0 63420.1 0.0 0.0 0.0 * * * *

2.0E-07 0.1 1.0E-07 0.1

Height of Water Pipe Stickup (ft) Pipe Roughness (e), ft

Flow Rate

Hydraulic Conductivity                                                                                         

(K)

Geometric Mean of Hydraulic Conductivity

Geometric Mean of Hydraulic Conductivity

1.- Hydraulic Conductivity, K = q*ln(2*L/D)/(2*Pi*L*Hc), as per Lambe & Whitman, Soil Mechanics, 1969, pp 285, case G, for isotropic 

conditions (m=1), and for L/D not less than 4.

2.-* Indicates conductivity less than 1x10
-7

 cm/sec or equivalent.

3.- The geometric mean was calculated for hydraulic conductivity.  If the hydraulic conductivity was less than or equivalent to 1x10
-7

 cm/sec, 

then the hydraulic conductivity was assumed to be equal to 1x10
-7

 cm/sec for purposes of calculating the geometric mean.

Geometric Mean of Hydraulic Conductivity

Plunge Angle from Horizontal (Deg) Packer Pressure (psi)

Depth to Top of Test Zone (ft)

Depth to Bottom of Test Zone (ft) Water Pipe I.D. (in)

Test Interval Length (ft) Pipe Materials

Depth to top of Ground Water (ft) Type

South Boulder Creek B-215

16134 P-5

Boring Diameter (in)

Copyright 2010 RJH Consultants, Inc. - Company Confidential
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Moisture
ASTM D 2216
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Moisture
ASTM D 2216 

CLIENT RJH Consultants JOB NO. 2679-168

PROJECT South Boulder Creek Phase II LOCATION --
PROJECT NO. 16134

BORING NO. B-218 TP-204 TP-204, B-216, B-217(P) B-217(P)
DEPTH 5.5-10' 7.5-12' 0-15' 20-21.5'
SAMPLE NO. C-4 Bu-2 Composite S-8
DATE SAMPLED 8/26/21 12/14/21 -- 8/27/21
DATE TESTED 02/04/22 02/04/22 01/18/22 02/02/22
TECHNICIAN MG BDF BDF/AR BDF
DESCRIPTION

Mass of Wet Soil and Pan (g): 1193.06 3898.60 7027.60 745.87
Mass of Dry Soil and Pan (g): 1126.90 3708.00 6553.10 682.61
Mass of Pan (g): 225.39 236.80 897.80 222.50
Moisture (%): 7.3 5.5 8.4 13.7

BORING NO.
DEPTH
SAMPLE NO.
DATE SAMPLED
DATE TESTED
TECHNICIAN
DESCRIPTION

Mass of Wet Soil and Pan (g):
Mass of Dry Soil and Pan (g):
Mass of Pan (g):
Moisture (%):

BORING NO.
DEPTH
SAMPLE NO.
DATE SAMPLED
DATE TESTED
TECHNICIAN
DESCRIPTION

Mass of Wet Soil and Pan (g):
Mass of Dry Soil and Pan (g):
Mass of Pan (g):
Moisture (%):

NOTES

Data entry by: JL Date: 02/07/22
Checked by: DPM Date: 02/08/22
File name: 2679168__Moisture ASTM D2216_0.xlsm
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Moisture and Density
ASTM D 2216 and ASTM D 7263
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4.7

Additional notes
provided after
discussion with ATT

The sample from 4.4 to 4.7
was half sand and half clay and
the sample from 4.7 to 5.0 was
all clay

The grain size analysis for the
sample range 4.4 to 5.0
included both samples
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Rock Moisture and Density
ASTM D 2216 and ASTM D 7263
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Moisture and Density (Paraffin Coated Specimens)
ASTM D 2216 and ASTM D 7263 Method A
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Crumb Dispersion Test
USBR 5400
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Crumb Dispersion Test
USBR 5400

CLIENT RJH Consultants BORING NO. B-217(P)
JOB NO. 2679-168 DEPTH 20-21.5'
PROJECT South Boulder Creek Phase II SAMPLE NO. S-8
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- DESCRIPTION --
DATE TESTED 2/15/2022
TECHNICIAN BDF

Mass of Wet Soil and Dish (g): 28.20
Mass of Dry Soil and Dish (g): 24.93

Mass of Dish (g): 3.12 2 20.5 1
Moisture (%): 15.0 15 20.4 1

60 20.5 1
Grade 1: Non-Dispersive 1440 20.4 1
Grade 2: Intermediate
Grade 3: Dispersive
Grade 4: Dispersive

NOTES

Data entry by: BDF Date: 02/16/22
Checked by: CAL Date: 02/17/22
File name: 2679168__Crumb USBR5400_1.xlsm

Test Data
Moisture Dispersion

Elapsed Time 
(min)

Water 
Temperature (°C)

Grade

Grade Description

Overall grade should be taken at the 60 minute reading.
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Crumb Dispersion Test
USBR 5400

CLIENT RJH Consultants BORING NO. B-218
JOB NO. 2679-168 DEPTH 5.5-10'
PROJECT South Boulder Creek Phase II SAMPLE NO. S-4
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- DESCRIPTION --
DATE TESTED 2/15/2022
TECHNICIAN BDF

Mass of Wet Soil and Dish (g): 21.86
Mass of Dry Soil and Dish (g): 21.16

Mass of Dish (g): 3.10 2 20.4 1
Moisture (%): 3.9 15 20.3 2

60 20.4 1
Grade 1: Non-Dispersive 1440 20.2 1
Grade 2: Intermediate
Grade 3: Dispersive
Grade 4: Dispersive

NOTES

Data entry by: BDF Date: 02/16/22
Checked by: CAL Date: 02/17/22
File name: 2679168__Crumb USBR5400_2.xlsm

Test Data
Moisture Dispersion

Elapsed Time 
(min)

Water 
Temperature (°C)

Grade

Grade Description

Overall grade should be taken at the 60 minute reading.
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Crumb Dispersion Test
USBR 5400

CLIENT RJH Consultants BORING NO. TP-204
JOB NO. 2679-168 DEPTH 7.5-12'
PROJECT South Boulder Creek Phase II SAMPLE NO. Bu-2
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- DESCRIPTION --
DATE TESTED 2/15/2022
TECHNICIAN BDF

Mass of Wet Soil and Dish (g): 50.54
Mass of Dry Soil and Dish (g): 46.77

Mass of Dish (g): 3.10 2 20.8 1
Moisture (%): 8.6 15 20.6 1

60 20.5 1
Grade 1: Non-Dispersive 1440 20.3 1
Grade 2: Intermediate
Grade 3: Dispersive
Grade 4: Dispersive

NOTES

Data entry by: BDF Date: 02/16/22
Checked by: CAL Date: 02/17/22
File name: 2679168__Crumb USBR5400_0.xlsm

Test Data
Moisture Dispersion

Elapsed Time 
(min)

Water 
Temperature (°C)

Grade

Grade Description

Overall grade should be taken at the 60 minute reading.
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Crumb Dispersion Test
USBR 5400

CLIENT RJH Consultants BORING NO. TP-204,B-216, B-217(P)
JOB NO. 2679-168 DEPTH 0-15'
PROJECT South Boulder Creek Phase II SAMPLE NO. Composite
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- DESCRIPTION --
DATE TESTED 2/15/2022
TECHNICIAN BDF

Mass of Wet Soil and Dish (g): 71.22
Mass of Dry Soil and Dish (g): 60.93

Mass of Dish (g): 3.10 2 20.3 1
Moisture (%): 17.8 15 20.4 1

60 20.3 1
Grade 1: Non-Dispersive 1440 20.3 1
Grade 2: Intermediate
Grade 3: Dispersive
Grade 4: Dispersive

NOTES

Data entry by: BDF Date: 02/16/22
Checked by: CAL Date: 02/17/22
File name: 2679168__Crumb USBR5400_3.xlsm

Test Data
Moisture Dispersion

Elapsed Time 
(min)

Water 
Temperature (°C)

Grade

Grade Description

Overall grade should be taken at the 60 minute reading.
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Atterberg Limits
ASTM D 4318
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Atterberg Limits
ASTM D 4318

CLIENT RJH Consultants BORING NO. B-217(P)
JOB NO. 2679-168 DEPTH 20-21.5'
PROJECT South Boulder Creek Phase II SAMPLE NO. S-8
PROJECT NO. 16134 DATE SAMPLED 08/27/21
LOCATION -- SAMPLED BY --
DATE TESTED 02/08/22 DESCRIPTION --
TECHNICIAN MM

Mass of Wet Pan and Soil (g): 27.82 25.79
Mass of Dry Pan and Soil (g): 26.37 24.66
Mass of Pan (g): 18.61 18.62

Moisture (%) 18.7 18.6

Number of Blows 15 23 35
Mass of Wet Pan and Soil (g): 27.59 26.64 28.15
Mass of Dry Pan and Soil (g): 23.79 23.24 24.32
Mass of Pan (g): 18.74 18.50 18.44

Moisture (%) 75.3 71.7 65.2

Plastic Limit: 19 Atterberg Classification: CH
Liquid Limit: 70 Method: A

Plastic Index: 51

NOTES

Data entry by: MM Date: 02/09/22
Checked by: JJA Date: 02/09/22
File name: 2679168__Atterberg ASTM D4318_0.xlsm

Plastic Limits
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Atterberg Limits
ASTM D 4318

CLIENT RJH Consultants BORING NO. B-217(P)
JOB NO. 2679-168 DEPTH 27.5-29'
PROJECT South Boulder Creek Phase II SAMPLE NO. S-13
PROJECT NO. 16134 DATE SAMPLED 08/27/21
LOCATION -- SAMPLED BY --
DATE TESTED 02/09/22 DESCRIPTION --
TECHNICIAN JL

Mass of Wet Pan and Soil (g): 28.10 26.58
Mass of Dry Pan and Soil (g): 26.75 25.30
Mass of Pan (g): 18.75 17.65

Moisture (%) 16.9 16.8

Number of Blows 19 27 35
Mass of Wet Pan and Soil (g): 28.96 28.06 28.67
Mass of Dry Pan and Soil (g): 26.75 25.94 26.66
Mass of Pan (g): 18.51 17.73 18.68

Moisture (%) 26.8 25.8 25.1

Plastic Limit: 17 Atterberg Classification: CL
Liquid Limit: 26 Method: A

Plastic Index: 9

NOTES

Data entry by: AR Date: 02/10/22
Checked by: JJA Date: 02/10/22
File name: 2679168__Atterberg ASTM D4318_2.xlsm

Plastic Limits

Liquid Limits

Plastic Index
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Atterberg Limits
ASTM D 4318

CLIENT RJH Consultants BORING NO. B-218
JOB NO. 2679-168 DEPTH 5.5-10'
PROJECT South Boulder Creek Phase II SAMPLE NO. C-4
PROJECT NO. 16134 DATE SAMPLED 08/26/21
LOCATION -- SAMPLED BY --
DATE TESTED 02/08/22 DESCRIPTION --
TECHNICIAN AR

Mass of Wet Pan and Soil (g): 25.64 25.55
Mass of Dry Pan and Soil (g): 24.45 24.41
Mass of Pan (g): 18.47 18.68

Moisture (%) 20.0 19.8

Number of Blows 18 27 30
Mass of Wet Pan and Soil (g): 27.77 27.78 30.12
Mass of Dry Pan and Soil (g): 24.92 25.04 26.81
Mass of Pan (g): 18.34 18.45 18.74

Moisture (%) 43.3 41.5 41.1

Plastic Limit: 20 Atterberg Classification: CL
Liquid Limit: 42 Method: A

Plastic Index: 22

NOTES

Data entry by: AR Date: 02/09/22
Checked by: JJA Date: 02/09/22
File name: 2679168__Atterberg ASTM D4318_1.xlsm

Plastic Limits

Liquid Limits
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Atterberg Limits
ASTM D 4318

CLIENT RJH Consultants BORING NO. TP-204
JOB NO. 2679-168 DEPTH 7.5-12'
PROJECT South Boulder Creek Phase II SAMPLE NO. Bu-2
PROJECT NO. 16134 DATE SAMPLED 12/14/21
LOCATION -- SAMPLED BY --
DATE TESTED 02/14/22 DESCRIPTION --
TECHNICIAN MM

Mass of Wet Pan and Soil (g): 26.62 26.35
Mass of Dry Pan and Soil (g): 25.45 25.23
Mass of Pan (g): 18.67 18.59

Moisture (%) 17.2 17.0

Number of Blows 15 24 35
Mass of Wet Pan and Soil (g): 28.59 28.99 28.40
Mass of Dry Pan and Soil (g): 25.72 26.10 25.84
Mass of Pan (g): 18.63 18.46 18.75

Moisture (%) 40.5 37.8 36.0

Plastic Limit: 17 Atterberg Classification: CL
Liquid Limit: 38 Method: A

Plastic Index: 21

NOTES

Data entry by: JJA Date: 02/15/22
Checked by: MM Date: 02/15/22
File name: 2679168__Atterberg ASTM D4318_3.xlsm
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Atterberg Limits
ASTM D 4318

CLIENT RJH Consultants BORING NO. TP-204, B-216, B-217(P)
JOB NO. 2679-168 DEPTH 0-15'
PROJECT South Boulder Creek Phase II SAMPLE NO. Composite 
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- SAMPLED BY --
DATE TESTED 02/24/22 DESCRIPTION --
TECHNICIAN JL

Mass of Wet Pan and Soil (g): 25.09 25.26
Mass of Dry Pan and Soil (g): 23.85 24.04
Mass of Pan (g): 18.47 18.73

Moisture (%) 23.0 22.9

Number of Blows 17 20 22 29 31
Mass of Wet Pan and Soil (g): 26.50 26.41 26.85 26.44 26.65
Mass of Dry Pan and Soil (g): 24.00 23.97 24.26 24.09 24.16
Mass of Pan (g): 18.35 18.43 18.34 18.60 18.34

Moisture (%) 44.2 44.0 43.7 43.0 42.8

Plastic Limit: 23 Atterberg Classification: CL
Liquid Limit: 43 Method: A

Plastic Index: 20

NOTES

Data entry by: JJA Date: 02/25/22
Checked by: MM Date: 02/25/22
File name: 2679168__Atterberg ASTM D4318_4.xlsm
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Atterberg Limits, Method B
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Percent Minus #200
ASTM D 1140
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Grain Size Analysis
ASTM D 6913 and CDOT CP21
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Grain Size Analysis
ASTM D 6913

CLIENT RJH Consultants BORING NO. B-217(P)
JOB NO. 2679-168 DEPTH 20-21.5'
PROJECT South Boulder Creek Phase II SAMPLE NO. S-8
PROJECT NO. 16134 DATE SAMPLED 08/27/21
LOCATION -- DESCRIPTION --
DATE TESTED 02/03/22
TECHNICIAN JL

Hygroscopic Moisture Sample Data
Mass Wet Pan and Soil (g): 745.87 Total Wet Mass of Sample (g): 523.4
Mass Dry Pan and Soil (g): 682.61 Total Dry Mass of Sample (g): 460.1

Mass of Pan (g): 222.50
 Moisture (%): 13.7

Sieve Number Sieve Size (mm) Mass of Pan and 
Soil (g) Mass of Pan (g)

Mass of 
Individual 

Retained Soil (g)

Correction 
Factor

Percent Passing 
by Weight (%)

3" 76.2 0.0 -- -- -- 100.0
1.5" 38.1 0.0 -- -- -- 100.0
3/4" 19.05 24.3 -- 24.3 1.00 94.7
3/8" 9.53 6.2 -- 6.2 1.00 93.4
#4 4.75 5.6 -- 5.6 1.00 92.2

#10 2.00 11.2 -- 11.2 1.00 89.7
#20 0.850 16.6 -- 16.6 1.00 86.1
#40 0.425 15.9 -- 15.9 1.00 82.7
#60 0.250 8.3 -- 8.3 1.00 80.9

#100 0.150 7.0 -- 7.0 1.00 79.3
#140 0.106 4.7 -- 4.7 1.00 78.3
#200 0.075 8.8 -- 8.8 1.00 76.4

Atterberg Classification: CH Coefficient of Curvature - Cc: --
Group Symbol: CH Coefficient of Uniformity - Cu: --

USCS Classification: Fat Clay With Sand
Data entry by: JL Date: 02/09/22
Checked by: JJA Date: 02/10/22
File name: 2679168__Grain Size Analysis ASTM D6913_2.xlsm

USCS Classification ASTM D 2487
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Grain Size Analysis
ASTM D 6913

CLIENT RJH Consultants BORING NO. B-217(P)
JOB NO. 2679-168 DEPTH 27.5-29'
PROJECT South Boulder Creek Phase II SAMPLE NO. S-13
PROJECT NO. 16134 DATE SAMPLED 08/27/21
LOCATION -- DESCRIPTION --
DATE TESTED 02/03/22
TECHNICIAN JL

Hygroscopic Moisture of Fines Sample Data
Mass Wet Pan and Soil (g): 510.93 Total Wet Mass of Sample (g): 287.1
Mass Dry Pan and Soil (g): 489.99 Total Dry Mass of Sample (g): 268.6

Mass of Pan (g): 223.84 Split Fraction: 3/4"
 Moisture (%): 7.9 Mass of Sub-Sample Fraction (g): 287.09

Sieve Number Sieve Size (mm) Mass of Pan and 
Soil (g) Mass of Pan (g)

Mass of 
Individual 

Retained Soil (g)

Correction 
Factor

Percent Passing 
by Weight (%)

3" 76.2 -- -- -- -- --
1.5" 38.1 -- -- -- -- --
3/4" 19.05 34.1 -- 34.1 1.00 87.3
3/8" 9.53 53.3 -- 53.3 0.87 69.8
#4 4.75 32.5 -- 32.5 0.87 59.1
#10 2.00 22.5 -- 22.5 0.87 51.8
#20 0.850 29.4 -- 29.4 0.87 42.1
#40 0.425 22.9 -- 22.9 0.87 34.6
#60 0.250 11.2 -- 11.2 0.87 31.0
#100 0.150 8.1 -- 8.1 0.87 28.3
#140 0.106 4.5 -- 4.5 0.87 26.8
#200 0.075 3.3 -- 3.3 0.87 25.8

Atterberg Classification: CL Coefficient of Curvature - Cc: --
Group Symbol: GC Coefficient of Uniformity - Cu: --

USCS Classification: Clayey Gravel With Sand
Data entry by: MM Date: 02/10/22
Checked by: JL Date: 02/11/22
File name: 2679168__Grain Size Analysis ASTM D6913_3.xlsm

USCS Classification ASTM D 2487
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Grain Size Analysis
ASTM D 6913

CLIENT RJH Consultants BORING NO. B-218
JOB NO. 2679-168 DEPTH 5.5-10'
PROJECT South Boulder Creek Phase II SAMPLE NO. C-4
PROJECT NO. 16134 DATE SAMPLED 08/26/21
LOCATION -- DESCRIPTION --
DATE TESTED 02/07/22
TECHNICIAN AR

Hygroscopic Moisture of Fines Sample Data
Mass Wet Pan and Soil (g): 1102.79 Total Wet Mass of Sample (g): 3532.3
Mass Dry Pan and Soil (g): 1082.30 Total Dry Mass of Sample (g): 3451.1

Mass of Pan (g): 221.45 Split Fraction: 3/8"
 Moisture (%): 2.4 Mass of Sub-Sample Fraction (g): 881.34

Sieve Number Sieve Size (mm) Mass of Pan and 
Soil (g) Mass of Pan (g)

Mass of 
Individual 

Retained Soil (g)

Correction 
Factor

Percent Passing 
by Weight (%)

3" 76.2 0.0 -- -- -- 100.0
1.5" 38.1 0.0 -- -- -- 100.0
3/4" 19.05 8.0 -- 8.0 1.00 99.8
3/8" 9.53 31.1 -- 31.1 1.00 98.9
#4 4.75 4.1 -- 4.1 0.99 98.4

#10 2.00 9.5 -- 9.5 0.99 97.3
#20 0.850 11.9 -- 11.9 0.99 95.9
#40 0.425 10.2 -- 10.2 0.99 94.8
#60 0.250 7.4 -- 7.4 0.99 93.9

#100 0.150 8.0 -- 8.0 0.99 93.0
#140 0.106 7.9 -- 7.9 0.99 92.1
#200 0.075 17.5 -- 17.5 0.99 90.1

Atterberg Classification: CL Coefficient of Curvature - Cc: --
Group Symbol: CL Coefficient of Uniformity - Cu: --

USCS Classification: Lean Clay
Data entry by: AR Date: 02/08/22
Checked by: JJA Date: 02/10/22
File name: 2679168__Grain Size Analysis ASTM D6913_1.xlsm

USCS Classification ASTM D 2487
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Grain Size Analysis
ASTM D 6913

CLIENT RJH Consultants BORING NO. TP-201
JOB NO. 2679-168 DEPTH 5-9'
PROJECT South Boulder Creek Phase II SAMPLE NO. Bu-2
PROJECT NO. 16134 DATE SAMPLED 12/15/21
LOCATION -- DESCRIPTION --
DATE TESTED 01/20/22
TECHNICIAN JL

Hygroscopic Moisture of Fines Sample Data
Mass Wet Pan and Soil (g): 1880.00 Total Wet Mass of Sample (g): 38532.9
Mass Dry Pan and Soil (g): 1874.23 Total Dry Mass of Sample (g): 38433.5

Mass of Pan (g): 537.09 Split Fraction: 3/4"
 Moisture (%): 0.4 Mass of Sub-Sample Fraction (g): 1342.91

Sieve Number Sieve Size (mm) Mass of Pan and 
Soil (g) Mass of Pan (g)

Mass of 
Individual 

Retained Soil (g)

Correction 
Factor

Percent Passing 
by Weight (%)

3" 76.2 0.0 -- -- -- 100.0
1.5" 38.1 7112.7 -- 7112.7 1.00 81.5
3/4" 19.05 8275.3 -- 8275.3 1.00 60.0
3/8" 9.53 195.2 -- 195.2 0.60 51.2
#4 4.75 177.2 -- 177.2 0.60 43.3
#10 2.00 166.5 -- 166.5 0.60 35.8
#20 0.850 238.3 -- 238.3 0.60 25.1
#40 0.425 225.4 -- 225.4 0.60 15.0
#60 0.250 121.6 -- 121.6 0.60 9.5
#100 0.150 68.0 -- 68.0 0.60 6.5
#140 0.106 25.9 -- 25.9 0.60 5.3
#200 0.075 15.4 -- 15.4 0.60 4.6

Atterberg Classification: -- Coefficient of Curvature - Cc: 0.38
Group Symbol: -- Coefficient of Uniformity - Cu: 72.13

USCS Classification: --
Data entry by: AR Date: 01/21/22
Checked by: KMS Date: 01/21/22
File name: 2679168__Grain Size Analysis ASTM D6913_0.xlsm

USCS Classification ASTM D 2487
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Grain Size Analysis
ASTM D 6913

CLIENT RJH Consultants BORING NO. TP-204
JOB NO. 2679-168 DEPTH 7.5-12'
PROJECT South Boulder Creek Phase II SAMPLE NO. Bu-2
PROJECT NO. 16134 DATE SAMPLED 12/14/21
LOCATION -- DESCRIPTION --
DATE TESTED 02/14/22
TECHNICIAN MM

Hygroscopic Moisture of Fines Sample Data
Mass Wet Pan and Soil (g): 511.76 Total Wet Mass of Sample (g): 27893.0
Mass Dry Pan and Soil (g): 505.77 Total Dry Mass of Sample (g): 27415.7

Mass of Pan (g): 223.78 Split Fraction: #4 3/4"
 Moisture (%): 2.1 Mass of Sub-Sample Fraction (g): 287.97 3080.40

Sieve Number Sieve Size (mm) Mass of Pan and 
Soil (g) Mass of Pan (g)

Mass of 
Individual 

Retained Soil (g)

Correction 
Factor

Percent Passing 
by Weight (%)

3" 76.2 0.0 -- -- -- 100.0
1.5" 38.1 477.9 -- 477.9 1.00 98.3
3/4" 19.05 1898.3 -- 1898.3 1.00 91.3
3/8" 9.53 166.8 -- 166.8 0.91 86.3
#4 4.75 137.2 -- 137.2 0.91 82.1
#10 2.00 13.7 -- 13.7 0.82 78.1
#20 0.850 36.2 -- 36.2 0.82 67.6
#40 0.425 48.5 -- 48.5 0.82 53.5
#60 0.250 24.1 -- 24.1 0.82 46.5
#100 0.150 16.2 -- 16.2 0.82 41.7
#140 0.106 7.5 -- 7.5 0.82 39.6
#200 0.075 9.6 -- 9.6 0.82 36.8

Atterberg Classification: CL Coefficient of Curvature - Cc: --
Group Symbol: SC Coefficient of Uniformity - Cu: --

USCS Classification: Clayey Sand With Gravel
Data entry by: MM Date: 02/15/22
Checked by: KMS Date: 02/15/22
File name: 2679168__Grain Size Analysis ASTM D6913_4.xlsm

USCS Classification ASTM D 2487
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Grain Size Analysis with Hydrometer
ASTM D 6913 And D 7928

CLIENT RJH Consultants BORING NO. TP -204, B-216, B-217(P)
JOB NO. 2679-168 DEPTH 0-15'
PROJECT South Boulder Creek Phase II SAMPLE NO. Composite
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- DESCRIPTION --
DATE TESTED 02/24/22
TECHNICIAN MM

Hygroscopic Moisture of Fines Sample Data
Mass Wet Pan and Soil (g): 101.38 Total Wet Mass of Sample (g): 25969.0
Mass Dry Pan and Soil (g): 98.85 Total Dry Mass of Sample (g): 25281.4

Mass of Pan (g): 6.79 Split Fraction: #10 3/8"
 Moisture (%): 2.7 Mass of Sub-Sample Fraction (g): 44.46 1678.50

Sieve Number Sieve Size (mm) Mass of Pan and 
Soil (g) Mass of Pan (g)

Mass of 
Individual 

Retained Soil (g)

Correction 
Factor

Percent Passing 
by Weight (%)

3" 76.2 0.0 -- -- -- 100.0
1.5" 38.1 0.0 -- -- -- 100.0
3/4" 19.05 53.4 -- 53.4 1.00 99.8
3/8" 9.53 40.4 -- 40.4 1.00 99.6
#4 4.75 4.7 -- 4.7 1.00 99.3
#10 2.00 5.9 -- 5.93 0.996 99.0
#20 0.850 0.6 -- 0.61 0.990 97.6
#40 0.425 0.5 -- 0.48 0.990 96.5
#60 0.250 0.5 -- 0.48 0.990 95.4
#100 0.150 0.5 -- 0.48 0.990 94.3
#140 0.106 0.2 -- 0.18 0.990 93.9
#200 0.075 1.4 -- 1.35 0.990 90.8

Atterberg Classification: CL Coefficient of Curvature - Cc: --
Group Symbol: CL Coefficient of Uniformity - Cu: --

USCS Classification: Lean Clay
Data entry by: MM Date: 02/28/22
Checked by: KMS Date: 02/28/22
File name: 2679168__Grain Size with Hydrometer ASTM D6913 D7928_0.xlsm Page 1 of 2
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Grain Size Analysis with Hydrometer
ASTM D 6913 And D 7928

CLIENT RJH Consultants BORING NO. TP -204, B-216, B-217(P)
JOB NO. 2679-168 DEPTH 0-15'
PROJECT South Boulder Creek Phase II SAMPLE NO. Composite
PROJECT NO. 16134 DATE SAMPLED --
LOCATION -- DESCRIPTION --
DATE TESTED 02/24/22
TECHNICIAN MM

Hydrometer and Flask Parameters
Hydrometer ID: 0805 Flask ID: 1186

Average Mass Offset (g/L): 9.87 Flask Volume (cm³): 996.8
Hydrometer Bulb Volume (cm³): 56.50 Flask Surface Area (cm²): 28.60

Meniscus Correction (g/L): 1.00 Assumed Specific Gravity 2.65
 Hb (cm): 24.5 Hydrometer Type: 152H

Hcb (cm): 6.8
Hs (cm): 8.2 Percent Finer by Mass at 2 μm: 25.9

Elapsed Time 
(minutes)

Hydrometer 
Reading (g/L)

Offset Reading 
(g/L) Temperature (°C)

Effective Depth 
(cm)

Maximum 
Particle 

Diameter in 
Suspension 

(mm)

Percent Finer by 
Mass (%)

1 40.50 5.53 22.6 10.21 0.044 79.7
2 36.50 5.53 22.6 10.87 0.032 70.6
4 35.00 5.53 22.6 11.12 0.023 67.2
8 32.50 5.53 22.6 11.53 0.016 61.5
15 31.00 5.53 22.6 11.77 0.012 58.1
30 28.00 5.64 22.3 12.27 0.009 51.0
60 25.00 5.67 22.2 12.76 0.006 44.1
240 20.75 5.56 22.5 13.46 0.003 34.6
1396 15.00 5.56 22.5 14.41 0.001 21.5

NOTES:

File name: 2679168__Grain Size with Hydrometer ASTM D6913 D7928_0.xlsm Page 2 of 2

Hydrometer Data
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Standard Proctor
ASTM D698 and AASHTO T99



Laboratory Compaction Characteristics

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217(P)
JOB NO. 2679-168          DEPTH 0-15'
PROJECT South Boulder Creek Phase II          SAMPLE NO. Composite
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          DESCRIPTION --
DATE TESTED 01/27/22
TECHNICIAN MM

Mass of Wet Pan and Soil (g): 286.64
Mass of Dry Pan and Soil (g): 278.40

Mass of Pan (g): 6.68
Moisture (%): 3.0

Method: B
Course Fraction (%): 1.4

Rock Correction Applied: NO
Mass of Dry Aggregate (g): --

Mass of SSD Aggregate (g): --
Mass of Aggregate in Water (g): --

Rock Specific Gravity: N/A
Zero Air Voids Specific Gravity: 2.65

Uncorrected

Dry Density (pcf): 108.7
Dry Density (kg/m³): 1742

Moisture (%): 17.2
Corrected

Dry Density (pcf): N/A
Dry Density (kg/m³): N/A

Moisture (%): N/A

Sample Number: 1 2 3 4
Mass of Wet Pan and Soil (g): 429.02 478.98 403.02 417.12
Mass of Dry Soil and Pan (g): 361.26 408.64 348.80 365.78

Mass of Pan (g); 6.67 6.71 6.74 6.73
Moisture (%): 19.1 17.5 15.9 14.3

Mass of Wet Soil and Mold (g): 6509.8 6505.1 6459.2 6341.3
Mass of Mold (g): 4574.5 4574.5 4574.5 4574.5

Wet Density (pcf): 128.0 127.7 124.7 116.9
Dry Density (pcf): 107.5 108.7 107.6 102.2

Wet Density (kg/m³): 2050 2045 1997 1872
Dry Density (kg/m³): 1721 1741 1724 1638

Data entry by: MM Date: 01/28/22
Checked by: DPM Date: 01/28/22
File name: 2679168__compaction ASTM D698 D1557_0.xlsm

Laboratory Compaction Characteristics
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Direct Shear
ASTM D 3080
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One Dimensional Swell / Collapse
ASTM D4546 (Method C)



Appendix J.1 124 of 262



Appendix J.1 125 of 262



Appendix J.1 126 of 262



Appendix J.1 127 of 262



Appendix J.1 128 of 262



Appendix J.1 129 of 262



Appendix J.1 130 of 262

One-Dimensional Consolidation
ASTM D 2435
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One-Dimensional Consolidation

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217(P)
JOB NO. 2679-168          DEPTH 0-15'
PROJECT South Boulder Creek Phase II          SAMPLE NO. Composite
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/15/22          DESCRIPTION --
TECHNICIAN JL

Before Test Mass of Wet Soil and Ring (g): 182.90 Initial Wet Density (pcf): 122.0
After Test Mass of Wet Soil and Ring (g): 183.25 Initial Dry Density (pcf): 103.3

Mass of Dry Soil, Ring, and Pan (g): 209.80 Initial Wet Density (kg/m³): 1955
Diameter (in): 2.41 Initial Dry Density (kg/m³): 1654

Initial Height (in): 1.00 Initial Moisture (%): 18.2
Mass of Ring (g): 36.79 Final Wet Density (pcf): 134.9
Mass of Pan (g): 49.36 Final Dry Density (pcf): 113.9

Assumed Specific Gravity: 2.65 Final Wet Density (kg/m³): 2160
Initial Saturation (%): 80.1 Final Dry Density (kg/m³): 1824
Final Saturation (%): 100.0 Final Moisture (%): 18.4

Coefficient of Compression: 0.247 Pre-Consolidation Stress (psf): 4940
Coefficient of Re-Compression: 0.031 Pre-Consolidation Stress (kPa): 236

Load (psf) Void Ratio Deformation (in) Strain (%)

130 0.602 0.0000 0.00
Inundation 0.603 -0.0006 -0.06

231 0.603 -0.0006 -0.06
433 0.603 -0.0004 -0.04
837 0.600 0.0013 0.13
1643 0.593 0.0053 0.53
3254 0.580 0.0139 1.39
6406 0.547 0.0346 3.46
13035 0.470 0.0821 8.21
25915 0.407 0.1217 12.17

Rebound
25915 0.407 0.1217 12.17
6406 0.422 0.1123 11.23
1643 0.442 0.0999 9.99
837 0.453 0.0931 9.31

Internal
3254 0.580 0.0139 1.39
1643 0.582 0.0124 1.24
837 0.587 0.0093 0.93
1643 0.585 0.0108 1.08
3254 0.580 0.0139 1.39 NOTES:

Data entry by: JL Date: 02/23/22
Checked by: WAR Date: 02/23/22
File name: 2679168__Consol ASTM D2435_0.xlsm Page 1 of 3

Sample Conditions

Consolidation Data

ASTM D 2435
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One-Dimensional Consolidation

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217(P)
JOB NO. 2679-168          DEPTH 0-15'
PROJECT South Boulder Creek Phase II          SAMPLE NO. Composite
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/15/22          DESCRIPTION --
TECHNICIAN JL
Coefficient of 
Consolidation 

(cm²/s)
T90 (min) Load (psf)

0.0003 74.010 1643
Elapsed Time 

(min)
Deformation 

(in) Strain (%)
0 -0.0026 0.00

0.1 -0.0048 0.22
0.27 -0.0053 0.27
0.5 -0.0055 0.29
1 -0.0058 0.32
2 -0.0061 0.35
4 -0.0062 0.36
8 -0.0063 0.37
15 -0.0065 0.39
30 -0.0068 0.42
60 -0.0071 0.45
120 -0.0073 0.47
240 -0.0075 0.49
480 -0.0076 0.50

1340 -0.0079 0.53

Coefficient of 
Consolidation 

(cm²/s)
T90 (min) Load (psf)

0.0006 39.364 3254
Elapsed Time 

(min)
Deformation 

(in) Strain (%)
0 -0.0077 0.51

0.1 -0.0126 1.00
0.27 -0.0136 1.10
0.5 -0.0141 1.15
1 -0.0145 1.19
2 -0.0149 1.23
4 -0.0153 1.27
8 -0.0156 1.30
15 -0.0158 1.32
30 -0.0161 1.35
60 -0.0165 1.39
120 -0.0168 1.42
240 -0.0172 1.46
480 -0.0175 1.49

1321 -0.0182 1.56

Data Files 2679-168_Composite_1643psf_2-15.txt, 2679-168_Composite_3254psf_2-16.txt Page 2 of 3
File name: 2679168__Consol ASTM D2435_0.xlsm

ASTM D 2435
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One-Dimensional Consolidation

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217(P)
JOB NO. 2679-168          DEPTH 0-15'
PROJECT South Boulder Creek Phase II          SAMPLE NO. Composite
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/15/22          DESCRIPTION --
TECHNICIAN JL
Coefficient of 
Consolidation 

(cm²/s)
T90 (min) Load (psf)

0.0007 31.202 6406
Elapsed Time 

(min)
Deformation 

(in) Strain (%)
0 -0.0180 1.54

0.1 -0.0269 2.43
0.27 -0.0295 2.69
0.5 -0.0309 2.83
1 -0.0322 2.96
2 -0.0337 3.11
4 -0.0346 3.20
8 -0.0358 3.32
15 -0.0365 3.39
30 -0.0376 3.50
60 -0.0383 3.57
120 -0.0390 3.64
240 -0.0395 3.69
480 -0.0399 3.73

1330 -0.0409 3.83

Coefficient of 
Consolidation 

(cm²/s)
T90 (min) Load (psf)

0.0008 23.710 13035
Elapsed Time 

(min)
Deformation 

(in) Strain (%)
0 -0.0407 3.81

0.1 -0.0679 6.53
0.27 -0.0722 6.96
0.5 -0.0744 7.18
1 -0.0766 7.40
2 -0.0785 7.59
4 -0.0808 7.82
8 -0.0829 8.03
15 -0.0846 8.20
30 -0.0860 8.34
60 -0.0873 8.47
120 -0.0880 8.54
240 -0.0888 8.62
480 -0.0893 8.67

1440 -0.0900 8.74
3968 -0.0908 8.82

Data Files 2679-168_Composite_6406psf_2-17.txt, 2679-168_Composite_13035psf_2-18.txt Page 3 of 3
File name: 2679168__Consol ASTM D2435_0.xlsm

ASTM D 2435
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Constant Rate of Flow
Flexible Wall Hydraulic Conductivity

ASTM D 5084 Method D
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Constant Rate of Flow 
Flexible Wall Hydraulic Conductivity

CLIENT RJH Consultants          BORING NO. TP-204,B-216,B-217(P)
JOB NO. 2679-168          DEPTH 0-15'
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1,C-4,C-6 Composite
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION Remolded -3/8"
TECHNICIAN CAL

Before Test Mass of Wet Soil (g): 440.2 Initial Wet Density (pcf): 122.8
After Test Mass of Wet Soil (g): 464.1 Initial Dry Density (pcf): 104.7

Mass of Dry Soil and Pan (g): 639.5 Initial Wet Density (kg/m³): 1967
Mass of Pan (g): 264.1 Initial Dry Density (kg/m³): 1677

Diameter (in): 2.41 Initial Moisture (%): 17.3
Initial Sample Height (in): 3.00 Final Wet Density (pcf): 138.8

Assumed Specific Gravity: 2.650 Final Dry Density (pcf): 112.2
Final Wet Density (kg/m³): 2223

Back Pressure (psi): 58.0 Final Dry Density (kg/m³): 1798
Cell Pressure (psi): 64.9 Final Moisture (%): 23.6

-- -- 1.67E-04 0.167 11.76 1.57 6.82 47.0 22.3 0.947 3.6E-06
-- -- 1.67E-04 0.200 14.08 1.88 6.80 46.9 22.4 0.944 3.0E-06
-- -- 1.67E-04 0.208 14.65 1.95 6.80 46.9 22.5 0.942 2.9E-06
-- -- 1.67E-04 0.254 17.88 2.39 6.77 46.7 22.5 0.942 2.4E-06
-- -- 1.67E-04 0.266 18.73 2.50 6.77 46.7 22.7 0.938 2.2E-06
-- -- 1.67E-04 0.276 19.43 2.59 6.76 46.6 22.8 0.936 2.2E-06
-- -- 1.67E-04 0.291 20.49 2.73 6.75 46.6 22.8 0.936 2.0E-06
-- -- 1.67E-04 0.301 21.19 2.83 6.75 46.5 22.9 0.933 2.0E-06
-- -- 1.67E-04 0.300 21.12 2.82 6.75 46.5 22.9 0.933 2.0E-06
-- -- 1.67E-04 0.293 20.63 2.75 6.75 46.6 23.0 0.931 2.0E-06

Average Corrected Hydraulic Conductivity (cm/s): 2.0E-06

NOTES:

Data entry by: JJA Date: 02/10/22
Checked by: CAL Date: 02/11/22
File name: 2679168__Permeability Method D ASTM D5084_0.xlsm Page 1 of 2

Head Loss 
(cm) Gradient - i

Sample Conditions

Final density calculated using volume change method 
from ASTM D4767.

ASTM D 5084 Method D

Test Results

Effective 
Stress (psi) - 

σ3

Effective 
Stress (kPa) - 

σ3

Temperature 
(°C)

Temperature 
Correction

Corrected 
Hydraulic 

Conductivity 
(cm/s) - k

Permeability Data

Pump 
Setting

Percentage 
of Pump 
Setting 

Rate of 
Flow (cc/s)

Pump 
Pressure 

(psi)
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Constant Rate of Flow 
Flexible Wall Hydraulic Conductivity

CLIENT RJH Consultants          BORING NO. TP-204,B-216,B-217(P)
JOB NO. 2679-168          DEPTH 0-15'
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1,C-4,C-6 Composite
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION Remolded -3/8"
TECHNICIAN CAL

Initial Saturation (%): 78.9 Initial Volume of Sample (cc): 223.8
Final Saturation (%): 100.0 Final Volume of Sample (cc): 208.8

Cell Pressure (psi): 64.9 Volume Change After Consolidation (cc): 30.6
Back Pressure (psi): 58.0 Initial Dial Reading (in): 0.200

Effective Stress (psi): 6.9 Final Dial Reading (in): 0.249
Effective Stress (kPa): 47.6 Height Change (in): 0.049

Cell Expansion Correction (cc): 15.64 Initial Area (cm²): 29.36
Cell ID: 8P Final Area (cm²): 27.85

Elapsed 
Time (min)

Square 
Root of 

Time (√min)

Burette 
Reading 

(cc)

Volume 
Change (cc)

0 0.00 0.50 0.00
0.1 0.32 2.00 1.50

0.25 0.50 2.40 1.90
0.5 0.71 2.60 2.10
1 1.00 2.90 2.40
2 1.41 3.20 2.70
4 2.00 3.40 2.90
9 3.00 3.50 3.00

16 4.00 3.50 3.00
30 5.48 3.60 3.10
60 7.75 3.70 3.20

120 10.95 3.80 3.30
240 15.49 3.90 3.40
360 18.97 4.00 3.50

Initial Final Initial Final Initial Final

40.0 50.0 39.2 48.0 23.70 24.80 38.0 1.10 2.0 8.8 0.88
50.0 60.0 49.2 58.5 28.40 29.90 48.0 1.50 2.0 9.3 0.93
60.0 70.0 59.2 68.7 30.90 31.00 58.0 0.10 2.0 9.5 0.95

Page 2 of 2
File name: 2679168__Permeability Method D ASTM D5084_0.xlsm

Consolidation

ASTM D 5084 Method D
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Unconfined Compressive Strength
ASTM D7012 Method C
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Consolidated Undrained Triaxial Compression
ASTM D 4767



Appendix J.1 171 of 262



Appendix J.1 172 of 262



Appendix J.1 173 of 262



Appendix J.1 174 of 262



Appendix J.1 175 of 262



Appendix J.1 176 of 262



Appendix J.1 177 of 262



Appendix J.1 178 of 262



Appendix J.1 179 of 262



Appendix J.1 180 of 262



Appendix J.1 181 of 262



Appendix J.1 182 of 262



Appendix J.1 183 of 262



Appendix J.1 184 of 262



Appendix J.1 185 of 262



Appendix J.1 186 of 262



Appendix J.1 187 of 262



Appendix J.1 188 of 262



Appendix J.1 189 of 262



Appendix J.1 190 of 262



Appendix J.1 191 of 262



Appendix J.1 192 of 262



Appendix J.1 193 of 262



Appendix J.1 194 of 262



Appendix J.1 195 of 262



Appendix J.1 196 of 262



Appendix J.1 197 of 262



Appendix J.1 198 of 262



Appendix J.1 199 of 262



Appendix J.1 200 of 262



Appendix J.1 201 of 262



Appendix J.1 202 of 262



Appendix J.1 203 of 262



Appendix J.1 204 of 262



Appendix J.1 205 of 262



Appendix J.1 206 of 262



Appendix J.1 207 of 262



Appendix J.1 208 of 262



Appendix J.1 209 of 262



Appendix J.1 210 of 262



Appendix J.1 211 of 262



Appendix J.1 212 of 262



Appendix J.1 213 of 262



Appendix J.1 214 of 262



Appendix J.1 215 of 262



Consolidated Undrained Triaxial Compression

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Internal Friction Angle - φ: 19.8 Internal Friction Angle - φ: 10.9
Cohesion (psf): 406 Cohesion (psf): 485

Cohesion (kPa): 19.4 Cohesion (kPa): 23.2
Modified Friction Angle - ψ: 18.7 Modified Friction Angle - ψ: 10.7
Modified Cohesion - a (psf): 382 Modified Cohesion - a (psf): 476

Modified Cohesion - a (kPa): 18.3 Modified Cohesion - a (kPa): 22.8
Raw Data Files

NOTES:

Data entry by: CAL Date: 02/15/22
Checked by: JJA Date: 02/17/22
File name: 2679168__TxCuPP ASTM D4767_0.xlsm Page 1 of 8

2679-168_cupp_16134_pt a.trx, 2679-168_cupp_16134_pt B.trx, 2679-168_cupp_16134_pt 
C.trx, 

ASTM D 4767
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Consolidated Undrained Triaxial Compression

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Point A Point B Point C
Peak Deviator Stress (psf) : 2335 1883 1403

Peak Deviator Stress (kPa) : 111.8 90.2 67.2

Major Principal Stress (psf) - σ1f : 4841 3381 1907
Major Principal Stress (kPa) - σ1f : 231.8 161.9 91.3
Minor Principal Stress (psf) - σ3f : 2506 1498 504

Minor Principal Stress (kPa) - σ3f : 120.0 71.7 24.1

Effective Major Principal Stress (psf) - σ'1f : 3479 2615 1636
Effective Major Principal Stress (kPa) - σ'1f : 166.6 125.2 78.4
Effective Minor Principal Stress (psf) - σ'3f : 1144 732 234

Effective Minor Principal Stress (kPa) - σ'3f : 54.8 35.1 11.2
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Consolidated Undrained Triaxial Compression 

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO.          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Before Test Mass of Wet Soil (g): 732.44 Initial Wet Density (pcf): 122.3
After Test Mass of Wet Soil (g): 765.58 Initial Dry Density (pcf): 104.2

Mass of Dry Soil and Pan (g): 885.10 Initial Wet Density (kg/m³): 1958
Mass of Pan (g): 260.68 Initial Dry Density (kg/m³): 1669

Diameter (in): 2.407 Initial Moisture (%): 17.3
Initial Sample Height (in): 5.016 Final Wet Density (pcf): 131.3

After Consolidation Height (in): 4.998 Final Dry Density (pcf): 107.1
Assumed Specific Gravity: 2.65 Final Wet Density (kg/m³): 2104

Final Dry Density (kg/m³): 1716
Back Pressure (psi): 78.0 Final Moisture (%): 22.6
Cell Pressure (psi): 95.4

Initial Effective Stress (psi): 17.4 Membrane Correction Factor (lb/in²): 40.78
Initial Effective Stress (kPa): 120.0 Filter Paper Load Capacity (lb/in): 1.1

Strain Rate (in/min): 0.0049

Peak Deviator Stress (psf): 2335
Peak Deviator Stress (kPa): 111.8

Parameters at Peak Deviator Stress

Major Principal Stress (psf) - σ1f : 4841
Major Principal Stress (kPa) - σ1f : 231.8
Minor Principal Stress (psf) - σ3f : 2506

Minor Principal Stress (kPa) - σ3f : 120.0
Induced Pore Pressure (psf) : 1361.28

Induced Pore Pressure (kPa) : 65.18
Effective Major Principal Stress (psf) - σ'1f : 3479.42

Effective Major Principal Stress (kPa) - σ'1f : 166.60
Effective Minor Principal Stress (psf) - σ'3f : 1144.32

Effective Minor Principal Stress (kPa) - σ'3f : 54.79
p' (psf) : 2312
q (psf) : 1168

p' (kPa) : 110.7
q (kPa) : 55.9

Strain (%) : 1.47

Page 3 of 8
File name: 2679168__TxCuPP ASTM D4767_0.xlsm

Point A

ASTM D 4767

Triaxial Compression Data

16134

0

500

1,000

1,500

2,000

2,500

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

St
re

ss
 (

p
sf

)

Strain (%)

Stress vs. Strain

Principal Stress Difference Delta Pore Pressure

Appendix J.1 218 of 262



Consolidated Undrained Triaxial Compression

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO.          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Initial Saturation (%): 78.1 Initial Volume of Sample (cc): 374.0
Final Saturation (%): 100.0 Final Volume of Sample (cc): 363.9

Cell Pressure (psi): 95.4 Volume Change After Consolidation (cc): 22.2
Back Pressure (psi): 78.0 Initial Dial Reading (in): 0.200

Effective Stress (psi): 17.4 Final Dial Reading (in): 0.218
Effective Stress (kPa): 120.0 Height Change (in): 0.018

Cell Expansion Correction (cc): 12.11 Initial Area (cm²): 29.36
Cell ID: 17S Final Area (cm²): 28.67

T50 (min): 4.05

Elapsed 
Time (min)

Square Root 
of Time 
(√min)

Burette 
Reading 

(cc)

Volume 
Change (cc)

0 0.00 0.90 0.00
0.1 0.32 6.00 5.10

0.25 0.50 7.60 6.70
0.5 0.71 9.00 8.10
1 1.00 10.20 9.30
2 1.41 11.10 10.20
4 2.00 11.60 10.70
9 3.00 12.10 11.20

16 4.00 12.30 11.40
30 5.48 12.60 11.70
60 7.75 12.90 12.00
120 10.95 13.10 12.20
247 15.72 13.30 12.40
360 18.97 13.50 12.60

1440 37.95 13.90 13.00

Initial Final Initial Final Initial Final

40.0 50.0 38.3 46.3 8.70 9.80 38.0 1.10 2.0 8.0 0.80
50.0 60.0 48.5 56.9 9.50 10.40 48.0 0.90 2.0 8.4 0.84
60.0 70.0 58.3 67.0 10.40 11.30 58.0 0.90 2.0 8.7 0.87
70.0 80.0 68.0 77.4 11.60 12.40 68.0 0.80 2.0 9.4 0.94
80.0 90.0 77.9 87.4 12.40 12.50 78.0 0.10 2.0 9.5 0.95
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Consolidated Undrained Triaxial Compression
ASTM D4767

(Point A After Picture)

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

NOTES

Picture File: 2679-168_CUPP_16134_PT A.JPG
File name: 2679168__TxCuPP ASTM D4767_0.xlsm
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Consolidated Undrained Triaxial Compression 

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO.          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Before Test Mass of Wet Soil (g): 732.55 Initial Wet Density (pcf): 122.1
After Test Mass of Wet Soil (g): 768.87 Initial Dry Density (pcf): 103.9

Mass of Dry Soil and Pan (g): 887.51 Initial Wet Density (kg/m³): 1955
Mass of Pan (g): 264.16 Initial Dry Density (kg/m³): 1664

Diameter (in): 2.410 Initial Moisture (%): 17.5
Initial Sample Height (in): 5.012 Final Wet Density (pcf): 131.1

After Consolidation Height (in): 4.995 Final Dry Density (pcf): 106.3
Assumed Specific Gravity: 2.65 Final Wet Density (kg/m³): 2101

Final Dry Density (kg/m³): 1703
Back Pressure (psi): 78.0 Final Moisture (%): 23.3
Cell Pressure (psi): 88.4

Initial Effective Stress (psi): 10.4 Membrane Correction Factor (lb/in²): 40.78
Initial Effective Stress (kPa): 71.7 Filter Paper Load Capacity (lb/in): 1.1

Strain Rate (in/min): 0.0058

Peak Deviator Stress (psf): 1883
Peak Deviator Stress (kPa): 90.2

Parameters at Peak Deviator Stress

Major Principal Stress (psf) - σ1f : 3381
Major Principal Stress (kPa) - σ1f : 161.9
Minor Principal Stress (psf) - σ3f : 1498

Minor Principal Stress (kPa) - σ3f : 71.7
Induced Pore Pressure (psf) : 765.54

Induced Pore Pressure (kPa) : 36.65
Effective Major Principal Stress (psf) - σ'1f : 2615.05

Effective Major Principal Stress (kPa) - σ'1f : 125.21
Effective Minor Principal Stress (psf) - σ'3f : 732.06

Effective Minor Principal Stress (kPa) - σ'3f : 35.05
p' (psf) : 1674
q (psf) : 941

p' (kPa) : 80.1
q (kPa) : 45.1

Strain (%) : 1.06
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Consolidated Undrained Triaxial Compression

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO.          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Initial Saturation (%): 78.3 Initial Volume of Sample (cc): 374.7
Final Saturation (%): 100.0 Final Volume of Sample (cc): 366.0

Cell Pressure (psi): 88.4 Volume Change After Consolidation (cc): 18.5
Back Pressure (psi): 78.0 Initial Dial Reading (in): 0.200

Effective Stress (psi): 10.4 Final Dial Reading (in): 0.217
Effective Stress (kPa): 71.7 Height Change (in): 0.017

Cell Expansion Correction (cc): 9.85 Initial Area (cm²): 29.43
Cell ID: 13S Final Area (cm²): 28.85

T50 (min): 3.42

Elapsed 
Time (min)

Square Root 
of Time 
(√min)

Burette 
Reading 

(cc)

Volume 
Change (cc)

0 0.00 13.30 0.00
0.1 0.32 16.75 3.45

0.25 0.50 17.60 4.30
0.5 0.71 18.00 4.70
1 1.00 18.30 5.00
2 1.41 18.50 5.20
4 2.00 18.90 5.60
9 3.00 19.50 6.20

16 4.00 19.65 6.35
30 5.48 19.85 6.55
60 7.75 20.00 6.70
120 10.95 20.20 6.90
240 15.49 20.30 7.00
360 18.97 20.40 7.10

1440 37.95 20.85 7.55

Initial Final Initial Final Initial Final

40.0 50.0 38.7 46.9 9.00 10.10 38.0 1.10 2.0 8.2 0.82
50.0 60.0 48.6 57.4 10.60 11.50 48.0 0.90 2.0 8.8 0.88
60.0 70.0 58.8 67.6 11.40 12.20 58.0 0.80 2.0 8.8 0.88
70.0 80.0 68.4 77.8 12.40 13.00 68.0 0.60 2.0 9.4 0.94
80.0 90.0 78.4 88.0 13.30 13.30 78.0 0.00 2.0 9.6 0.96
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Consolidated Undrained Triaxial Compression
ASTM D4767

(Point B After Picture)

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

NOTES

Picture File: 2679-168_CUPP_16134_PT B.JPG
File name: 2679168__TxCuPP ASTM D4767_0.xlsm
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Consolidated Undrained Triaxial Compression 

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO.          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Before Test Mass of Wet Soil (g): 732.01 Initial Wet Density (pcf): 121.3
After Test Mass of Wet Soil (g): 774.82 Initial Dry Density (pcf): 103.0

Mass of Dry Soil and Pan (g): 878.06 Initial Wet Density (kg/m³): 1944
Mass of Pan (g): 256.46 Initial Dry Density (kg/m³): 1650

Diameter (in): 2.411 Initial Moisture (%): 17.8
Initial Sample Height (in): 5.034 Final Wet Density (pcf): 129.7

After Consolidation Height (in): 5.024 Final Dry Density (pcf): 104.0
Assumed Specific Gravity: 2.65 Final Wet Density (kg/m³): 2077

Final Dry Density (kg/m³): 1666
Back Pressure (psi): 78.0 Final Moisture (%): 24.6
Cell Pressure (psi): 81.5

Initial Effective Stress (psi): 3.5 Membrane Correction Factor (lb/in²): 40.78
Initial Effective Stress (kPa): 24.1 Filter Paper Load Capacity (lb/in): 1.1

Strain Rate (in/min): 0.01

Peak Deviator Stress (psf): 1403
Peak Deviator Stress (kPa): 67.2

Parameters at Peak Deviator Stress

Major Principal Stress (psf) - σ1f : 1907
Major Principal Stress (kPa) - σ1f : 91.3
Minor Principal Stress (psf) - σ3f : 504

Minor Principal Stress (kPa) - σ3f : 24.1
Induced Pore Pressure (psf) : 270.35

Induced Pore Pressure (kPa) : 12.94
Effective Major Principal Stress (psf) - σ'1f : 1636.45

Effective Major Principal Stress (kPa) - σ'1f : 78.35
Effective Minor Principal Stress (psf) - σ'3f : 233.65

Effective Minor Principal Stress (kPa) - σ'3f : 11.19
p' (psf) : 935
q (psf) : 701

p' (kPa) : 44.8
q (kPa) : 33.6

Strain (%) : 0.97
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Consolidated Undrained Triaxial Compression

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO.          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Initial Saturation (%): 77.7 Initial Volume of Sample (cc): 376.6
Final Saturation (%): 100.0 Final Volume of Sample (cc): 373.0

Cell Pressure (psi): 81.5 Volume Change After Consolidation (cc): 16.45
Back Pressure (psi): 78.0 Initial Dial Reading (in): 0.200

Effective Stress (psi): 3.5 Final Dial Reading (in): 0.210
Effective Stress (kPa): 24.1 Height Change (in): 0.01

Cell Expansion Correction (cc): 12.86 Initial Area (cm²): 29.45
Cell ID: 21S Final Area (cm²): 29.23

T50 (min): 0.80

Elapsed 
Time (min)

Square Root 
of Time 
(√min)

Burette 
Reading 

(cc)

Volume 
Change (cc)

0 0.00 17.60 0.00
0.1 0.32 18.20 0.60

0.25 0.50 18.25 0.65
0.5 0.71 18.30 0.70
1 1.00 18.35 0.75
2 1.41 18.40 0.80
4 2.00 18.40 0.80
9 3.00 18.40 0.80

16 4.00 18.40 0.80
30 5.48 18.50 0.90
60 7.75 18.50 0.90
120 10.95 18.50 0.90
240 15.49 18.50 0.90
360 18.97 18.55 0.95

1440 37.95 18.75 1.15

Initial Final Initial Final Initial Final

40.0 50.0 38.2 46.5 13.30 14.50 38.0 1.20 2.0 8.3 0.83
50.0 60.0 48.2 57.2 14.30 15.10 48.0 0.80 2.0 9.0 0.90
60.0 70.0 58.3 67.5 15.80 16.40 58.0 0.60 2.0 9.2 0.92
70.0 80.0 68.0 77.4 16.80 17.40 68.0 0.60 2.0 9.4 0.94
80.0 90.0 78.0 87.6 17.60 17.60 78.0 0.00 2.0 9.6 0.96
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Consolidated Undrained Triaxial Compression
ASTM D4767

(Point C After Picture)

CLIENT RJH Consultants          BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168          DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II          SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134          DATE SAMPLED --
LOCATION --          SAMPLED BY --
DATE TESTED 02/01/22          DESCRIPTION remolded -3/8"
TECHNICIAN CAL

NOTES

Picture File: 2679-168_CUPP_16134_PT C.JPG
File name: 2679168__TxCuPP ASTM D4767_0.xlsm
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

 Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

0.000 0.00 4.44 0.0 0 0 0.0 2505.6 2505.6 0.0
0.005 0.09 4.45 12.1 13 378 168.1 2337.5 2526.6 189.1
0.009 0.19 4.45 28.7 26 904 359.2 2146.4 2598.4 452.0
0.014 0.28 4.46 43.4 38 1364 557.5 1948.1 2629.9 681.8
0.019 0.38 4.46 52.9 51 1656 704.3 1801.3 2629.5 828.1
0.023 0.46 4.46 60.1 62 1878 818.3 1687.3 2626.3 939.0
0.028 0.56 4.47 65.4 76 2032 912.1 1593.5 2609.4 1015.9
0.033 0.66 4.47 69.2 89 2138 992.1 1513.5 2582.6 1069.1
0.037 0.75 4.48 71.8 101 2208 1061.7 1443.9 2547.7 1103.9
0.042 0.85 4.48 73.5 115 2247 1121.5 1384.1 2507.7 1123.6
0.048 0.97 4.49 75.0 131 2276 1174.4 1331.2 2469.2 1137.9
0.053 1.06 4.49 76.7 144 2315 1221.8 1283.8 2441.3 1157.5
0.058 1.16 4.50 77.2 158 2316 1262.8 1242.8 2400.6 1157.8
0.063 1.25 4.50 78.2 170 2333 1298.2 1207.4 2374.1 1166.7
0.068 1.36 4.50 78.5 184 2327 1331.5 1174.1 2337.4 1163.3
0.074 1.47 4.51 79.4 199 2335 1361.3 1144.3 2311.9 1167.5
0.078 1.56 4.51 79.3 212 2318 1389.4 1116.2 2275.0 1158.9
0.083 1.66 4.52 79.6 225 2311 1411.6 1094.0 2249.2 1155.3
0.088 1.76 4.52 79.9 238 2305 1433.6 1072.0 2224.7 1152.6
0.093 1.86 4.53 80.2 251 2300 1452.8 1052.8 2202.7 1149.9
0.098 1.96 4.53 79.4 265 2257 1470.1 1035.5 2164.0 1128.6
0.103 2.06 4.54 79.4 271 2248 1487.0 1018.6 2142.8 1124.2
0.108 2.16 4.54 79.6 271 2254 1501.8 1003.8 2130.7 1126.9
0.113 2.26 4.55 79.2 272 2238 1516.3 989.3 2108.5 1119.2
0.118 2.35 4.55 79.0 272 2229 1529.8 975.8 2090.5 1114.7
0.123 2.46 4.56 78.9 272 2220 1543.4 962.2 2072.4 1110.2
0.127 2.55 4.56 78.9 272 2221 1555.0 950.6 2061.1 1110.4
0.132 2.65 4.56 79.4 273 2231 1564.3 941.3 2056.8 1115.5
0.138 2.75 4.57 79.4 273 2230 1574.5 931.1 2046.2 1115.1
0.143 2.86 4.57 79.6 273 2233 1583.5 922.1 2038.7 1116.6
0.147 2.95 4.58 79.5 273 2228 1592.7 912.9 2027.0 1114.1
0.153 3.06 4.58 79.3 273 2217 1600.4 905.2 2013.6 1108.5
0.158 3.16 4.59 79.8 274 2229 1607.2 898.4 2013.0 1114.6
0.162 3.25 4.59 79.0 274 2203 1614.9 890.7 1992.0 1101.3
0.168 3.36 4.60 79.5 274 2214 1620.1 885.5 1992.6 1107.1
0.173 3.46 4.60 79.8 274 2221 1626.7 878.9 1989.6 1110.7
0.178 3.56 4.61 79.0 275 2195 1633.8 871.8 1969.0 1097.3
0.183 3.66 4.61 79.2 275 2198 1638.5 867.1 1966.0 1098.8
0.188 3.77 4.62 79.5 275 2204 1645.0 860.6 1962.8 1102.2
0.193 3.86 4.62 78.8 275 2181 1650.4 855.2 1945.5 1090.3
0.198 3.97 4.63 78.7 276 2173 1655.2 850.4 1937.1 1086.7
0.203 4.06 4.63 79.7 276 2202 1659.2 846.4 1947.6 1101.2

Point A
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

 Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point A

0.208 4.17 4.64 79.6 276 2196 1663.0 842.6 1940.8 1098.2
0.213 4.27 4.64 79.4 276 2187 1665.9 839.7 1933.0 1093.3
0.218 4.37 4.65 79.7 276 2194 1669.7 835.9 1933.0 1097.1
0.223 4.47 4.65 80.2 277 2206 1672.5 833.1 1936.3 1103.2
0.229 4.58 4.66 79.1 277 2168 1676.0 829.6 1913.3 1083.8
0.233 4.67 4.66 79.3 277 2172 1680.1 825.5 1911.5 1086.1
0.238 4.76 4.67 80.1 277 2196 1681.7 823.9 1922.0 1098.1
0.243 4.87 4.67 80.5 278 2204 1684.1 821.5 1923.3 1101.8
0.249 4.98 4.68 79.6 278 2174 1687.0 818.6 1905.4 1086.9
0.254 5.07 4.68 79.7 278 2174 1690.0 815.6 1902.8 1087.1
0.258 5.17 4.69 79.4 278 2162 1693.4 812.2 1893.0 1080.8
0.263 5.27 4.69 80.2 279 2183 1695.8 809.8 1901.5 1091.7
0.268 5.36 4.70 79.4 279 2155 1696.0 809.6 1887.2 1077.5
0.273 5.47 4.70 79.3 279 2150 1698.1 807.5 1882.7 1075.2
0.278 5.56 4.71 80.3 279 2178 1699.3 806.3 1895.2 1088.8
0.283 5.67 4.71 80.2 280 2173 1702.2 803.4 1890.1 1086.7
0.288 5.76 4.72 79.7 280 2155 1701.4 804.2 1881.8 1077.6
0.293 5.87 4.72 80.1 280 2163 1703.0 802.6 1884.0 1081.4
0.298 5.96 4.73 80.6 280 2176 1704.5 801.1 1888.9 1087.8
0.303 6.06 4.73 80.3 280 2164 1709.4 796.2 1878.0 1081.8
0.308 6.16 4.74 80.4 281 2164 1713.9 791.7 1873.8 1082.1
0.313 6.26 4.74 80.6 281 2169 1718.4 787.2 1871.7 1084.5
0.318 6.36 4.75 80.9 281 2175 1723.9 781.7 1869.2 1087.5
0.323 6.46 4.75 80.3 281 2153 1726.9 778.7 1854.9 1076.3
0.328 6.57 4.76 80.8 282 2164 1727.9 777.7 1859.9 1082.2
0.333 6.65 4.76 81.1 282 2170 1731.3 774.3 1859.4 1085.1
0.338 6.76 4.77 80.5 282 2149 1731.6 774.0 1848.6 1074.6
0.343 6.86 4.77 80.1 282 2137 1732.3 773.3 1841.7 1068.4
0.348 6.96 4.78 80.6 283 2147 1732.3 773.3 1847.0 1073.7
0.353 7.06 4.78 81.2 283 2163 1732.8 772.8 1854.2 1081.4
0.358 7.16 4.79 81.1 283 2157 1734.2 771.4 1849.8 1078.4
0.363 7.25 4.79 81.5 283 2166 1735.3 770.3 1853.5 1083.1
0.368 7.36 4.80 80.8 283 2141 1734.3 771.3 1841.9 1070.7
0.373 7.46 4.80 80.7 284 2136 1736.0 769.6 1837.7 1068.1
0.378 7.56 4.81 81.7 284 2165 1735.0 770.6 1852.9 1082.3
0.383 7.66 4.81 81.0 284 2139 1735.2 770.4 1839.9 1069.5
0.388 7.76 4.82 81.8 284 2160 1735.4 770.2 1850.3 1080.1
0.393 7.85 4.82 82.2 285 2171 1735.9 769.7 1855.1 1085.4
0.398 7.96 4.83 82.4 285 2174 1735.3 770.3 1857.3 1086.9
0.403 8.06 4.83 82.0 285 2159 1735.4 770.2 1849.6 1079.4
0.408 8.17 4.84 82.4 285 2166 1734.8 770.8 1853.8 1083.0
0.413 8.27 4.84 82.3 286 2161 1735.1 770.5 1851.2 1080.72679168__TxCuPP ASTM D4767_0
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

 Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point A

0.418 8.37 4.85 82.3 286 2159 1735.4 770.2 1849.8 1079.6
0.423 8.47 4.85 81.8 286 2141 1734.8 770.8 1841.5 1070.7
0.428 8.57 4.86 82.4 286 2156 1734.0 771.6 1849.8 1078.2
0.433 8.67 4.87 82.6 286 2157 1734.1 771.5 1850.2 1078.7
0.438 8.77 4.87 83.0 287 2166 1733.4 772.2 1855.1 1082.9
0.444 8.87 4.88 82.4 287 2147 1732.2 773.4 1847.1 1073.7
0.449 8.98 4.88 82.7 287 2154 1731.7 773.9 1850.7 1076.9
0.454 9.08 4.89 82.7 287 2149 1733.1 772.5 1847.1 1074.6
0.458 9.17 4.89 82.3 288 2134 1730.5 775.1 1842.1 1067.0
0.464 9.28 4.90 82.6 288 2140 1730.5 775.1 1845.0 1069.9
0.468 9.37 4.90 83.0 288 2149 1730.1 775.5 1850.2 1074.7
0.474 9.48 4.91 83.2 288 2152 1729.5 776.1 1852.0 1075.8
0.478 9.57 4.91 82.6 289 2131 1728.5 777.1 1842.7 1065.6
0.484 9.68 4.92 82.6 289 2130 1727.4 778.2 1843.1 1064.9
0.489 9.78 4.93 82.8 289 2131 1727.4 778.2 1843.6 1065.4
0.493 9.87 4.93 82.8 289 2130 1725.2 780.4 1845.2 1064.8
0.499 9.98 4.94 83.3 289 2142 1723.7 781.9 1852.9 1071.0
0.504 10.08 4.94 83.2 290 2135 1723.6 782.0 1849.6 1067.6
0.509 10.19 4.95 83.2 290 2132 1722.8 782.8 1848.8 1066.0
0.514 10.28 4.95 83.3 290 2131 1721.0 784.6 1850.0 1065.4
0.518 10.37 4.96 83.7 290 2140 1719.9 785.7 1855.5 1069.8
0.524 10.48 4.96 82.9 291 2115 1719.6 786.0 1843.7 1057.7
0.528 10.57 4.97 83.0 291 2116 1718.4 787.2 1845.1 1058.0
0.534 10.68 4.97 84.0 291 2141 1716.5 789.1 1859.5 1070.3
0.539 10.78 4.98 83.2 291 2114 1715.7 789.9 1846.8 1056.9
0.544 10.88 4.99 82.9 292 2102 1715.0 790.6 1841.8 1051.1
0.548 10.96 4.99 83.7 292 2122 1713.1 792.5 1853.7 1061.2
0.553 11.07 5.00 83.7 292 2121 1712.8 792.8 1853.5 1060.7
0.558 11.17 5.00 83.7 292 2116 1710.8 794.8 1852.7 1058.0
0.563 11.27 5.01 83.5 292 2107 1711.3 794.3 1847.9 1053.6
0.569 11.38 5.01 83.9 293 2117 1709.1 796.5 1855.1 1058.7
0.574 11.48 5.02 84.1 293 2120 1707.7 797.9 1857.7 1059.8
0.578 11.57 5.02 84.1 293 2117 1705.3 800.3 1858.9 1058.6
0.584 11.67 5.03 84.1 293 2113 1704.4 801.2 1857.8 1056.7
0.588 11.77 5.04 84.7 294 2128 1702.6 803.0 1867.2 1064.2
0.594 11.88 5.04 84.3 294 2113 1701.5 804.1 1860.4 1056.4
0.599 11.98 5.05 84.0 294 2101 1700.5 805.1 1855.6 1050.5
0.603 12.07 5.05 84.6 294 2117 1699.1 806.5 1865.1 1058.6
0.608 12.17 5.06 85.0 295 2125 1697.8 807.8 1870.3 1062.5
0.613 12.27 5.06 84.7 295 2113 1695.4 810.2 1866.6 1056.4
0.618 12.37 5.07 84.3 295 2099 1695.2 810.4 1859.9 1049.5
0.623 12.46 5.08 85.1 295 2119 1694.3 811.3 1871.0 1059.72679168__TxCuPP ASTM D4767_0
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

 Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point A

0.628 12.57 5.08 84.5 295 2100 1692.7 812.9 1862.7 1049.8
0.633 12.67 5.09 84.5 296 2096 1691.6 814.0 1861.9 1047.9
0.638 12.77 5.09 85.0 296 2106 1690.1 815.5 1868.3 1052.8
0.643 12.87 5.10 85.2 296 2110 1687.6 818.0 1873.2 1055.2
0.648 12.96 5.11 84.9 296 2097 1691.4 814.2 1862.8 1048.6
0.653 13.07 5.11 85.0 297 2097 1691.1 814.5 1862.8 1048.3
0.659 13.18 5.12 85.2 297 2101 1695.1 810.5 1860.8 1050.3
0.664 13.29 5.12 85.6 297 2109 1695.7 809.9 1864.5 1054.6
0.669 13.38 5.13 85.7 297 2107 1696.2 809.4 1863.0 1053.7
0.674 13.48 5.14 85.9 298 2111 1695.9 809.7 1865.4 1055.7
0.679 13.58 5.14 86.1 298 2114 1694.1 811.5 1868.4 1056.9
0.684 13.68 5.15 85.3 298 2088 1692.3 813.3 1857.5 1044.2
0.689 13.79 5.15 86.6 298 2120 1690.3 815.3 1875.4 1060.1
0.694 13.89 5.16 85.5 299 2087 1690.3 815.3 1858.8 1043.6
0.699 13.99 5.17 85.5 299 2084 1689.3 816.3 1858.4 1042.2
0.705 14.10 5.17 86.2 299 2101 1687.8 817.8 1868.5 1050.7
0.709 14.19 5.18 86.2 299 2098 1685.8 819.8 1868.6 1048.8
0.714 14.29 5.18 85.6 299 2078 1685.4 820.2 1859.1 1038.8
0.720 14.40 5.19 86.3 300 2095 1682.7 822.9 1870.3 1047.4
0.724 14.49 5.20 86.0 300 2084 1681.6 824.0 1865.8 1041.8
0.730 14.60 5.20 85.9 300 2078 1680.7 824.9 1863.9 1039.0
0.734 14.69 5.21 86.3 300 2087 1678.7 826.9 1870.2 1043.3
0.739 14.79 5.21 87.1 301 2106 1677.2 828.4 1881.2 1052.8
0.744 14.89 5.22 86.4 301 2081 1676.1 829.5 1870.2 1040.7
0.750 15.00 5.23 86.6 301 2085 1673.9 831.7 1874.1 1042.5
0.755 15.10 5.23 86.9 301 2091 1674.3 831.3 1876.7 1045.5
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

0.000 0.00 4.47 0.0 0 0 0.0 1497.6 1497.6 0.0
0.004 0.09 4.48 6.3 12 190 47.2 1450.4 1545.3 94.8
0.009 0.19 4.48 21.4 25 662 229.8 1267.8 1598.7 330.9
0.014 0.27 4.48 33.5 37 1037 383.8 1113.8 1632.5 518.6
0.019 0.37 4.49 40.8 50 1259 492.0 1005.6 1634.9 629.3
0.024 0.47 4.49 48.8 64 1499 570.2 927.4 1677.0 749.6
0.028 0.57 4.50 54.1 77 1654 628.1 869.5 1696.4 827.0
0.033 0.67 4.50 56.3 90 1710 672.6 825.0 1680.2 855.1
0.038 0.77 4.51 59.6 104 1800 705.5 792.1 1691.8 899.8
0.043 0.87 4.51 61.3 117 1839 731.3 766.3 1685.7 919.4
0.048 0.96 4.51 62.8 130 1873 748.5 749.1 1685.9 936.7
0.053 1.06 4.52 63.6 143 1883 765.5 732.1 1673.6 941.5
0.058 1.15 4.52 63.2 156 1857 782.3 715.3 1643.8 928.4
0.063 1.25 4.53 62.0 169 1803 795.6 702.0 1603.6 901.6
0.068 1.37 4.53 64.3 185 1856 806.7 690.9 1619.1 928.2
0.073 1.46 4.54 63.7 197 1824 819.6 678.0 1589.9 911.8
0.078 1.56 4.54 63.4 211 1799 828.1 669.5 1569.1 899.6
0.083 1.66 4.55 61.7 224 1731 838.7 658.9 1524.3 865.4
0.088 1.76 4.55 62.8 238 1748 845.3 652.3 1526.4 874.1
0.093 1.86 4.56 61.9 252 1704 852.3 645.3 1497.2 851.9
0.098 1.97 4.56 62.1 266 1696 859.7 637.9 1485.8 847.9
0.103 2.07 4.57 61.8 270 1679 865.4 632.2 1471.6 839.4
0.109 2.17 4.57 61.6 271 1670 872.7 624.9 1460.0 835.2
0.114 2.28 4.58 60.6 271 1636 877.4 620.2 1438.2 817.9
0.118 2.37 4.58 61.0 271 1647 881.1 616.5 1439.9 823.4
0.123 2.47 4.58 60.9 271 1642 886.4 611.2 1432.2 821.0
0.128 2.57 4.59 60.9 271 1640 890.5 607.1 1427.1 819.9
0.134 2.68 4.59 60.7 272 1631 893.2 604.4 1420.1 815.7
0.139 2.78 4.60 60.6 272 1625 896.8 600.8 1413.4 812.6
0.144 2.88 4.60 61.1 272 1638 900.5 597.1 1415.9 818.8
0.148 2.97 4.61 61.0 272 1633 903.0 594.6 1411.2 816.6
0.153 3.07 4.61 61.1 273 1634 905.1 592.5 1409.4 816.9
0.158 3.17 4.62 60.4 273 1610 907.8 589.8 1394.9 805.1
0.164 3.27 4.62 60.7 273 1618 909.0 588.6 1397.4 808.8
0.169 3.38 4.63 60.6 273 1612 910.8 586.8 1392.7 805.9
0.173 3.47 4.63 61.1 274 1625 914.0 583.6 1396.1 812.6
0.179 3.58 4.64 60.3 274 1600 915.0 582.6 1382.6 800.0
0.183 3.66 4.64 60.8 274 1611 916.3 581.3 1386.7 805.4
0.188 3.77 4.65 61.1 274 1619 918.1 579.5 1389.0 809.5
0.194 3.88 4.65 60.5 275 1600 921.2 576.4 1376.2 799.8
0.198 3.97 4.66 60.1 275 1583 921.2 576.4 1367.9 791.5
0.203 4.06 4.66 59.9 275 1576 922.8 574.8 1363.0 788.2

Point B
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point B

0.208 4.16 4.67 60.6 275 1595 923.3 574.3 1371.6 797.3
0.213 4.26 4.67 60.2 275 1580 925.1 572.5 1362.7 790.2
0.218 4.36 4.68 60.0 276 1572 925.1 572.5 1358.3 785.8
0.223 4.47 4.68 59.5 276 1554 926.7 570.9 1347.8 776.9
0.229 4.58 4.69 60.4 276 1580 926.7 570.9 1360.7 789.8
0.233 4.67 4.69 60.2 276 1571 926.5 571.1 1356.5 785.4
0.238 4.76 4.70 60.0 277 1564 927.0 570.6 1352.6 782.1
0.243 4.86 4.70 60.9 277 1588 927.2 570.4 1364.5 794.2
0.248 4.96 4.71 60.9 277 1586 928.2 569.4 1362.3 792.8
0.253 5.07 4.71 60.0 277 1557 928.3 569.3 1347.5 778.3
0.258 5.17 4.72 59.9 277 1551 928.5 569.1 1344.6 775.5
0.264 5.28 4.72 60.1 278 1556 928.5 569.1 1347.0 777.9
0.269 5.38 4.73 60.4 278 1562 928.5 569.1 1350.1 781.0
0.274 5.48 4.73 59.6 278 1535 927.3 570.3 1337.8 767.5
0.279 5.58 4.74 59.9 278 1542 929.6 568.0 1338.9 770.9
0.285 5.70 4.74 60.3 279 1554 932.7 564.9 1341.7 776.9
0.290 5.80 4.75 60.8 279 1565 937.2 560.4 1342.9 782.4
0.294 5.89 4.75 59.9 279 1535 942.5 555.1 1322.7 767.6
0.299 5.98 4.76 59.5 279 1523 947.5 550.1 1311.5 761.4
0.304 6.09 4.76 60.2 280 1542 952.4 545.2 1316.2 771.0
0.310 6.20 4.77 60.2 280 1540 950.7 546.9 1316.7 769.8
0.314 6.29 4.77 60.3 280 1539 950.8 546.8 1316.2 769.5
0.319 6.39 4.78 60.6 280 1546 951.1 546.5 1319.6 773.0
0.325 6.50 4.78 61.2 281 1561 950.2 547.4 1327.9 780.5
0.329 6.59 4.79 61.6 281 1573 950.7 546.9 1333.1 786.3
0.334 6.69 4.79 62.0 281 1581 949.6 548.0 1338.5 790.4
0.339 6.80 4.80 61.3 281 1560 949.7 547.9 1328.0 780.1
0.344 6.89 4.80 62.2 281 1584 950.3 547.3 1339.1 791.8
0.349 7.00 4.81 61.5 282 1560 950.5 547.1 1326.9 779.8
0.354 7.09 4.81 61.5 282 1557 948.7 548.9 1327.4 778.5
0.359 7.19 4.82 61.8 282 1565 947.5 550.1 1332.6 782.5
0.364 7.29 4.82 62.2 282 1574 947.5 550.1 1337.2 787.1
0.369 7.38 4.83 61.7 283 1559 947.3 550.3 1329.6 779.3
0.374 7.49 4.83 62.0 283 1564 947.7 549.9 1331.9 782.0
0.380 7.60 4.84 62.5 283 1577 945.6 552.0 1340.7 788.7
0.384 7.69 4.84 62.4 283 1572 945.6 552.0 1338.0 786.0
0.389 7.80 4.85 62.5 284 1573 945.3 552.3 1338.6 786.3
0.394 7.89 4.85 62.1 284 1558 946.4 551.2 1330.2 779.0
0.399 7.98 4.86 62.2 284 1558 944.2 553.4 1332.3 778.9
0.404 8.10 4.87 62.9 284 1578 942.8 554.8 1343.6 788.8
0.409 8.19 4.87 62.6 284 1565 942.3 555.3 1337.7 782.4
0.414 8.30 4.88 63.4 285 1588 942.4 555.2 1349.1 793.92679168__TxCuPP ASTM D4767_0

Appendix J.1 232 of 262



Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point B

0.419 8.39 4.88 62.3 285 1552 942.0 555.6 1331.6 776.0
0.425 8.50 4.89 62.0 285 1542 940.9 556.7 1327.6 770.9
0.429 8.59 4.89 63.2 285 1574 940.4 557.2 1344.4 787.2
0.434 8.69 4.90 63.5 286 1582 939.8 557.8 1349.0 791.2
0.439 8.79 4.90 62.8 286 1558 940.1 557.5 1336.4 778.9
0.444 8.89 4.91 62.7 286 1553 937.3 560.3 1336.7 776.4
0.449 8.99 4.91 63.3 286 1569 936.7 560.9 1345.4 784.5
0.454 9.09 4.92 62.7 287 1549 935.8 561.8 1336.1 774.3
0.459 9.19 4.92 62.4 287 1538 936.3 561.3 1330.3 769.0
0.464 9.29 4.93 63.2 287 1560 935.6 562.0 1341.8 779.8
0.469 9.40 4.94 63.5 287 1565 933.2 564.4 1346.9 782.4
0.474 9.49 4.94 63.1 287 1553 932.8 564.8 1341.2 776.4
0.479 9.60 4.95 63.1 288 1550 930.9 566.7 1341.9 775.2
0.485 9.71 4.95 64.4 288 1585 931.5 566.1 1358.7 792.6
0.490 9.80 4.96 63.8 288 1564 929.1 568.5 1350.7 782.2
0.494 9.89 4.96 63.0 288 1540 928.5 569.1 1339.2 770.1
0.500 10.00 4.97 63.7 289 1558 927.3 570.3 1349.4 779.1
0.504 10.09 4.97 64.2 289 1571 926.5 571.1 1356.5 785.4
0.510 10.20 4.98 63.5 289 1548 925.6 572.0 1345.8 773.8
0.515 10.30 4.99 63.5 289 1545 924.3 573.3 1346.1 772.7
0.520 10.41 4.99 63.5 290 1541 922.8 574.8 1345.5 770.7
0.525 10.51 5.00 64.1 290 1559 921.7 575.9 1355.3 779.4
0.530 10.62 5.00 63.3 290 1532 920.6 577.0 1343.0 766.0
0.535 10.71 5.01 63.2 290 1527 919.1 578.5 1341.9 763.4
0.540 10.81 5.01 63.3 291 1528 916.9 580.7 1344.9 764.2
0.545 10.91 5.02 64.2 291 1550 917.3 580.3 1355.4 775.1
0.550 11.01 5.02 63.1 291 1518 916.0 581.6 1340.4 758.8
0.555 11.11 5.03 63.6 291 1529 914.8 582.8 1347.1 764.3
0.560 11.22 5.04 64.3 291 1548 912.9 584.7 1358.5 773.8
0.565 11.32 5.04 63.9 292 1532 912.7 584.9 1350.9 766.0
0.570 11.41 5.05 63.7 292 1525 911.8 585.8 1348.5 762.7
0.575 11.51 5.05 63.2 292 1509 910.5 587.1 1341.4 754.3
0.580 11.62 5.06 63.8 292 1523 909.7 587.9 1349.3 761.5
0.585 11.71 5.06 63.9 293 1523 907.4 590.2 1351.9 761.7
0.590 11.81 5.07 63.2 293 1501 907.2 590.4 1340.9 750.5
0.595 11.91 5.08 64.0 293 1522 905.7 591.9 1353.0 761.1
0.600 12.01 5.08 63.9 293 1518 905.2 592.4 1351.3 758.9
0.605 12.11 5.09 63.2 294 1496 903.4 594.2 1342.1 747.9
0.610 12.21 5.09 62.7 294 1478 901.4 596.2 1335.1 738.9
0.615 12.31 5.10 63.3 294 1495 900.4 597.2 1344.5 747.4
0.620 12.41 5.11 64.3 294 1519 898.3 599.3 1358.6 759.3
0.625 12.51 5.11 64.3 294 1518 897.6 600.0 1359.1 759.12679168__TxCuPP ASTM D4767_0
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Deviator Stress 

(psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point B

0.630 12.61 5.12 64.0 295 1506 895.3 602.3 1355.5 753.2
0.635 12.71 5.12 64.0 295 1504 896.7 600.9 1353.1 752.1
0.640 12.81 5.13 63.9 295 1499 893.0 604.6 1354.0 749.5
0.646 12.92 5.14 63.6 295 1488 892.2 605.4 1349.3 743.9
0.650 13.02 5.14 62.9 296 1468 891.8 605.8 1339.7 733.9
0.655 13.12 5.15 63.7 296 1487 890.4 607.2 1350.8 743.6
0.660 13.21 5.15 64.1 296 1497 889.6 608.0 1356.3 748.3
0.665 13.32 5.16 63.7 296 1481 887.9 609.7 1350.0 740.3
0.670 13.41 5.16 63.7 297 1480 886.5 611.1 1351.3 740.1
0.675 13.52 5.17 63.9 297 1483 886.6 611.0 1352.4 741.5
0.680 13.61 5.18 63.7 297 1475 883.9 613.7 1351.0 737.4
0.685 13.72 5.18 63.8 297 1475 882.4 615.2 1352.8 737.6
0.690 13.81 5.19 64.2 297 1485 882.2 615.4 1357.7 742.3
0.695 13.91 5.19 64.6 298 1493 880.1 617.5 1364.2 746.7
0.700 14.01 5.20 64.2 298 1480 877.4 620.2 1360.2 739.9
0.705 14.11 5.21 64.3 298 1480 876.8 620.8 1361.0 740.1
0.710 14.22 5.21 65.2 298 1504 876.5 621.1 1373.1 752.1
0.715 14.31 5.22 64.4 299 1478 873.5 624.1 1363.1 739.0
0.720 14.42 5.22 64.1 299 1467 869.8 627.8 1361.3 733.6
0.725 14.52 5.23 65.1 299 1492 870.2 627.4 1373.4 746.0
0.730 14.61 5.24 64.5 299 1474 867.5 630.1 1366.9 736.8
0.735 14.71 5.24 63.9 300 1456 866.9 630.7 1358.6 728.0
0.740 14.82 5.25 63.5 300 1443 866.1 631.5 1352.8 721.3
0.745 14.92 5.26 64.8 300 1476 864.9 632.7 1370.7 738.0
0.750 15.01 5.26 64.2 300 1458 862.7 634.9 1363.7 728.8
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Principal Stress 
Difference (psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

0.000 0.00 4.53 0.0 0 0 0.0 504.0 504.0 0.0
0.004 0.08 4.53 18.8 11 586 137.3 366.7 659.6 292.9
0.009 0.18 4.54 29.2 24 903 219.7 284.3 736.0 451.7
0.014 0.27 4.54 34.6 36 1061 269.1 234.9 765.4 530.4
0.019 0.38 4.55 38.7 50 1175 292.8 211.2 798.8 587.6
0.024 0.47 4.55 42.3 63 1273 302.3 201.7 838.4 636.7
0.028 0.56 4.56 43.8 75 1309 302.6 201.4 855.8 654.4
0.034 0.68 4.56 46.3 91 1371 298.7 205.3 890.8 685.5
0.039 0.77 4.57 47.0 103 1380 290.2 213.8 903.5 689.8
0.044 0.87 4.57 47.7 117 1386 281.4 222.6 915.8 693.2
0.049 0.97 4.58 48.7 130 1403 270.4 233.6 935.0 701.4
0.054 1.07 4.58 49.1 143 1400 261.3 242.7 943.0 700.2
0.059 1.18 4.58 49.1 158 1383 251.2 252.8 944.3 691.5
0.064 1.27 4.59 49.0 170 1367 244.4 259.6 943.2 683.6
0.068 1.36 4.59 48.3 182 1333 237.3 266.7 933.2 666.5
0.073 1.46 4.60 48.6 195 1327 232.3 271.7 935.3 663.6
0.078 1.55 4.60 48.1 208 1296 228.4 275.6 923.4 647.8
0.084 1.67 4.61 47.9 224 1274 223.8 280.2 917.0 636.8
0.088 1.76 4.61 48.8 236 1290 220.7 283.3 928.1 644.8
0.094 1.87 4.62 48.3 251 1257 221.6 282.4 910.7 628.3
0.099 1.97 4.62 47.6 264 1219 221.9 282.1 891.6 609.5
0.104 2.07 4.63 48.2 269 1233 223.6 280.4 896.9 616.5
0.109 2.17 4.63 47.7 269 1213 224.4 279.6 886.3 606.7
0.114 2.27 4.64 48.2 269 1227 226.7 277.3 891.0 613.7
0.119 2.38 4.64 47.7 269 1212 227.6 276.4 882.2 605.8
0.124 2.47 4.65 47.8 269 1211 228.3 275.7 881.2 605.4
0.130 2.58 4.65 48.2 270 1222 227.5 276.5 887.4 610.9
0.134 2.67 4.66 47.8 270 1209 227.2 276.8 881.1 604.3
0.139 2.78 4.66 48.4 270 1224 227.3 276.7 888.9 612.2
0.144 2.87 4.66 47.7 270 1201 225.9 278.1 878.7 600.6
0.149 2.97 4.67 48.3 271 1218 224.3 279.7 888.8 609.1
0.154 3.07 4.67 47.9 271 1204 224.6 279.4 881.6 602.2
0.159 3.17 4.68 47.3 271 1183 224.3 279.7 871.3 591.6
0.164 3.26 4.68 48.3 271 1213 222.9 281.1 887.5 606.5
0.169 3.36 4.69 48.1 272 1206 222.8 281.2 884.2 603.0
0.174 3.47 4.69 48.0 272 1202 222.8 281.2 882.3 601.1
0.180 3.57 4.70 48.3 272 1209 222.5 281.5 885.9 604.3
0.185 3.68 4.70 48.5 272 1214 220.6 283.4 890.1 606.8
0.189 3.77 4.71 47.5 272 1181 220.5 283.5 874.3 590.7
0.195 3.88 4.71 47.7 273 1184 221.1 282.9 875.0 592.1
0.199 3.96 4.72 47.6 273 1181 221.8 282.2 872.7 590.5
0.204 4.07 4.72 47.6 273 1180 220.5 283.5 873.3 589.8

Point C
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Principal Stress 
Difference (psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point C

0.210 4.18 4.73 48.8 273 1213 220.2 283.8 890.5 606.7
0.214 4.27 4.73 48.0 274 1187 217.7 286.3 879.9 593.6
0.219 4.37 4.74 48.6 274 1203 219.5 284.5 886.1 601.6
0.224 4.47 4.74 48.7 274 1204 217.3 286.7 888.5 601.8
0.229 4.57 4.75 48.7 274 1202 218.4 285.6 886.6 600.9
0.234 4.67 4.75 48.6 274 1198 217.5 286.5 885.7 599.2
0.240 4.78 4.76 48.7 275 1199 217.7 286.3 885.6 599.3
0.245 4.88 4.76 48.4 275 1188 217.3 286.7 880.7 594.0
0.250 4.97 4.77 48.8 275 1199 218.1 285.9 885.6 599.6
0.254 5.06 4.77 49.0 275 1203 218.0 286.0 887.5 601.5
0.259 5.16 4.78 48.3 276 1179 218.2 285.8 875.2 589.4
0.264 5.26 4.78 48.7 276 1191 216.4 287.6 883.3 595.7
0.270 5.37 4.79 48.4 276 1180 217.6 286.4 876.4 590.0
0.275 5.46 4.79 48.6 276 1183 216.6 287.4 878.9 591.5
0.280 5.58 4.80 48.3 277 1174 216.4 287.6 874.4 586.8
0.285 5.67 4.80 48.5 277 1177 216.3 287.7 876.2 588.5
0.290 5.77 4.81 48.8 277 1184 215.0 289.0 881.0 592.0
0.295 5.88 4.81 49.2 277 1195 215.2 288.8 886.2 597.4
0.301 5.99 4.82 47.8 278 1150 214.6 289.4 864.4 575.1
0.306 6.08 4.82 48.7 278 1177 213.0 291.0 879.4 588.4
0.310 6.18 4.83 48.3 278 1163 214.7 289.3 870.8 581.5
0.315 6.28 4.83 47.8 278 1146 213.1 290.9 863.8 572.9
0.320 6.38 4.84 49.1 278 1181 214.0 290.0 880.5 590.5
0.326 6.49 4.85 48.2 279 1155 213.2 290.8 868.3 577.4
0.330 6.58 4.85 49.4 279 1187 212.5 291.5 885.0 593.6
0.336 6.68 4.86 48.4 279 1156 213.5 290.5 868.6 578.1
0.341 6.78 4.86 49.7 279 1194 212.8 291.2 888.4 597.2
0.345 6.87 4.87 48.5 280 1156 212.4 291.6 869.4 577.8
0.351 6.98 4.87 49.2 280 1173 213.2 290.8 877.5 586.7
0.355 7.08 4.88 49.7 280 1188 212.6 291.4 885.6 594.2
0.360 7.17 4.88 48.7 280 1156 212.9 291.1 869.3 578.2
0.366 7.28 4.89 49.1 280 1168 211.2 292.8 876.6 583.8
0.371 7.38 4.89 50.3 281 1199 212.1 291.9 891.6 599.7
0.376 7.48 4.90 50.2 281 1194 211.9 292.1 889.2 597.1
0.380 7.57 4.90 49.1 281 1162 211.0 293.0 874.2 581.2
0.385 7.67 4.91 50.1 281 1190 211.6 292.4 887.4 595.0
0.391 7.77 4.91 49.3 282 1163 210.8 293.2 874.5 581.4
0.396 7.87 4.92 49.5 282 1167 211.5 292.5 876.2 583.7
0.401 7.98 4.92 49.5 282 1166 212.2 291.8 874.8 583.0
0.405 8.07 4.93 49.9 282 1177 211.3 292.7 881.2 588.5
0.410 8.17 4.93 50.1 283 1180 210.8 293.2 883.2 590.0
0.415 8.26 4.94 50.0 283 1176 210.9 293.1 881.0 588.02679168__TxCuPP ASTM D4767_0
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Principal Stress 
Difference (psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point C

0.421 8.38 4.95 49.9 283 1171 210.2 293.8 879.2 585.4
0.426 8.47 4.95 49.6 283 1159 208.9 295.1 874.4 579.3
0.431 8.58 4.96 50.7 283 1190 209.2 294.8 889.8 594.9
0.435 8.67 4.96 50.4 284 1180 210.4 293.6 883.4 589.8
0.441 8.79 4.97 49.8 284 1159 209.3 294.7 874.2 579.5
0.446 8.87 4.97 50.2 284 1170 209.6 294.4 879.4 585.0
0.451 8.97 4.98 50.0 284 1162 207.8 296.2 877.3 581.1
0.456 9.08 4.98 51.2 285 1194 208.2 295.8 892.9 597.1
0.461 9.18 4.99 51.5 285 1201 208.7 295.3 895.8 600.5
0.466 9.28 4.99 50.7 285 1177 206.0 298.0 886.5 588.5
0.471 9.38 5.00 52.0 285 1212 206.6 297.4 903.5 606.1
0.476 9.48 5.01 50.6 286 1170 205.5 298.5 883.4 584.9
0.482 9.58 5.01 50.1 286 1155 206.1 297.9 875.4 577.5
0.487 9.69 5.02 51.2 286 1184 205.6 298.4 890.4 592.0
0.492 9.78 5.02 51.4 286 1187 204.8 299.2 892.7 593.5
0.496 9.88 5.03 50.5 286 1159 204.8 299.2 878.7 579.5
0.502 9.99 5.03 51.1 287 1175 204.0 300.0 887.4 587.4
0.506 10.08 5.04 50.4 287 1154 204.6 299.4 876.6 577.2
0.511 10.17 5.04 50.6 287 1159 204.9 299.1 878.4 579.4
0.517 10.29 5.05 50.5 287 1152 204.2 299.8 875.8 575.9
0.521 10.37 5.06 51.6 288 1183 204.3 299.7 891.4 591.7
0.527 10.48 5.06 50.8 288 1159 204.6 299.4 878.8 579.4
0.532 10.58 5.07 52.1 288 1191 203.3 300.7 896.4 595.7
0.537 10.68 5.07 50.6 288 1148 202.5 301.5 875.6 574.1
0.541 10.77 5.08 51.6 289 1175 202.5 301.5 889.2 587.7
0.547 10.88 5.08 51.6 289 1172 201.9 302.1 888.2 586.1
0.551 10.98 5.09 50.9 289 1152 201.1 302.9 878.9 576.0
0.557 11.08 5.10 51.4 289 1164 201.2 302.8 884.7 582.0
0.561 11.17 5.10 51.3 289 1158 200.9 303.1 881.9 578.8
0.567 11.28 5.11 52.1 290 1180 201.9 302.1 891.9 589.8
0.571 11.37 5.11 50.8 290 1140 200.5 303.5 873.7 570.2
0.577 11.48 5.12 52.3 290 1182 199.4 304.6 895.5 590.9
0.582 11.59 5.12 51.9 290 1168 199.9 304.1 888.3 584.2
0.587 11.68 5.13 50.8 291 1137 198.1 305.9 874.3 568.4
0.591 11.77 5.14 51.5 291 1154 199.1 304.9 881.9 577.0
0.597 11.88 5.14 51.6 291 1153 198.7 305.3 881.8 576.4
0.602 11.98 5.15 51.3 291 1145 197.7 306.3 878.6 572.3
0.607 12.08 5.15 51.5 292 1147 198.0 306.0 879.4 573.4
0.612 12.17 5.16 51.6 292 1147 197.1 306.9 880.6 573.7
0.616 12.26 5.16 51.1 292 1132 195.9 308.1 873.9 565.8
0.621 12.37 5.17 51.7 292 1148 196.0 308.0 882.0 573.9
0.627 12.47 5.18 51.4 292 1138 193.6 310.4 879.5 569.02679168__TxCuPP ASTM D4767_0
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Consolidated Undrained Triaxial Compression
ASTM D4767

CLIENT RJH Consultants             BORING NO. TP-204, B-216, B-217 (P)
JOB NO. 2679-168             DEPTH 0-15' composite
PROJECT South Boulder Creek Phase II             SAMPLE NO. Bu-1, C-4, C-6
PROJECT NO. 16134             DATE SAMPLED --
LOCATION --             SAMPLED BY --
DATE TESTED 02/01/22             DESCRIPTION remolded -3/8"
TECHNICIAN CAL

Displacement (in) Strain (%)
Average Cross 
Sectional Area 

(in²)
Load (lbs) Combined 

Correction (psf)

Corrected 
Principal Stress 
Difference (psf)

Delta Pore 
Pressure (psf)

Effective Minor 
Pricipal Stress 

(psf) - σ3'
 p' (psf) q (psf)

Point C

0.632 12.57 5.18 51.8 293 1148 194.0 310.0 883.9 573.9
0.637 12.67 5.19 52.2 293 1155 194.2 309.8 887.3 577.5
0.642 12.77 5.19 52.2 293 1155 193.6 310.4 887.9 577.6
0.646 12.86 5.20 52.5 293 1161 193.7 310.3 890.6 580.3
0.652 12.97 5.21 52.5 294 1159 191.6 312.4 891.8 579.4
0.657 13.07 5.21 53.2 294 1175 192.7 311.3 898.9 587.6
0.662 13.17 5.22 53.2 294 1175 193.0 311.0 898.7 587.7
0.667 13.27 5.22 53.5 294 1179 191.7 312.3 901.8 589.5
0.672 13.38 5.23 53.3 294 1174 191.8 312.2 899.2 587.0
0.677 13.48 5.24 54.1 295 1192 191.6 312.4 908.6 596.2
0.682 13.57 5.24 53.6 295 1177 190.8 313.2 901.5 588.3
0.687 13.68 5.25 54.3 295 1195 189.9 314.1 911.7 597.5
0.692 13.78 5.25 53.6 295 1174 189.5 314.5 901.6 587.1
0.697 13.88 5.26 54.4 296 1194 189.6 314.4 911.6 597.2
0.702 13.98 5.27 54.4 296 1190 188.0 316.0 911.1 595.2
0.707 14.08 5.27 54.0 296 1179 189.2 314.8 904.5 589.7
0.712 14.17 5.28 55.1 296 1207 188.7 315.3 918.8 603.5
0.718 14.28 5.29 54.4 297 1186 188.2 315.8 908.9 593.1
0.723 14.38 5.29 54.1 297 1174 188.7 315.3 902.5 587.2
0.728 14.49 5.30 54.1 297 1174 188.4 315.6 902.8 587.2
0.733 14.58 5.30 54.8 297 1190 186.3 317.7 912.9 595.2
0.738 14.69 5.31 54.7 297 1186 185.7 318.3 911.3 593.0
0.743 14.78 5.32 54.7 298 1184 185.2 318.8 910.5 591.8
0.748 14.88 5.32 54.8 298 1185 186.4 317.6 910.0 592.4
0.753 14.98 5.33 54.0 298 1161 185.0 319.0 899.6 580.6
0.758 15.09 5.34 54.4 298 1171 185.1 318.9 904.3 585.5
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SGS North America Inc.

Sample Summary

RJH Consutants
Job No: DA24708

South Boulder Creek
Project No:   16134

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

DA24708-1 02/03/20 00:00 SG 03/09/20 SO Soil -202

DA24708-2 02/12/20 00:00 SG 03/09/20 SO Soil -213 S-2

Soil samples reported on a dry weight basis unless otherwise indicated on result page.
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Summary of Hits Page 1 of 1     
Job Number: DA24708
Account: RJH Consutants
Project: South Boulder Creek
Collected: 02/03/20 thru 02/12/20

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

DA24708-1 -202

HEM Oil and Grease a 46900 250 mg/kg SW846 9071B

DA24708-2 -213 S-2

HEM Oil and Grease b 41800 260 mg/kg SW846 9071B

(a) Sample received outside the holding time.
(b) Analysis performed past the recommended method holding time as per client instructions.
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SGS North America Inc.

Sample Results

Report of Analysis

Wheat Ridge, CO
Section 3
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SGS North America Inc.

Report of Analysis Page 1 of 1     

Client Sample ID: -202 
Lab Sample ID: DA24708-1 Date Sampled: 02/03/20 
Matrix: SO - Soil   Date Received: 03/09/20 

Percent Solids: 99.4 
Project: South Boulder Creek

General Chemistry

Analyte Result RL Units DF Analyzed By Method

%solids
Solids, Percent 99.4 % 1 03/19/20 ST SM2540G-2011 M

HEM Oil and Grease a 46900 250 mg/kg 1 03/13/20 ST SW846 9071B

(a) Sample received outside the holding time.

RL = Reporting Limit           
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SGS North America Inc.

Report of Analysis Page 1 of 1     

Client Sample ID: -213 S-2 
Lab Sample ID: DA24708-2 Date Sampled: 02/12/20 
Matrix: SO - Soil   Date Received: 03/09/20 

Percent Solids: 94.6 
Project: South Boulder Creek

General Chemistry

Analyte Result RL Units DF Analyzed By Method

%solids
Solids, Percent 94.6 % 1 03/19/20 ST SM2540G-2011 M

HEM Oil and Grease a 41800 260 mg/kg 1 03/13/20 ST SW846 9071B

(a) Analysis performed past the recommended method holding time as per client instructions.

RL = Reporting Limit           
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SGS North America Inc.

Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Wheat Ridge, CO
Section 4
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DA24708: Chain of Custody
Page 1 of 2
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SGS Accutest Sample Receipt Summary

Job Number: DA24708 Client: RJH

Date / Time Received: 3/9/2020 2:30:00 PM Delivery Method:

Project: SOUTH BOULDER CREEK

4. No. Coolers: 1

Airbill #'s: CO

Cooler Security
1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:
4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  
1. Temp criteria achieved:

3. Cooler media:
IR Gun;  
Ice (Bag)

Quality Control  Preservation   Y    or   N        N/A
1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:
2. Container labeling complete:
3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:
2. All containers accounted for:

Sample Integrity - Instructions
1. Analysis requested is clear:
2. Bottles received for unspecified tests

3. Sufficient volume recvd for analysis:
4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Comments

 Y     or    N          N/A

Cooler Temps (Initial/Adjusted): #1: (2.3/2.3);  

DA24708: Chain of Custody
Page 2 of 2
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06/09/20

Technical Report for

RJH Consutants

South Boulder Creek

16134

SGS Job Number:   DA26138

Sampling Date: 02/03/20

Report to:

RJH Consutants
9800 Mount Pyramid Court #330
Englewood, CO  80112
aprochaska@rjh-consultants.com

ATTN: Adam Prochaska

Total number of pages in report:   

Certifications: CO (CO00049), NE (NE-OS-06-04), ND (R-027), UT (NELAP CO00049)

LA (LA150028),  TX (T104704511),  WY (8TMS-L)

This report shall not be reproduced, except in its entirety, without the written approval of SGS.

Test results relate only to samples analyzed.

SGS North America Inc. • 4036 Youngfield St. • Wheat Ridge, CO 80033-3862 • tel: 303-425-6021 • fax: 303-425-6854

Test results contained within this data package meet the requirements 

of the National Environmental Laboratory Accreditation Program 

and/or state specific certification programs as applicable.

Client Service contact: Carissa Cumine   303-425-6021

Scott Heideman
Laboratory Director

Wheat Ridge, CO 06/09/20

e-Hardcopy 2.0
Automated Report

10

SGS is the sole authority for authorizing edits or modifications to this document.
Unauthorized modification of this report is strictly prohibited.
Review standard terms at:  http://www.sgs.com/en/terms-and-conditions

The results set forth herein are provided by SGS North America Inc.

Please share your ideas about
how we can serve you better at:
EHS.US.CustomerCare@sgs.com
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SGS North America Inc.

Sample Summary

RJH Consutants
Job No: DA26138

South Boulder Creek
Project No:   16134

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

DA26138-1 02/03/20 00:00 SG 05/18/20 SO Soil B-202

Soil samples reported on a dry weight basis unless otherwise indicated on result page.

3 of 10

DA26138

1

Appendix J.1 255 of 262



Summary of Hits Page 1 of 1     
Job Number: DA26138
Account: RJH Consutants
Project: South Boulder Creek
Collected: 02/03/20

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

DA26138-1 B-202

HEM Petroleum Hydrocarbons a 12200 250 mg/kg SW846 9071B

(a) Sample received outside the holding time.
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SGS North America Inc.

Sample Results

Report of Analysis

Wheat Ridge, CO
Section 3

5 of 10
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SGS North America Inc.

Report of Analysis Page 1 of 1     

Client Sample ID: B-202 
Lab Sample ID: DA26138-1 Date Sampled: 02/03/20 
Matrix: SO - Soil   Date Received: 05/18/20 

Percent Solids: 95.0 
Project: South Boulder Creek

General Chemistry

Analyte Result RL Units DF Analyzed By Method

%solids
Solids, Percent 95 % 1 05/29/20 ST SM2540G-2011 M

1664 using silica gel
HEM Petroleum Hydrocarbo a 12200 250 mg/kg 1 06/08/20 ST SW846 9071B

(a) Sample received outside the holding time.

RL = Reporting Limit           
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SGS North America Inc.

Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Wheat Ridge, CO
Section 4
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DA26138: Chain of Custody
Page 1 of 3
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DA26138: Chain of Custody
Page 2 of 3
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SGS Accutest Sample Receipt Summary

Job Number: DA26138 Client: RJH

Date / Time Received: 5/18/2020 12:00:00 PM Delivery Method:

Project: SOUTH BOULDER CREEK

4. No. Coolers: 1

Airbill #'s: CO

Cooler Security
1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:
4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  
1. Temp criteria achieved:

3. Cooler media:
IR Gun;  
Ice (Bag)

Quality Control  Preservation   Y    or   N        N/A
1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:
2. Container labeling complete:
3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:
2. All containers accounted for:

Sample Integrity - Instructions
1. Analysis requested is clear:
2. Bottles received for unspecified tests

3. Sufficient volume recvd for analysis:
4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Comments

 Y     or    N          N/A

Cooler Temps (Initial/Adjusted): #1: (5.3/5.3);  

DA26138: Chain of Custody
Page 3 of 3
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APPENDIX J.2 

 
SHEAR DATA REDUCTION 
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