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ACRONYMS/ABBREVIATIONS 

Acronyms/Abbreviations Definition 
AMSL Above mean sea level 

bgs Below ground surface 

CCSW Canyon County Solid Waste 

CFR Code of Federal Regulations 

CMP Corrugated Metal Pipes 

CN Curve Number 

DBS&A Daniel B. Stephens & Associates 

DEQ Idaho Department of Environmental Quality 

EPA U.S. Environmental Protection Agency 

GCCS Gas Collection and Control System 

HELP Hydrologic Evaluation of Landfill Performance (model) 

IDWR Idaho Department of Water Resources 

ISWFA Idaho Solid Waste Facilities Act 

LFG Landfill Gas 

MPH Miles Per Hour 

MSW Municipal Solid Waste 

MSWLF Municipal Solid Waste Landfill 

NOAA National Oceanic and Atmospheric Administration 

NMOC Non-Methane Organic Compounds 

NPDES National Pollutant Discharge Elimination System  

NRCS National Resource Conservation Service 

O&M Operations and Maintenance 

OHV Off-highway Vehicle 

PBSL Pickles Butte Sanitary Landfill 

scfm Standard Cubic Feet per Minute 

SCS Soil Conservation Service 

SWDH Southwest District Health 

USACE United States Army Corps of Engineers 

U.S. BLM United States Bureau of Land Management 

USCS Unified Soil Classification System 

USGS United States Geological Survey 
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1.0 INTRODUCTION 

The Pickles Butte Sanitary Landfill (PBSL) is located in rural Canyon County, Idaho, approximately 6 miles south 
of the City of Nampa and serves Canyon and Owyhee Counties. Figure 1 (Appendix A) shows location of the 
Landfill in relation to Nampa and Lake Lowell. The Landfill is located within approximately 1300 acres of county-
owned property covering parts of Sections 20, 21, 28, and 29 of Township 2 North, Range 3 West of the Boise 
Meridian. The current landfill footprint is in the east-central portion of the county-owned land. Figure 1 also shows 
the extent of the county-owned land and the location of the landfill within that area. Much of the adjacent land is 
used for farming, dairy operations, and/or the Jubilee Park off highway vehicle (OHV) area, except for areas where 
the topography is unsuitable for these uses.  

The Idaho Department of Environmental Quality (DEQ) approved the original design and operating plan for PBSL 
as a Municipal Solid Waste Landfills (MSWLF) in June 1973, and reconfirmed approval in May 1975 (Holladay, 
1994). Southwest District Health (SWDH) approved the landfill in December 1979 (Holladay 1994). The landfill 
initially began accepting municipal solid waste (MSW) in April 1983. With the implementation of Subtitle D, the 
County obtained site certification for the landfill from the DEQ in August 1993. The DEQ subsequently approved a 
Hydrogeologic Characterization, Ground Water Monitoring Plan and Facility Design Report prepared by Holladay 
Engineering Company (Holladay, 1994). The approval included exemptions from the requirements for a 
liner/leachate collection system and groundwater monitoring. This technical decision was based on the depth to 
groundwater, characteristics of native soils, and the arid climate at the facility. The PBSL Operations and 
Maintenance (O&M) manual for the facility was recertified by Southwest District Health (SWDH) on July 19, 2024 
and the plan is valid through July 2027.   

Waste disposed of at the PBSL consists primarily of residential municipal solid waste, construction and demolition 
(C&D) materials, biosolids, and other nonhazardous waste. The landfill work to divert waste for recycling or reuse, 
including white goods, metal, tires, clean wood waste, and green waste. 

1.1 PURPOSE 
This document has been prepared to support the lateral expansion of the PBSL. Based on the aerial survey 
conducted on September 30, 2023, there was approximately 7.5 years of air space remaining in Phase 3 and 4 
years of air space remaining in Phase 4. Phase 3 and Phase 4 are part of the approved waste footprint of 116.7 
acres. However, during the five-year period between October 2018 and October 2023, the waste acceptance rate 
has increased an average of 4.3%, which reflects the population growth that has occurred in Canyon and Owyhee 
Counties, as well as the greater Treasure Valley. Therefore, to continue to provide MSW disposal services it is 
necessary to expand the landfill capacity. The requested lateral expansion of the landfill is designated Phase 5. 

Canyon County worked with Holladay Engineering Company (Holladay) to expand the characterization of the area 
surrounding the landfill beginning in 1992 as part of the investigation described in their 1994 report. Seven wells 
were installed that were designated PB-2 through PB-8. The designation PB-1 was applied to an existing domestic 
well located adjacent to the shop building at the Landfill. Holladay installed monitoring wells PB-9 and PB-10 in 
1995. Daniel B. Stephens & Associates (DBS&A) installed wells PB-10 through PB-15 in 2011 as part of their 
investigation for a future expansion. The County also commissioned significant hydrogeologic investigations 
between 2010 and 2014 for the future expansion of the landfill. DBS&A conducted this work. The County 
commissioned additional borings, a geotechnical investigation, and a seismic investigation in 2021 to address 
additional data gaps identified. The data from all these investigations provide the foundation for the expansion 
design application.  

There have been several different conceptual expansion designs, which is reflected in some of the data gaps 
analysis reports conducted for the expansion including the geotechnical evaluation and seismic evaluation. The 
various conceptual expansion designs do not reflect the design as submitted in this application, nor does it alter the 
value of the data collected during previous investigations. This document serves as the application for a lateral 
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expansion of the PBSL using an arid design that is in compliance with the Idaho Solid Waste Facilities Act (ISWFA) 
§39-7409 and §39-7410. 

This application is organized into the following Sections: 

• Section 1 of this report presents an introduction and regulatory requirements for the lateral expansion 
application under the arid design requirements. 

• Section 2 provides background information on the site characteristics of the landfill, including the climate, 
geology, soils, groundwater, geotechnical stability and seismic conditions.  

• Section 3 provides the lateral expansion design, including a hydrologic and hydraulic analysis of the final 
conditions.  

• Section 4 summarizes the supporting documentation provided electronically with this application. The 
supporting documents are an essential part of the application and provide the background studies and 
modeling conducted as the landfill prepared for a lateral expansion. They are referenced in this application 
but are not included as appendices in the application. 

• Section 5 provides the references for material used in the development of this document. 

Appendix A provides figures. Appendix B provides copies of the Site Certification Approval. Appendix C provides 
data on site soils and site-specific laboratory data. Appendix D provides geologic cross section to show the geology 
as well as the distance to the water bearing zone. Appendix E contains copies of well and boring logs from the 
site. Appendix F contains a geotechnical report for the site. Appendix G contains a copy of the seismic 
investigation report conducted for the site. Appendix H contains the lateral expansion design drawings. Appendix 
I contains a copy of the Hydrology and Hydraulic calculations.  

1.2 ARID DESIGN REGULATORY COMPLIANCE 
The design of a lateral expansion for a MSW landfill is regulated by 40 CFR §258.40 Design criteria for MSWLFs 
on the Federal level and by the ISWFA §39-7409 on the State of Idaho. Table 1 provides information on where the 
required information in located in the application. 

Table 1: Summary of Regulatory Requirements and Location in Application 

Regulation Title/Requirement Location in Application and Supporting Documents 

ISWFA §39-
7407, §39-7408 

Location Restrictions – 
Site Certification 

The submittal and approval of the site certification was 
previously conducted by PBSL. Section 1.3 discuss the Site 
Certification approval and copies of the approval letters are 
provided in Appendix B. 

ISWFA §39-
7409  Standards for Design 

ISWFA §39-
7409(1) Applicability 

The PBSL is subject to the MSWLF design standards as an 
existing landfill, and under this regulation for a lateral 
expansion. 

ISWFA §39-
7409(2) Liner designs 

The regulations allow for a (a) Composite liner, (b) Alternative 
liner design, or (c) Arid design. This application is for use of an 
arid design. 

ISWFA §39-
7409(2)(c) 

This design will apply 
to locations with 
less than twenty-five 
(25) inches of 
precipitation annually, 
net evaporative 
losses greater than 
thirty (30) inches 
annually, 

Section 2.1 discuss the local climate and presents site-specific 
data demonstrating these conditions have been met. 
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Regulation Title/Requirement Location in Application and Supporting Documents 

holding 
capacity in native soils 
greater than annual 
absorbance; 

The holding capacity of soil is the equivalent to laboratory 
measurement known as the field capacity, which represent how 
much water the soil can hold against gravity. Section 2.6 
provides information from laboratory testing that demonstrates 
the site has sufficient holding capacity. 

ISWFA §39-
7409(2)(c)(i) 

solid waste is 
deposited no less than 
fifty (50) feet above 
the seasonal high level 
of ground water in the 
uppermost aquifer 

The distance between the waste and the upper most water 
bearing zone is greater than 300 feet. Section 2.4 discusses the 
site stratigraphy and Section 2.8 discusses the vertical distance 
to water bearing zone. Appendix D contains cross-sections 
that show the proposed bottom of waste, potentiometric surface 
and top of water bearing zone. 

ISWFA §39-
7409(2)(c)(ii) 
and (iii) 
 

the geologic formation 
beneath the site and 
above the uppermost 
aquifer must have 
capillary capacities 
greater than the 
projected maximum 
volume of leachate 
generated during the 
active life of the 
MSWLF unit;  

The Hydrogeologic Characterization Report prepared by Daniel 
B Stephens & Associates in 2014 (and included as 
supplemental material for this application) describes work 
conducted to characterize the geology in and around the PBSL  
to aid in evaluating the potential for landfill leachate to impact 
groundwater. Consistent with earlier work conducted by 
Holliday (1994) and additional characterization work conducted 
by Tetra Tech (Appendices F and G) a very low permeability 
siltstone and claystone is present beneath the entire site and 
serves as a confining unit. As discussed in the report, the 
siltstone has a low hydraulic conductivity (average of 3.99 x 10-8 
cm/s) and overlies the first occurrence of groundwater (average 
of 297 feet). The report estimates that migration of leachate to 
first groundwater would take thousands of years. The report 
provides extensive discussions on the geology, hydrogeology, 
and infiltration modeling with HELP and HYDRUS. There are 
two volumes to the report.  
 
Volume 2 contains a table upfront of all of the laboratory testing 
conducted including hydraulic conductivity, moisture content, 
particle size, and Atterberg limits. The extensive laboratory 
testing of soil properties was used to document and support the 
analysis conducted in Volume 1 of the report.   
 
The geologic conditions are also discussed in Section 2.2 to 
Section 2.6. Geotechnical and Seismic evaluations are provided 
in Section 2.9 and 2.10 as well as Appendices F and G. 
 

“no potential for 
migration" is 
demonstrated when 
the geologic 
formation beneath the 
site and above the 
uppermost aquifer 
has sufficient 
hydrogeological 
characteristics and 
holding capacity 
adequate to contain all 
hazardous constituents 
generated during the 
active life, closure and 
post-closure care 
periods. 

ISWFA §39-
7409(3) Point of compliance 

The point of compliance is the site certification boundary shown 
in Figure 3 (Appendix A). The figure also shows the additional 
property owned by Canyon County beyond the site certification 
boundary. Groundwater flows to the southwest, so monitoring 
wells MW-11 through MW-15 on the south side of the landfill 
that are downgradient of the currently approved landfill footprint, 
as well as the proposed lateral expansion ensure that there are 
no impacts to groundwater upgradient of the compliance 
boundary.  

ISWFA §39-
7409(4) Leachate discharge 

The PBSL does not have a leachate collection system, and 
therefore does not have any discharges that fall under the 
Clean Water act (40 CFR 122) 

ISWFA §39-
7410 

Ground water 
monitoring design 

Although the PBSL currently operates under an arid exemption, 
the landfill voluntarily conducts bi-annual groundwater, 
monitoring and submits the reports to DEQ for review. Details 
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Regulation Title/Requirement Location in Application and Supporting Documents 

on groundwater at the site, including a summary of groundwater 
monitoring, are provided in Section 2.7. Section 3.4 provides 
details on updates to the monitoring program associated with 
the proposed expansion.  

1.3 SITE CERTIFICATION 
There have been three different Site Certifications for the PBSL. All three Site Certifications meet the requirements 
for the lateral expansion of the landfill under §39-7407, Idaho Code. Copies of the approval letters are provided in 
Appendix B. 

1.3.1 Original 
On June 24, 1993, Holiday Engineering Company filed a Site Certification for the PBSL on behalf of Canyon County 
to comply with the new state requirements for an MSWLF pursuant to §39-7407, Idaho Code. At the time it had 
been accepting waste for approximately 10 years, the Site Certification Boundary encompassed approximately 260 
acres although only 116 acres was approved to accept waste. The approval was received from the DEQ on August 
9, 1993. 

1.3.2 DBS&A 
On June 17, 2010, Daniel B Stephens and Associates filed a Site Certification Application on behalf of Canyon 
County for the PBSL in preparation for an expansion design (DBS&A, 2010). The Site Certification boundary was 
expanded to include additional land purchased by the County and expand the area that could be included in the 
expansion design application. The Site Certification increased the acreage from approximately 260 acres to 490 
acres. The approval was received from the DEQ on August 2, 2010. 

1.3.3 Current 
On November 19, 2020, Tetra Tech filed a Site Certification Application on behalf of Canyon County for the PBSL 
in preparation for an expansion design. The Site Certification was expanded to include additional land purchased 
by the County and included areas that were part of a conceptual expansion design developed in 2017 to vet the 
overall scope and configuration of the expansion with the County, and to be able to identify potential data gaps and 
design constraints. The Site Certification increased the acreage from approximately 490 acres to 600 acres. The 
approval was received from the DEQ on February 26, 2021.  

2.0 SITE CHARACTERISTICS 

Information from site investigations have been used to characterize the soil and geologic conditions at the Landfill. 
The investigations include those conducted for the original site certification and design, work conducted to develop 
the groundwater monitoring program, shallow investigations for cover material (1994, 2016, 2022), a geotechnical 
investigation to support landfill expansion, a seismic study, and groundwater monitoring conducted since 2017. 

Additional information on the geologic setting of southeastern Canyon County has been garnered from reports and 
maps published through the Idaho Geological Survey, Idaho Department of Water Resources (IDWR) and the 
United States Bureau of Land Management (U.S. BLM).      

2.1 CLIMATE 
The PBSL is located in Nampa, which is a high desert that is bordered to north by the Rocky Mountain front range 
and to the south by the Owyhee mountains. The average precipitation in the region is 11.6 inches per year (City of 
Nampa, 2024). The winters are typically cooler and wetter. January is generally the coolest month. The summers 
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are hot and dry. The warmest month is generally July. Figure 2 (Appendix A) shows the wind rose for Nampa, 
Idaho. The data indicates that the prevailing wind direction is from the northwest, but that wind also occurs from the 
west and the southeast.  

The PBSL installed a weather station in 2017 to determine site specific conditions. Table 2 shows the annual data 
from 2018 to the present. The site-specific data indicates that the location of the landfill has less precipitation than 
the City of Nampa. Both the City of Nampa data and the site-specific data indicate that the site meets the 
requirements for an arid design in §39-7409(2)(c), Idaho code that requires an arid design to be sited in a location 
that has less than twenty-five (25) inches of precipitation annually. 

Table 2: Summary of Annual PBSL Weather Station Data 

Year 
Annual 

Precipitation 
(inches) 

Minimum 
Annual 

Temperature 
(°F) 

Average 
Annual 

Temperature 
(°F) 

Maximum 
Annual 

Temperature 
(°F) 

Average 
Annual 

Wind Speed 
(mph) 

Maximum 
Annual 

Wind Speed 
(mph) 

2018 7.3 9.3 54.6 107.9 7.9 39.5 

2019 8.2 14.3 53.0 99.1 7.9 41.9 

2020 10.6 17.2 54.5 101.5 7.7 41.5 

2021 5.3 16.0 55.6 106.7 8.1 38.8 

2022 5.9 4.5 53.1 106.5 7.8 41.8 

2023 9.0 8.3 53.8 103.7 8.2 40.4 

2024 
(thru 9/9) 6.1 -1.2 58.2 106.9 8.1 35.8 

 

Table 2 also provides the minimum, average, and maximum temperatures, as well as the average and maximum 
windspeeds. The site weather station does not measure pan evaporation. Therefore, to evaluate the evaporation 
at the site, the Evapotranspiration and Consumptive Irrigation Water Requirements for Idaho available on the IDWR 
website (IDWR, 2024) was used to determine the potential evapotranspiration (ET). Selecting Nampa, ID and range 
grasses – long season to represent the vegetation at the site indicates that the annual potential ET was 728 ± 53 
mm (28.7 ± 2.1 inches). Based on the lower precipitation at the site, maximum wind speeds, elevated summer 
temperatures, and the need to apply water for dust control, the actual net ET is likely on the higher range of the 
standard deviation which infers that the site meets the requirements for an arid design in §39-7409(2)(c), Idaho 
code that requires an arid design to be sited in a location that has net evaporative losses greater than thirty (30) 
inches annually. 

2.2 GEOLOGY 
The PBSL is located within a geologic structure known as the Western Snake River Plain. The Snake River Plain 
is a broad, arc shaped depression extending across southern Idaho. While the eastern portion of the Snake River 
Plain is considered to be a function of the movement of the North American Plate relative to an underlying heat 
source (“the Yellowstone Hotspot”), the Western Snake River Plain was formed by different geologic processes. 
The Western Snake River Plain is generally regarded as being a rift zone, where the earth’s crust was pulled apart 
by tensional forces. In this case, the forces were pulling the crust to the northeast and southwest, resulting in a 
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thinning of the crust in the middle of the northwest/southeast trending rift zone. Fault zones developed on the 
borders of the rift zone, perpendicular to the direction of the tensional forces. Evidence suggests this process for 
the Western Snake River Plain began between approximately 12 million (U.S. BLM n.d.) and 17 million years ago 
(Mabey, 1982), during the Miocene epoch.  

The fault zone on the northeast side of the Western Snake River Plain is called the Boise Front Fault, sometimes 
referred to as the Boise Foothills Fault zone. The system of faults on the southwest side of the basin is often called 
the Owyhee Mountains Fault zone. Both are recognized as normal faults, though strike-slip movement has also 
been postulated for the Owyhee Mountains Fault Zone (Mayo et. al., 1984). Normal faults are those in which the 
hanging wall moves downward relative to the footwall. In this way, the interior of the basin (a graben or graben-like 
structure) decreased in elevation compared to the Boise Front on the northeast and the Owyhee Range on the 
southwest. The normal faults on either side of the Western Snake River Plain have an average orientation of 
approximately North 50° West.  

The total relative vertical movement of the graben relative to the ranges on either side is not known. The Western 
Snake River Plain is a current topographical basin, but erosion on the ranges and filling of the basin with sediments 
and upwelling basalt has obscured the total vertical movement. In addition to vertical movement along the fault 
lines, subsidence or downwarping in the interior of the basin has likely occurred because of the weight of the 
sediments and volcanic rocks that have filled the depression (Swirydczuk, et. al. 1982). Malde (1959) suggests that 
there may have been 5000 feet of vertical displacement along the faults and an additional 4000 feet of subsidence. 
This is consistent with the findings of deep wells referenced by Mabey (1982) where lacustrine sediments and basalt 
flows accounted for more than 6000 feet of material above granite bedrock. The lithology from a deep well (Anshutz 
Federal No.1) in the Western Snake River Plain showed that there was 11,150 feet of sediment and basalt above 
granite (Maley, 1987). The granite could be an extension of the late-Cretaceous Idaho batholith. Otherwise, there 
is no evidence that the pre-Cenozoic rocks on the borders of the plain have been downfaulted under the plain 
(Digital Atlas of Idaho, 2023)  

Basalt flows in the Western Snake River Plain began approximately 11 million years ago (Shervais, et.al., 2002). 
The basalt eruptions appear to have been a direct result of the tectonic forces that created the basin.   

Most of the Western Snake River Plain basin was eventually covered by ancient Lake Idaho, possibly because of 
basalt flows forming a dam at the western end. Kimmell (1982) theorizes that the basin was occupied by two large 
lakes in succession. The sizes of the lakes may have been controlled by tectonics and changes in climate. The 
Western Snake River Plain basin has been largely filled with sedimentary materials from this depositional 
environment. Lacustrine sedimentation appears to have occurred largely between 8.5 and 2 million years ago, 
during the Pliocene and upper Miocene epochs (Wood, 1994). These sediments become more lithified at depth 
because of the weight of overlying materials. The type and nature of the sediments are important factors in 
preventing migration of landfill leachate through the sediments beneath the current and future landfill cells.   

Later sedimentation in the Western Snake River Plain basin included fluvial and possibly eolian deposits. These 
are generally coarser and less indurated than the underlying lacustrine sediments. Basalt eruptions occasionally 
intercalate with these sediments (Digital Atlas of Idaho, 2023).     

The materials filling the Western Snake River Plain basin are part of the Idaho Group, a designation first provided 
by Malde and Powers (1962). They divided the Idaho Group into seven formations and provided a lithologic 
sequence.  These are shown in Table 3, along with ages provided by Savage (1968). The Idaho group is underlain 
by volcanics (rhyolite and basalt) of the Idavada Group and covered by the Snake River Group; both contacts are 
unconformable (Ruez, 2009; Wood and Anderson, 1981).  

Wood and Anderson (1981) add a division to the Idaho Group, designating the Chalk Hills and older formations as 
the Lower Idaho Group and the Glenns Ferry Formation and younger materials as the Upper Idaho Group. This 
latter group comprises the near surface and subsurface geologic materials that have been encountered during the 
investigations at PBSL.  
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Table 3: Idaho Group Formations 

Formation (Young to Old) Rock and/or Soil Types Geologic Age 

Black Mesa Gravel Sand and Gravel Middle Pleistocene 

Bruneau Formation Basalt, Sand, Gravel Middle Pleistocene 
Tuana Gravel Sandy Gravel Lower Pleistocene 
Glenns Ferry Formation Sand, Silt, Clay, Siltstone, 

Claystone, some Sandstone. 
Upper Pliocene to Lower 
Pleistocene 

Chalk Hills Formation Silt and Sand; some Ash content Middle Pliocene 
Banbury Basalt Basalt with Tuff Beds Middle Pliocene 
Poison Creek Formation Ash and Tuff with some Sands 

and Gravel 
Lower Pliocene 

 

2.3 TOPOGRAPHY 
Pickles Butte and Deadhorse Canyon are the two prominent topographic features near the landfill. Pickles Butte is 
at the eastern end of a 1.25 mile long ridge that trends slightly north of west. The elevation at the top of the ridge 
ranges from 2996 to 3083 feet above mean seal level (AMSL). Much of the north face of this ridge slopes steeply 
into Deadhorse Canyon at a slope of approximately 30% (18 degrees). The slope decreases toward the base of 
Deadhorse Canyon. The northern base of the ridge essentially forms the southern extent of the current landfill 
footprint and the expansion area.   

Deadhorse Canyon trends toward the northwest on the north side of Pickles Butte. The canyon was historically 0.5 
to 0.75 miles wide as shown on topographic maps, through road construction and the landfill have altered the natural 
topography in the eastern and northern parts of it. Gently rolling landscape is present east and northeast of the 
landfill and Deadhorse Canyon. The elevation of the eastern and northern rim of the historic Deadhorse Canyon 
ranged from approximately 2800 to 2900 feet AMSL. The slope along the east wall of the historic canyon was 
approximately 30 to 35%, then decreasing to approximately 10% in the lower part of the canyon (USGS, 1958). The 
steep natural slope of the east wall is visible now only in a location south of Deer Flat Road where this road descends 
into the canyon.  

The canyon funnels into a narrow outlet, approximately 200 feet wide at an approximate elevation of 2590 feet 
AMSL. This is near the current western boundary of Canyon County owned property. From here, the canyon opens 
up into a gently sloping plain, approximately 0.5 mile wide, that is used for agriculture.    

2.4 STRATIGRAPHY 
Stratigraphic information specific to the PBSL has been collected during several investigations beginning in 1992. 
These include monitoring well installations in 1992, 1995, 2011, and 2020, site specific geologic mapping by 
Holladay, regional geologic mapping, geotechnical drilling programs in 1998 and 2021, and observations of surface 
geologic materials and outcrops.   

Based on the information from the site investigations, a stratigraphic sequence of geologic materials near to and 
underlying the landfill has been developed. Table 4 presents the basic information for the stratigraphic sequence 
of the generalized soil and rock units present within the investigated areas at the landfill.   
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Table 4: Site Lithologic Sequence 

Formation Rock and/or Soil Types Thickness (feet) 

Unclassified 
(Quaternary Deposits) 

Sand, non-lithified Up to 25 

Bruneau Basalt; Sandy Silt to Silty Sand Up to 50 

Tuana Gravel Sandy Gravel Up to 50 

Glenns Ferry Sand, silt, clay, siltstone, claystone Possibly >2000 feet total, 893 penetrated 
by monitoring well PB-14  

 
The Bruneau Formation, Tuana Gravel, and Glenns Ferry Formation are considered the Upper Idaho Group. The 
formations of the Lower Idaho Group (including the Poison Creek Formation, Banbury Basalt, and the Chalk Hills 
Formation) lie at depths that are beyond the depths explored at the landfill. Descriptions of the geologic materials 
in the study area are provided below. 

Six geologic cross sections across the landfill area were developed using information from the drilling investigations. 
The locations of the cross-section lines, identified as A through F, are shown on Sheet X-100 (Appendix D). The 
cross sections are included as Sheets X-101 through Sheet X-110 (Appendix D).  

2.4.1 Unclassified Sediments 
The youngest sediments in the study area are likely the light tan to buff-colored sands found in the northern and 
central parts of the investigated study area. The sand is described by the National Resource Conservation Service 
(NRCS) as being derived from alluvium, eolian, or lacustrine sediments (NRCS, 2023). The sand appears to be 
most prominent on the eastern/northeastern rim of Deadhorse Canyon, generally east and north of the original 
landfill cell. Holladay (1994) designated these as “minor sand dunes” that are the most recent deposit in the area. 
Their mapping included a low ridge in the central part of the study area, west of PB-1 and south of PB-8, in the 
minor sand dunes classification. This would indicate deposition after most, or all of the erosion had occurred to 
create Deadhorse Canyon. The sand north and east of the landfill is outside of the expansion area, and the ridge 
of sand in Deadhorse Canyon is above the base of the future landfill cells. These younger sands, therefore, have 
not been further investigated or evaluated for the current study.     

2.4.2 Bruneau Formation 
Sediments of the Bruneau Formation include fine-grained sandy silt to silty fine-grained sand.  Much of the native 
material in the area east of Phase 1 of the landfill, in the locations of monitoring wells PB-6, PB-7, PB-9 and PB-10, 
is typical of the Bruneau Formation. The silt and sand layers at these locations varies in thickness with up to 25 feet 
above gravel and sand deposits of the Tuana Formation (described below). In other places, little of the Bruneau 
Formation sand/silt is present above the Tuana Gravel. This silt and sand are generally tan-white colored.  

The sediments of the Bruneau Formation are mostly unconsolidated. Test pits excavated in April and July 2016 to 
evaluate soil for cover material encountered loose to slightly lithified soil, except when calcium carbonate 
cementation was present. The amount and strength of cementation varied laterally. The thickness of the Bruneau 
Formation at most of the test pit locations exceeded the depth of the test pit; however, gravel belonging to the 
Tuana Formation was found in the five test pits along the eastern site boundary. The depth to gravel ranged from 
1.4 feet in the southernmost test pit (T31) to 12.5 feet in test pit T20, located at the northeast corner of the property.  

Observations from the test pits east of the eastern rim of Deadhorse Canyon indicate the soil in the Bruneau 
Formation grades coarser with depth. The majority of the soil found near the surface in the 2016 test pits consisted 
of silt with varying levels of clay. Sandy silt to silty sand was often found at depth in the test pits. 
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The coarsening with depth was further viewed in test pits collected on the western slope of the eastern canyon wall, 
north of the existing landfill. In many cases, the near surface soil was sand or silty sand, with a coarsening seen 
with depth. The surface elevation of these test pits was several feet lower than those east of the rim of the canyon, 
and thus the soil seen in them is representative of soil lower in the geologic profile.    

A relatively thin layer of basalt belonging to the Bruneau Formation is present on the top of Pickles Butte and on 
Canyon County property in areas south and southwest of Pickles Butte. To date, the only boring that has intercepted 
the basalt is PB-13 which was drilled on Pickles Butte southwest of the active landfill. The upper 20 feet of this 
boring was in the Bruneau Formation basalt. The surface of the basalt is generally covered by loess except on the 
top Pickles Butte ridge, at the edge of a linear ledge southeast of the ridge, and in a small canyon further to the 
southeast. The top of basalt in these latter two features ranges from approximately 2900 to 3000 feet AMSL. The 
lack of basalt in similar depths at monitoring well locations PB-13 and PB-14 suggest that the area to the southwest 
may be on the downthrown side of a normal fault on the southwest side of the ridge, trending toward the northwest. 
This is consistent with information from various geologic maps. The geographic extent of the basalt does not 
coincide with the proposed landfill expansion area, and thus further investigation of the rock including hydrogeologic 
characteristics has not been conducted.    

2.4.3 Tuana Gravel 
The Tuana Gravel underlies the Bruneau Formation, though the type of contact between them is not clear. Wood 
and Anderson (1981) suggest that it is an unconformable contact. This has not been confirmed by the limited 
observations made during investigations at the landfill. The best visual exposure of the Tuana Gravel at the site is 
in a borrow pit located east of the southern extent of Phase 1 of the landfill (northeast of the shop and equipment 
staging area). Landfill personnel use this as a source of gravel for roadbuilding or other construction needs. The 
Tuana Gravel is also exposed in some of the road cuts near Pickles Butte, and in a Jubilee Park parking area at 
the west end of Missouri Avenue. Holladay (1994) also describe a 30-foot-thick exposure along the eastern rim of 
Deadhorse Canyon. The filling of the canyon in this area by Phase 1 of the landfill has covered this exposure, 
leaving the aforementioned areas as the best exposures of Tuana Gravel on the property.  

Holladay indicated that the exposure along the eastern rim of Deadhorse Canyon as being moderately well 
cemented by calcium carbonate. This level of cementation is not seen in the gravel pit area, nor in the road cuts 
and parking area near Pickles Butte. The gravel is generally subround, with some cobbles ranging in size up to 
approximately 6 inches, though much of the gravel is less than 3 inches in diameter. Interbedded lenses of sand 
and/or silt intervals may locally comprise substantial portions of the Tuana Gravel profile.  

Tuana Gravel was encountered in the borings east of the landfill (PB-5, PB-6, PB-7, PB-9, and PB-10), in the three 
monitoring wells on the Pickles Butte ridge (PB-13, PB-14 and PB-15), and at monitoring wells PB-4 and PB-16 
which are located in the south-central part of the landfill area. As noted above, the top of the Tuana Gravel was 
encountered in several test pits east of Phase 1 of the landfill. A comparison of the elevation of the top of the gravel 
at PB-13, the wells east of the landfill, and the 2016 test pits, shows that the upper surface of the gravel slopes to 
the northeast at 2.6 degrees. This correlates with observations made by Holladay where a slope of 3 degrees was 
reported.   

Comparing the elevation of the bottom of the gravel shows a slightly smaller slope to the northeast of 1.7 degrees. 
This indicates a thinning of the layer from southwest to northeast. This agrees with the findings presented by 
Holladay, where they indicated the thickness of the unit ranges from less than 10 feet along parts of the northeastern 
rim of Deadhorse Canyon to nearly 100 feet on Pickles Butte. 

More importantly, the bottom of gravel elevation, which ranges from approximately elevation 2988 to 2865 feet 
AMSL, is well above the base of the landfill cells in the expansion area. The Tuana Gravel therefore has no bearing 
on the hydrogeologic issues related to the landfill expansion.  
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2.4.4 Glenns Ferry Formation 
Upper (younger) Glenns Ferry Formation soils are the majority of geologic materials exposed on the northern flank 
of Pickles Butte and in the walls of Deadhorse Canyon. This formation underlies the Tuana Gravel, where present. 
The Glenns Ferry Formation extends beneath the landfill beyond the total depths explored in the groundwater and 
geotechnical investigations conducted to date.   

Malde (1972), in a study of the stratigraphy of the Western Snake River Plain, made extensive observations of the 
Glenns Ferry Formation. They indicate that it consists of lacustrine (lake deposited), fluvial (stream deposited) and 
flood plain facies that intertongue, often complexly.  The lacustrine facies is the most dominant, both in terms of 
volume and extent. It consists mostly of massive layers of tan colored silt. The fluviatile facies is composed mainly 
of thick beds of pale brown-grey sand and silt. The flood plain facies is mostly thin beds of silt and clay with 
intermittent layers of shale and sand (Malde and Powers, 1972).  

Information gathered during drilling for monitoring well installation indicates that the textural composition and 
physical properties of the Glenns Ferry Formation at the landfill site vary with depth. In general, the material 
becomes finer grained and more consolidated or indurated with increasing depth. The properties may also vary 
somewhat laterally, and the Holladay (1994) report mentioned that the lithification in correlating beds was seen to 
vary between borings. 

The upper part of the Glenns Ferry Formation encountered in the borings is comprised primarily of sand and silt. 
DBS&A described the sand beds as ranging from poorly to well sorted, from very fine grained to coarse-grained, 
and having little or no consolidated structure to a well-lithified sandstone. The grain size of the upper Glenns Ferry 
Formation tends to decrease with depth, and in the lower depths explored the Glenns Ferry Formation consists 
primarily of siltstone or claystone. The change from upper portion of the Glenns Ferry Formation showing little 
consolidation to the more lithified sediments at depth is often abrupt, as described by DBS&A (2014a).    

These lithified sediments are considered a hydraulic confining layer. This laterally extensive zone in the Glenns 
Ferry Formation has been found in all areas that have been explored to a sufficient depth at the landfill. The layer 
is usually described as a siltstone or claystone on the lithologic logs prepared by field geologists. The material is 
most often described as clay on lithologic logs prepared by drillers. Contained within this layer is a boundary at 
which the sediments below may have been deposited in an anoxic or oxygen deficient state. This condition gives 
them a characteristic blue green or blue grey color. This distinguishing characteristic is easily seen, so the layer is 
often referred to as the “blue clay,” and can be identified on boring logs and traced laterally across the entire landfill 
area. This anoxic layer is not limited to the areas explored at the landfill. Wood and Anderson (1981) indicate that 
the layer has been found as far to the west as Parma and as far to the east as Boise. The widespread presence of 
this layer is important for two reasons. First, its lateral continuity shows the uninterrupted nature of the middle 
Glenns Ferry Formation across the entire study area. This is consistent with the depositional environment proposed 
by Kimmel (1982) that the lower part of the Glenns Ferry Formation was formed in lacustrine setting across a large 
part of the Western Snake River Plain.  

Secondly, the blue clay is postulated as acting as an impermeable or nearly impermeable layer limiting groundwater 
movement. Wood and Anderson (1981), as part of a geothermal investigation in southwestern Idaho, found 
significant temperature differences in wells completed above and below the blue clay indicating that it is acting as 
a cap above deeper warm water aquifers.  

In their discussion of area groundwater conditions, Holladay (1994) compiled a table showing how the presence of 
blue clay can be traced throughout the general area. That table is designated as Table 1 in their report. They 
inspected the drillers logs for 72 wells located in the general vicinity of the landfill. The blue clay (or a lithologic 
feature that correlates to it) was identified on the majority of the logs. Those that did not specifically indicate blue 
colored clay nonetheless showed a thick sequence of clay and similar material (e.g. claystone, mudstone, siltstone) 
at depth in the area south of Lake Lowell. A recent search of well logs in the IDWR database found nine additional 
wells within approximately 1.3 miles of the landfill that have been installed since the Holladay research. Two of 
these (Stuart and Snell) are on property now owned by Canyon County Solid Waste. Four others (Helfrich, Lowry, 
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Riggs, and Sevy) are downgradient of the expansion area based on the piezometric surface measured at the PBSL 
monitoring wells. These are summarized on Table 5. 

Table 5: Area Domestic Wells, Post 1994 

Well Owner Address Top of Redox Zone 
Elevation (AMSL) 

Top of Confining Layer Elevation 
(AMSL) 

Esther Helfrich 16666 Deer Flat 2372 2392 

Chad Lowry 17626 Deer Flat 2270 2397 

Lonnie Riggs 8018 Bale Lane 2402 2402 

Daniel Sevy 17957 Deer Flat 2320 2355 

David Snell1 16141 Deer Flat 2417 2587 

Don Stuart1 16241 Deer Flat >22642 Unknown2 

1 – Now owned by Canyon County. 
2 – Only the portion of the log below 485 feet deep is available. The elevation of the top of the redox zone and confining layer 
cannot be determined. 

Interpreting the lithology from driller’s logs should be considered an approximation; in many cases there is no 
differentiation between silt and clay, or reliable information about the consolidation. Nonetheless, an inspection of 
the six1 logs for the wells shown in Table 5 does provide useful information to show that that conditions encountered 
in monitoring wells at the landfill extend beneath and beyond the expansion area. The redox layer is discernible 
from each of the well logs. The elevation of the redox layer can be estimated by subtracting the depth to the redox 
layer from the approximate ground surface elevation at each well location. The elevation of the top of the 
claystone/siltstone can also be estimated, though there is more uncertainty because of the lack of descriptive 
information on the consolidation of the material.  

Overall, the information shows that the fine-grained material (silt and clay) of the Glenns Ferry Formation is present 
at depth across the area, as is the redox boundary with a slight gradient to the northwest. The redox boundary in 
the western part of the landfill area ranges from an approximate elevation of 2417 feet at the Snell well to 2527 feet 
at monitoring well PB-13. The elevation of the redox boundary at the Daniel Sevy domestic well located 
approximately 1.3 miles west of the land fill is approximately 2320 feet. The redox boundary elevations at the Riggs 
and Helfrich wells (approximately 1 mile west-southwest and one-half mile west of the landfill) are approximately 
2402 and 2372 feet respectively. Using these four points as a reference, the redox boundary slopes to the northwest 
with a gradient of 185 feet per mile.  

As discussed above, the transition from less compacted sediments of the upper Glenns Ferry Formation to the 
more consolidated claystone and siltstone is not easily discernible from the driller’s logs. Using a best interpretation 
of when the confining layer starts also shows a slope of that surface to the northwest though the gradient is slightly 
flatter than the redox boundary at approximately 155 feet per mile.  

The northwestward slope in the top of the confining layer across the western part of the study area is consistent 
with the information shown on Cross Section A in Appendix D. This cross section is constructed roughly parallel to 
the apparent slope of the confining layer and shows a slope toward the northwest from the center of the landfill at 
PB-1 toward PB-11. In the northeastern part of the landfill, the apparent slope is toward the northeast, which is 
consistent the findings from the Holladay analysis. 

2.5 AREA FAULTING 
The USGS Quaternary Fault and Fold Database of the United States indicates that the Western Snake River Plain 
(WSRP) fault system is present in the general area, and a portion of an undifferentiated Quaternary-aged northeast-
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dipping normal fault is mapped within the project boundaries. The mapped location shows it extending northwest 
through the proposed expansion area. It is labeled as a normal fault with an approximate slip rate of less than 0.2 
mm/year. The approximate location, as indicated by USGS, is shown on Figure 1 in a Seismic Survey Report 
prepared by Tetra Tech in 2022. This report is included as Appendix G. The WSRP fault system consists of 
northwest-striking, northeast- and southwest-dipping normal faults. Most of these faults are described as having 
subdued expressions on the floor of the Snake River Plain. The USGS information indicates that detailed studies 
on the age of faulted deposits have not been published, but most fault traces are confined to older Quaternary 
deposits. The USGS thus assigns a Quaternary age to the faults until further detailed studies are conducted. 

The fault locations are from various sources, mapped at scales ranging from 1:250,000-scale to 1:62,500-scale 
mapping. Mapping at the latter scale was conducted by Wood and Anderson (1981). The USGS information 
indicates that slip rates have not been described, but the weak geomorphic expression of these faults indicates very 
low rates of long-term slip (Personius 2003). 

Two faults mapped by the sources listed above are on the northeast and southwest sides of the Pickles Butte ridge 
and are outside of the expansion area. Cross Section X-108 (Appendix D) shows the approximate location of the 
fault on the northeast side of the ridge. The USGS database shows one fault that is potentially present near the 
expansion area. It is shown with a length of approximately 3.4 miles with a strike of approximately North 37° West. 
The southern terminus is shown in the northern part of the active landfill area. A seismic survey was conducted in 
2022 to collect more information on this fault. This is discussed in Section 2.10 below.  

2.6 SOIL AND ROCK PROPERTIES 
Samples of soil and rock have been collected during three test pit investigations and during three of the drilling 
efforts to characterize the hydrogeologic and geotechnical properties of the materials. In some cases, the samples 
were collected and analyzed to use in slope stability calculations for landfill design. Other samples were specifically 
collected to provide data for use in Hydrologic Evaluation of Landfill Performance (HELP) and HYDRUS models. 
Still other samples were analyzed for various physical properties for final cover design purposes.  

2.6.1 Test Pit Investigations 
Holladay collected 25 soil samples from 13 test pits in 1994 to evaluate the material for a final landfill cover. The 
test pits were excavated in the area east of Phase 1 of the landfill. The sample depths ranged from 2 to 10.5 feet 
deep. Holladay had each of the samples tested for grain size analysis. Four of the samples were tested for Atterberg 
Limits. Holladay estimated ranges of field capacity and wilting point but did not provide specific values for individual 
samples.   

Tetra Tech also collected soil samples during two investigations (April and July 2016) to evaluate near-surface soils 
for suitability as use for final cover material. Five test pits were excavated east and northeast of Phase 1 of the 
landfill in April. Thirteen additional test pits were excavated in July to provide additional spatial coverage of the area 
extending further south and west. The second round of testing pitting focused on identifying the upper and lower 
bounds of the silt loam layer target for the final cover. The maximum depth of the test pits was 13.5 feet. Nine 
samples were submitted for grain size analysis, two samples for Atterberg Limits, and four for Proctor compaction 
testing (moisture-density relationship). Four samples were also analyzed for permeability, field capacity, and wilting 
point. This data was presented as part of an alternative cover evaluation (Tetra Tech 2016) that was approved by 
SWDH on December 8, 2016 and by the DEQ on December 9, 2016. This document is provided in the supplemental 
material provided as part of the application. 

Tetra Tech conducted another test pit investigation in October 2022 to evaluate soils in the County-owned property 
south of Missouri Avenue as part of the expansion investigation to ensure sufficient, suitable cover material would 
be available for closure. Fifteen samples were collected for grain size analysis and Proctor compaction tests, three 
samples were tested for permeability, eight samples were analyzed for field capacity, wilting point, and porosity, 
and five samples were tested for Atterberg limits. The soils from the 2022 investigation have lower permeability and 
would be better for final closure then the soils used for the alternative cover application. Therefore, the combination 
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of the originally identified soils for final closure evaluated in 2016, as well as the additional soils available south of 
Missouri Avenue would ensure sufficient final cover material is available for closure of Phase 5.  

Table 6 summarizes the results of the testing of the shallow soil samples from the three test pit investigations. 
Laboratory analysis included measurements of field capacity (holding capacity) that represents the amount of 
moisture the soil can hold against drainage by gravity. As the particle surface area (e.g. finer material) and organic 
matter increases, the moisture retention capacity of the soil increases resulting in a higher field capacity. The test 
pit samples from 2016 were collected to the east and northeast of the active landfill and showed an average field 
capacity of 13.8%. The test pit samples from 2022 collected south of Missouri Avenue had an average field capacity 
of 37.9%. The difference between these two areas is a higher sand content in the area east and northeast of the 
active landfill but may also reflect a higher organic content in the southern soils. The difference is field capacity is 
also reflected in the lower hydraulic conductivity for the southern soils. Given the low precipitation in the area around 
the landfill and the thickness of soil above the water bearing zone, there is more than sufficient capacity in the soil 
to retain the annual precipitation. 

Table 6: Test Pit Data Summary 

Sample 
No. 

Depth 
(ft ) 

Soil 
Type 

(USCS) 

Perme- 
ability 
(cm/s) 

Maximum 
Dry 

Density 
(pcf) 

Opt imum 
Moisture 
Content  

(%) 

Passing 
No. 200 

Field 
Capacity 

 (% 
Moisture) 

Wilt ing 
Point  

(% 
Moisture) 

Porosity 
(%) 

At terberg 
Limits 

PL/LL/PI 

1A 2 ML - - - 55% - - - 20/22/2 
2A 2 ML - - - 55% - - - - 
2B 10 SM - - - 15% - - - - 
3A 2 SM - - - 49% - - - - 
3B 9 SM - - - 20% - - - - 
4A 2 ML - - - 53% - - - 18/20/2 
4B 10 SM - - - 29% - - - - 
5A 2 SM - - - 47% - - - - 
5B 9.5 SM - - - 18% - - - - 
6A 2 ML - - - 53% - - - - 
6B 10 SM - - - 23% - - - - 
7A 2 ML - - - 70% - - - NP/17/NP 
7B 10 SM - - - 16% - - - - 
8A 2 ML - - - 60% - - - NP/24/NP 
8B 9.5 SM - - - 26% - - - - 
9A 2 ML - - - 68% - - - 15/20/5 
9B 10.5 SM - - - 15% - - - - 
10A 2 SM - - - 33% - - - - 
10B 6.5 SM - - - 22% - - - - 
11A 2 ML - - - 60% - - - NP/25/NP 
11B 9 SM - - - 36% - - - - 
12A 2 SM - - - 27% - - - - 
12B 9 SM - - - 12% - - - - 
13A 2 SM - - - 15% - - - - 
13B 5 SM - - - 20% - - - - 
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Sample 
No. 

Depth 
(ft ) 

Soil 
Type 

(USCS) 

Perme 
ability 
(cm/s) 

Maximum 
Dry 

Density 
(pcf) 

Opt imum 
Moisture 
Content  

(%) 

Passing 
No. 200 

Field 
Capacity 

 (% 
Moisture) 

Wilt ing 
Point  

(% 
Moisture) 

Porosity 
(%) 

At terberg 
Limits 

PL/LL/PI 

14A 1-3 SM - - - 34.0% - - - - 
14B 4-5 SM 5.63E-04 109.5 15.0% 23.0% 13.13 8.59 - NP/NP/NP 
15A 1-4 ML 4.24E-05 111.0 13.9% 65.0% 17.84 4.37 - NP/NP/NP 
16A 0.5-1.5 ML - - - 64.0% - - - - 
16B 4-5.5 SM 1.74E-04 113.5 11.9% 41.0% 11.53 6.09 - NP/NP/NP 
16C 8.5-9.5 SM - - - 36.0% - - - - 
17A 1.5-5.5 ML - - - 51.0% 12.80 6.52 - - 
18A 2-3.2 ML - - - 67.0% - - - - 
18B 7-8 SM 1.22E-05 86.0 31.8% 15.0% - - - 42/64/22 

TP-1 2-3 ML - 98.4 18.6% 71.5% - - - NP/NP/NP 
TP-2 6-8 ML - 96.3 20.5% 67.3% - - - NP/NP/NP 
TP-3 2-3 SM 2.11E-07 98.9 20.5% 40.2% 35.2 8.85 48.44 - 
TP-4 4-5 ML 2.54E-07 91.8 14.4% 64.8% 37.6 6.1 51.82 - 
TP-5 2-3 SM - 102.9 17.3% 49.0% - - - NP/NP/NP 
TP-6 2-3 ML - 97.6 19.3% 71.6% - - - - 
TP-7 4-5 ML 1.87E-07 99.2 19.0% 76.1% 36.3 6.6 48.67 - 
TP-8 2-3 SM - 98.5 18.7% 49.6% - - - - 
TP-9 4-8 ML - 90.9 22.4% 77.2% 41.6 7.15 53.14 - 

TP-10 5-6 ML - 94.1 21.4% 66.7% 37.4 8.43 49.85 - 
TP-13B 0-1 SM - 91.7 23.8% 32.6% - - - - 
TP-14 4-5 ML - 101.6 17.4% 78.4% 36.9 10.8 50.86 NP/NP/NP 
TP-15 2-3 CL-ML - 104.3 16.1% 77.1% - - - - 
TP-16 4-8 ML - 95.7 20.7% 75.3% 40.8 8.11 53.68 NP/NP/NP 

TP-17 1-3 ML - 97.0 19.9% 72.4% 37.7 6.96 51.15 - 
Notes: 
Samples 1A through 13B collected by Holladay Engineering Company, ca. 1994; Samples 14A through 18B collected by Tetra Tech, April 
2016; Samples TP-1 through TP-17 collected by Tetra Tech, October 2022. 

ML – silt; SM - silty sand; CL - lean clay 
Atterberg Limits Abbreviations: PL=Plastic Limit, LL=Liquid Limit, PI=Plasticity Index, NP=Non-Plastic. 
- Indicates test not conducted. 

 

2.6.2 Drilling Investigations 
Several subsurface investigations have been conducted since the early 1990s. These generally served one of two 
purposes: obtaining information on the hydrogeologic properties of the subsurface materials (usually during 
groundwater monitoring well installation) and collecting information for geotechnical engineering studies.  

Holladay conducted a geotechnical investigation that included five borings drilled in November 1996. Over 80 
samples from these borings were collected for various analyses; many of them were tested only for moisture content 
(Holladay, 1998). The results are included in Appendices E and F of the 1998 Holladay report.  

Tetra Tech collected samples from 8 borings drilled in 2021 as part of a geotechnical slope stability evaluation. 21 
samples were submitted to a geotechnical soils laboratory for Atterberg limits, 19 samples were submitted for grain 
size analysis, 9 samples were tested for Proctor compaction testing, 11 samples were tested for friction angle and 
cohesion, and 5 for unconfined compressive strength. 46 samples were also tested for natural moisture content. 
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The complete report for the slope stability evaluation is included Appendix F. The results of the testing are included 
in Appendix C of the Tetra Tech report.   

Holladay collected 11 core samples from three of the monitoring well borings drilled in 1992. DBS&A collected 56 
samples from the five monitoring well borings they drilled in 2011. Sample analysis from both of these investigations 
concentrated on physical properties of the soil and rock relative to hydrogeologic characteristics of the material.  

The samples collected by Holladay ranged from 206 to 479 feet deep. These represent elevations ranging from 
approximately 2621 to 2320 feet AMSL. The lithologic descriptions of the materials included clayey silt, silty clay, 
and claystone. Table 5 of the 1994 Holladay report summarizes the pertinent tests and results from their testing. 
Saturated hydraulic conductivities in these samples ranged from 1.8x10-9 to 1.0x10-4 centimeters per second 
(cm/sec).  

The 56 samples from the DBS&A drilling program in 2011 ranged from 39 to 750 feet deep. The elevations 
represented by the samples ranged from approximately 2793 to 2294 feet AMSL. The samples were analyzed for 
moisture content, dry bulk density, saturated hydraulic conductivity, moisture characteristics, grain size distribution, 
specific gravity, porosity (calculated), and Atterberg limits (DBS&A 2014a). The range of saturated hydraulic 
conductivity across all of the samples ranged from 4.29x10-9 to 7.24x10-4 cm/sec. These closely match the range 
from the 1992 Holladay investigation.  

Table 7 presents a summary of the drilling investigations described above. These reports can be reviewed for 
additional details including the locations of the geotechnical borings.  

Table 7: Summary of Drilling Investigations 

Reference 
Report 

Borings 
Drilled Purpose 

Number of 
Samples 
Collected 

Tests Conducted 

Holladay 
1994 

PB-2 through 
PB-8(A) 

Monitoring Well 
Installation and 
Hydrogeologic 

Characterization 

11 Moisture, bulk density, wilting point, 
specific retention, porosity, absolute and 
saturated hydraulic conductivity 

Holladay 
1998 

GT-1 through 
GT-5(B) 

Geotechnical 
Evaluation 

87 Grain size distribution, Atterberg limits, 
bulk density, moisture, triaxial compression  

DBS&A 
2014a and 
2014b 

PB-11 
through PB-

15 

Monitoring Well 
Installation and 
Hydrogeologic 

Characterization 

56 Moisture, dry bulk density, saturated 
hydraulic conductivity, moisture 
characteristics, grain size distribution, 
specific gravity, porosity (calculated), 
Atterberg limits 

Tetra Tech 
2022 

B2021-1 
through 
B2021-8 

Geotechnical 
Evaluation 

68 Moisture, grain size distribution, Atterberg 
limits, friction angle/cohesion, Proctor 
compaction testing, consolidation, 
unconfined compressive strength 

(A) Lab samples collected only from PB-2, PB-3, and PB-4 
(B) Core samples saved from PB-2 were also submitted for analysis  

2.7 GROUNDWATER 
Groundwater beneath the Landfill has been comprehensively studied beginning with the Holladay investigations 
described above and listed in Table 7. The Holladay work was followed by investigations conducted by DBS&A, 
and then by Tetra Tech. Figure 3 (Appendix A) shows the location of the site wells and other wells in the area. 
Fifteen monitoring wells and one former water supply well have provided information on the site’s hydrogeology. 
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Canyon County has been granted a waiver for conducting groundwater monitoring at the Landfill, but has voluntarily 
conducted quarterly or semi-annual monitoring. This groundwater monitoring program has been used to study the 
groundwater flow characteristics and groundwater composition beneath and adjacent to the Landfill. Groundwater 
at the Landfill has a unique chemistry and is greater than 400 feet deep. The potential for impacts to groundwater 
from the Landfill are negligible because of the depth to groundwater and the geologic stratigraphy described above. 

2.7.1 Groundwater Conditions 
Holladay identified three water bearing zones during a literature review and their investigation and referred to them 
as the Upper Aquifer (UA), Middle Aquifer (MA), and Bottom Aquifer (BA). It should be noted that while these names 
may correspond to subsurface intervals that produce water, they are not necessarily considered aquifers because 
of low production rates or quality concerns. DBS&A acknowledged the naming convention used by Holladay and 
used similar reference names in their 2014 report (uppermost-unconfined aquifer or unconfined aquifer, middle 
confined aquifer, or confined aquifer, and bottom aquifer).   

Monitoring wells have been constructed to characterize the first groundwater encountered at each location. 
Monitoring wells on the eastern part of the project area are completed in the Upper Aquifer in unconfined conditions. 
The remainder of the project wells are completed in the Middle Aquifer in confined conditions. The uppermost 
(unconfined) aquifer has been characterized at monitoring wells PB-5, PB-6, PB-7, PB-9, and PB-10. This water 
bearing zone is not present beneath the entire Landfill area; it is limited to the area at the northeast corner of the 
active Landfill and certification area; it is not present above the expansion area. The Middle Aquifer has been 
characterized by the former shop domestic well (PB-1), former monitoring wells PB-2, PB-3 and PB-4, and current 
monitoring wells PB-8 and PB-11 through PB-16. Table 8 is a summary of monitoring well construction information.  

Table 8: Summary of Monitoring Well Construction Information 

Well 
Number 

Groundwater 
Source 

Screened 
Interval(s) 

Depth to 
Top of 

Confining 
Layer 

Total 
Depth 
Drilled 

Approx. 
Depth First 

Water 
Encountered 

Depth to 
Potentiometric 

Surface* 
(March 2023) 

PB-1 Glenns Ferry Fm - 
Confining Layer 

577-367 251 658 595 NA - Well Closed 
prior to 1997  

PB-2 Glenns Ferry Fm - 
Confining Layer 

407-420, 
515-530  

280 557 490 NA- Well Closed 
prior to 1997  

PB-3 Glenns Ferry Fm - 
Confining Layer 

340-350, 
410-420, 
520-530 

263 860 410 NA - Well Closed 
June 2017  

PB-4 Glenns Ferry Fm - 
Confining Layer 

560 - 575, 
605 - 620 

422 640 565 - 630 NA- Well Closed 
September 2020  

PB-5 Glenns Ferry Fm 
– unconfined 

512.5 - 522.5 630 660 517 NA - Well Closed 
August 2021  

PB-6 Glenns Ferry Fm 
– unconfined 

487.5 - 497.5 620 700 490 NA - Well Closed 
August 2021  

PB-7 Glenns Ferry Fm 
– unconfined 

535 - 555 540 610 535 550.81 

PB-8 Glenns Ferry Fm - 
Confining Layer 

377 - 407 240 420 380 286.19 

PB-9 Glenns Ferry Fm 
– unconfined 

508 - 543 510** 544 Unknown 529.87 

PB-10 Glenns Ferry Fm 
– unconfined 

504 - 534 515** 560 Unknown 525.83 



Phase 5 Landfill Lateral Expansion Application Pickles Buttle Sanitary Landfill 

 17  January 23, 2025 

PB-11 Glenns Ferry Fm - 
Confining Layer 

340 - 400 200 420 350 - 400 292.35 

PB-12 Glenns Ferry Fm - 
Confining Layer 

480 - 540 140 555 500 - 560 304.27 

PB-13 Glenns Ferry Fm - 
Confining Layer 

840 - 900 545 923 850 - 900 728.78 

PB-14 Glenns Ferry Fm - 
Confining Layer 

845 - 905 522 923 800 - 840 712.91 

PB-15 Glenns Ferry Fm - 
Confining Layer 

790 - 850 565 870 800 - 860 652.76 

PB-16 Glenns Ferry Fm - 
Confining Layer 

572-592 262 600 580 - 590 550.83 

Measurements are in feet and referenced to ground surface except as noted 

*Referenced to top of casing, typically about 2 feet higher than ground surface 

**Based on interpretation from driller's log 

 

2.7.2 Upper Aquifer   
The wells set in this zone encountered water between approximately 490 to 535 feet deep, or between elevations 
of about 2330 and 2400 feet AMSL. The saturated thickness of the Tuana Gravel at these locations is on the order 
of tens of feet, with groundwater present at depths ranging from about 500 to 550 feet deep. These depths have 
steadily increased over the duration of groundwater monitoring (groundwater elevations have decreased). The 
elevation at MW-7 was 2401.18 in September 1992; the elevation in September 2024 was 2388.02. This steady 
decrease of 0.4 foot per year has been echoed by the other four unconfined monitoring wells. This resulted in MW-
5 and MW-6 becoming dry in 2003 and 2021 respectively. The wells were closed in August 2021. Groundwater in 
the unconfined aquifer flows to the northeast with a hydraulic gradient of approximately 0.05 to 0.06 feet per foot. 
As shown on Cross Section A in Appendix D, the confining layer on the eastern side of the landfill also has a 
downward slope toward to the east. DBS&A’s analysis was that the slope of the upper surface of the groundwater 
in the unconfined aquifer is similar to the slope of the top of the confining layer (DBS&A 2014a).  

2.7.3 Middle Confined Aquifer 
The middle confined aquifer is located within the blue clay unit and appears to underlie the entire expansion area.  
Observations during the previous investigations indicated that water within the confining layer is present in deeper 
fractures within that unit. DBS&A’s interpretation was that the material is harder and more brittle with depth and can 
support open fractures, while the shallower parts of it are more plastic and not able to support open fractures 
(DBS&A, 2014a).  

The middle aquifer is currently characterized by current monitoring wells PB-8 and PB-11 through PB-16. The depth 
to the top of the piezometric surface ranges from less than 300 feet for wells installed in the lower parts of Wildhorse 
Canyon, to over 700 feet for wells on the Pickles Butte Ridge. Groundwater in the middle confined aquifer moves 
to the southwest with a gradient of approximately 0.03 to 0.04 feet per foot.   

The depth to the water bearing zone in the middle confined aquifer wells ranges from over 300 feet to almost 900 
feet BGS, which corresponds to elevations ranging from 2125 to 2340 feet AMSL. The potentiometric surface in 
these wells in March 2023 ranged from 2345 to 2423 feet AMSL, indicating the presence of a positive pressure 
head. This positive head is present at each of these wells, ranging from approximately 35 feet at PB-16 to 
approximately 225 feet at PB-12. This positive head exerts an upward pressure on the confining layer and would 
this inhibit the downward migration of fluids from above the confining layer and into the water bearing zone.  
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Monitoring wells PB-4 and PB-8 were installed in 1992 and provide the longest duration of piezometric levels in the 
middle confined aquifer. The elevations of the piezometric surface over the duration of the monitoring program at 
these two locations have had different trends. The piezometric surface elevation at PB-4 decreased by 0.5 foot per 
year through April 2007. After that time, the level stabilized. PB-16, installed as a replacement of PB-4, has also 
shown stable levels since it was installed in 2020. Contrasting this is the piezometric surface at PB-8 which has 
shown a steady increase in elevation over time, with an average increase of 0.4 foot per year. PB-11, located 
approximately 1200 feet west of PB-8 and also on the north side of Wildhorse Canyon, has shown a similar increase. 
Monitoring wells PB-12 through PB-15 are middle confined aquifer wells located on the south side of Wildhorse 
Canyon. These have shown a greater increase in the elevation of the piezometric surface over time, averaging over 
0.7 foot per year.  

Canyon County Solid Waste (CCSW) has acquired two properties on the south side of Deer Flat Road that were 
formerly used as homesteads or residences. Each of these has a domestic well that provides information on the 
middle confined aquifer north of the existing monitoring well network. Property formerly owned by Don and Shelly 
Stuart includes a well that is approximately 1800 feet north of monitoring well PB-8. The driller’s log indicates that 
the top of the piezometric surface was 330 feet BGS. This equates to a piezometric surface elevation of 
approximately 2419 feet AMSL. Property formerly owned by David Snell includes a well that is approximately 1400 
feet north of monitoring well PB-11. The driller’s log indicates that the top of the piezometric surface was 370 feet 
BGS. This equates to a piezometric surface elevation of approximately 2367 feet AMSL. Both of these values agree 
with the groundwater depth and migration direction of water in the middle confined aquifer. The driller’s logs for 
each of the wells show hundreds of feet of unsaturated clay or sandstone above the middle confined aquifer, which 
is also in agreement with observations from the previous investigations at the Landfill.   

2.7.4 Lower Confined Aquifer 
Holladay defined the lower confined aquifer as the next water bearing zone beneath the blue clay. Their 
interpretation appears to have been mainly based on inspection of area domestic and irrigation well logs showing 
deeper water-producing zones of sand or rock beneath the material described as blue clay on the drillers’ logs. 
Holladay’s review of the logs for wells that penetrate the lower confined aquifer showed that there is usually clay 
units that do not produce water between the middle confined aquifer and the lower confined aquifer (Holladay, 
1994).  

2.7.5 Aquifer Recharge 
Recharge to the upper aquifer is postulated to be from surface sources, including Lake Lowell, surface irrigation, 
and possibly irrigation canals. Precipitation is not likely a significant contribution to recharge because of the low 
annual precipitation for the area. The middle confined water bearing zone is believed to be recharged by underflow 
from geothermal water that lies beneath the blue clay.  Anderson and Wood (1981) theorized that recharge to the 
thermal system may be taking place slowly over a long period of time with little present day recharge. A depletion 
of heavy isotopes in the geothermal waters may indicate that recharge to this aquifer occurred more than 10,000 
years ago.   

2.7.6 Groundwater Quality 
Groundwater monitoring has been conducted using the monitoring wells installed at the site since April 1995. 
Through 2016, groundwater samples were collected using stainless steel bailers. Beginning in December 2017, 
groundwater samples have been collected using dedicated pneumatic submersible pumps under a site specific 
groundwater monitoring plan that was last updated in November 2023 (Tetra Tech). Groundwater monitoring was 
conducted on a quarterly basis with the submersible pumps through September 2019. Since that time, groundwater 
monitoring has been conducted semi-annually, with monitoring events typically occurring in March and late 
August/early September. A monitoring report has been prepared summarizing the results of each sampling event. 
These reports have been submitted to the DEQ and should be referenced for the sampling results and statistical 
analysis.   
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2.7.7 Groundwater Quantity 
The yield from the groundwater monitoring wells at the site is low to very low. Regionally, the production from wells 
in the upper unconfined aquifer vary spatially. Observations made at site monitoring wells completed in this unit 
(PB-5, PB-6, PB-7, PB-9 and PB-10) indicates that recharge takes place in a matter of hours to days. This is 
contrasted with monitoring wells completed in the middle-confined unit, where the time to recharge after bailing or 
pumping in monitoring wells PB-1, PB-2, and PB-3 was noted to take months (Holladay, 1994). The middle-confined 
unit is the first water bearing zone underlying the expansion area.   

2.8 VERTICAL DISTANCE – WASTE TO WATER   
The geologic cross sections in Appendix D includes information on the bottom of waste, the hydraulic head in the 
water bearing unit (referred to as the potentiometric surface), and the top of the confined aquifer (water bearing 
zone). This provides a visual of the distance between the bottom of waste and water bearing zone for compliance 
with §39-7409 (c)(i), Idaho Code - Standards for Design that requires solid waste should not be deposited within 
fifty (50) feet of the seasonal high ground water elevation in the uppermost aquifer. For example, on Sheet X-104, 
monitoring well PB-8 will be within the excavation and will be abandoned as discussed in Section 3.4. Based on 
data from September 2024, which is representative of historical data at the site, the potentiometric surface is 251 
feet below the bottom of the waste and the water bearing confined aquifer is 357 feet below the bottom of waste. 
Similarly, on Sheet X-108 that is near boring B2021-7, data from September 2024, the potentiometric surface is 
estimated to be 270 feet below the bottom of the waste and the water bearing confined aquifer is estimated to be 
near 375 feet below the bottom of waste. This demonstrates that the proposed expansion exceeds the requirements 
in §39-7409 (c)(i), Idaho Code for the distance between waste and the upper most water bearing zone. 

2.9 GEOTECHNICAL EVALUATION 
Tetra Tech conducted a geotechnical study in 2021 and 2022 to support the lateral expansion of the landfill. The 
investigation evaluated the proposed permanent excavation slopes that are planned to be on the order of 3H:1V to 
4H:1V, with maximum cut depths on the order of 150 to 165 feet. The full report is available in Appendix F. 

Tetra Tech previously completed a slope stability evaluation that included static and seismic stability evaluations 
for Phases 2 through 4 of the Canyon County Landfill (October 7, 2015).  Tetra Tech also reviewed the previous 
evaluations conducted by Holladay in 1998 and conducted a seismic survey in December 2021. The survey was 
designed to image and delineate a suspected fault in support of the proposed expansion program at the PBSL. The 
seismic survey is discussed in Section 2.10 and the report is available in Appendix G.  

For the stability evaluation, Tetra Tech incorporated the following information: 1) the soils strength data available 
from previous analyses, 2) materials strength properties assigned based on the laboratory testing of the 
geotechnical samples collected in 2021 and also correlated from the Standard Penetration Testing (SPT) N-value 
(blow count) data collected during the geotechnical drilling and previous well installation reports.  

Based on findings from this and former site investigations, the subsurface conditions beneath the areas of proposed 
landfill expansion are assumed to generally consist of silty and clayey sand, clay, and gravel overlying the Glenns 
Ferry Formation (300 to 950 feet thick), which includes younger lacustrine and fluvial sediments.  The surrounding 
local geology includes an igneous basalt group of the Hat Butte-McElroy Butte type1 that was not encountered in 
area of the proposed expansion.  

Slope stability and pseudo-static analyses were performed using the computer program Slide2 (2020), developed 
by Rocscience, Inc., to determine the factors of safety (FS) of critical slip surfaces using both circular (rotational) 
and block failure analyses and vertical slice limit equilibrium methods. Circular failures can be viewed as a soil 
‘slump’ with a remnant head ‘scarp’ or drop in elevation where the slide started, and a resultant ‘hump’ or bulge at 

 

 
1Mancos - Macrostrat.org 
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the slide terminus.  A block failure represents a large mass or ‘chunk’ of soil failing outwardly as a larger intact 
mass.  Where the pseudo-static analysis indicated a factor of safety of equal to or less than 1.3 (industry standard for 
pseudo-static factor of safety for landfills), the internal slope of the landfill cell prior to waste emplacement was 
evaluated using the Newmark displacement analysis method to determine a range of potential seismic-induced 
deformations of the refuse mass. 

Results of the slope stability evaluations indicate that the preliminary design for the expansion phases will meet the 
requirements of the Idaho Administrative Rules IDAPA 58.01.06 for the Idaho DEQ’s administration of MSWLF. The 
analyses indicate static FS values on the order of 1.38 to 2.43, and 1.83 to 3.11 for circular and block failure 
respectively, while the pseudo-static FS values were on the order of 0.99 to 1.88, and 1.45 to 2.16 for circular and 
block failure, respectively. Subsequent seismic deformation analyses indicate maximum probable displacements 
on the order of 0.25 to 3.19 inches (0.5 to 8 cm) for the anticipated peak ground acceleration of 0.12g generated 
during the design seismic event at the project site. In general, the seismic displacement analyses indicate 
permanent seismic-induced displacements within the tolerances 6 to 12 inches (15 to 30 cm) that are typically 
considered acceptable for design of landfill systems with no liner. 

Multiple slope angles were considered for Tetra Tech’s slope analyses, ranging from 2.5:1 to 4:1 depending on the 
soil and bedrock types at each location.  Based on Tetra Tech’s analysis and the required FS’s, the following two 
slope angles are recommended for the preliminary landfill site grading plans: 

3H:1V:  for the majority of the site slopes 

4H:1V:  where silt is encountered (Section F discussed below) 

The 4:1 slope was analyzed and recommended for Section F because silt was interbedded between poorly-graded 
sand and fine sand and created a weakened soil profile.  In areas where a high concentration of silt is predominant 
during construction, a slope of 4H:1V is recommended for cut areas.  The soil profile within Section F was identified 
as having a high concentration of silt in the upper 135 feet of the proposed slope cut, thus decreasing the factor of 
safety. There are other areas where the silt was present; however, based on the analysis the proposed cut slope 
of 3H:1V was allowable for the silts as they were interbedded into stronger soil deposits. As the stratification is 
exposed during excavation of future cells, it is recommended that the soil conditions be reviewed to verify they 
match the design criteria. 

The slope with compacted refuse were modeled to confirm the slope angles that were allowable during the 
backfilling process. Slopes of 3H:1V are recommended as a maximum angle for the backfill process. A steeper 
slope of 2.75H:1V was modeled as an iteration to confirm the recommendations, and in this situation the pseudo 
static conditions produced a factor of safety below 1.3 and is not recommended. 

Portions of the soil profile were defined as claystone and have unconfined compression strengths higher than the 
site soils; however, the claystone had interbedded layers of softer soils, and for this reason Tetra tech has treated 
these areas as a soil rather than a rock and also recommends a slope cut of 3H:1V for the claystone zones.   

2.10 SEISMIC STUDY 
Tetra Tech conducted an active-source 3D seismic survey at the site in December 2021. The seismic survey was 
designed to image and delineate a suspected fault in support of the proposed landfill expansion. Seismic imaging 
over the suspected fault area was attained by using 3D seismic velocity tomography and reflection processing. 
The complete report is available in Appendix G. 

The results from the 3D survey revise the location and structure of the USGS mapped NW-striking NE-dipping 
WSRP normal fault across the project site. The new 3D imaging of fault structure demonstrates that faulting along 
the USGS NW-striking NE-dipping WSRP normal fault is tapering to zero west of geotechnical boring B2021-5 and 
that residual fault deformation is distributed amongst a network of tip splay faults across the project site. Thus, 
primary normal fault slip is unlikely east of the west edges of the tip splay faults. Instead, any fault slip associated 
with earthquakes along the USGS mapped NW-striking NE-dipping WSRP normal fault will likely partition into 
attenuated fault slip among the splay faults within the project site. There may be additional limited extent (strike 
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lengths < 200 feet) fault splays and relay fault within or outside of the 3D seismic volume extent. Distributed small 
stepover and relay faults commonly occur between large fault stepovers.   

Typically, in highly weathered rock or in poorly consolidated sediments, fault slip transitions to distributed 
deformation or bedding flexure prior to reaching the ground surface. Tip splay faulting may decrease with 
decreasing depth above the water table and transition to flexure or distributed deformation. This is the most likely 
scenario for the PBSL project site. The projected intersection of the SW-dipping tip splay fault at a depth of 81 feet 
in geotechnical boring B2021-5 near the base of a zone of distributed broken clay deformation, suggests the fault 
has produced distributed deformation in the 66-86-foot depth interval of borehole B5. Since the age of this depth 
interval in geotechnical boring B2021-5 is probably much greater than the ~100 ka overlying unfaulted geologic 
strata used by Personius (2003) to constrain the most recent age of active faulting along the WSRP normal faults, 
this possible fault deformation observed in borehole B5 in the 66-86-foot depth interval is likely older than 100 ka. 

The USGS NW-striking NE-dipping WSRP normal fault that is mapped as extending into the project site from the 
northwest does not appear to displace ~100ka age sedimentary units (Personius, 2003). From a probabilistic 
perspective there seems to be little possibility of significant shallow (< 200 feet) faulting within the project site 
southeast of the west edges of the mapped tip splay faults (negligible nonzero fault slip for annual exceedance 
probabilities greater than 0.01%). To best characterize the potential movement and absolute location of faulting 
would require geologic mapping during excavation of a future landfill cell. The current expansion application does 
not include the area identified for additional investigation and would need to be considered if future lateral 
expansions of the landfill are considered in the area of interest.  This could be done when the area is excavated as 
a borrow source for cover material. At that time, geologic mapping of the fault could be conducted, with particular 
attention to identifying narrow fault zones with evidence of recent activity and areas of potential distributed 
deformation. Careful sampling can yield materials suitable to date the most recent age of fault activity to determine 
if any detected fault activity is recent (unlikely) or > 100 ka in age (most likely). 

3.0 LATERAL EXPANSION DESIGN  

The requested expansion design expands the current footprint of the landfill from 116.7 acres to 200.5 acres, which 
covers an additional 83.8 acres. The design primarily expands the landfill to the west of the current footprint, and 
then covers Phase 3 and incorporates the majority of Phase 4.  

The excavation and final surface design was based on existing conditions and limitations, which included: 

• Maintain the Phase 5 expansion within the existing landfill gas (LFG) header pipeline to the maximum 
extent possible; 

• Maintain the current location of the condensate tank; 
• Utilize the borrow source excavation area that provides daily cover for Phase 3; 
• Maintain a 2.5% minimum floor slope along the bottom of the waste; 
• Adhere to the geotechnical design criteria of 4H:1V for the outside slopes; 
• Incorporate as much of the existing approved Phase 4 design; 
• Maintain the peak height of the landfill at or below the level of Phase 4 to minimize visibility;  
• Maintain access along Perch Road, which extends from the scale house to the lower areas for waste 

placement during both the excavation and waste placement portions of Phase 5 for as long as possible; 
• Allow for wider operating floors for waste placement to improve operational efficiency and allow separation 

of commercial haulers and the public; 
• Incorporate a stormwater pond inside the LFG header to minimize run-off;  
• Incorporate a new road along the northside of the expansion for access as the lower portion if filled with 

waste; and 
• Relocate the storage of white goods, concrete, clean wood, and green waste from the landfill face to 

reduce maintenance of the intermediate cover. 

These criteria were used to determine the depth of excavation to the south, west, and northwest and determine the 
potential air space available from the expansion. Appendix H contains the design drawings. The excavation plan 



Phase 5 Landfill Lateral Expansion Application Pickles Buttle Sanitary Landfill 

 22  January 23, 2025 

is shown on Sheet C-101, and the lowest elevation of waste is 2640 feet amsl. The excavation would include 
1,806,895 cubic yards of soil. Although some of the soil would be utilized for daily the cover, the site is soil heavy 
and a significant portion of the soil would need to be relocated. The County owns the land south of Deer Flat Road 
and east of the portion of Perch Road that extends off Deer Flat Road. This area is a low spot and is currently used 
by OHV for recreation. The area was evaluated and has the capacity required for relocation of the clean soil. 

Sheet C-102 (Appendix H) shows the Phase 5 top of waste plan with a maximum elevation of 3000 feet amsl. 
Intermediate and final cover would be placed on the surface shown. This results in an additional 24,360,554 cubic 
yards of air space. If approved, the landfill would modify operations to start filling Phase 5 on the western side of 
the landfill and build successive lifts going up to the east, which would delay the completion of Phase 3 and Phase 
4. This would improve operational efficiency by allowing wider lifts, facilitate separation of commercial haulers and 
the public, and reduce modification to traffic flow. The northern and southern sections would be tied into the design 
based on elevation of the lifts. Based on past acceptance rate, if it is assumed that 370,000 tons of waste is accepted 
per year this will add approximately 36 years of operational life above the remaining capacity available in Phase 3 
and Phase 4, assuming no growth. However, if it is assumed that the tonnage rate increases by 1% per year, Phase 
5 would only provide approximately 29 additional years.  

Sheets C-103 to Sheet C-107 (Appendix H) shows various cross sections through the proposed expansion and 
differentiates between Phase 3 and Phase 4 that are already approved and Phase 5. Sheet C-106 shows that with 
lateral expansion, the tie-in point for the top of the landfill would be further west then under the approved Phase 4 
design and a small portion (114,264 cubic yards) of the Phase 4 design would not be utilized. 

3.1 LANDFILL GAS SYSTEM 

3.1.1 Regulatory Framework 
State and Federal regulations require that landfill gas (LFG) generated by the facility be controlled to prevent 
migration beyond the property boundary, and to mitigate surface emissions beyond certain limits (500 parts per 
million by volume).  PBSL operates under Air Quality Permit T1-2017.0049, dated March 1, 2018.  PBSL is currently 
operating under a continuance of the permit. An application for renewal of the permit was submitted on August 30, 
2022. A draft of the new permit (T1-2022.0038) was received from DEQ on September 24, 2024, and is currently 
being reviewed.  The waste capacity of the PBSL is over 2.5 million megagrams (Mg), making it a major source of 
hazardous air pollutants (HAPS).   

On June 21, 2021, the Federal Plan Requirements for Municipal Solid Waste Landfills that commenced construction 
on or before July 17, 2014, and have not been modified or reconstructed since July 17, 2014 (Federal Register, 
Volume 86, No. 97, page 27756, May 21, 2021) under authority of the Clean Air Act became effective. These rules 
reduced the allowable NMOC emissions rate for landfills before a landfill gas collection system must be installed 
from 50 Mg/year to 34 Mg/year.  

In May 2019, the site specific NMOC concentration was 422 parts per million (ppm) based on the Tier 2 Testing for 
Non-Methane Organic Compounds (NMOC), which resulted in an annual NMOC emission rate of 37.3 Mg/year. 
Therefore, as a result of the change in regulations in 2021, PBSL was required to install a Gas Collection and 
Control System (GCCS). 

3.1.2 Gas Collection and Control System 
In response to the change in regulations, PBSL commissioned the design and installation of a GCCS that covers 
landfill operations through the completion of Phase 3. A permit to construct (PTC) was submitted to DEQ on 
December 23, 2022, for a candle stick flare associated with the GCCS design. The PTC for the GCCS system was 
approved on July 28, 2023. The GCCS consists of 14 vertical wells, 17 horizontal collectors (10 installed and 7 
future), associated pipelines, control valves, and pneumatic condensate pumps that are tied in to a 10-inch header 
pipe that extends around the landfill perimeter. Sheets C-101 and C-102 (Appendix H) show the existing header 
pipe that is tied into a gas handling system consisting of 2 variable drive blowers, condensate knock-out vessel, 
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and control panel. The vacuum blowers draw the LFG from the collection points to the control system. All LFG 
extracted by the GCCS is combusted by a 1,360 standard cubic feet per minute (scfm) flare. The system became 
operational on March 19, 2024. 

3.1.3 Expansion of the Landfill Gas System 
One objective of the expansion design was to stay within the existing landfill gas header pipeline and still be able 
to tie-in future horizontal LFG collectors. This would also minimize modification to the location of currently in-place 
manifolds, sumps, or highpoint valves.  This was possible for the majority of the expansion, except in the southern 
area where it was necessary to tie into the hillside to promote positive drainage, minimize stormwater run-on from 
the radio antenna area, and improve capture of run-off water. In addition, it also provided additional waste capacity. 
Sheet C-108 (Appendix H) shows how the landfill gas header line will need to be extended as part of the expansion 
design. The drawing shows the location of existing blind flanges where the extension would tie into to the existing 
header line. Sheet C-108 also shows the location of an existing manifold for horizontal collectors from Phase 3 that 
will need to be relocated. 

New vertical and horizontal collectors were not designed as part of the expansion design at this time. This is 
because the system just became operation in 2024, the current design extends through the life of Phase 3, and that 
the current flare only has an estimated lifespan of 10 years (Tetra Tech 2022). The current flare is capable of 
processing up to 1,360 scfm. In September 2024, the flare was operating at a flow rate of 950 scfm. The modeled 
peak flow rate of 1,148 scfm was calculated during the design phase and was estimated to occur in the year 2034 
but is dependent on the tonnage and type of waste landfilled (i.e. organic versus C&D). As a result, as operational 
data is obtained, it will be necessary for the landfill to modify the Gas Collection and Control System (GCCS) system 
from a candlestick flare to a larger flare or develop a waste to energy program for the LFG (e.g. engines or liquified 
natural gas). Therefore, design of additional vertical and horizontal LFG collectors will be required as part of the 
system upgrade and will be designed based on operational data in the future. Any modifications to the GCCS 
system will be submitted to DEQ and any required air permits (e.g. Permit to Construct) will be submitted prior to 
any modifications to the existing system.  

3.2 HYDROLOGIC ANALYSIS 
PBSL reviews, and if required updates the stormwater plan approximately every five years based on the location of 
the active face and how well existing controls are working. The last update was completed on August 5, 2020, for 
Phase 3 (Tetra Tech 2020). The Phase 3 design was used as the starting point for the final Phase 5 design because 
the location of ponds and mechanism for drainage along bench roads are effective for the management of 
stormwater and minimizing erosion at the PBSL.  

For the final Phase 5 design, Tetra Tech performed a detailed rainfall-run-off hydrologic analysis to estimate peak 
run-off rates and volumetric inflows for the 25-year, 24-hour design storm utilizing the National Resource 
Conservation Service (NRCS) Curve Number (CN) Method and the United States Army Corps of Engineers’ 
(USACE) HEC-HMS software. The analysis presented in this section is the end point of the stormwater controls for 
Phase 5. Interim reviews and potential updates will be required between when the expansion design is approved, 
landfill operations are modified to more efficiently fill the landfill, and the design presented in this section is 
constructed. The parameters used for the hydrologic analysis and results used for the final hydraulic/stormwater 
management structures for the final Phase 5 design are provided in the following sections.   

3.2.1 Rainfall Data 
Site-specific rainfall data for the 25-year, 24-hour storm were obtained from the National Oceanic and Atmospheric 
Administration’s (NOAA) Precipitation-Frequency Atlas. NOAA Atlas 14 Volume 12 Version 2 was released in 
September 2024 (https://hdsc.nws.noaa.gov/pfds/) and indicates that the precipitation at the landfill for the 24-hour, 
25-year storm event would be between 1.47 to 1.83 inches with a 90% confidence value of 1.64 inches. Stormwater 
controls for the landfill since 2016, have been calculated based on the NOAA Precipitation-Frequency Atlas of the 
Western United States, Atlas 2, Volume V-Idaho which estimates the precipitation for the 25-year, 24-hour storm 

https://hdsc.nws.noaa.gov/pfds/
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event as 1.8 inches (NOAA, 1973). Since the historic precipitation value used at the landfill is conservative (i.e. 
assumes a higher precipitation rate) and within the estimated range of the NOAA Atlas 14 of 1.47 to 1.83 inches, a 
precipitation value of 1.8 inches for the 24-hour, 25-year storm event was used for the model. 

3.2.2 Drainage Area Delineation 
The drainage area for PBSL was delineated using client-provided survey data and aerial imagery from September 
2023 and the final Phase 5 design utilizing AutoCAD Civil 3D software. The landfill conducts an aerial survey 
annually on September 30th of each year to reflect changes and modifications based on operations and to evaluate 
landfill performance. The entire drainage area reporting to existing or proposed stormwater structures encompasses 
approximately 247.9 acres. The drainage areas were delineated to account for the areas that report to the various 
existing or proposed stormwater management structures such as channels, culverts, and retention ponds.  

Drainage area soils and land cover types were characterized by assigning Curve Numbers to each respective 
drainage area. Landfill cover material has been assigned a Curve Number of 70 and is assumed to be vegetated. 
The entrance to the landfill consists of paved/gravel roads, buildings, and other impermeable surfaces. As such, 
this area can be expected to have a higher run-off potential. For the site entrance area, a Curve Number of 85 has 
been assigned. Run-on areas upgradient of the landfill have been characterized as “Sagebrush with grass 
understory” and has been assigned a Curve Number of 51. A full list of assigned drainage areas, Curve Numbers, 
and landcover characteristics are provided in Tables 1, 2, 3 and 4 of Appendix I. The drainage area delineations 
are shown on Sheet C-109 and C-110 (Appendix H). 

3.2.3 Time of Concentration 
The NRCS Watershed Lag Method was used to calculate concentration times for each individual subbasin. This 
method was developed for use in nonurban watersheds and accounts for a lag time for each subbasin that 
distributes the respective run-off hydrograph peaks as they occur naturally without reaching the design point 
simultaneously (NRCS 2010). The NRCS Watershed Lag Method calculates time of concentration using the 
following equation referenced from Part 630, Chapter 15, of the National Engineering Handbook (NRCS 2010): 

 

𝑇𝑇𝑐𝑐 =  
𝐿𝐿0.8 (𝑆𝑆 + 1)0.7

1140𝑌𝑌0.5  

Tc = Time of Concentration, hr 

L = Flow Length, ft 

S = Maximum Potential Retention, in 

Y = Average Watershed Land Slope, % 

 

Referring to the NEH Part 630, the relation between lag and time of concentration can be expressed as L (lag time) 
= 0.6Tc, where the lag time is a factor of the time of concentration multiplied by 0.6. The lag time is defined as the 
delay between the time run-off begins until it reaches its peak.  

3.2.4 Hydrologic Model (HEC-HMS) 
Tetra Tech utilized the USACE’s HEC-HMS software to simulate the 25-year, 24-hour storm event using the NRCS 
CN Method. The hydraulic evaluation of the proposed stormwater management structures used an estimated Soil 
Conservation Service (SCS) Type II rainfall distribution, peak run-off rates and inflow volumes for the study area. 
The following parameters and assumptions were used to quantify the estimated peak flows and inflow volumes: 

• Precipitation: Based on the site’s location, an SCS Type II Storm was selected as the synthetic rainfall distribution 
• Run-off Volume: The SCS CN Method was used to model the estimated run-off 
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• Direct Run-off: The model used the SCS Unit Hydrograph transform method with a Standard (PRF 484) graph 
type 
 

Results from the HEC-HMS hydrologic model is provided in Appendix I. 

3.3 HYDRAULIC ANALYSIS 
Based on the calculated peak flows and volumes that report to the proposed stormwater management structures, 
the capacities of each proposed structure were evaluated to confirm they can safely capture, convey, and store 
the estimated run-off from the 25-year, 24-hour design storm event. 

3.3.1 Regulations 
Stormwater discharges are regulated by the Environmental Protection Agency (EPA) under Code of Federal 
Regulations (CFR) Title 40 sections 122, 123, and 124 (National Pollutant Discharge Elimination System (NPDES) 
Permit Application Regulations for Storm Water Discharges). These rules have been in effect since December 17, 
1990, and apply to landfills that are subject to regulation under subtitle D of Resource Conservation and Recovery 
Act (RCRA). The rules cover the discharge of stormwater that flows from a waste containing area of the facility to 
any offsite collection system. If the stormwater runoff from a waste containing areas is collected and treated on-site 
these regulations do not apply. The design collects stormwater runoff from the waste containing area of the Site 
and routes them to onsite retention basins through a series of benches, ditches, and culverts. 

Per the e-CFR website, amended September 24, 2024, the following surface water requirements shall apply under 
Title 40, Chapter 1, Subchapter I, Part 258, Subpart C, §258.26:  

Title 40: Protection of Environment 
PART 258 – CRITERIA FOR MUNICIPAL SOLID WASTE LANDFILLS 

Subpart C – Operating Criteria 

§258.26: Run-on/run-off control systems. 

(a) Owners or operators of all MSWLF units must design, construct, and maintain: 

(1) A run-on control system to prevent flow onto the active portion of the landfill during the peak 
discharge from a 25-year storm; 

(2) A run-off control system from the active portion of the landfill to collect and control at least the water 
volume resulting from a 24-hour, 25-year storm. 

(b) Run-off from the active portion of the landfill unit must be handled in accordance with §258.27(a) of 
this part. 

3.3.2 Stormwater Channels and Run-On Control 
The lateral expansion of the PBSL will require additional stormwater controls to effectively manage stormwater run-
off. Stormwater controls for the landfill expansion have been designed to capture most of the run-off except for a 
small area on the eastern slopes. Run-off from this eastern area will flow into the existing gravel pit that is within 
the controlled access for the site. 

Four stormwater channels are proposed around the perimeter of the landfill expansion to capture and convey run-
off. The location of the proposed channels are shown on Sheet C-109 (Appendix H) and the channel dimensions 
are shown on Sheet C-113 (Appendix H). The four channels are as follows: 

• North Channel: Triangular shaped (V-ditch) stormwater channel that will capture stormwater run-off from the 
northern benches of the landfill and convey the captured run-off to the proposed Northwest Pond. This channel 
will parallel the outer edge of the existing landfill gas header road. A 1-ft tall earthen berm should be constructed 
along the outer edge of North Channel to prevent run-on from upgradient areas.  
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• East Channel: A trapezoidal shaped stormwater channel that captures stormwater from of portion of the landfill 
eastern slopes and conveys run-off to the proposed Eastern Pond. This channel will be constructed along the 
outside edge of the existing road. 

 

• West Channel 1: A trapezoidal shaped stormwater that captures stormwater from the southern benches of the 
landfill in addition to some run-on from an upgradient area. This channel will convey captured run-off to an 
existing drainage west of the landfill within the controlled access area.  

• West Channel 2: A triangular shaped (V-ditch) channel that runs parallel to the inside edge of the existing landfill 
gas header road. This conveyance channel with direct captured run-off from a small portion of the landfill 
southern benches and tie into a bench drainage channel network.  

Additional internal stormwater channels that will be required include are shown on Sheet C-109 (Appendix H) and 
include: 

• Half Corrugated Metal Pipes (CMP): CMPs will be installed along the fill slopes of the landfill to drain water off 
the face of the landfill. The half CMPs should include a region at the bottom of each lift (i.e. distance between 
stormwater benches or approximately 40 ft) for transition to connect to the next adjoining earthen channels 
and/or half CMP down slope drainage channel. Energy dissipation devices (e.g. rock gabions or concrete splash 
walls) should be installed on the side opposite their respective adjoining earthen channels as required based on 
the length of the channel and if required to prevent erosion after a significant storm event. These features will 
serve to reduce channel velocity prior to their respective junctions.  

• Bench Drainage Channel: Triangular shaped (V-ditch) conveyance channels along the benches of the landfill 
(Sheet C-113, Appendix H). These drainage channels convey captured run-off from the landfill slopes to the 
half-CMPs or the North and West Channels. 

An existing series of culverts and drainage channels exist adjacent to the landfill entrance and scale house area. 
Run-off from the southeastern slopes of the landfill will be captured and conveyed via this existing stormwater 
conveyance system to the existing Southeast Pond that will be modified as part of the design. Except for West 
Channel 1, all stormwater is directed to on-site retention ponds. 

Run-on to the landfill is expected to occur from an upgradient area west of the landfill and will be captured by West 
Channel 1 then diverted away from the landfill. Minor run-on along the northern perimeter of the landfill is expected. 
As such, a 1-ft tall run-on berm on the outside edge of the North Channel is proposed. Along the northwestern 
perimeter, downstream of West Channel 1, minor run-on may occur. A 1-ft tall run-on berm should be installed on 
the inside edge of the existing road, terminating at the proposed North Pond. Refer to Sheet C-110 in Appendix H 
for the location of the run-on berms. 

A hydraulic analysis using Bentley FlowMaster hydraulic calculator software and Manning’s Equation for open-
channel flow were used to determine minimum geometric and hydraulic properties for proposed channels. Hydraulic 
results for the channels are presented in Table 9 below. 
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Table 9: Stormwater Channels Design Properties 

Stormwater ID 

Peak 
Discharge 

(cfs) Length (ft) 
Geometric 

Shape 

Side Slopes 
(XH:1V) 

Bottom 
Width (ft) 

Minimum 
Design 

Depth (ft) 

North Channel 0.2 3,125 Triangular 2 N/A 1 

East Channel 1.2 680 Trapezoidal 2 1 1 

West Channel 1 1.6 2,370 Trapezoidal 2 1 1 

West Channel 2 0.2 710 Triangular 2 N/A 1 

Bench Drainage 
Channel 

0.8 Varies Triangular 2 N/A 1 

 

3.3.3 Stormwater Retention 
Three retention ponds are proposed and designed to store captured runoff from the 25-year, 24-hour storm event. 
They are designated the Northwest Pond, East Pond, and Southeast Pond, and were designed to minimize 
discharge from the project site. 

The Northwest Pond currently exists and was designed for the Revised Phase 3 design in 2020. The current pond 
will be expanded as Phase 3 is built and will be completed when the fill for Phase 3 starts to tie into the Phase 2 
slopes. Stormwater is conveyed to the pond through a series of channels and CMPs. The northwest pond will be 
retained as part of the expansion design to collect runoff from a large portion of the north and northwest landfill 
slopes. Based on the final grading of the expansion design, less stormwater will be conveyed to the pond at the 
completion of the expansion than during the end of Phase3 construction. Rather than modify the pond, it will be 
oversized for the expansion design and will have more than ample capacity to store the estimated inflow volume.  

The East Pond has been designed to store captured run-off from the eastern slopes of the landfill. Planned 
construction, existing roadways, and spatial constraints limit the East Channel from capturing all runoff from the 
eastern landfill slopes. Run-off from the eastern landfill slopes that would otherwise be directed to the East Pond 
will likely flow into the existing gravel pit.  

The Southeast Pond is a modification of the existing pond near the site entrance. Specifically, the Southeast Pond 
will be deepened by excavating a foot from the existing pond bottom, the existing dam will require minor regrading 
and the addition of a foot of fill to raise the dam crest elevation. Although these modifications provide sufficient 
capacity for the 25-yr 24-hr storm event, an overflow pond was added downstream of the Southeast Pond to address 
concerns of neighboring landowners should the site experience sequential low-probably storms. The Southeast 
Pond and the overflow will be connected via a 3-ft wide x 2-ft deep trapezoidal overflow weir. Between the two 
ponds, there is more than ample capacity to store captured runoff from multiple 25-yr 24-hr storm events. 

Stage-storage data for the four ponds are provided in Tables 10, 11, 12 and 13 below. Sheet C-111 and Sheet-
112 (Appendix H) show the pond cross sections. 

Table 10: Northwest Pond Stage-Storage 



Phase 5 Landfill Lateral Expansion Application Pickles Buttle Sanitary Landfill 

 28  January 23, 2025 

Stage (ft) Area 
(ac) 

Incremental 
Volume 
(ac-ft) 

Cumulative 
Volume 
(ac-ft) 

2616 0.99 0.00 0.00 

2617 1.05 1.02 1.02 

2618 1.11 1.08 2.10 

2619 1.17 1.14 3.24 

2620 1.23 1.20 4.44 

2621 1.29 1.26 5.70 

2622 1.36 1.33 7.03 

2623 1.43 1.39 8.42 

2624 1.49 1.46 9.88 

2625 1.56 1.53 11.41 

2626 1.64 1.60 13.01 

*Required capacity = 1.1 ac-ft 

 

Table 11: East Pond Stage-Storage 

Stage 
(ft) 

Area 
(ac) 

Incremental 
Volume 
(ac-ft) 

Cumulative 
Volume 
(ac-ft) 

2909 0.00 0.00 0.00 

2910 0.12 0.06 0.06 

2911 0.14 0.13 0.19 

2912 0.15 0.14 0.34 

2913 0.17 0.16 0.49 

2914 0.18 0.17 0.67 

*Required capacity = 0.3 ac-ft 
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Table 12: Southeast Pond Stage-Storage 

Stage 
(ft) 

Area 
(ac) 

Incremental 
Volume 
(ac-ft) 

Cumulative 
Volume 
(ac-ft) 

2895 0.00 0.00 0.00 

2896 0.01 0.00 0.00 

2897 0.06 0.03 0.04 

2898 0.09 0.07 0.11 

2899 0.12 0.10 0.21 

2900 0.14 0.13 0.34 

2901 0.17 0.16 0.50 

2902 0.20 0.18 0.68 

29031 0.23 0.21 0.89 

2904 0.26 0.25 1.14 

2905 0.31 0.29 1.43 

*Required capacity = 1.1 ac-ft 

1Overflow weir invert elevation 

 

Table 13: Southeast Overflow Pond Stage Storage 

Stage 
(ft) Area (ac) 

Incremental 
Volume 
(ac-ft) 

Cumulative 
Volume 
(ac-ft) 

2892 0.00 0.00 0.00 

2893 0.01 0.00 0.00 

2894 0.02 0.01 0.02 

2895 0.04 0.03 0.05 

2896 0.06 0.05 0.10 

2897 0.09 0.07 0.17 

2898 0.11 0.10 0.27 

2899 0.14 0.13 0.40 
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Stage 
(ft) Area (ac) 

Incremental 
Volume 
(ac-ft) 

Cumulative 
Volume 
(ac-ft) 

2900 0.17 0.15 0.55 

2901 0.19 0.18 0.74 

2902 0.22 0.21 0.94 

2903 0.25 0.24 1.18 

2904 0.28 0.27 1.45 

2905 0.33 0.31 1.76 

 

3.3.4 Stormwater Culverts 
The proposed North and East Channel alignments include road crossings and as a result a culvert for each of the 
channels is required to convey flow through these roads. 

A hydraulic analysis using the U.S. Federal Highway Administration’s HY-8 Culvert Hydraulic Analysis Program 
was completed to adequately size culverts which are to be used to convey captured runoff under existing and 
proposed roads. 

The proposed culverts were analyzed as corrugated metal pipes with projecting inlet and outlet configurations. 
Culvert properties are presented in Table 14 below. HY-8 culvert analysis results are provided in Appendix I. 

Table 14: Stormwater Culvert Properties 

Culvert ID Material Shape Diameter 
(ft) Length (ft) Inlet Invert (ft) Outlet Invert (ft) 

North 
Culvert 

Corrugated 
Metal Pipe Circular 0.5 32 2,723.81 2,723.20 

East 
Culvert 

Corrugated 
Metal Pipe Circular 1 22 2,926.82 2,926.38 

*Culvert inverts are approximate and should be field verified upon installation 

 

3.4 GROUNDWATER MONITORING UPDATE 
Monitoring well PB-8 is located within the footprint of the expansion area. This well will be properly abandoned 
before Phase 5 is excavated and filled in this area. Since this well in an upgradient background well, two new 
monitoring wells will be installed outside of the expansion area to provide groundwater quality data upgradient of 
the new cell. The proposed replacement wells are shown on Sheet C-101 and C-102 (Appendix H) and would be 
installed and monitored for 8 quarters before well PB-8 is abandoned. Existing monitoring wells PB-11 through 
PB-15 will provide downgradient coverage.  
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3.4.1 PB-8 Abandonment 
PB-8 was installed in 1993 to a depth of 417 feet BGS using 4-inch diameter steel casing. It will be abandonment 
in accordance with IDWR regulations to prevent it from being a conduit of fluid or vapors to the subsurface. This 
well was installed with 8-inch diameter outer steel casing to a depth of 190 feet BGS. Outer casing was not placed 
between the 4-inch monitoring well casing and the walls of the boring below 190 feet where the consolidated 
formation allowed the boring to remain open. The annular space between the well casing and the walls of the boring 
was filled with bentonite chips. Over time, the bentonite can become desiccated enough to allow vapors to pass 
through it.  

The submersible sampling pump, tubing, and cable will be removed from the well before the abandonment process. 
To help prevent the boring from being a conduit for vapors, the well casing will be perforated, and a pressure 
grouting technique will be used during the abandonment. The 4-inch diameter well casing will be perforated from 
175 feet below ground surface to the bottom of the well (417 feet BGS). The perforations may be made with an air 
knife, mills knife or other appropriate method that creates an opening large enough to allow grout to be pushed into 
the space outside the well casing. At least four equally spaced perforations around the circumference of the casing 
spaced no greater than one foot apart vertically will be created to comply with IDWR rules. 

The well will be pressure grouted with a cement/bentonite-based grout after the perforation is complete. A suitable 
packer or other seal will be placed near the surface to allow the grout to be injected into the casing under a minimum 
pressure of 20 psi at ground surface to force the grout out through the perforations into the filter pack, dried bentonite 
seal, or voids. The grout will be placed through a tremie pipe, from the bottom of the well up, for the full length of 
the well to approximately 6 feet below the future cut elevation. Additional neat cement grout will be added to match 
this elevation as needed following overnight settlement. The remainder of the well casing will be filled with hydrated 
bentonite chips and a temporary but secure cap will be placed on the well. Having bentonite chips instead of cement 
in the upper portion of the casing will allow CCSW personnel to periodically cut the top part of the casing as the 
excavation for Phase 5 progresses. Each time the casing is cut, water will be added as needed to maintain the 
hydration of the bentonite chips and the cap will be replaced.  

After the final cut elevation is achieved in this area, an additional six feet of soil will be removed from around the 
well casing. The casing will be cut off at that level, and a steel cap will be welded on top of it as a permanent cap. 
The excavation around the casing will then be backfilled up to the bottom elevation of the Phase 5 cut so that the 
casing will be protected from damage.   

3.4.2 New Upgradient Well Installation 
The proposed locations of the two new upgradient monitoring wells are shown on Sheets C-101 and C-102 in 
Appendix H. These wells will be installed and monitored for at least 8 quarters prior to the abandonment of well 
PB-8. They will be incorporated into the sampling program upon completion, using the schedule described below. 
At least two sampling events will be conducted that includes PB-8 and the new wells prior to the abandonment of 
PB-8 to verify correlation of groundwater conditions.  

One of the wells will be installed approximately 250 north-northwest of PB-8 and 1130 feet east of PB-11. The 
ground surface at this location is similar to that at PB-8 (approximately 2707 feet AMSL). The direction of 
groundwater flow at PB-8 is slightly south of west, so the piezometric surface at this location is also expected to be 
similar to that at PB-8. The piezometric surface elevation at PB-8 was 2426.37 feet AMSL when measured in early 
September 2024.   

The second new monitoring well will be installed approximately 1000 feet east-northeast of PB-8 and 1000 feet 
west of former monitoring well PB-6. The first groundwater at this location should be beneath the confining layer, 
though it is possible that the unconfined conditions found at PB-6 extend this far to the west. At the location of PB-
6, the current elevation of the unconfined groundwater is approximately 2370 feet AMSL, with groundwater moving 
to the east. The selected location is almost due north of former monitoring well PB-1, where the unconfined aquifer 
was not encountered. Groundwater at PB-1 was produced from sandy shale at an elevation beginning at 
approximately 2100 feet AMSL, beneath the confining layer. The piezometric surface after drilling was noted to be 
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approximately 250 feet higher, or approximately 2350 feet AMSL. Holladay (1994) noted that the true piezometric 
may have been much higher had the well been allowed to recover longer. Extrapolating the groundwater levels 
from the recent monitoring events, the level of unconfined groundwater (if present) at the proposed location may be 
near 2440 feet AMSL, while the piezometric surface of the confined layer is expected to be near 2460 feet AMSL.  
The well will be installed such that it is screened within the confined aquifer and that the seal above the top of the 
screen is sufficient to prevent mixing with the unconfined aquifer, if present. If the unconfined aquifer is encountered 
during well installation, it will be noted in the well log.  

Each of the two new wells will be installed with rotary drilling techniques. 8 or 10-inch diameter steel casing will be 
installed in the unconsolidated materials in the upper portion of the borings to prevent the walls of the borings from 
collapsing. The actual depths of the bottom of the casing will be determined during drilling. This casing will be 
permanently sealed to the walls of the boring with cement grout so that a conduit for subsurface vapor is not present.  

The monitoring wells will be set once the final depth of the boring is established; this depth will be determined based 
on field observations and measurements of groundwater egress into the boring. The wells will be constructed with 
4-inch diameter steel casing. The casing sections will be threaded together to provide smooth internal walls. The 
bottom of the casing will include an end cap connected to a five-foot section of blank (non-screened) casing to 
provide a sump at the bottom of the wells. Wire-wrapped screening casing will be placed above the sump spanning 
the zone(s) of water production. Blank casing will be placed above the screened section; the blank casing will then 
extend approximately two feet above the ground surface. 

Each of the wells will be developed by surging and pumping or bailing. Once the installation and development for 
both wells is complete, dedicated, pneumatically powered submersible pumps will be installed into them. The pumps 
will be the same model or current equivalent to the pumps that are in the other PBSL monitoring wells (QED 
Environmental ST100PM). The new wells will be sampled within one week after pump installation. The wells will 
then be sampled on a quarterly basis until 8 sampling events have been conducted. Four of these events will 
coincide with the semi-annual monitoring program (March and late August or early September). The other four 
events will be conducted in June and December. After the 8 quarterly sampling events have been conducted, the 
wells will be sampled semi-annually. The sampling will be conducted in accordance with the Sampling and Analysis 
Plan that is current at the time of the sampling. The most current Plan is dated December 1, 2023 (Tetra Tech, 
2023).   

4.0 SUPPLEMENTAL REPORTS 

In addition to the Geotechnical Investigation and Seismic Survey reports included in Appendices F and G, several 
other reports prepared for PBSL between 1998 and 2016 contain information to support this expansion application. 
These are being submitted electronically with this application in a separate folder. The following is a list of the 
reports including the year published, title, author, and relevant information. 

• 1994 - Hydrogeologic Characterization, Ground Water Monitoring Plan, and Facility Design (Holladay). This 
report includes a description of the geologic and hydrogeologic conditions at the landfill, a summary of the 
installation and testing of monitoring wells PB-2 through PB-8, core sample collection and testing, HELP 
modeling to estimate travel times and support the non-lined arid design, cell design, surface water 
management, and cover design.  

• 1998 – 1997 Landfill Status Report (Holladay). This report included a summary of the previous designs, an 
evaluation of project capacity, presented the groundwater monitoring plan, and discussed Title V 
compliance. 

• 1998 – Geotechnical Evaluation (Holladay). The results of a geotechnical investigation were presented in 
this report. Samples were collected from borings GT-1 and GT-5 that were analyzed for various physical 
properties. Core samples previously collected from the boring for monitoring well PB-2 were also tested. 
Analysis of loading was conducted, and the potential for liquefaction and settlement was addressed.  

• 2014 – Monitor Well Installation (DBSA). The installation of monitoring wells PB-11 through PB-15 is 
described in this report. The wells were completed between June and October 2011. The analysis of 
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laboratory samples for soil and rock is not discussed in this report. The laboratory results for the initial 
groundwater sampling event from these wells (collected April 2012) is included as an appendix. 

• 2014 – Hydrogeologic Characterization Report, Volume 1 (DBSA). This report included the results of 
laboratory testing of core samples collected during the 2011 drilling program (Table 3 of the report). The 
results were used for infiltration modeling using Darcian flux calculations, the HYDRUS model, and the 
HELP model. The modeling results were summarized in Tables 5 through 10 and Table 14 of that report. 
The calculated travel times from the top of the confining layer to the groundwater beneath it ranged from 
3,158 to over 52,000 years.  

• 2014 – Hydrogeologic Characterization Report, Volume 2 (DBSA). This second volume of the report 
contained the laboratory results of the core samples collected during the 2011 drilling program. These 
results support the modeling that is described in Volume 1.  

• 2015 – Landfill Status Report Update (Tetra Tech). The update of the PBSL status report included 
summaries of previous investigations, statistical analyses of the results of groundwater sampling, modeling 
for LFG emissions, a slope stability evaluation, stormwater controls, and cost estimates for closure and 
post-closure maintenance.  

• 2016 – Alternative Final Cover System Equivalency Demonstration (Tetra Tech). This document proposed 
a cover system consisting of mulch for erosion control over an infiltration control layer, which would in turn 
be placed over an intermediate cover layer. This was proposed as an alternative to the EPA Subtitle D 
prescriptive final cover system. The report included a description of the borrow source investigation, 
laboratory testing of soil samples, infiltration modeling, and a grading plan.  The DEQ approved the 
alternative cover design in a letter dated December 9, 2016.  

• 2023 - Groundwater Sampling & Analysis Plan (Tetra Tech). This document outlines the procedures used 
to collect groundwater samples, the frequency, and the quality assurance requirements.  
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1445 North Orchard Street, Boise, ID, 83706 Brad Little, Governor 

(208) 373-0550 Jess Byrne, Director 

 

February 26, 2021 

 

By email: lvanbeek@canyonco.org 

 

The Honorable Leslie Van Beek 

Board of Canyon County Commissioners 

15500 Missouri Avenue 

Nampa, Idaho 83686 

 

Subject: Pickles Butte Sanitary Landfill Lateral Expansion 

 Site Certification Application Approval 

 

Dear Commissioner Van Beek: 

 

The Idaho Department of Environmental Quality (DEQ) has reviewed the Pickles Butte Sanitary 

Landfill Lateral Expansion Site Certification Application (DEQ document reference 2021BAB74) 

and subsequently submitted Supplemental Information (DEQ document reference 2021BAB85) for 

the Pickles Butte Sanitary Landfill Lateral Expansion for conformance with the provisions of 

Chapter 74, Title 39, Idaho, “Idaho Solid Waste Facilities Act.”  DEQ has concluded the following: 

 

Site Certification Application 
 

Idaho Code §39-7408 sets forth the procedure for each application to obtain site certification.  The 

site certification application must meet the location restrictions as specified in Idaho Code §39-

7407.  Canyon County Solid Waste Department (applicant), seeking to expand the municipal solid 

waste landfill (MSWLF) unit for Pickles Butte, submitted to DEQ the site certification report, 

Proposed Pickles Butte MSWLF Lateral Expansion, dated November 19, 2020.  Supplemental 

information necessary to review compliance with the location restrictions was received on February 

16, 2021. 

 

As required by Idaho Code §39-7408, on December 5, 2020, the applicant published notice that the 

site certification application had been submitted and provided an opportunity for public comment.  

No comments were received by DEQ. 

 

Upon review of the above mentioned site certification application and supporting documentation, 

DEQ has concluded that the Pickles Butte Sanitary Landfill Lateral Expansion Site complies with 

the location restrictions in Idaho Code §39-7407.  The application addressed each of the criteria set 

forth in Idaho Code §39-7407, explaining the technical findings regarding each criterion, and a 

qualified professional has certified compliance with the requisite criteria. 

 

The proposed Pickles Butte MSWLF Lateral Expansion is hereby certified to be in compliance with 

Idaho Code §39-7407, Idaho Code dated this 26
th

 day of February, 2021. 

 

 

mailto:lvanbeek@canyonco.org


Commissioner Leslie Van Beek 
Board of Canyon County Commissioners  
February 26, 2021 
Page 2 

 

 

As a reminder, Idaho Code §39-7408(2)(g) requires that: 

 

“within ten (10) working days of receipt of certification … the applicant shall publish notice 

in the newspaper … informing the public that certification of the site has been approved.”  

 

Please provide DEQ with a copy of the published notice for our records. 

 

General Requirements 
 

Before receipt of any waste in the lateral expansion area, Canyon County must demonstrate to DEQ 

the proposed lateral expansion facility will also be in compliance with the following requirements 

of the “Idaho Solid Waste Facilities Act”: 

 

 §39-7409 STANDARDS FOR DESIGN 

 

 §39-7410 GROUND WATER MONITORING DESIGN 

 

 §39-7412 STANDARDS FOR OPERATION 

  (Southwest District Health Department) 

 

DEQ appreciates Canyon County’s commitment to this project and process, and looks forward to 

working with Canyon County on the next phases of the project.  Should you have any questions or 

require additional information, please do not hesitate to contact me at (208) 373-0184, or via e-mail 

at taylor.enos@deq.idaho.gov. 

 

Sincerely, 

 
Taylor Enos 

Water Quality/Solid Waste Engineer 

 

TE:tg 

2021BAB102 

 

c: Maureen McGraw, PE, Tetra Tech 

 David Loper, Canyon County Solid Waste Department 

 Bradford Goodsell, Canyon County Solid Waste Department 

 Daniel Pecunia, Canyon County Solid Waste Department 

 Mitch Kiester, Southwest District Health 

 Matthew Beeter, DEQ Solid Waste Manager 

 Valerie Greear, PE, DEQ Engineering Manager 
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APPENDIX C: SOILS DATA









































































































































































































































































































 

 

Tetra Tech
2525 Palmer Street, Suite 2, Missoula, MT 59808

Tel 406.543.3045    Fax 406.543.3088    www.tetratech.com

Sample Results for Pickles  
Butte Landfill, Canyon County, Idaho 

 

The Pickles Butte Landfill is evaluating the use of a Monolithic Cover rather than the Capillary Barrier Cover 
approved as part of the original landfill design.  Soil samples were collected to analyze soil that could potentially 
be part of the final landfill cover from the area east of Perch Road, North of the existing landfill, and south of Deer 
Flat Rd at the sample locations marked on the figure. 
 



Sample Results and Modeling 
24 May 2016 

 TETRA TECH 2 

Samples were selected for analysis of capillary rise, permeability, modified proctor compaction, and sieve analysis.  
Laboratory test were not conducted on all samples.   
 
Based on various test, the best soil for the final cover is ML (silt with low plasticity).  Soil sample 15A represents 
the ML material for permeability.  The sample has a permeability of 4.24 E-5 cm/s, and the percent passing a 200 
sieve is 65%.  This material is present below the topsoil/organic material and varies in thickness between two to six 
feet across the site.  The estimated area for borrow material for the final cover is approximately 70 acres.  If the 
landfill CAP for a 116 area landfill is 3 feet thick that means that the average depth of the borrow material would 
need to be 4.9 feet to have enough material for the CAP.  So there is sufficient material available for the CAP.   
 
Sample 18B was not selected because, although the permeability is low, the compaction test indicates that the 
material does not compact well or at a sufficient pressure to be used for cover.  The differences between samples 
can be seen well in the sieve data.  Samples 18A, 15A, 16A and 17A are all ML samples that exhibit a high 
percentage of fines (>50%).  The other material is not as well suited for the cover.  So sieve data, along with field 
observations can be used to delineate ML material in the field.  These results are consistent with the analysis 
conducted in 2014 that indicates that ML material is in the upper layer below the topsoil, and that when the percent 
fines is >50% the material is generally classified as ML for this site. 
 
 

 
Modeling decision: 
 

 For 3 feet of CAP use the permeability and capillary rise properties for sample T15A. 
 For 1 foot of intermediate cover, conservatively assume properties of SM material found below the ML 

and use the permeability and capillary properties from sample T16B. 
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Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040
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Tested By: AJ Checked By: TT

  Maximum dry density = 109.5 pcf

  Optimum moisture = 15.0 %

Elev/ Classification Nat.
Sp.G. LL PI

% > % <

Depth USCS AASHTO Moist. #4 No.200

TEST RESULTS MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Location: T14B Sample Number: 16L0095

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040 Lab Number
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COMPACTION TEST REPORT

Pickles Butte Landfill
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Tested By: AJ Checked By: TT

  Maximum dry density = 111.0 pcf

  Optimum moisture = 13.9 %
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Depth USCS AASHTO Moist. #4 No.200

TEST RESULTS MATERIAL DESCRIPTION
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Location: T15A Sample Number: 16L0096

Hoque & Associates, Inc.
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Pickles Butte Landfill
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Sample Number: 16L0097 Date:

Client:

Project:

Project No: Lab Number
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Tested By: AJ Checked By: TT

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040

4-16-16

16L0098

(no specification provided)

PL= LL= PI=

D90= D85= D60=

D50= D30= D15=

D10= Cu= Cc=

USCS= AASHTO=

*

silty sand

1/4"
#4
#8
#10
#16
#30
#40
#50
#100
#200

100
100
99
98
96
92
88
80
59
41

NP NV NP

0.4697 0.3623 0.1565
0.1082

SM A-4(0)

Tetra Tech

Pickles Butte Landfill

16042

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: T16B
Sample Number: 16L0098 Date:

Client:

Project:

Project No: Lab Number

SIEVE PERCENT SPEC.* PASS?
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Tested By: AJ Checked By: TT

  Maximum dry density = 113.5 pcf

  Optimum moisture = 11.9 %

Elev/ Classification Nat.
Sp.G. LL PI

% > % <

Depth USCS AASHTO Moist. #4 No.200

TEST RESULTS MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Location: T16B Sample Number: 16L0098

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040 Lab Number

ASTM D 1557-00 Method A Modified

SM A-4(0) NV NP 0 41

silty sand

16042 Tetra Tech

16L0098

D
ry

 d
e
n
s
it
y
, 
p
c
f

106

108

110

112

114

116

Water content, %

7.5 9 10.5 12 13.5 15 16.5

11.9%, 113.5 pcf

Test specification:

COMPACTION TEST REPORT

Pickles Butte Landfill



Tested By: AJ Checked By: TT

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040

4-16-16

16L0099

(no specification provided)

PL= LL= PI=

D90= D85= D60=

D50= D30= D15=

D10= Cu= Cc=

USCS= AASHTO=

*

1"
3/4"
1/2"
3/8"
1/4"
#4
#8
#10
#16
#30
#40
#50
#100
#200

100
99
99
98
97
97
90
89
85
81
77
72
57
36

2.2967 1.2234 0.1719
0.1180

Tetra Tech

Pickles Butte Landfill

16042

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: T16C
Sample Number: 16L0099 Date:

Client:

Project:

Project No: Lab Number

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Silt

% Fines

Clay
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Particle Size Distribution Report



Tested By: AJ Checked By: TT

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040

4-16-16

16L0100

(no specification provided)

PL= LL= PI=

D90= D85= D60=

D50= D30= D15=

D10= Cu= Cc=

USCS= AASHTO=

*

#4
#8
#10
#16
#30
#40
#50
#100
#200

100
100
99
99
96
93
86
66
51

0.3599 0.2880 0.1182

Tetra Tech

Pickles Butte Landfill

16042

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: T17A
Sample Number: 16L0100 Date:

Client:

Project:

Project No: Lab Number

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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Fine Coarse Medium
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Fine Silt

% Fines

Clay

0 0 0 1 6 42 51
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Particle Size Distribution Report



Tested By: AJ Checked By: TT

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040

4-16-16

16L0101

(no specification provided)

PL= LL= PI=

D90= D85= D60=

D50= D30= D15=

D10= Cu= Cc=

USCS= AASHTO=

*

#4
#8
#10
#16
#30
#40
#50
#100
#200

100
99
99
98
95
93
88
77
67

0.3360 0.2425

Tetra Tech

Pickles Butte Landfill

16042

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: T18A
Sample Number: 16L0101 Date:

Client:

Project:

Project No: Lab Number

SIEVE PERCENT SPEC.* PASS?
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Fine Coarse Medium
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Clay

0 0 0 1 6 26 67
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Tested By: AJ Checked By: TT

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040

4-16-16

16L0102

(no specification provided)

PL= LL= PI=

D90= D85= D60=

D50= D30= D15=

D10= Cu= Cc=

USCS= AASHTO=

*

silty sand

#4
#8
#10
#16
#30
#40
#50
#100
#200

100
66
59
45
32
28
24
19
15

42 64 22

3.9244 3.5604 2.0461
1.4768 0.5046 0.0768

SM A-2-7(0)

Tetra Tech

Pickles Butte Landfill

16042

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: T18B
Sample Number: 16L0102 Date:

Client:

Project:

Project No: Lab Number

SIEVE PERCENT SPEC.* PASS?
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0 0 0 41 31 13 15
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Tested By: AJ Checked By: TT

  Maximum dry density = 86.0 pcf

  Optimum moisture = 31.8 %

Elev/ Classification Nat.
Sp.G. LL PI

% > % <

Depth USCS AASHTO Moist. #4 No.200

TEST RESULTS MATERIAL DESCRIPTION

Project No. Client: Remarks:

Project:

Location: T18B Sample Number: 16L0102

Hoque & Associates, Inc.
4325 South 34th Street

Phoenix, Arizona  85040 Lab Number

ASTM D 1557-00 Method A Modified

SM A-2-7(0) 64 22 0 15

silty sand

16042 Tetra Tech

16L0102

D
ry

 d
e
n
s
it
y
, 
p
c
f

77.5

80

82.5

85

87.5

90

Water content, %

28 30 32 34 36 38 40

31.8%, 86.0 pcf

Test specification:

COMPACTION TEST REPORT

Pickles Butte Landfill



PERMEABILITY

4325 South 34th Street

Phoenix, Arizona 85040

Tel : 480-921-1368

Fax : 480-921-0194

Client : Tetra Tech BAS HA Project No. : 16042

Project : Pickles Butte Sanitary Landfill HA Lab No.: 16L0095

Location: Nampa, ID Date Received : 4/16/16

Test Type:

Material : Silty Sand Method: ASTM D5084

Mat. Source : T14B Tested By : AJ/TT

Sampled By : Client Test Dates : 4/28/2016

Sampled Date : Notes:

Submitted by : Client

Sample No.: 16L0095

Dry density (pcf): 96.3

 Moisture Content: 15.6%

Cell Pressure (psi): 66.0 Volume of flow (cm
3
): 24.3

Top Pressure (psi): 60.0 Length of sample (cm): 11.7

Bottom Pressure (psi): 61.0 Area of sample (cm
2
): 41.5

Bias Pressure (psi): 1.0 Time of flow (sec): 173.0

Permeability, k = 7.98E-01 in/hr            (5.63E-04 cm/sec)



PERMEABILITY

4325 South 34th Street

Phoenix, Arizona 85040

Tel : 480-921-1368

Fax : 480-921-0194

Client : Tetra Tech BAS HA Project No. : 16042

Project : Pickles Butte Sanitary Landfill HA Lab No.: 16L0096

Location: Nampa, ID Date Received : 4/16/16

Test Type:

Material : Sandy Silt Method: ASTM D5084

Mat. Source : T15A Tested By : AJ/TT

Sampled By : Client Test Dates : 5/10/2016

Sampled Date : Notes:

Submitted by : Client

Sample No.: 16L0096

Dry density (pcf): 96.3

 Moisture Content: 14.6%

Cell Pressure (psi): 67.0 Volume of flow (cm
3
): 23.7

Top Pressure (psi): 60.0 Length of sample (cm): 12.2

Bottom Pressure (psi): 62.0 Area of sample (cm
2
): 40.2

Bias Pressure (psi): 2.0 Time of flow (sec): 1200.0

Permeability, k = 6.01E-02 in/hr            (4.24E-05 cm/sec)



PERMEABILITY

4325 South 34th Street

Phoenix, Arizona 85040

Tel : 480-921-1368

Fax : 480-921-0194

Client : Tetra Tech BAS HA Project No. : 16042

Project : Pickles Butte Sanitary Landfill HA Lab No.: 16L0098

Location: Nampa, ID Date Received : 4/16/16

Test Type:

Material : Silty Sand Method: ASTM D5084

Mat. Source : T16B Tested By : AJ/TT

Sampled By : Client Test Dates : 5/12/2016

Sampled Date : Notes:

Submitted by : Client

Sample No.: 16L0098

Dry density (pcf): 95.3

 Moisture Content: 12.0%

Cell Pressure (psi): 67.0 Volume of flow (cm
3
): 24.0

Top Pressure (psi): 60.0 Length of sample (cm): 12.5

Bottom Pressure (psi): 62.0 Area of sample (cm
2
): 40.8

Bias Pressure (psi): 2.0 Time of flow (sec): 300.0

Permeability, k = 2.46E-01 in/hr            (1.74E-04 cm/sec)



PERMEABILITY

4325 South 34th Street

Phoenix, Arizona 85040

Tel : 480-921-1368

Fax : 480-921-0194

Client : Tetra Tech BAS HA Project No. : 16042

Project : Pickles Butte Sanitary Landfill HA Lab No.: 16L0102

Location: Nampa, ID Date Received : 4/16/16

Test Type:

Material : Silty Sand Method: ASTM D5084

Mat. Source : T18B Tested By : AJ/TT

Sampled By : Client Test Dates : 5/13/2016

Sampled Date : Notes:

Submitted by : Client

Sample No.: 16L0102

Dry density (pcf): 79.6

 Moisture Content: 32.6%

Cell Pressure (psi): 68.0 Volume of flow (cm
3
): 16.1

Top Pressure (psi): 60.0 Length of sample (cm): 12.2

Bottom Pressure (psi): 63.0 Area of sample (cm
2
): 41.0

Bias Pressure (psi): 3.0 Time of flow (sec): 1860.0

Permeability, k = 1.73E-02 in/hr            (1.22E-05 cm/sec)
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represenative sample for the ML
material available on site.



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Test Pit

Method: 3 x 12 Excavated (ft.): 12.5

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T14

North of active landfill

Excavation Company/

4/8/2016 4/8/2016 Canyon County Solid Waste / Randy

Total Depth

Backhoe size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.75 feet. Depth to bottom of usable material = 3.5 feet.

LITHOLOGIC DESCRIPTION

Sample Collected

0 Topsoil, organic material (roots)

0.75 SILT with lean clay, firm to stiff, moist, some weak cementation, brown (ML) 14A (5 gallon bucket)

Becomes lighter brown with a little more cementation near 3 feet deep

3.5 Silty SAND; loose, moist, poorly graded, fine grained, some weak cementation, light 14B (5 gallon bucket)

brown to tan (SM)

5.5 Poorly Graded Sand; loose, slightly moist to moist, fine grained, trace silt, tan to 14C (4 x 1 gallon bags)

light brown (SP)

moisture content decreases with depth, as does the silt content

12.5 Bottom of Hole - Sidewalls sluffing at depth - caves as fast as he digs



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Test Pit

Method: 3 x 16 Excavated (ft.): 13.5

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T15

North of active landfill, close to Deer Flat Road

Excavation Company/

4/8/2016 4/8/2016 Canyon County Solid Waste / Randy

Total Depth

Backhoe size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.5 feet. Depth to bottom of usable material = 7.5 feet.

LITHOLOGIC DESCRIPTION

Sample Collected

0 Topsoil, organic material (roots)

0.5 SILT with sand; stiff to hard at 12", moist, non plastic. Trace clay, sand is fine 15A (5 gallon bucket)

grained, a few cemented nodules and layers beginning at about 12", cementation is

moderate, then out of the harder cementation by 3.8 feet. Weaker cementation below

that (ML)

5.0 SILT; hard, slightly moist, non-plastic, moderately to weakly cemented. Most 15B (1 gallon bag of

cemented pieces crumble with moderate to firm thumb pressure. However there are cemented pieces)

layers, usually ~1" thick, that are strongly cemented and cannot be broken by hand.(ML)

7.5 SILT with sand; as above, but there has been a gradual increase in fine sand. (ML)

9.5 Silty SAND; dense, slightly moist, poorly graded, fine grained. Cementation present, 15C (5 gallon bucket)

~10% to 15% of spoils are cemented pieces, usually strong, very light brown (SM)

12.0 Sand/silt ratio increases with depth, by ~12 feet I would classify as Poorly Graded

SAND with silt. Still fine grained, but grain size has increased. Cementation still

present as described in the layer from 9.5 to 12 feet.

13.5 Bottom of Hole



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Test Pit

Method: 3 x 16 Excavated (ft.): 12.5

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T16

North of landfill, near top of slope to west

Excavation Company/

4/8/2016 4/8/2016 Canyon County Solid Waste / Randy

Total Depth

Backhoe size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.33 feet. Depth to bottom of usable material = 5.5 feet.

The material from 8.5 to 10.5 couild also be useful, but it is under 3 feet of unusable material.

LITHOLOGIC DESCRIPTION

Sample Collected

0 Topsoil, organic material (roots)

0.33 SILT with sand and clay; firm to stiff, moist, non plastic, medium to dark brown 16A (5 gallon bucket)

(ML) (from 6 to 18")

some cementation beginning at 1.5 feet, then stronger at 2 feet

Lighter color (medium brown) below 3.5 feet but still similar material. Sand content

probably increases at that depth. Moderately hard to dig, but cemented pieces break 16B (5 gallon bucket)

with moderate to firm thumb pressure (from 4 to 5.5')

5.5 Silty SAND: loose to medium dense, slightly moist, fine grained, poorly graded, some

cementation, light brown (SM)

7.3 Cemented SILT; hard, dry, very light brown (typical SW Idaho 'hardpan')

8.5 Back into Sandy SILT. Quite similar to the material from 3.5 to 5.5, with smaller 16C (4 - 1 gallon bags)

blocks in the spoils, and a lighter color. Blocks crumble easily. Silt/Sand ratio (8.5 to 9.5)

increases with depth, becoming SILT with sand then SILT

Stronger cementation again below 10.5 feet, continues to bottom of hole

12.5 Bottom of Hole



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Test Pit

Method: 3 x 16 Excavated (ft.): 9.5

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T17

Northwest of Landfill, near Perch Road

Excavation Company/

4/8/2016 4/8/2016 Canyon County Solid Waste / Randy

Total Depth

Backhoe size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.5 feet. Depth to bottom of usable material = 5.5 feet.

LITHOLOGIC DESCRIPTION

Sample Collected

0 Topsoil, organic material (roots)

0.5 SILT with sand; stiff, slightly moist, non plastic, light brown, sand is very fine (ML)

1.5 SILT with sand and clay; firm to stiff, moist, non-plastic, very fine sand, a bit blocky in 17A (5 gallon bucket)

the spoils (ML) (1.5 to 5.5 feet)

5.5 Transitions to Silty SAND; medium dense, moist, poorly graded, fine grained, brown

(SM)

8.5 Transitions to Poorly Graded Sand with some silt; medium dense, moist to slightly

moist, fine grained, brown (SP-SM)

9.5 Bottom of Hole



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Test Pit

Method: 3 x 16 Excavated (ft.): 10

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T18

N. of LF, near top of slope to W and Deer Flat Rd.

Excavation Company/

4/8/2016 4/8/2016 Canyon County Solid Waste / Randy

Total Depth

Backhoe size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.5 feet. Depth to bottom of usable material = 3.9 feet.

LITHOLOGIC DESCRIPTION

Sample Collected

0 Topsoil, organic material (roots)

0.5 SILT with sand and clay; firm to very stiff, moist, non plastic, brown (ML)

weakly cemented beginning at 2 feet 18A (5 gallon bucket)

3.2 SILT with fine sand; hard, slightly moist to dry, moderately cemented brown (ML) (2 to 3.2 feet)

strongly cemented and light brown beginning at 3.9 feet

6.75 Lean CLAY; hard, slightly moist, moderately cemented (otherwise might be slightly 18B (5 gallon bucket)

plastic), green (CL)

10.0 Bottom of Hole



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 10.6

NA

REMARKS:

Depth (FT)

below ground

surface

6.7 Silty SAND; dense, slightly moist, fine grained, weak cementation in matrix, and some stronger

cementation in nodules to 1" diameter. These break easily with moderate pressure. (SM)

10.6 Bottom of excavation

4 SILT with Sand, very stiff to hard, slightly moist, non plastic, very fine grained sand, moderately

cemented - comes out in chunks up to 4". A scraper should have no trouble with this material.

5 - 5.8

Less cementation and more sand with depth

0.3 Poorly graded Sand with silt; loose, slightly moist, very fine grained, some roots, (SP-SM)

1.2 Sandy SILT to SILT with sand; stiff to hard, non-plastic, weakly to moderately cemented, then

becomes moderately to strongly cemented below 1.8 feet. Cementation from 1.2 to 1.8 feet is

mostly nodules, then mostly the whole matrix below that. Light brown to light tan (SM/ML)

1.4 - 2.3

Depth to top of usable material = 1.2 feet. Depth to bottom of usable material = 4 feet.

Material from 4 to 6.7 may also be usable.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots)

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

North of LF, NW part of potential borrow area

Excavation Company/

7/6/2016 7/6/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T19



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 13.3

NA

REMARKS:

Depth (FT)

below ground

surface

12.5 Poorly graded GRAVEL with sand.

13.3 Bottom of excavation

6.7 Cemented SILT with fine sand; hard slightly moist, non-plastic, brown. (ML). Cementation is

not as strong as the material above. Chunks can be broken without much effort. (ML)

9.5 grades to Sandy SILT. Still cemented but weaker.

5 Cemented SILT; hard, dry, non-plastic, light tan (ML)

even harder below 5.7 feet

0.5 SILT; stiff, dry, non-plastic, small cemented nodules (ML) 0.8 - 1.6

1.7 Cemented SILT; very stiff to hard, dry, non-plastic, cementation varies from moderate to hard,

pieces generally break with effort. (ML)

Depth to top of usable material = 0.5 feet. Depth to bottom of usable material = 5 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots), Silty SAND

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

NE corner of potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T20



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 9

NA

REMARKS:

Depth (FT)

below ground

surface

9.0 Bottom of Excavation

5 grades siltier - might be classified as Sandy SILT, slightly cohesive, slightly moist to moist, firm,

non-plastic

5.8 - 6.6

7.5 Poorly graded SAND; dense, slightly moist, fine grained, brown (SP)

0.5 Poorly graded SAND; loose, slightly moist to dry, very fine to fine grained, brown (SP)

1.3 Silty SAND; loose to medium dense, slightly moist, fine to very fine grained, brown (SP-SM) 1.3 - 2

The good usable material was not found at this location. The material from 5 to 7.5 may be usable.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots), clean fine sand.

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Western part of potential borrow area

Excavation Company/

7/6/2016 7/6/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T21



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.):

NA

REMARKS:

Depth (FT)

below ground

surface

6 Poorly graded SAND; loose, slightly moist, medium to fine grained, clean, brown (darker than

above), some iron staining.

7.0 Bottom of Excavation

0.4 Poorly graded SAND; loose, slightly moist, fine to very fine grained, trace silt, some roots to 16"

deep. Non-cohesive but excavation walls do stand open (SP)

4.0 Poorly graded SAND with silt - as above but with some silt and weak cementation

The good usable material was not found at this location.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, roots, fine sand

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

W-Central part of northern potential borrow area

Excavation Company/

7/6/2016 7/6/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T22



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 10.8

NA

REMARKS:

Depth (FT)

below ground

surface

10.0 Cemented SILT with sand; very stiff, fine grained sand, weak to moderate CaCO3 cementation,

probably too sandy to use as cover material (ML)

10.8 Bottom of Excavation

5 Easier digging below 5 feet, material still comes out in chunks but they break easier than the

material above.

slightly sandier below 7.7 feet 7.7 - 8

2.2 SILT; hard, slightly moist, non-plastic, light brown (ML). It is hard but not cemented.

2.5 SILT; hard, slightly moist to dry, non-plastic, light brown, strongly cemented (generally), but not

CaCO3, difficult digging but a scraper would not have trouble with it.

0.2

0.6 SILT; stiff to very stiff, slightly moist, some fine sand, non-plastic, blocky but not cemented,

brown (ML)

0.8 - 1.6

Depth to top of usable material = 0.6 feet. Depth to bottom of usable material = 10 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots)

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Center of northern part of potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T23



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 6

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T24

W Central part of northern potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

Topsoil, organic material (roots), Silty SAND

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? Approx. Depth: Groundwater Samples Collected?

0.4 SILT with sand; firm, slightly moist, non to slightly plastic, slightly blocky, brown (ML)

1.1 Cemented SILT; very stiff to hard, slightly moist to dry, non plastic, weak to moderate

cementation but not really the same as the cementation found in adjacent test pits 20 and 23 -

this is more CaCO3 type, color is light brown (ML)

1.5 - 2.5

Depth to top of usable material = 0.4 feet. Depth to bottom of usable material = 1.1 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0

3.2 Cemented SILT; harder, CaCO3 cementation (ML) 3.4 - 3.5

3.5 Cemented SILT; as directly above, but harder still. Digging is difficult. Material comes out in

layers. (ML)

4.8 Cemented SILT; weaker than above, brown (ML)

5.8 Silty GRAVEL with sand; poorly graded, very dense, slightly moist (GM)

6.0 Bottom of excavation

N NA



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 7.5

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T25

SW corner of northern potential borrow area

Excavation Company/

7/6/2016 7/6/2016 Canyon County Solid Waste / Daniel

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Good usable material not found. Material from 2 feet to 6.7 may be usable.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots)

0.33 Poorly graded SAND; loose to dense, slightly moist, fine to very fine grained, some silt,

uncohesive but walls of excavation stand, brown (SP)

2.0 Slightly higher silt content beginning at 2 feet. Weak cementation from 5 to 6.7 feet 2 - 2.5

6.7 Poorly graded SAND; loose to dense, slightly moist (but more moisture than the upper layer),

fine grained, clean - very little silt, brown (SP)

7.5 Bottom of excavation



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 5.6

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T26

Near the middle of the potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.25 feet. Depth to bottom of usable material = 4.2 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots)

0.25 SILT; firm, slightly moist, non-plastic, trace fine sand, brown (ML)

0.75 becomes light brown 0.75 - 2.2

1.8 weakly cemented nodules in a layer from 1.8 to 2.2 feet

3.8 becomes weakly to moderately cemented

4.2 Poorly graded SAND; dense, slightly moist, very fine grained, trace silt, brown (SP)

5.6 Bottom of excavation



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 8.3

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T27

Eastern edge of potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.4 feet. Depth to bottom of usable material = 5.5 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots), Silty SAND

0.4 Silt with sand; firm to stiff, slightly moist, non-plastic, sand is very fine grained (ML) 0.8 - 2.5

3.0 SILT with sand. As above except that the material is variably cemented. Mostly weak to

moderate cementation. Does not impeded the digging and the blocks mostly break easily. (ML)

5.5 Cemented SILT; hard, dry to slightly moist, light tan, CaCO3 cementation, hard digging (ML)

6.0 color changes back to brown at about 6 feet, not quite as hard as the material above it

8.3 Poorly graded GRAVEL - tagged the top of it and stopped excavating

8.3 Bottom of Excavation



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 10.5

NA

REMARKS:

Depth (FT)

below ground

surface

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T28

Near the middle of the potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Depth to top of usable material = 0.25 feet. Depth to bottom of usable material = 4.2 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots)

0.25 SILT with fine sand; stiff, slightly moist, non-plastic, brown (ML)

1.0 As above but with weakly cemented nodules in the matrix, generally 1/2 inch diameter or

smaller

1 - 2

2.4 Same as 0.25 to 1.0

4.2 Poorly graded SAND; dense, slightly moist, very fine grained, trace silt, some cementation with

depth (SP)

10.50 Bottom of Excavation



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 8.5

NA

REMARKS:

Depth (FT)

below ground

surface

8.50 Bottom of excavation

5.5 Cemented SILT with sand; hard, slightly moist, non-plastic (ML). CaCO3 cementation, but it is

not hard enough that digging is impeded.

8.3 Poorly Graded GRAVEL; went just a few inches into it to verify it's presence (GP)

0.25 SILT with sand; firm to stiff, slightly moist, non-plastic, sand is very fine grained, brown (ML) 0.7 - 1.5

2.3 As above, but weakly cemented

Depth to top of usable material = 0.25 feet. Depth to bottom of usable material = 5.5 feet.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots), silty SAND

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Eastern edge of potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T29



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 5.8

NA

REMARKS:

Depth (FT)

below ground

surface

5.8 Bottom of excavation

4.6 Contains scattered gravel

5.4 Poorly graded SAND with Gravel (SP-SG)

1.9 Becomes cemented. Matrix is moderately cemented and contains harder (more strongly

cemented) nodules

3.0 Strongly cemented

0.7 SILT with fine sand; stiff, slightly moist, non-plastic, blocky and very weakly cemented, brown

(ML)

0.7 - 1.4

1.4 SILT with fine sand; firm, slightly moist, non-plastic, non-cemented, lighter brown than the

material above (ML)

Depth to top of usable material = 0.7 feet. Depth to bottom of usable material = 1.9 feet.

Material from 1.9 to 3 feet may be usable.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots), Sandy SILT to silty SAND

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Southern part of potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T30



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 2

NA

REMARKS:

Depth (FT)

below ground

surface

1.6 Silty GRAVEL with fine sand; hard, slightly moist, some weak cementation in matrix, gravel is

subangular, brown (GM)

2.0 Bottom of excavation

0.25 SILT with fine sand; firm to stiff, slightly moist, non-plastic, brown (ML) 0.5 - 1.3

1.4 Transition zone to gravel, silt is blocky and weakly cemented

Depth to top of usable material = 0.25 feet. Depth to bottom of usable material = 1.4 feet.

Excavation was moved north of proposed location due to topography

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots)

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Southern extent of potential borrow area

Excavation Company/

7/5/2016 7/5/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T31



TEST PIT LITHOLOGIC LOG

Project No. Project Name:

City: State: ID County:

Legal Descriptive

Location: T R S Tract Location:

Date Date

Started: Completed: Operator:

Excavation Approx. Test

Method: 3 x 15 Excavated (ft.): 7.7

NA

REMARKS:

Depth (FT)

below ground

surface

6.8 SILT with sand; hard, dry to slightly moist, strong CaCO3 cementation, very light brown (ML)

7.7 Bottom of excavation

2.3 SILT; hard, slightly moist, some fine sand, cemented throughout matrix, but a scraper would

not have trouble with it (ML)

2.5 Silty SAND; medium dense, slightly moist to moist, brown (SM) 3.3 - 5

0.4 Poorly graded SAND with silt; loose, slightly moist to moist, very fine grained, brown (SP-SM)

1.1 SILT with fine sand; stiff to very stiff, slightly moist to moist, non-plastic, scattered weakly

cemented nodules, brown (ML)

Depth to top of usable material = 0.4 feet. Depth to bottom of usable material = 2.5 feet.

Material from 2.5 to 6.8 feet may be usable.

LITHOLOGIC DESCRIPTION Depth of Sample Collected

(Quart bags)

0 Topsoil, organic material (roots), fine sand

Total Depth

Backhoe Pit size (ft.) Logged by: R. Phillips

Groundwater Encountered? N Approx. Depth: Groundwater Samples Collected? NA

Northwest central part of borrow area

Excavation Company/

7/6/2016 7/6/2016 Canyon County Solid Waste / Daniel

114-571040 Pickles Butte Sanitary Landfill Monolithic Cover Design

South of Nampa Canyon Test Pit No.: T32
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

1.27

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10

143/8 100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 9

0.1632.38 0.3

% PASSING
B2021-1 - (3 - 6 ft)

Refer to site map.

POORLY GRADED SAND with

SILT(SP-SM) NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

4.33

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

88 12

 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

99.7
99.6
99.2
95.8
83.1
59.2
25.8
11.6
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

1.29

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10

143/8 100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 10

0.1712.38 0.229

% PASSING
B2021-1 - (25 - 27 ft)

Refer to site map.

POORLY GRADED SAND with

SILT(SP-SM) NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

0.099

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

2.30

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

94 6

 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

100
99.9
99.6
97.7
94.7
87.2
15.5
6.2
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10

143/8 100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 11

4.75 0.154

% PASSING
B2021-3 - (25 - 27 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

69 31

 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

100
99.8
99.8
99.6
98.9
97.7
92.7
58.3
31.3
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 12

0.1084.75 0.205

% PASSING
B2021-3 - (60 - 62 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

81 19

 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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99.5
99.4
99.3
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97.9
84.2
39.4
19.2
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

1.36

Location:
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 13

0.154.75 0.205

% PASSING
B2021-3 - (61 - 65 ft)

Refer to site map.

POORLY GRADED SAND with

SILT(SP-SM) NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

0.081

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

2.54

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV
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 No. 100
 No. 200
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 14

0.0834.75 0.133

% PASSING
B2021-3 - (80 - 82 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

76 24

 No. 4
 No. 8
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 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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23.6
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 15

0.16337.5 0.288

% PASSING
B2021-3 - (116 - 120 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

11

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

73 16

 1.5 in
 1 in

 3/4 in
 1/2 in
 3/8 in
 1/4 in
 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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25.4
16.1
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

1.18

Location:
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 16

0.1922 0.308

% PASSING
B2021-4 - (50 - 51.5 ft)

Refer to site map.

POORLY GRADED SAND with

SILT(SP-SM) NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

0.101

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

3.06

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV
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 No. 200
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56.3
14.9
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 17

4.75 0.101

% PASSING
B2021-4 - (90 - 91.5 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

62 38
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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143/8 100
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T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 18

2 0.091

% PASSING
B2021-4 - (120 - 120.9 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

51 49

 No. 10
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 No. 50
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 No. 200
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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143/8 100
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T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 19

4.75

% PASSING
B2021-5 - (69 - 70 ft)

Refer to site map.

SILT with SAND(ML)
7

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

27

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

20

23 77

 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

100
99.9
99.9
99.8
99.4
99.3
99.1
97

77.1



0

10

20

30

40

50

60

70

80

90

100

0.0010.010.1110100

200

B
O

R
IN

G
 L

O
G

S
.G

P
J 

` 
6-

20
-2

2 
` 

 `
 T

T
_U

S
 G

R
A

IN
 S

IZ
E

 (
S

IE
V

E
 D

A
T

A
)

3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 20

4.75

% PASSING
B2021-5 - (80 - 81.5 ft)

Refer to site map.

LEAN CLAY with SAND(CL)

14

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

35

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

21
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 21

1.19 0.108

% PASSING
B2021-5 - (90 - 91.5 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

66 34
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 22

0.595

% PASSING
B2021-6 - (79 - 81 ft)

Refer to site map.

FAT CLAY(CH)

48

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

67

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

19
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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143/8 100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 23

1.19

% PASSING
B2021-6 - (99 - 102 ft)

Refer to site map.

FAT CLAY(CH)

34

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

56

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

22
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 24

4.75

% PASSING
B2021-6 - (106 - 107 ft)

Refer to site map.

LEAN CLAY with SAND(CL)

25

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

47

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

22
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 25

0.09137.5 0.183

% PASSING
B2021-7 - (39 - 41 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

5

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

72 23

 1.5 in
 1 in

 3/4 in
 1/2 in
 3/8 in
 1/4 in
 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES
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Revised 1-23-08 (MAT)

Figure No. 26

4.75

% PASSING
B2021-7 - (59 - 60 ft)

Refer to site map.

SILT with SAND(ML)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

16 84

 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

100
99.9
99.9
99.8
99.2
98.9
98.6
96.9
84.3
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 27

2.38

% PASSING
B2021-8 - (1 - 4 ft)

Refer to site map.

SILT with SAND(ML)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

15 84

 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

99
98.7
97.7
96.3
95.6
94.6
91.7
83.5
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 28
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-1 (3 - 6 ft)

Refer to site map.

Hammer:

NV

POORLY GRADED SAND with

SILT(SP-SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 29
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-3 (61 - 65 ft)

Refer to site map.

Hammer:

NV

POORLY GRADED SAND with

SILT(SP-SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 30
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-3 (116 - 120 ft)

Refer to site map.

Hammer:

NV

SILTY SAND(SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 31
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-5 (69 - 70 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 32
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-5 (80 - 81.5 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 33
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-6 (106 - 107 ft)

Refer to site map.

Hammer:

47

LEAN CLAY with SAND(CL)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 34
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-7 (39 - 40 ft)

Refer to site map.

Hammer:

NV

SILTY SAND(SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 35
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-7 (59 - 60 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 36
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-8 (1 - 4 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65



CONSOLIDATION TEST REPORT
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Water
Added

Natural Dry Dens.
LL PI

Sp. Overburden Pc Cc Cs
Swell Press. Swell

%
eo

Sat. Moist. (pcf) Gr. (ksf) (ksf) (ksf)

24.8 % 3.5 % 120.1 NV NP 2.65 3.0 0.04 0.01 2.6 0.3 0.375

1145710402022

Pickles Butte

MATERIAL DESCRIPTION USCS AASHTO

Project No. Remarks:

Project:

Source of Sample: B2021-3 Depth: 25-27 ft

Tetra Tech

Missoula, MT Figure 37

Silty Sand SM



CONSOLIDATION TEST REPORT
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eoSat. Moist. (pcf) Gr. (ksf) (ksf) (ksf)

63.8 % 23.7 % 90.1 2.65 4.8 0.06 0.09 2.8 1.0 0.984

CL-ML

1145710402022

Pickles Butte

MATERIAL DESCRIPTION USCS AASHTO

Project No. Remarks:

Project:

Source of Sample: B2021-5 Depth: 50-51.5 ft

Tetra Tech

Missoula, MT Figure 38

Silty Clay
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CONSOLIDATION TEST REPORT
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Silty Clay

1145710402022

Pickles Butte

MATERIAL DESCRIPTION USCS AASHTO

Project No. Remarks:

Project:

Source of Sample: B2021-7 Depth: 120-121.3 ft

Tetra Tech

Missoula, MT Figure 39

CL-ML
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled:

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-3

Depth: 61-65 ft

Description: bulk

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

0.143
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-6

Depth: 57-58 ft

Description: Special

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

7.246

3.623

4.9

0.060

24.0
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-6

Depth: 79-81 ft

Description: Special

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

12.421

6.211
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-6

Depth: 99-102 ft

Description: Special

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

15.661

7.831

6.7

0.050
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122.8
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled:

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-7

Depth: 39-40 ft

Description: grab

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

0.511

0.256

1.0
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-7

Depth: 59-60 ft

Description: grab

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

1.817

0.908

2.5
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 60-62 ft

Project: Pickles Butte 

Source of Sample: B2021-3 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: Shelby 
Description: Silty Sand

Assumed Specific Gravity= 2.65

Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %
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 Tan(f)
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0.282
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0.001
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 80-82 ft

Project: Pickles Butte 

Source of Sample: B2021-3 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: Shelby 

Description: Silty Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 90-91.5 ft

Project: Pickles Butte 

Source of Sample: B2021-4 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: MC           
Description: Silty Sand

LL= NV PI= NP

Assumed Specific Gravity= 2.65

Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 120-120.9 ft

Project: Pickles Butte 

Source of Sample: B2021-4 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: MC    
Description: Silty Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.

In
it
ia

l
A

t 
T

e
s
t

S
h

e
a

r 
S

tr
e

s
s
, 
k
s
f

0

0.5

1

1.5

2

2.5

3

Strain, %

0 5 10 15 20

1

2

3

F
a

il
. 
S

tr
e

s
s
, 
k
s
f

0

1

2

3

Normal Stress, ksf

0 1 2 3 4 5 6

 C, ksf

 f, deg

 Tan(f)

 Results
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 80.0-81.5 ft

Project: Pickles Butte 

Source of Sample: B2021-5 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: MC          
Description: Lean Clay With Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded

Figure
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Height, in.
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Tested By: DB Checked By: LP

DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 90-91.5 ft

Project: Pickles Butte 

Source of Sample: B2021-5

Proj. No.: 1145710402022

Date Sampled: 

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %
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Strain rate, in./min.
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Sample Type: MC          
Description: Silty Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded



TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 25-27 ft

Project: Pickles Butte 

Source of Sample: B2021-3 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Silty Sand

Assumed Specific Gravity= 

2.65 Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 50-51.5 ft

Project: Pickles Butte 

Source of Sample: B2021-4 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Poorly Graded Sand with Silt

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 50-51.5 ft

Project: Pickles Butte 

Source of Sample: B2021-5 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Silty Clay

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %
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Saturation, %
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Diameter, in.
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Strain rate, in./min.

Back Pressure, psi
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 69-70 ft

Project: Pickles Butte 

Source of Sample: B2021-5 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Silt

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 120-121.3 ft

Project: Pickles Butte 

Source of Sample: B2021-7 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Clay

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf
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B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 0 - 1.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 2 - 3.5 9

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976  - NV NP 99.6 83.1 11.6 110 109.9 10.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 4 - 5.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 6 - 7.5 8

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 8 - 9.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 10 - 11.5 6

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 15 - 16.5 5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 20 - 21.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 25 - 27 NV NP 99.9 94.7 6.2 113 0.03

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 27 - 28.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 30 - 31.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 0 - 1.5 7

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 2 - 3.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 4 - 5.5 3

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 6 - 7.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 8 - 9.5 3

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 10 - 11.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 15 - 16.5 5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 20 - 21 3

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 25 - 26.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 30 - 31.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 5 - 6.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 10 - 11.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 15 - 16.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 20 - 21.5 3

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 25 - 27 NV NP 99.8 97.7 31.3 25.86 0 0.04

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 26 - 30

 C
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B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 27 - 28.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 30 - 31.5 3

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 35 - 36.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 40 - 41.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 45 - 46.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 50 - 51.5 3

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 60 - 62 NV NP 99.4 97.9 19.2 20.21 0.282

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 61 - 65 NV NP 99.6 99.1 7.7 100 100.2 13.7 0.143

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 70 - 71.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 80 - 82 NV NP 99.8 99.1 23.6 32.81 0.413

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 82 - 83.5 2

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 90 - 91.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 100 - 100.2

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 101 - 107

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 110 - 110.7

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 112 - 115

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 116 - 120 NV NP 86.4 81.7 16.1 104 103.6 15.75

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 121 - 121.8 4

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 135 - 138

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 139 - 142

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 140 - 141.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 147 - 151

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 150 - 151.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 159 - 161

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 160 - 161.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 5 - 6.5 6

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 9 - 10

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 10 - 11.5
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B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 15 - 16.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 20 - 21.5 5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 25 - 26.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 30 - 31.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 35 - 36.5 8

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 40 - 41.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 44 - 45

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 45 - 46.5 16

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 50 - 51.5 NV NP 100 91.9 6.3 27.04 0.123

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 51 - 52

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 60 - 61.5 2

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 69 - 70

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 70 - 71.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 79 - 80

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 80 - 81.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 89 - 90

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 90 - 91.5 NV NP 99 96 38.4 22.83 0.198

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 98 - 99

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 99 - 100.5 22

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 109 - 110

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 110 - 111.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 119 - 120

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 120 - 120.9 NV NP 100 98.1 49 29.51 0.588

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 129 - 130

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 130 - 131.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 139 - 140

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 140 - 141.5 2

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 149 - 150
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B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 150 - 150.9

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 157 - 159

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 160 - 160.9

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 169 - 170

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 170 - 170.8

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 175 - 177

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 179 - 180

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 189 - 190

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 5 - 6.5 4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 9 - 10

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 10 - 11.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 15 - 16.5 3

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 19 - 20

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 20 - 21.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 27 - 28

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 30 - 31.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 35 - 36.5 4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 39 - 40

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 40 - 41

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 45 - 46.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 49 - 50

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 50 - 51.5 54 30 14.95 0.489 0.06

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 59 - 60

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 60 - 60.6 4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 69 - 70 NV NP 99.9 99.3 77.1 112 111.5 15.5 19.09 0.037

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 70 - 71.5 29

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 79 - 80

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 80 - 81.5 35 14 0.000 98.5 95.9 83.4 104 103.5 21 19.5 31.18 0.26
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B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 89 - 90

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 90 - 90.8 NV NP 98.8 33.8 13.53 0.654

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 99 - 100 11

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 100 - 101.3

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 109 - 110

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 110 - 110.6

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 119 - 120

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 120 - 121.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 126 - 127

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 130 - 131.4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 139 - 140

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 140 - 140.9

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 149 - 150

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 150 - 151.4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 159 - 160

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 160 - 160.6

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 169 - 170

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 170 - 171.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 174 - 175

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 179 - 180

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 189 - 190

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 199 - 200

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 204 - 205

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 209 - 210

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 5 - 6.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 9 - 11

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 10 - 11.5 6

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 20 - 21.5
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B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 25 - 26.5 18

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 39 - 41

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 40 - 41.5 22

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 45 - 46.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 50 - 51.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 57 - 58 7.246

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 59 - 61

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 60 - 61.5 25

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 68 - 69

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 69 - 71

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 70 - 71.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 75 - 76

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 79 - 81 67 48 99.8 90.7

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 80 - 81.1

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 84 - 85

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 89 - 91

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 90 - 91.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 99 - 102 56 34 99.8 89.7 15.661

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 100 - 101.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 106 - 107 47 25 99.2 97.6 80.8 100 100 20.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 110 - 111.5 21

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 120 - 121.5 22

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 129 - 130

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 130 - 131.3

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 140 - 141.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 149 - 150

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 150 - 151.4

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 159 - 160

 C
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B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 160 - 161.3

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 164 - 165

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 5 - 6.5 4

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 10 - 11.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 15 - 16.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 19 - 20

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 25 - 26.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 30 - 30.6

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 35 - 35.8

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 39 - 40 NV NP 93.6 92 23.3 112 111.7 12.9 0.511

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 40 - 41.4 23

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 45 - 46.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 49 - 50

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 50 - 51.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 59 - 60 NV NP 99.9 98.9 84.3 104 104.2 17.8 1.817

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 60 - 61.4 12

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 69 - 70

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 70 - 71.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 79 - 80

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 80 - 80.7

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 89 - 90

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 90 - 90.3

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 99 - 100

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 100 - 101.5 20

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 110 - 111.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 120 - 121.3 33 10 18.02 0.053 0.38

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 125 - 126

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 129 - 130

 C
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B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 130 - 131.5 19

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 139 - 140

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 140 - 141.5 24

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 149 - 150

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 150 - 151.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 160 - 161.4

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 169 - 170

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 170 - 171.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 179 - 180

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 189 - 190

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 199 - 200

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 0 - 1.5 11

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 1 - 4 NV NP 98.7 95.6 83.5 97 97.2 17.9

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 2 - 3.5

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 4 - 5.5 11

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 8 - 10 12

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 10 - 11.5 6

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 11 - 15

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 15 - 16.5 5

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 20 - 21.5 5

 C
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IAS LABORATORIES

2515 East University Drive

Phoenix, AZ 85034

Office: (602) 273-7248

Fax: (602) 275-3836

www.iaslabs.com

November 15, 2022

Tetra Tech

Phoenix, AZ 85034

3822 E University

Maureen McGraw

Enclosed are the results of analyses for samples received by our laboratory on 10/17/2022.  If you 

have any questions concerning this report, please feel free to contact me.

Project:  Pickles Butte Landfill

[TOC_1]Cover 

Letter[TOC]

Sincerely, 

Sheri McLane
Certified Professional Agronomist

Certified Crop Advisor

License #359920



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-01 (Soil)

PBSL-TP-3 (2-3) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0135.2

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.0111.5

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.0110.1

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.018.85

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0148.44

Time Analyzed:  10/28/2022   4:47:45PM

[TOC_1]Sample Results[TOC]

Page 2 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.019.73

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-02 (Soil)

PBSL-TP-4 (4-5) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0137.6

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.019.78

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.018.34

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.016.10

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0151.82

Time Analyzed:  10/28/2022   4:47:45PM

Page 3 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.016.65

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-03 (Soil)

PBSL-TP-7 (5-4) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0136.3

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.018.51

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.017.07

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.016.60

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0148.67

Time Analyzed:  10/28/2022   4:47:45PM

Page 4 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.017.05

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-04 (Soil)

PBSL-TP-9 (4-8) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0141.6

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.019.61

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.018.39

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.017.15

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0153.14

Time Analyzed:  10/28/2022   4:47:45PM

Page 5 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.017.37

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-05 (Soil)

PBSL-TP-10 (5-6) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0137.4

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.0110.1

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.018.87

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.018.43

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0149.85

Time Analyzed:  10/28/2022   4:47:45PM

Page 6 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.018.69

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-06 (Soil)

PBSL-TP-14 (4-5) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0136.6

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.0112.0

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.0110.2

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.0110.8

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0150.86

Time Analyzed:  10/28/2022   4:47:45PM

Page 7 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.019.73

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-07 (Soil)

PBSL-TP-16 (4-8) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0140.8

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.0111.4

Time Analyzed:  11/4/2022   5:16:09PM

SMR - (5 Bar) % ASTM D6836<0.019.95

Time Analyzed:  11/8/2022  10:31:13AM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.018.11

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0153.68

Time Analyzed:  10/28/2022   4:47:45PM

Page 8 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.019.72

Time Analyzed:  11/4/2022   5:17:26PM



IAS Laboratories
2515 East University Drive

Phoenix, Arizona 85034

(602) 273-7248

Fax (602) 275-3836

Tetra Tech

Maureen McGrawSubmitted By:

Report To:

Project:

Work Order: 22J0250

Date Received: October 17, 2022

Pickles Butte Landfill

Sample Results

Result MethodMRL Units

Sample Name:  

22J0250-08 (Soil)

PBSL-TP-17 (1-3) 

IAS Lab ID:  

Chemical Properties 

SMR - Field Capacity (1/3 Bar) % ASTM D6836<0.0137.7

Time Analyzed:  11/1/2022   3:09:18PM

SMR - (2 Bar) % ASTM D6836<0.018.28

Time Analyzed:  11/8/2022  10:45:44AM

SMR - (5 Bar) % ASTM D6836<0.017.49

Time Analyzed:  11/11/2022  12:28:41PM

SMR - Wilting Point (15 Bar) % ASTM D6836<0.016.96

Time Analyzed:  11/1/2022   3:11:10PM

Physical Properties 

Porosity % Methods of Soil Analysis - ASA/SSSA<0.0151.15

Time Analyzed:  10/28/2022   4:47:45PM

Page 9 of 10

The contents of this report apply to the sample(s) analyzed in accordance with the chain of custody document.  

No duplication of this report is allowed, except in its entirety.

MRL: Minimum Reporting Limit

ND: None Detected

SMR - (10 Bar) % ASTM D6836<0.017.15

Time Analyzed:  11/15/2022  11:11:48AM
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

NP NP NP

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
99.9
99.9
99.8
93.6
91.1
85.9
82.9
82.1
81.5
79.7
71.5

1.8253 1.0229

11-9-22 PL/AB

ML

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-01
Depth: 2-3 ft

Tetra Tech

Missoula, MT
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

NP NP NP

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
97.1
96.0
92.0
87.8
86.3
84.6
80.3
67.3

0.8735 0.3234

11-10-22 PM

ML

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-02
Depth: 6-8 ft

Tetra Tech

Missoula, MT
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
99.2
96.4
93.8
92.3
88.3
86.0
72.1
69.8
63.4
57.9
55.7
53.3
48.4
40.2

7.5143 4.4480

0.7984 0.1818
11-14-22 AB/PM

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-03
Depth: 2-3 ft

Tetra Tech

Missoula, MT



Particle Size Distribution Report
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
96.8
94.6
84.5
78.5
77.3
76.5
75.0
64.8

1.5800 1.2205

11-15-22 AB

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-04
Depth: 4-5 ft

Tetra Tech

Missoula, MT
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

NP NP NP

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
93.8
91.8
84.7
75.2
71.5
67.8
60.7
49.0

1.7419 1.2060

0.1427 0.0795
11-10-22 PM/TL

SM

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-05
Depth: 2-3 ft

Tetra Tech

Missoula, MT



Particle Size Distribution Report
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
94.0
92.1
86.9
82.7
81.5
80.5
78.6
71.6

1.6405 0.9068

11-16-22 SH/AB

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-06
Depth: 2-3 ft

Tetra Tech

Missoula, MT
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
95.0
93.5
90.2
87.8
87.3
86.7
85.2
76.1

1.1318 0.1457

11-14-22 TL/PM

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-07
Depth: 4-5 ft

Tetra Tech

Missoula, MT



Particle Size Distribution Report
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
97.8
97.0
97.0
96.3
95.6
94.8
87.2
84.3
75.2
66.7
64.1
61.7
57.5
49.6

2.9108 2.0791

0.2206 0.0776
11-15-22 TL/AB

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-08
Depth: 2-3 ft

Tetra Tech

Missoula, MT
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
99.7
99.5
98.9
98.5
95.3
94.1
90.3
86.5
85.3
83.9
80.4
66.7

1.1257 0.3925

11-16-22 AB

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-10
Depth: 5-6 ft

Tetra Tech

Missoula, MT



Particle Size Distribution Report
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

NP NP NP

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
99.8
99.7
99.7
99.6
96.3
95.4
93.1
90.8
89.9
88.9
86.1
78.4

0.4412 0.1323

11-10-22 SH/TL

ML

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-14
Depth: 4-5 ft

Tetra Tech

Missoula, MT



Particle Size Distribution Report
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
97.2
96.7
95.4
94.1
93.6
92.8
89.9
77.1

0.1514 0.1108

11-17-22 TL/AB

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-15
Depth: 2-3 ft

Tetra Tech

Missoula, MT



Particle Size Distribution Report
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Test Results (ASTM D422) Material Description Atterberg (ASTM D4318)

Coefficients

Sieve Test (ASTM D422)

Hydrometer Test USCS (ASTM D2487)

Client:

Project:

Project No: Figure

Sieve Size
or

Diam. (mm.)

Finer
(%)

Spec.*

(%)

Out of 
Spec.
(%)

NP NP NP

3
2

1.5
1

.75
.5

.375
.25
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
99.9
92.3
90.5
86.6
83.8
83.1
82.5
81.5
75.3

1.8912 0.8470

11-9-22 TL/AB

ML

LP

Pickles Butte

114-571040-2023

PL= LL= PI=

D90= D85=

D60= D50=

D30= D15=

D10=

Cu= Cc=

Test Notes

Test Date: Technician:

Test Notes

Test Date: Technician:

Date Sampled:

Date Received:

Checked By:

Title:

* (no specification provided)

Location: TP-16
Depth: 4-8 ft

Tetra Tech

Missoula, MT



Tested By: TL Checked By: LP

D
ry
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p
cf

70
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110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    ASTM D4718-15 

114-571040-2023

Pickles Butte

ML A-4(0)

2.65

NP NP

91.1 % 82.1 %

81.2 % 71.5 %

      98.4 pcf  Maximum dry density = 98.4 pcf

      18.6 %  Optimum moisture = 18.6 %

Project No.: Date:

Project:

Client:

Location: TP-01

Depth: 2-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

ROCK CORRECTED TEST RESULTS UNCORRECTED

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: PM Checked By: LP

D
ry
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e

n
si

ty
, 

p
cf

70

80

90

100

110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

ML A-4(0)

2.65

NP NP

96.0 % 86.3 %

83.8 % 67.3 %

  Maximum dry density = 96.3 pcf

  Optimum moisture = 20.5 %

Project No.: Date:

Project:

Client:

Location: TP-02

Depth: 6-8 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: AB Checked By: LP

D
ry

 d
e

n
si

ty
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p
cf

70

80

90

100

110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    ASTM D4718-15 

114-571040-2023

Pickles Butte

2.65

69.8 % 55.7 %

52.1 % 40.2 %

      98.9 pcf  Maximum dry density = 104.8 pcf

      20.5 %  Optimum moisture = 17.6 %

Project No.: Date:

Project:

Client:

Location: TP-03

Depth: 2-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

ROCK CORRECTED TEST RESULTS UNCORRECTED

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: BA
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ry
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Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

2.65

94.6 % 77.3 %

76.3 % 64.8 %

  Maximum dry density = 91.8 pcf

  Optimum moisture = 14.4 %

Project No.: Date:

Project:

Client:

Location: TP-04

Depth: 4-5 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: AB Checked By: LP

D
ry
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n
si

ty
, 

p
cf

70

80

90

100

110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

SM A-4(0)

2.65

NP NP

91.8 % 71.5 %

66.0 % 49.0 %

  Maximum dry density = 101.9 pcf

  Optimum moisture = 17.3 %

Project No.: Date:

Project:

Client:

Location: TP-05

Depth: 2-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: SH Checked By: LP

D
ry
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ty
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cf

70
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90

100

110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

2.65

92.1 % 81.5 %

80.1 % 71.6 %

  Maximum dry density = 97.6 pcf

  Optimum moisture = 19.3 %

Project No.: Date:

Project:

Client:

Location: TP-06

Depth: 2-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: SH Checked By: LP

D
ry
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si
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p
cf

70
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110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

2.65

93.5 % 87.3 %

86.5 % 76.1 %

  Maximum dry density = 99.2 pcf

  Optimum moisture = 19.0 %

Project No.: Date:

Project:

Client:

Location: TP-07

Depth: 4-5 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: TL Checked By: LP
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ry
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140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    ASTM D4718-15 

114-571040-2023

Pickles Butte

2.65

84.3 % 64.1 %

60.6 % 49.6 %

      98.5 pcf  Maximum dry density = 100.6 pcf

      18.7 %  Optimum moisture = 17.8 %

Project No.: Date:

Project:

Client:

Location: TP-08

Depth: 2-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

ROCK CORRECTED TEST RESULTS UNCORRECTED

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: AB Checked By: LP

D
ry
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e

n
si

ty
, 

p
cf

70
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100

110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

2.65

  Maximum dry density = 90.9 pcf

  Optimum moisture = 22.4 %

Project No.: Date:

Project:

Client:

Location: TP-09

Depth: 4-8 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: AB Checked By: LP

D
ry
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ty
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70
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140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    ASTM D4718-15 

114-571040-2023

Pickles Butte

2.65

94.1 % 85.3 %

83.3 % 66.7 %

      94.1 pcf  Maximum dry density = 94.7 pcf

      21.4 %  Optimum moisture = 21.1 %

Project No.: Date:

Project:

Client:

Location: TP-10

Depth: 5-6 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

ROCK CORRECTED TEST RESULTS UNCORRECTED

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: SH Checked By: LP
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Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    ASTM D4718-15 

114-571040-2023

Pickles Butte

ML A-4(0)

2.65

NP NP

95.4 % 89.9 %

88.3 % 78.4 %

      101.6 pcf  Maximum dry density = 101.7 pcf

      17.4 %  Optimum moisture = 17.3 %

Project No.: Date:

Project:

Client:

Location: TP-14

Depth: 4-5 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

ROCK CORRECTED TEST RESULTS UNCORRECTED

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: TL Checked By: LP

D
ry
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ty
, 

p
cf

70
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90

100

110

120

130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

2.65

96.7 % 93.6 %

92.4 % 77.1 %

  Maximum dry density = 104.3 pcf

  Optimum moisture = 16.1 %

Project No.: Date:

Project:

Client:

Location: TP-15

Depth: 2-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: PM Checked By: LP

D
ry
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70
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130

140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    ASTM D4718-15 

114-571040-2023

Pickles Butte

ML A-4(0)

2.65

NP NP

90.5 % 83.1 %

82.4 % 75.3 %

      95.7 pcf  Maximum dry density = 95.8 pcf

      20.7 %  Optimum moisture = 20.7 %

Project No.: Date:

Project:

Client:

Location: TP-16

Depth: 4-8 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

ROCK CORRECTED TEST RESULTS UNCORRECTED

Figure

Tetra Tech

COMPACTION TEST REPORT



Tested By: SH Checked By: LP

D
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140

Water content, %

0 5 10 15 20 25 30 35 40

100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:

2.8
2.7
2.6

Test specification:
  ASTM D 698-91 Procedure A Standard
    

114-571040-2023

Pickles Butte

2.65

  Maximum dry density = 97.0 pcf

  Optimum moisture = 19.9 %

Project No.: Date:

Project:

Client:

Location: TP-17

Depth: 1-3 ft

Remarks:

MATERIAL DESCRIPTION

Description:

Classifications - USCS: AASHTO:

Nat. Moist. = Sp.G. =

Liquid Limit = Plasticity Index =

%<No.10 = %<No.40 =

%<No.60 = %<No.200 =

TEST RESULTS

Figure

Tetra Tech

COMPACTION TEST REPORT



3.5

4.2

6.2

8.5

SILT (ML), moist,  tan.

SILT, dry,  tan, Soft, breakable by hand.
SILT (ML), moist,  tan.

Silty SAND (SM), slightly moist,  tan, Increasing
sand content with depth.

Test Pit Depth: 8.5 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests

Depth
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Depth
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Elev.
(ft)

5

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48655227 ft
Long: -116.71010948 ft

TP-01



3.5

4.6

5.5

9.6

(ML), moist,  tan.

SILT, dry,  tan, Soft, breakable by hand.

(ML), moist,  tan.

Silty SAND (SM), slightly moist,  tan, Increasing
sand content with depth.

Test Pit Depth: 9.6 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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5

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48770692 ft
Long: -116.69973327 ft

TP-02



4.7

6.0

Sandy SILT (ML), slightly moist,  tan.

Poorly-Graded SAND with gravel (SP), slightly
moist,  brown to black, fine to coarse grained,
angular.

Test Pit Depth: 6.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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5

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48138965 ft
Long: -116.70383105 ft

TP-03



2.0

3.2

8.7

9.5

SILT (ML), slightly moist.

SILT (ML), dry,  tan.

SILT (ML), slightly moist.

Silty SAND (SM), slightly moist,  brown, fine grained.

Test Pit Depth: 9.5 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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5

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.485193 ft
Long: -116.71111918 ft

TP-04



4.7

7.8

Sandy SILT (ML), slightly moist,  tan.

Poorly-Graded SAND with gravel (SP), slightly
moist,  brown to black, fine to coarse grained,
angular.

Test Pit Depth: 7.8 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48138965 ft
Long: -116.70383105 ft

TP-05



7.3

10.0

SILT (ML), slightly moist,  tan.

Silty SAND (SM), moist,  tan, very fine grained,
Borderline silt.

Test Pit Depth: 10.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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10

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48443481 ft
Long: -116.70762806 ft

TP-06



2.5

3.3

5.5

8.5

SILT (ML), slightly moist,  tan.

SILT (ML), dry,  tan.

SILT (ML), slightly moist,  tan.

Silty SAND (SM), moist, very fine grained, Increasing
sand with depth.

Test Pit Depth: 8.5 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Elev.
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48449268 ft
Long: -116.70415019 ft

TP-07



4.2

6.0

Sandy SILT (ML), slightly moist,  tan.

Poorly-Graded SAND with gravel (SP), slightly
moist,  brown to black, fine to coarse grained,
angular.

Test Pit Depth: 6.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48743981 ft
Long: -116.69702086 ft

TP-08



3.0

4.5

6.0

8.5
9.0

SILT (ML), slightly moist,  tan.

SILT (ML), dry,  tan.

SILT (ML), moist,  tan.

Silty SAND (SM), moist,  brown, very fine grained.

Black. Pieces of basalt.
Test Pit Depth: 9.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48360081 ft
Long: -116.70130153 ft

TP-09



8.0

9.0

Sandy SILT (ML), slightly moist,  tan.

Poorly-Graded SAND with silt (SP-SM), slightly
moist,  brown to red, fine to medium grained,
angular.

Test Pit Depth: 9.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48282091 ft
Long: -116.69717814 ft

TP-10



0.9
1.0

SILT with gravel (ML), slightly moist,  tan, Pieces of
basalt.
BASALT, black.

Test Pit Depth: 1.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48090709 ft
Long: -116.69796449 ft

TP-11



1.5

4.0

SILT with gravel (ML), slightly moist,  tan, Pieces of
basalt.

Poorly-Graded SAND with silt and gravel (SP-SM),
slightly moist,  brown to black, fine to coarse
grained, angular.

Test Pit Depth: 4.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48134636 ft
Long: -116.70124308 ft

TP-12



1.5
1.5

Silty SAND with gravel (SM), slightly moist,  tan,
Pieces of basalt.

BASALT, black.

Test Pit Depth: 6.0 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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5

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48138965 ft
Long: -116.70383105 ft

TP-13 B



5.0

6.9

Sandy SILT (ML), slightly moist,  tan.

Poorly-Graded SAND with gravel (SP), slightly
moist,  brown to black, fine to coarse grained,
angular.

Test Pit Depth: 6.9 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48138965 ft
Long: -116.70383105 ft

TP-14



6.2

8.2

SILT (ML), slightly moist,  tan.

Silty SAND (SM), moist,  brown, very fine grained.

Test Pit Depth: 8.2 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.47849928 ft
Long: -116.69774994 ft

TP-15



6.2

9.1

SILT (ML), slightly moist,  tan.

Silty SAND (SM), moist,  tan, very fine grained.

Test Pit Depth: 9.2 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.48443481 ft
Long: -116.70762806 ft

TP-16



3.9

6.2

SILT (ML), slightly moist,  tan.

Poorly-Graded SAND (SP), moist,  red to black,
medium to coarse grained.

Test Pit Depth: 6.2 ft,  Elevation:

Handheld GPS, Uncorrected
Location Source:

Remarks
and

Other Tests
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5

Material Description

Remarks:

Datum: NAD83

Sheet 1 of 1

Station:
Offset:

System: Decimal Degrees

Project:

Elevation Source:Date Started:
10/11/22

Project Number:
Pickles butte test pits

UPN:

Date Finished:
10/11/22

Pickles butte test pits

Dimensions:

Comments:

Abandonment Method:
Backfilled with Cuttings

618 South 25th Street
Billings, MT 59101
Phone:  (406) 248-9161
Fax:

Contractor: Client
Logger: Tetra Tech

Top of Surface
Elevation:

Rig: CAT 312D Location
Coordinates

Lat: 43.47849928 ft
Long: -116.69774994 ft

TP-17



 

 

APPENDIX D: GEOLOGIC CROSS SECTIONS
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FORMATION
(LITHIFIED)

MATCHLINE
SEE X-102

MATCHLINE
SEE X-102

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION

CROSS SECTION A
STA. 0+00 TO 25+00

3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

STA. 0+00 TO 25+00A
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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PB-1

GT-1

PB-2

PB-7

ACTUAL BOTTOM EL. 2271'

MATCHLINE
SEE X-101

MATCHLINE
SEE X-101

ACTUAL BOTTOM EL. 2034'

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

SAND

SAND

GRAVEL

SILT
SILT

SILT

SILT

SAND

SILT

SILTSTONE/CLAYSTONE

SILTSTONE/CLAYSTONE

TUANA
GRAVEL

GLENNS
FERRY

FORMATION

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION

CROSS SECTION A
STA. 25+00 TO 50+00

3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

STA. 25+00 TO 50+00A
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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SNELL B2021-3

B2021-5

ACTUAL BOTTOM EL. 2037'

SAND

SAND

SAND

SILT

SILTSTONE/CLAYSTONE

MATCHLINE
SEE X-104

MATCHLINE
SEE X-104

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION 

CROSS SECTION B
STA. 0+00 TO 18+00

3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

STA. 0+00 TO 18+00B
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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PB-8

SAND

SAND

SILT

SILTSTONE/CLAYSTONE

MATCHLINE
SEE X-103

MATCHLINE
SEE X-103

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

PROPOSED BOTTOM
OF EXCAVATION

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION 

CROSS SECTION B
STA. 18+00 TO 30+00

3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

STA. 18+00 TO 30+00B
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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PB-11
2021-5

MATCHLINE
SEE X-106

MATCHLINE
SEE X-106

SILTSTONE

SAND WITH SILT

SAND

SAND

SILT

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION 

CROSS SECTION C
STA. 0+00 TO 20+00

3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

STA. 0+00 TO 20+00C
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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B2021-4

MATCHLINE
SEE X-105

MATCHLINE
SEE X-105

SILTSTONE/CLAYSTONE

SAND SAND

SAND

CLAY

SILT

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

ASSUMED

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION 

CROSS SECTION C
STA. 20+00 TO 30+00

3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

STA. 20+00 TO 30+00C
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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PB-12 B2021-6
B2021-7

GT-4

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

SAND WITH SILT

SAND WITH SILT

SAND

SAND

SAND

SILT

SILT

SILT

SILTSTONE/CLAYSTONE

PROPOSED BOTTOM
OF EXCAVATION

EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION 

CROSS SECTION D380 Americana Terracem Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

SECTION DD
X-100 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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PB-13

B2021-7

ACTUAL BOTTOM EL. 2147'

ACTUAL BOTTOM EL. 2460'

EL. 2197'

BASALT

SAND

CLAY

TUANA
GRAVEL

SAND WITH SILT

SAND WITH SILT

SILT

SILT

SILTSTONE/CLAYSTONE
SILTSTONE/CLAYSTONE

PROPOSED BOTTOM
OF EXCAVATION

GLENNS
FERRY

FORMATION

GLENNS
FERRY

FORMATION
(LITHIFIED)

TUANA
GRAVEL

BRUNEAU
FORMATION

GLENNS
FERRY

FORMATION
EXISTING GROUND
(NOTE 3)

LEGEND

POORLY GRADED SAND - SP

SILT - ML

POORLY GRADED
GRAVEL - GP

SAND WITH SILT - SM

CLAY - CL

SILTSTONE/CLAYSTONE

BASALT

POTENTIOMETRIC
SURFACE

APPROXIMATE TOP OF
WATER BEARING ZONE

REDOX BOUNDARY

PROPOSED BOTTOM OF
LANDFILLASSUMED LOCATION

NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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PICKLES BUTTE LANDFILL, CANYON COUNTY, IDAHO
NO POTENTIAL FOR 

MIGRATION APPLICATION 

CROSS SECTION E3380 Americana Terrace Suite 201
Boise, ID 83706

PHONE: 208-389-1030

0

SCALE:

100 200 400

1" = 200'

SECTION EE
FIG 1 SCALE: HORIZ. 1" = 200' VERT. 1" = 100'
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NOTES:
1. THIN LAYERS AND INTERBEDS MAY NOT BE

SHOWN. THIN LAYERS MAY BE COMBINED
WITH THE DOMINANT UNITS FOR THE
PURPOSE OF CLARITY. THE INDIVIDUAL WELL
AND BORING LOGS SHOULD BE REFERENCED
FOR COMPLETE LITHOLOGIC DETAILS.

 
2. SEE X-100 FOR CROSS-SECTION LOCATIONS.

3. EXISTING GROUND IS BASED ON 2023 AERIAL
SURVEY.
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APPENDIX E: WELL AND BORING LOGS 



PB-1 Original Shop Well









PB-5



PB-6



PB-7



PB-8



PB-9



PB-9



PB-10



PB-10













Rotary Boring Diameter: 

Feb 20: 25' to 40'

Page 1 of 2

465 More brown fragments, moderate consolidation

475 Fewer brown fragments, overall color grades to darker green

445 SILTSTONE; trace clay and fine sand, weakly consolidated, green-grey Feb 29: 427' - 497'

color indicates the redox boundary.

brown with occasional red-brown color.

390 Color changes to green-brown, then more green below 430'

370 CLAYSTONE; contains some silt and trace fine sand, clay is slightly plastic,

weakly to moderately consolidated, estimate 80% clay and 20% silt, 

350 Slightly more consolidated, Reddish brown color on some fragments  500'

below 350 feet.

330 CLAY with silt, less consolidated than claystone above and below, brown Feb. 28: 279' - 427'

to dark tan. Drill foam used 300' to

262 CLAYSTONE with silt; clay is slightly plastic, trace amount of fine sand, Boring Diameter:

weakly consolidated, estimate 80% clay and 20% silt, brown. 9.5" 279 to 597 ft.

Feb 22: 40' to 159'

163 SAND with silt Feb 24: 159' to 239'

14.75", 40 to 279 ft.

240 SAND, fine grained Feb 25: 239' to 279'

0 SAND, fine grained, with gravel Feb 19: 0 to 25'

20 CLAY 0 to 40 feet.

10 SAND, fine grained with silt Boring Diameter: 22",

25 CLAY with sand Mud and water used, 

35 SAND  upper 300 feet 

40 SAND with silt lenses Boring Diameter:

Notes: Lithology shown below is generalized. Tetra Tech personnel were not present for the upper 279

feet of drilling, and rotary drilling techniques did not allow for detailed observations within the stratigraphic 

Depth (ft) Soil or Rock Description; Water Notes Notes

units. 

Well Development Method: Surging and bailing (March 11, 25, & 27) Amount Purged: ~300 gallons

Top of Casing Elevation: 2927.30' TOC Relative to GS: 2.75' Depth to GW: 550.67'

Seal Description (Types and Depths): Granular bentonite (560' to 562'), Neat cement grout (surface to 560')

Surface Completion and Security: Concrete pad, 10" dia. above-ground casing protector, locking cover

Silica sand, 10/20 and 12/20 Depth From: 562' To: 597'Filter Pack Type and Size:

Depth to Top of Screen: 572' Screened Section Length: 20 Slot Size: 0.02

Depth Drilled: 597' Depth Cased: 597' Casing Dia. and Type: 4" stainless steel

Drilling Method: Fluids Used: Mud, water, foam9.5 to 22", See Diagram

Drilling Company: Granite (Layne) Driller Name: Charles Johnson

Location of Well: Approximately 85 feet southwest of PB-4. N 43⁰29'27.1279", W 116⁰42'13.5342"

Date Started: Feb 19, 2020 Date Completed: Mar 11, 2020 Tt Geologist: R. Phillips

MONITORING WELL LITHOLOGIC LOG AND COMPLETION DETAILS

Project Name: Pickles Butte Landfill Project No: 114-571040 Well No: PB-16

Relative
X  Absolute



Lithologic Log and Well Completion Details Monitoring Well PB-16

Overdrill with 9.5" bit from 279' to 597' on March 7; drill foam used. March 7: Redrill 279'-

597' with 9.5 inch bit

597 Bottom of Boring

Page 2 of 2

Water check at 557': No water after 90 minutes

returned with air when drilling resumed the morning of March 6.

Water check at 597': Water measured at approx. 590' BGS March 6: 577'-597'

565 CLAYSTONE; less moisture than above material, moderately consolidated,

dark grey

Water check at 577': No water after sitting overnight, but some water

520 CLAY with silt; slightly plastic, slightly moist, dark green to dark grey March 5: 497' - 577'

Possibly a bit more moisture below 535

485 SILT with clay, dark green to dark grey; some fine sand, weakly

consolidated.
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TOPSOIL, moist,  tan/brown.
Poorly-Graded SAND with silt (SP-SM),
loose, moist,  brown to gray, fine to
medium grained, subangular.

Poorly-Graded SAND (SP), loose to
medium dense, moist,  gray to tan,
medium grained, subangular to angular.

Silty SAND (SM), medium dense, moist,
gray to tan, fine grained, medium
plasticity, Pockets of clay.

Poorly-Graded SAND (SP), medium
dense, slightly moist,  gray, fine to
medium grained, subangular to angular,
medium plasticity, Small pockets of grey
clay.

Poorly-Graded SAND with silt (SP-SM),
dense to very dense, slightly moist,
gray, fine to medium grained.

Boring Depth: 31.5 ft,  Elevation: 2708.9
ft

Cc= 0.03
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 1

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/15/21

Project Number:
114-571040-2022

Date Finished:
11/15/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.502927
E: -116.624204

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2740.4 ft

Boring B2021-1
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Silty SAND (SM), very loose, slightly
moist,  brown to tan, fine grained,
subangular to angular.

Poorly-Graded SAND with silt (SP-SM),
very loose to very dense, slightly moist to
moist,  brown to gray, fine to medium
grained, angular to subangular.

Boring Depth: 31.5 ft,  Elevation: 2707.5
ft
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 1

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/16/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.501658
E: -116.713829

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2739.0 ft

Boring B2021-2



100

100

100

93

80

100

100

100

93

100

2 - 3 - 7

7 - 9 - 9

11 - 11 - 12

10 - 12 - 13

11 - 15 - 15

10 - 12 - 14

11 - 14 - 21

10 - 14 - 16

12 - 12 - 12

0.7
2737.0

8.0
2729.7

41.1
2696.6
41.9

2695.8

47.0
2690.7
47.7

2690.0

3

3

3

NVNP 29

Slightly moist,  tan.
SILT (ML), stiff, slightly moist, light tan,
low plasticity.

Silty SAND (SM), loose to medium
dense, slightly moist to slightly moist,
light tan, very fine grained.

SILT (ML), very stiff, slightly moist,  gray,
low plasticity.
Silty SAND (SM), medium dense to
dense, slightly moist,  tan to gray, fine
grained, subangular to angular.

SILT (ML), very stiff, slightly moist,  gray,
low plasticity.
Silty SAND (SM), medium dense to
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft

Boring B2021-3
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100

dense, slightly moist,  tan to gray, fine
grained, subangular to angular.
SILT (ML), very stiff, slightly moist,  gray
to tan, low plasticity, Hard consolidated
pieces.
Silty SAND (SM), medium dense to
dense, slightly moist,  tan to gray, fine
grained, subangular to angular.

Sandy SILT (ML), stiff, dry,  gray to red,
fine grained, Broken siltstone.
Silty SAND (SM), medium dense to
dense, slightly moist,  tan to gray, fine
grained, subangular to angular.
Poorly-Graded SAND (SP), very dense,
dry,  salt & pepper, fine to medium
grained, subangular to angular.

Poorly-Graded SAND with silt (SP-SM),
very stiff, dry,  tan, fine to medium
grained, subangular, Large amounts of
broken sandstone.

Silty SAND (SM), very dense, dry,  gray
to red, fine to coarse grained,

Friction Angle= 20.21
degrees
Cohesion= 0.282 ksf

Friction Angle= 32.81
degrees
Cohesion= 0.413 ksf
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 2 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft

Boring B2021-3
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NVNP 15 104

subangular, Mixed with large pieces of
siltstone.

Silty SAND (SM), very dense, dry to
moist,  salt & pepper to gray, fine to
medium grained, subangular to angular,
Minimal pieces of sandstone. Decreasing
with depth.

Poorly-Graded SAND with silt (SP-SM),
very stiff, dry,  tan, fine to coarse
grained, subangular, Large amounts of
broken sandstone and siltstone.
Poorly-Graded SAND (SP), very dense,
dry to moist,  salt & pepper to gray, fine
to medium grained, subangular to
angular, Minimal pieces of sandstone..

Silty CLAY (CL-ML), hard, very moist,
gray, high plasticity.
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 3 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft

Boring B2021-3
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 4 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft

Boring B2021-3
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TOPSOIL, moist, dark brown.
Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained,
angular.

SILT (ML), very stiff, slightly moist,  tan,
low plasticity.

Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained.

Silty CLAY (CL-ML), very stiff, slightly
moist,  tan, medium plasticity.

SILT (ML), very stiff, slightly moist,  tan,
low plasticity.

Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained,
angular to subangular.
Silty CLAY (CL-ML), very stiff, slightly
moist,  tan to black, medium plasticity,
Broken pieces of consolidated clay and
sit.

Poorly-Graded SAND with silt (SP-SM),
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft

Boring B2021-4
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NVNP 32

medium dense to very dense, slightly
moist,  tan to salt & pepper, fine to
medium grained, subangular to angular.

Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained,
angular to subangular.

Poorly-Graded SAND (SP), stiff, dry,  tan
to yellow, fine to medium grained,
angular to subangular.
Silty SAND (SM), hard, moist,  tan to
brown, fine grained, angular to
subangular, Broken pieces of
consolidated clay.
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 2 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft

Boring B2021-4
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NVNP 44

Sandy SILT (ML), very stiff, slightly
moist,  tan, low plasticity.
Silty CLAY (CL-ML), hard, moist,  tan to
brown, medium plasticity, Broken pieces
of consolidated clay.

Sandy SILT (ML), very stiff, slightly
moist,  tan, low plasticity.

Silty SAND (SM), medium dense to very
dense, slightly moist,  tan to salt &
pepper, fine to medium grained,
subangular to angular.

Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.

Sandy SILT (ML), very stiff, slightly
moist,  tan to brown, low plasticity.

Friction Angle= 29.51
degrees
Cohesion= 0.588 ksf
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 3 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft

Boring B2021-4
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183.0
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190.0
2607.2

200.0
2597.2

Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.
Sandy SILT (ML), very stiff, slightly
moist,  tan to brown, low plasticity.
Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.

Silty SAND (SM), very stiff, dry,  gray,
fine grained, angular to subangular.
Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.

Silty SAND (SM), very stiff, dry,  gray to
gray, fine grained, angular to subangular.

Poorly-Graded SAND with silt (SP-SM),
medium dense to very dense, slightly
moist,  tan to salt & pepper, fine to
medium grained, subangular to angular.

Boring Depth: 200.0 ft,  Elevation:
2597.2 ft
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 4 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft

Boring B2021-4
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TOPSOIL, moist,  brown.
Sandy SILT (ML), stiff, slightly moist,
tan, fine grained, angular to subangular.

Poorly-Graded SAND (SP), medium
dense to very dense, moist,  tan to red,
fine to medium grained, angular to
subangular.

Silty CLAY (CL-ML), medium stiff, slightly
moist,  white to gray, high plasticity.
Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  salt
& pepper to red, fine to medium grained,
angular to subangular.

SILT (ML), hard, slightly moist,  tan to
gray, low plasticity.

Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  salt
& pepper to red, fine to medium grained,
angular to subangular.
SILT (ML), hard, slightly moist,  tan to
gray, low plasticity.
Silty SAND (SM), medium dense to very
dense, slightly moist,  gray to brown, fine
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 5

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/14/21

Project Number:
114-571040-2022

Date Finished:
12/19/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.499133
E: -116.713491

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2661.6 ft

Boring B2021-5



100

100

100

100

100

115

27 - 38 - 50

34 - 50/0.1ft

10 - 30 - 20

10 - 18 - 27

49 - 50/0.3ft

21 - 46 - 50/0.3ft

2611.6
51.0

2610.6
54.0

2607.6
55.0

2606.6

60.0
2601.6

65.5
2596.1

71.5
2590.1
73.5

2588.1

86.0
2575.6

4

29

21

11

27

35

NV

21

21

NP
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104

grained, angular to subangular.
Silty CLAY (CL-ML), hard, slightly moist,
tan, high plasticity.
Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  gray
to tan, fine to medium grained, angular to
subangular.
Silty SAND (SM), medium stiff, slightly
moist,  tan, fine grained.
Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  gray
to tan, fine to medium grained, angular to
subangular.
Poorly-Graded SAND with silt (SP-SM),
very dense, moist,  gray, fine grained,
Varying amounts of silt. Thin viens of
silty clay.
SILT with sand (ML), hard, slightly moist,
white to gray, non plastic, Broken pieces
of consolidated clay.
Silty SAND (SM), very stiff, slightly moist,
tan, fine grained.
CLAY with sand (CL), hard, slightly
moist,  white to gray, non plastic, Broken
pieces of consolidated clay.

Silty SAND (SM), very dense, slightly
moist,  tan to red, fine grained, angular to
subangular.

Friction Angle= 31.18
degrees
Cohesion= 0.26 ksf

Friction Angle= 13.53
degrees
Cohesion= 0.654 ksf
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Silty CLAY (CL-ML), very stiff, slightly
moist,  gray to blue, high plasticity,
Broken pieces of consolidated clay.

Silty SAND (SM), very dense, slightly
moist,  tan to red, fine grained, angular to
subangular.
Silty CLAY (CL-ML), very stiff, slightly
moist,  gray to blue, high plasticity,
Broken pieces of consolidated clay.
Silty SAND (SM), medium dense to very
dense, slightly moist,  gray to brown, fine
grained, angular to subangular.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.

Sandy SILT (ML), hard, slightly moist,
red to brown, fine grained, low plasticity,
Very fine sand. Some consolidated clay
mixed.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Silty SAND (SM), very dense, slightly
moist,  tan, very fine grained, Very fine
sand. Some consolidated clay mixed.
Less clay with depth.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
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pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay. Higher silt
content than previous.
CLAY (CL), hard, slightly moist,  gray to
blue, high plasticity, Broken pieces of
consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt..
CLAY (CL), hard, slightly moist,  gray to
blue, high plasticity, Broken pieces of
consolidated clay.
Silty SAND (SM), slightly moist,  tan, fine
grained, angular to subangular.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Varying
levels of silt content.
Silty SAND (SM), slightly moist,  tan, fine
grained, angular to subangular.

CLAY (CL), hard, slightly moist to moist,
gray to blue, high plasticity, consolidated
clay.
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225.0
2436.6Boring Depth: 225.0 ft,  Elevation:

2436.6 ft
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2621.7
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2615.7

27.0
2609.7
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2603.7
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2588.7

6

18

22

TOPSOIL, very moist,  brown.
Silty SAND (SM), loose to medium
dense, slightly moist,  tan to red, fine
grained, subangular.

Poorly-Graded SAND (SP), very dense,
slightly moist,  gray, fine to medium
grained, subangular.

Silty SAND (SM), loose to medium
dense, slightly moist,  gray, fine grained,
subangular.

Poorly-Graded SAND (SP), very dense,
slightly moist,  gray, fine to medium
grained, subangular.

Silty SAND (SM), loose to medium
dense, slightly moist to moist,  gray, fine
grained, Pieces of siltstone increasing
with depth.

Sandy SILT (ML), hard, slightly moist,
gray, fine grained.
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After
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During
Drilling: Not Recorded
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Drilling: Not Encountered
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Project Number:
114-571040-2022
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None
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Grout
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59808
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CLAY (CH), hard, slightly moist, very
dark gray, high plasticity, Almost
claystone very consolidated.

Sandy SILT (ML), hard, slightly moist,
gray, medium plasticity.
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Top of Boring
Elevation: 2636.7 ft

Boring B2021-6



100

100

115

100

107

9 - 19 - 28

10 - 18 - 33

28 - 47 - 50/0.3ft

6 - 16 - 31

11 - 19 - 50/0.4ft

102.8
2533.9

106.0
2530.7
106.9
2529.8

110.8
2525.9
112.0
2524.7

21
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47 22 78 100

Silty CLAY (CL-ML), hard, slightly moist,
very dark gray, high plasticity, Almost
claystone very consolidated.
CLAY with sand (CL), hard, slightly
moist,  gray, medium plasticity.
Silty CLAY (CL-ML), hard, slightly moist,
very dark gray, high plasticity, Almost
claystone very consolidated.
Sandy SILT (ML), hard, slightly moist,
gray, medium plasticity.
Silty CLAY (CL-ML), hard, slightly moist,
very dark gray to blue, high plasticity,
Almost claystone very consolidated.
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115 29 - 50 - 50/0.3ft

165.0
2471.7Boring Depth: 165.0 ft,  Elevation:

2471.7 ft
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During
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Slightly moist, dark brown.
Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
subangular.

Poorly-Graded SAND (SP), dense,
moist,  tan, fine to medium grained,
angular to subangular.

Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
subangular.

Poorly-Graded SAND (SP), dense,
moist,  gray, fine to medium grained,
angular to subangular.
Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
subangular.
Poorly-Graded SAND (SP), dense,
moist,  gray, fine to medium grained,
angular to subangular.
Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
subangular.
Poorly-Graded SAND (SP), dense,
moist,  gray, fine to medium grained,
angular to subangular.
Silty CLAY (CL-ML), very stiff, moist,
tan, high plasticity, Broken pieces of
consolidated clay.
Silty SAND (SM), very dense, slightly
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moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.
Silty CLAY (CL-ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay.
Silty SAND (SM), very dense, slightly
moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.
Silty CLAY (CL-ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay..
Silty SAND (SM), very dense, slightly
moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.
SAND with sand (ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay..
CLAY (CL), hard, moist,  tan, high
plasticity.

Silty SAND (SM), very dense, slightly
moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.

Silty CLAY (CL-ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay..

CLAY (CL-ML), hard, moist,  tan, high
plasticity.
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TOPSOIL, moist,  brown.
SILT with sand (ML), very stiff, slightly
moist to moist,  tan.

Silty SAND (SM), medium dense, slightly
moist,  tan to gray, fine grained,
subangular, scattered gravel.
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to medium grained, subangular to
angular.
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ACRONYMS/ABBREVIATIONS 

Acronyms/ 
Abbreviations 

Definition 

AASHTO American Association of State Highway and Transportation Officials  

ASTM ASTM International (formerly known as American Society for Testing and Materials) 

bgs  Below ground surface 

CFR Code of Federal Regulations 

IDEQ Idaho Department of Environmental Quality 

EPA U.S. Environmental Protection Agency 

FS factors of safety 

ksf kips per square foot 

MCE Maximum Credible Earthquake 

mm millimeter 

MSWLF Municipal Solid Waste Landfills 

PBSL Pickles Butte Sanitary Landfill 

PGA Peak Ground Acceleration 

PSHA Peak spectral horizontal acceleration 

SPT Standard Penetration Testing 

USGS United States Geological Survey 
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EXECUTIVE SUMMARY 

The Pickles Butte Sanitary Landfill is developing a plan for the expansion of the landfill to include an additional 
four phases, (Phase 5 through Phase 8). The proposed expansion consists of approximately 231 acres of unlined 
cells pending the approval of an arid exemption.  Proposed permanent excavation slopes are planned to be on 
the order of 3H:1V to 4H:1V, with maximum cut depths on the order of 150 to 165 feet.  

Tetra Tech previously completed a slope stability evaluation that included static and seismic stability evaluations 
for Phases 2 through 4 of the Canyon County Landfill (October 7, 2015).  Tetra Tech also reviewed the previous 
evaluations conducted by Holladay Engineering Company for the Pickles Butte Sanitary Landfill, dated 1998, and 
conducted a seismic survey that was dated February 21, 2022 titled, ‘Pickles Butte Sanitary Landfill 3D Seismic 
Survey Report’. The survey was designed to image and delineate a suspected fault in support of the proposed 
expansion program at the PBSL. 

For this stability evaluation, Tetra Tech incorporated the following information: 1) the soils strength data available 
from previous analysis, 2) materials strength properties assigned based on the laboratory testing of the 
geotechnical samples collected in 2021 and also correlated from the Standard Penetration Testing (SPT) N-value 
(blow count) data collected during the geotechnical drilling and previous well installation reports.  

Based on findings from former and 2021 site investigations, the subsurface conditions beneath the areas of 
proposed landfill expansion are assumed to generally consist of silty and clayey sand, clay, and gravel overlying 
the Glenns Ferry Formation (300 to 950 feet thick), which includes younger lacustrine and fluvial sediments.  The 
surrounding local geology includes an igneous basalt group of the Hat Butte-McElroy Butte type1 that was not 
encountered in area of the proposed expansion.  

Slope stability and pseudo-static analyses were performed using the computer program Slide2 (2020), developed 
by Rocscience, Inc., to determine the factors of safety (FS) of critical slip surfaces using both circular (rotational) 
and block failure analyses and vertical slice limit equilibrium methods. Circular failures can be viewed as a soil 
‘slump’ with a remnant head ‘scarp’ or drop in elevation where the slide started, and a resultant ‘hump’ or bulge 
at the slide terminus.  A block failure represents a large mass or ‘chunk’ of soil failing outwardly as a larger intact 
mass.  Where the pseudo-static analysis indicated a factor of safety of equal to or less than 1.3 (industry standard 
for pseudo-static factor of safety for landfills), the internal slope of the landfill cell prior to waste emplacement was 
evaluated using the Newmark displacement analysis method to determine a range of potential seismic-induced 
deformations of the refuse mass. 

Results of the slope stability evaluations indicate that the preliminary design for the expansion phases will meet 
the requirements of the Idaho Administrative Rules IDAPA 58.01.06 for the Idaho DEQ’s administration of 
municipal solid waste landfills (MSWLF). The analyses indicate static FS values on the order of 1.38 to 2.43, and 
1.83 to 3.11 for circular and block failure respectively, while the pseudo-static FS values were on the order of 0.99 
to 1.88, and 1.45 to 2.16 for circular and block failure, respectively. Subsequent seismic deformation analyses 
indicate maximum probable displacements on the order of 0.25 to 3.19 inches (0.5 to 8 cm) for the anticipated 
peak ground acceleration of 0.12g generated during the design seismic event at the project site. In general, the 
seismic displacement analyses indicate permanent seismic-induced displacements within the tolerances 6 to 12 
inches (15 to 30 cm) that are typically considered acceptable for design of landfill systems with no liner. 

Multiple slope angles were considered for Tetra Tech’s slope analyses, ranging from 2.5:1 to 4:1 depending on 
the soil and bedrock types at each location.  Based on Tetra Tech’s analysis and the required FS’s, the following 
two slope angles are recommended for the preliminary landfill site grading plans: 

3H:1V:  for the majority of the site slopes 

4H:1V:  where silt is encountered (Section F discussed below) 

 
1Mancos - Macrostrat.org 
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The 4:1 slope was analyzed and recommended for Section F because silt was interbedded between poorly-graded 
sand and fine sand and created a weakened soil profile.  In areas where a high concentration of silt is predominant 
during construction, a slope of 4H:1V is recommended for cut areas.  The soil profile within Section F was identified 
as having a high concentration of silt in the upper 135 feet of the proposed slope cut, thus decreasing the factor 
of safety. There are other areas where the silt was present; however, based on the analysis the proposed cut 
slope of 3H:1V was allowable for the silts as they were interbedded into stronger soil deposits. As the stratification 
is exposed during excavation of future cells, it is recommended that the soil conditions be reviewed to verify they 
match the design criteria. 

The slope with compacted refuse were modeled to confirm the slope angles that were allowable during the 
backfilling process. Slopes of 3H:1V are recommended as a maximum angle for the backfill process. A steeper 
slope of 2.75H:1V was modeled as an iteration to confirm the recommendations, and in this situation the pseudo 
static conditions produced a factor of safety below 1.3 and is not recommended. 

Portions of the soil profile were defined as claystone, and have unconfined compression strengths higher than the 
site soils; however, the claystone had interbedded layers of softer soils, and for this reason Tetra tech has treated 
these areas as a soil rather than a rock and also recommends a slope cut of 3H:1V for the claystone zones.   

This executive summary has been prepared solely to provide a general overview and should not be relied upon 
for any purpose except for that for which it was prepared. The full geotechnical report must be referenced for 
information about findings, recommendations, and other concerns.
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1. INTRODUCTION AND BACKGROUND 

The following report is the geotechnical evaluation of the slope stability that provides recommendations for the 
planned lateral expansion of the landfill. The Pickles Butte Sanitary Landfill (PBSL) is located at 15500 Missouri 
Ave. in Nampa, Idaho. The landfill is located approximately 6-miles south of Nampa, north of Missouri Avenue, 
south of Deer Flat Road, and ¼- mile west of Farner Road. Canyon County (County) owns approximately 1,180 
acres of land in the area, which includes the active area of the PBSL. The County has operated the landfill since 
it began accepting waste in April 1983. PBSL currently services the residents of Canyon and Owyhee Counties.   

The Idaho Department of Environmental Quality (DEQ) approved the original design and operating plan for the 
PBSL in June 1973, and reconfirmed approval in May 1975 (Holladay, 1994).  The Southwest District Health 
Department approved the landfill in December 1979.  Then when Subtitle D was implemented, the County obtained 
a site certification for the landfill from the DEQ in August 1993 for 116.7 acre.  The County applied to modify the 
site certification boundary in 2020 and received approval from DEQ in February 2021 for approximately 600 acres. 
The current waste disposal area occupies the original footprint of approximately 116.7 acres, which has a natural 
soil liner. The Site Certification for the planned lateral expansion was approved on February 26, 2021.  

The DEQ Site Certification approval included a request that engineering design considerations be evaluated for 
resisting peak ground accelerations, prior to the design and construction of containment structures. This report 
addresses that request and discusses the seismic considerations and slope stability. After the approval was 
received, a data gaps analysis was conducted in 2021 to identify missing or additional data required for the design 
focusing on geotechnical and seismic considerations. The evaluation identified locations where additional data 
would be beneficial and proposed a geotechnical drilling program that was initiated in November 2021 to collect 
additional data for the analysis.   

This report is organized as follows: Section 1 presents the introduction and background; Section 2 presents the 
purpose and the scope; Section 3 provides information on the proposed expansion; Section 4 provides highlights 
of the field exploration; Section 5 provides information on the geotechnical laboratory testing; Section 7 discusses 
the engineering analysis and recommendations; Section 8 Section 9 provides limitations of the study; and 
Section 10 provides references. Appendix A provides miscellaneous figures and details, Appendix B provides 
exploratory boring logs, Appendix C provides the laboratory testing, Appendix D provides slope analysis, 
Appendix E provides deformation analysis, and Appendix F provides previous boring logs.   

2. PURPOSE AND SCOPE OF STUDY 

Tetra Tech performed stability analyses and seismic evaluations of the proposed expansion cell geometries to 
verify adequate stability or to indicate if flatter slopes are required to achieve stability. The analyses were 
performed in accordance with Tetra Tech’s proposal and contract with Canyon County Solid Waste.   

The regulatory requirements for the stability analysis are discussed in the administrative rules for the Idaho Solid 
Waste Facilities Act (Idaho Statutes, Title 39 – Health and Safety, Chapter 74, Section 39-7407) for the Idaho 
Department of Environmental Quality’s (IDEQ) administration of municipal solid waste landfills (MSWLF) and are 
discussed further in Section 7.1. 

The purpose of this study is to demonstrate that slope stability requirements are met for the conceptual design of 
the following containment structures: 

 Phase 5-1, 5-2, 5-3 Temporary Cut Slope, Maximum Section (Section E) 

 Phase 6-1, 6-2, 6-3 Temporary Cut Slope, Maximum Sections (Sections C and F) 

 Phase 7-1, 7-2, 7-3 Temporary Cut Slope, Maximum Section (Sections  B, C, D, F, G) 

 Phase 8-1, 8-2, 8-3 Temporary Cut Slope, Maximum Section (Sections  B, C, D, F, G) 
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 Final Slope with Waste Backfilled (Section A was used to represent final slope criteria).  

This report details and summarizes the analyses, the material properties selected for the analyses, the seismic 
design criteria, and presents conclusions based on the existing subsurface conditions and proposed landfill design 
and construction. 

3. PROPOSED EXPANSION 

The proposed area for the expansion has been sectioned into smaller units and labeled as the phases listed in 
Figure 1040-1, Data Gap Areas & Proposed Boring Plan (Appendix A). The proposed conceptual expansion of 
Phases 5 through Phase 8 will consist of approximately 231.4 acres of unlined cells. Proposed fill slopes are 
planned to be on the order of 5.3H:1V (horizontal to vertical) to 4H:1V, with maximum waste fill depths on the 
order of 254 feet. Proposed excavation slopes are planned to be on the order of 3H:1V to 4H:1V, with maximum 
cut depths on the order of 150 to 165 feet. The finished fill slopes will consist of a sequence of slopes with 20-
foot-wide storm water/erosion-control benches for every 40 to 60 feet of elevation gain. The purpose for selecting 
flatter slopes includes more effective erosion and stormwater control on the final slopes. 

If the design, locations, or conditions are significantly different from those described above, Tetra Tech should be 
notified to reevaluate the recommendations contained in this report. 

4. FIELD EXPLORATION  

Tetra Tech conducted a field investigation for Phases 5 through 8 between the dates of November 15 and 
December 19, 2021. The field investigation consisted of drilling eight boreholes to explore subsurface conditions 
at the locations shown on Figure 1040-1 (Data Gap Areas & Proposed boring Plan, Appendix A).  Figure 1040-
1 includes the conceptual expansion cells for the landfill, the locations of the exploration borings, and the location 
of borings drilled in previous phases. Prior to mobilization, Tetra Tech contacted Idaho One Call to request the 
location and clearance of public underground utilities before performing drilling.  Well logs from the previous well 
installations are included in Appendix F, and they include extracted pages from the Geotechnical Evaluation by 
Holiday Engineering Company (Holiday), Borehole Logs GT-1 through GT-5, and the combination of Well Driller’s 
Reports and Well Logs PB logs 5 through 15 by Holiday and Daniel B. Stephens & Associates, Inc. The logs 
provide general descriptions and depths of the site soils at each location. 

Canyon County’s drilling subcontracted with Holt Drilling to advance the borings through overburden soils with a 
track-mounted TS150 Crawler drilling rig equipped with auger, 6-inch diameter outer casing and core barrel.  The 
TS150 Crawler provides very accurate and detailed soil profiles when compared to other drilling methods like 
auger. Tetra Tech’s field engineer provided technical oversight during the field investigation, logged the borings, 
and obtained samples. The borings were backfilled with grout. 

Sampling of the borings included determination of the N values, collection of split spoon samples, and bulk 
samples. Split-spoon samplers were driven into the various strata using a 140-pound hammer falling 30 inches. 
Sampling was done every 2 feet in the first 10 feet to obtain accurate soil strengths in the depths most critical to 
the evaluation of the dust control system and landfill gas flare pad. After 10 feet sampling was done every 5 feet 
to the final depth. For the expansion design sampling was done every 5 feet done to a depth of 50 feet and every 
10 feet to 170 feet to collect information about the relative densities of the soil stratum. 

The number of blows required to advance the sampler each of three successive 6-inch increments was recorded. 
When using the split-spoon sampler, the total number of blows required to advance the sampler the second and 
third 6-inch increments is the penetration resistance (N value), as described by ASTM International (ASTM) 
Method D1586. Penetration resistance values generally indicate the relative density or consistency of the 
subsurface soils.  
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Samples of the subsurface materials were obtained with both 2-inch and 2.5-inch outside- diameter split-spoon 
samplers. Bulk, Shelby tube and modified California samples were collected at various layers by the field engineer 
under the direction of a senior geotechnical engineer. More specific drilling and subsurface information regarding 
individual borings is listed below. Bulk samples of soil were obtained from cuttings based on visual observations 
in the field.  

B2021-1/B2021-2 

 Geotechnical borings for dust control system drilled to 30 ft 

 Deep layer of poorly graded sand 

B2021-3 

 Geotechnical boring for landfill expansion 

 Winch line snapped imbedding sampling rod deep into a clay layer at 170 feet.  

B2021-4 

 Geotechnical boring for landfill expansion 

 Thick layers of loose sand extended to 90 feet, which created an issue with keeping the hole open. 
The hole collapse was especially problematic between 50 - 90 feet. 

 The deep clay layers were not encountered as in all other deep borings. 

B2021-5 

 This boring was sited after geophysical seismic testing  

 Samples were collected for analysis in the zone geophysics indicated the fault splay was located  

 No visual evidence was found during drilling to confirm the existence of a fault plane 

B2021-6 

 Geotechnical boring for landfill expansion 

 Altering layers silt and sand were encountered till 75 feet 

 Dense clay to 200 feet with occasional silt seams between 100 - 110 feet 

B2021-7 

 Geotechnical boring for landfill expansion 

 Altering layers of dense sand and silt were encountered till approximately 65 feet followed by dense 
clay with varying amounts of silt to 145 feet.  

 Dense blue-gray clay continued to 200 feet.  

B2021-8 

 Geotechnical boring for Landfill Gas Flare Station 

 Type II cement should be used for concrete in contact with silt soils 

Boring logs were prepared noting the borehole location, equipment and drill methods used, subsurface profile and 
descriptions per ASTM D2487. Groundwater was not encountered in any of the borings. Boring depths are 
referenced to the existing ground surface elevation. Depths at which the samples were obtained along with the 
penetration resistance values are shown on the logs of exploratory borings, presented in Appendix B (Figures 
1-B through 8-B).  
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5. LABORATORY TESTING 

Samples obtained during the field exploration were taken to Tetra Tech's accredited laboratory, where they were 
observed and visually classified in accordance with ASTM Method D2488, which is based on the Unified Soil 
Classification System.  

Following the field exploration, a senior Tetra Tech geotechnical engineer reviewed all the boring logs and 
samples obtained and created an inventory of samples available for testing.  The senior engineer reviewed the 
potential depths of cut, and locations of fill, and selected samples along the depths of each boring for testing.  The 
tests assigned in each boring were intended primarily to identify the precise type of soil at each depth, as well as 
the associated strength properties of each soil type, with the ultimate goal of incorporating all of the strength 
testing directly into the slope stability models in each cross section analyzed.   The laboratory testing data was 
directly utilized in the slope stability models to determine the resultant factor of safety at each cross-section 
location.   

The laboratory testing was performed in general accordance with the Idaho Materials Manual of Test Procedures, 
American Association of State Highway and Transportation Officials (AASHTO), ASTM, or other approved 
procedures. Tetra Tech’s laboratory is an AASHTO Materials Reference Laboratory (AMRL) and Concrete and 
Cement Reference Laboratory (CCRL) accredited facility conforming to ASTM E 329 - Standard Specification for 
Agencies Engaged in Construction Inspection, Testing, or Special Inspection. 

Table 1 describes laboratory testing performed for this investigation, and their purpose: 

Table 1.  Laboratory Testing Completed by Tetra Tech 

Test Conducted: To Determine: Test Procedure: 

Natural Moisture 
Content 

Moisture content representative of field conditions at the time 
samples were taken. 

ATM D2216 

Grain-size Distribution 
Size and distribution of soil particles (i.e., clay, silt, sand, and 
gravel). 

ASTM D6913 

Natural Moisture 
Content 

Moisture content representative of field conditions at the time 
samples were collected. 

ATM D2216 

Atterberg Limits  
The effect of varying water content on the consistency of fine-
grained soils. 

ASTM D4318 

Moisture-Density 
Relationship 

The optimum moisture content for compacting soil and the 
maximum dry unit weight (density) for a given compactive effort. 

MT 210-16 
MT 230-16 

Unconfined 
Compression 

Unconfined compressive strength of soil and rock. 
ASTM D2166 
ASTM D7012 

Direct Shear 
Standard Test Method for Direct Shear Test of Soils Under 
Consolidated Drained Conditions 

ASTM D3080 

Triaxial Shear Consolidated-Undrained soil strength properties. ASTM D4767 

Resistivity and pH
  

The combination of these characteristics determines the 
potential of soil to corrode metal. 

ASTM G187/D4972 
MT 232-16 

Consolidation 

The amount a soil sample compresses with loading and the 
influence of wetting on its behavior. For use in settlement 
analysis, determining expansive potential and foundation 
design. 

ASTM D2435 

 

Field and laboratory test results are presented graphically and summarized in Appendix C.  This data, along with 
the field information, were used to prepare the exploration boring logs in Appendix B. 
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6. SUBSURFACE CONDITIONS 

Subsurface soil conditions are variable throughout the boring depths; elevations ranged between 2956.6 to 2436.6 
feet.  The borings contained interbedded layers of poorly graded sand, poorly graded sand with silt, silty sand, 
silty with sand, silt, lean clay with sand, and silty clay. One layer of fat clay was observed in boring B2021-6 as 
described below. Given the variability of the site soils, other variations in the soil classifications are entirely 
possible. The top elevation of the individual borings varied, so the boring descriptions were broken into sections 
based on elevation for a more defined classification throughout the proposed cells. 

Subsurface soils were classified in accordance with standards set by AASHTO. Descriptive terms were obtained 
using the ASTM Soil Classification System. Both the AASHTO and ASTM classifications are noted on the logs 
and laboratory data presented in Appendix C for each soil sample. Appendix C includes a summary of all the 
soil types and properties obtained in the borings drilled along the project length. Each soil type encountered is 
briefly described below.   

6.1 Sand 

Sand was encountered in all borings, B2021-1 through B2021-7,  at depths ranging in elevations on the order of 
2799 to 2470  feet. The sand gradations included poorly-graded sand, poorly-graded sand with silt, and silty sand. 
The poorly-graded sand generally consisted of a fine to medium-grained matrix, while the silty sand was fine-
grained.  In Boring B2021-8, the sand included 10 feet of fine-grained, silty sand, and 2.5 feet of a poorly-graded 
fine to medium grained sand.  

Penetration resistance values in the sand ranged from 2 to greater than 50 blows per foot which indicates a 
potentially very loose to very dense soil stratum. The looser densities were encountered near the surface, with an 
increase in density at depths of approximately 10 feet and deeper. The natural moisture contents in the sand 
ranged from 2 to 22 percent at the time of drilling.  

Laboratory testing performed on bulk and split spoon samples of the sands indicated a range of maximum dry 
density between 100.2 and 111.7 pcf, and an optimum moisture content between 11 and 16 percent. (Appendix 
C). Results of the Unconfined Compression Test for boring B2021-3 between 61 and 65 feet indicates an 
unconfined compression strength on the order of 0.143 kips per square foot (ksf). Direct shear testing of the sand 
in Boring B2021-3 between 60 to 62 feet indicates a cohesion of 0.282 ksf and a friction angle of 20.2 degrees, 
and between 80 and 82 feet a cohesion of 0.413 ksf, and a friction angle of 32.81 degrees. Consolidation testing 
indicated an under-consolidated soil in with preconsolidation pressure 3.0 ksf and a swell pressure of 2.6 percent. 
(Appendix C). 

In Boring B2021-4 between 90 and 91 feet, the direct shear testing indicated a cohesion of 0.198 ksf, and a friction 
angle of 22.83 degrees, and between 120 and 120.9 feet, the cohesion was on the order of 0.588 ksf, with a 
friction angle on the order of 29.51 degrees. Direct shear testing in Boring B2021-5 between 90 and 91.5 feet 
indicated a cohesion of 0.260 ksf, and a friction angle of 31.18 degrees. 

In Boring B2021-3 between 25 and 27 feet, the triaxial shear testing indicated a cohesion of 0 ksf, and a friction 
angle of 25.86 degrees. Triaxial shear testing of the soil in Boring B2021-5 between 50 and 51.5 feet indicated a 
cohesion of 0.123 ksf, and a friction angle of 27.04 degrees. 

6.2 Silt 

Silt was encountered in Borings B2021-3 through B2021-7 at depths ranging in elevations from 2,784 to 2,490 
feet. The silt classifications varied between silt and silt with sand. The silt and silt with sand layers varied in 
thickness between 1 and 28 feet. 

Generally the silt was tan to gray and had low plasticity. Penetration resistance values in the silt ranged from 10 
to greater than 50 blows per foot which indicates a potentially stiff to hard matrix soil stratum.  
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Laboratory testing performed on bulk and split spoon samples of the silt soils indicated natural moisture content 
of samples ranged from 4 to 29 percent at the time of drilling. Boring B2021-5 was sited to attempt to intersect the 
suspected fault in the area. In Boring B2021-5 at 70 feet, the liquid limits were on the order of 27 with a plastic 
index of 21 and a dry density of 112 pounds per cubic feet (pcf).  The soils and soil matrix in this boring did not 
differ substantially from the other borings, and therefore there was not conclusive evidence to indicate the 
presence of a fault.  In Boring 2021-8 at 100 feet the liquid limits were non plastic, and the dry density was 97 pcf.  

In Boring the B2021-5 between 69 and 70 feet, the triaxial shear testing indicated a cohesion of 0.037 ksf, and a 
friction angle of 19.09 degrees (Appendix C).  

6.3 Lean Clay  

Lean Clay and lean clay with sand was encountered in Borings B2021-5 through B2021-7, at depths ranging in 
elevations on the order of 2,615 to 2,456 feet. The clay layers varied between 1 foot and 54 feet thick.   Penetration 
resistance values in the lean clay ranged from 45 to greater than 50 blows per foot which indicates a potentially 
hard to very hard soil stratum. The clay color was gray to tan to blue and had high plasticity. 

Laboratory testing performed on bulk and split spoon samples of the clay soils indicated natural moisture content 
of samples ranged from 20 to 21 percent at the time of drilling. In Boring B2021-5 between 80 and 81.5 feet, the 
liquid limits were on the order of 35 with a plastic index of 14. In Boring 2021-6 at 106 feet the liquid limit was 47 
with a plastic Index of 25, with a maximum dry density of 100.0 pcf and an optimum water content of 20.5 percent. 

In Boring the B2021-7 between 120 and 121.3 feet, the triaxial shear testing indicated a cohesion of 0.053 ksf, 
and a friction angle of 18.02 degrees (Appendix C).  

6.4 Silty Clay  

Silty clay was encountered in Borings B2021-4 through B2021-7, at elevations on the order of 2,774 to 2,510 feet. 
The layers of silty clay were not as prevalent as the other soil types and averaged in thicknesses between 2 and 
15 feet.  

Generally, the silt clay was tan to gray and has higher plasticity. Penetration resistance values in the silt ranged 
from 26 to greater than 50 blows per foot which indicates a potentially hard to very hard soil stratum.  

Laboratory testing performed on Shelby, bulk and split spoon samples of the silt soils indicated natural moisture 
content of samples ranged from 16 to 24 percent at the time of drilling. In Boring B2021-5 at 50 feet, and in Boring 
B2021-7 at 120 feet, the consolidation testing indicated an under-consolidated soil in with pre-consolidation 
pressures of 4.8 and 1.5 ksf. Boring B2021-5 had a swell pressure of 2.8 percent. 

In Boring B2021-5 between 50 and 51.5 feet the triaxial shear testing indicated a cohesion of 0.489 ksf, and a 
friction angle of 14.95 degrees (Appendix C).  

Boring B2021-5 was sited to attempt to intersect the suspected fault in the area.  The soils and soil matrix in this 
boring did not differ substantially from the other borings, and therefore there was not conclusive evidence to 
indicate the presence of a fault. 

6.5 Fat Clay 

Silty clay was encountered in Boring B2021-6 from elevations 2,555 to 2,531 feet. The fat clay was very dark gray, 
had a high plasticity, and consolidated similar to claystone. It was identified in this single boring; however, may 
exist in surrounding areas. Penetration resistance values were greater than 50 blows per foot which indicates a 
potentially very hard soil stratum.  

Laboratory testing performed on split spoon samples of the fat clay indicated liquid limits were on the order of 56 
to 67 with a plastic index of 19 to 22. (Appendix C). 
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6.6 Groundwater 

Groundwater was not encountered in any of the previous or more current borings drilled at this site.  Based on the 
well data presented in previous reports, the natural groundwater elevation is assumed to be below the proposed 
excavation depths of up to 200 to 250 feet for the proposed landfill expansion.  Numerous factors contribute to 
groundwater fluctuations, and evaluation of such factors is beyond the scope of this report.   

7. ENGINEERING ANALYSIS AND RECOMMENDATIONS 

7.1 Seismic Impact Zone Characterization   

The seismic evaluation of the landfill was completed to comply with the Idaho Department of Environmental 
Quality’s administration of municipal solid waste landfills.  The Canyon County Landfill is located within a “seismic 
impact zone” as defined by the Administrative Rules for the for the Idaho Solid Waste Facilities Act (Idaho Statutes, 
Title 39 – Health and Safety, Chapter 74, Section 39-7407) that states: 

“A MSWLF unit shall not be located: …(ii)within seismic impact zones except as provided in 40 
CFR §258.14;”. 

The United States Environmental Protection Agency (EPA) 40 CFR §258.14 defines a seismic impact zone as; 

“…an area with a ten percent or greater probability that the maximum horizontal acceleration…will 
exceed 0.10g in 250 years.” 

The EPA requires that MSWLF units located within a seismic impact zone shall demonstrate that all landfill 
containment structures are designed to resist the maximum horizontal acceleration in lithified earth material for the 
site.  Based on the United States Geological Survey (USGS) National Seismic Hazard Mapping application, the 
peak horizontal ground acceleration at the project site having a 10 percent probability of exceedance in any 250-
year period is 0.12g, which exceeds the criteria above and therefore classifies or designates the site by rule 
definition to be within a seismic impact zone. 

The results for the USGS National Seismic Hazard Mapping application were based on a risk category II, with the 
landfill as a moderate risk to human life determined based on the normal-day operations with human operators 
processing and covering the trash. The soil conditions were considered Site Class D for stiff soils with Standard 
penetration Resistance, N values, between 15 and 50. 

Tetra Tech reviewed the most recent published USGS probabilistic earthquake hazard information for seismic events 
with a 10 percent probability of exceedance in a 250-year period (USGS 2008 NSHMP PSHA Interactive 
Deaggregation Web Application), as current state of practice warrants, to select a peak spectral horizontal 
acceleration (PSHA).  Based on our review of the USGS probabilistic earthquake hazard information, including site 
specific deaggregation characteristics of the Maximum Credible Earthquake (MCE), including magnitude, distance, 
and probability, a PSHA of 0.23g was selected to represent the extreme seismic case.   

Based on recommendations in the EPA’s Seismic Design Guidance for Municipal Solid Waste Landfill Facilities 
(1995), the maximum horizontal acceleration was reduced by 50 percent to represent the average horizontal 
acceleration for the given slope. In this case, 50 percent of the maximum horizontal acceleration (0.23g) yields an 
average horizontal acceleration of 0.115g. An adjusted horizontal acceleration of 0.12g was applied for pseudo-static 
analysis of the modeled slope configurations.  The above acceleration values were applied for pseudo-static 
analysis of the modeled slope configurations.   

To model the proposed slope cuts an initial angle between 2.25H:1V to 2.75:H:1V was removed to the proposed 
base elevation and the factor of safety for slope stability was calculated. The slope angle was adjusted using 
iterations of the same process until a resulting factor of safety was established that was above the criteria of 1.5 
for static, and 1.3 for pseudo-static. The proposed fill was then added into the cut section and iterations were used 
with varied slopes between 2.75H:1V and 3H:1V to achieve a long-term factor of safety as described.   
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7.2 Material Strength Properties 

Tetra Tech previously completed a slope stability evaluation that included static and seismic stability evaluations for 
Phases 2 through 4 of the Canyon County Landfill (October 7, 2015).  Additionally, Tetra Tech reviewed the previous 
evaluations from Holladay Engineering Company for the Pickles Butte Sanitary Landfill, dated 1998. 

For this stability evaluation, Tetra Tech incorporated the following information: 1) the soils strength data available 
from the previous analysis, 2) materials strength properties assigned based on the laboratory testing of the 
geotechnical samples collected in 2021 and correlated data from the SPT N-value (blow count) data collected 
during the geotechnical drilling and well installation.   

As discussed in the laboratory testing section, Tetra Tech’s senior geotechnical engineer specifically selected 
samples for testing in each boring to directly incorporate into the slope stability models at each cross-section 
location.  An attempt was also made to provide duplicate or crossover testing to identify variations in strength 
parameters for similar soil types.  Several different tests were also performed to obtain a range of soil strength 
properties for each soil type.  Tables 2 and 3 presents a detailed breakdown of some of the data utilized to analyze 
the cross sections.   

Conservative (lower bound) shear strength values were used to evaluate slope stability for static and seismic 
conditions. The following Tables 2 and 3 present the material values that were assumed for this analysis. 

Table 2. Material Strength Properties - Soil 

Material 
ASTM  

Classification 
Unit Weight 

(pcf) 
Friction Angle 

(deg) 
Cohesion 

(psf) 

Waste Fill  75 28 300 

Poorly-Graded Silty Sand SP-SM 110 20 280 

Poorly-Graded Silty Sand SP-SM 110 27 123 

Silt (B,C) ML 110 19 37 

Silt (D,E) ML 110 0 908 

Lean Clay CL 130 14 2000 

Lean Clay-Silty Clay CL-ML 109 15 489 

Clay (Hard) CL 125 0 6211 

Clay (Hard) CL 125 10 7831 

Silty Sand - B3 SP-SM 115 32 400 

Silty Sand - _B4 SP-SM 115 30 580 

Sand B3 SP 110 36.2 0 

Sand/Gravel Interbedded GW 135 37 0 

Clayey Gravel GW 138 36 1 

 

Table 3. Material Strength Properties - Rock 

Generalized Hoek-Brown Material 
UCS  
(ksf) 

GSI mi 
Unit Weight  

(pcf) 

Basalt 3,500 30 25 146 

Claystone 7,000 10 4 135 
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7.3 Slope Stability Analyses 

Slope stability and pseudo-static analyses were performed using the computer program Slide2 v.9.023, developed 
by Rocscience, Inc., to determine the factors of safety of critical slip surfaces using both circular and block failure 
searches and vertical slice limit equilibrium methods. Because the proposed expansion of the landfill would be 
unlined, the potential of a critical interface between the waste fill and the natural subgrade soil is low.  Therefore, 
circular failure analyses were performed at the critical sections.  A screening analysis for block failure was performed 
to verify the potential for failure along the waste-soil interface is low compared to circular failure through the waste 
fill.   

The EPA recommends a minimum FS of 1.5 for static slope stability analysis and a FS of 1.3 for pseudo-static 
slope stability analysis, based on Table 2-4 of the EPA’s Solid Waste Disposal Facility Criteria Technical Manual 
(1998). For temporary cut slopes, a minimum FS of 1.2 is typically considered acceptable. Tetra Tech did not 
analyze temporary slopes given that it is anticipated that most all of the cut slopes will be open for a minimum of 
6 months to 1 year, which per geotechnical standard of practice, are considered permanent slopes for purposes 
of slope analyses.  Higher values for the FS indicate that the design is less likely to fail. 

The cross-sections were created in the areas with the highest proposed cut and fill slopes where the critical soil 
slope conditions were identified, and in the areas incorporating the existing landfill with the proposed additional 
cells. There are seven section profile views, A through G, shown on Figures 2D to 5D, and included in Appendix 
D. A summary of the slope stability analysis results are presented in Table 4 below and the corresponding output 
plots are Figures 6D through 37D in Appendix D.  

Table 4. Factors of Safety for Slope Stability Analyses 

  Factor of Safety 

Section 
Analyzed Slope 

Long term 
Static Analysis, 
Circular Failure 

Pseudo-Static 
Analysis, 

Circular Failure 
Static Analysis, 

Block Failure 

Pseudo-Static 
Analysis, Block 

Failure 

A 3H:1V 2.3 1.53 2.85 2.02 

A – Final Slope 
Configuration 

2.75H:1V 
3H:1V 

1.73 
1.94 

1.28 
1.40 

- 
2.21 

- 
1.68 

B 2.27H:1V 2.43 1.88 2.52 2.00 

C 2.85H:1V 1.85 1.35 2.16 1.63 

D 2.87H:1V 1.93 1.37 3.11 2.33 

E 2.27H:1V 1.96 1.51 - - 

E 1.87H:1V 1.66 1.34 1.77 1.45 

F 3H:1V 1.38 0.99 - - 

F- 2 Tier 3H:1V on lower, 
and 4H:1V on 

upper 

1.81 1.19 2.14 1.53 

F 4H:1V 2.06 1.35 1.83 1.69 

G 2.6H:1V 2.22 1.68 2.65 2.16 

 

The analysis as represented above indicates FS values for the static determinate loading on the order of 1.38 to 
2.43, and 1.83 to 3.11 for circular and block failure, respectively. The seismic FS values were on the order of 0.99 
to 1.88, and 1.45 to 2.16 for circular and block failure, respectively. The silty soils within the proposed cut in 
Section F produced a FS below 1 for the seismic loading condition. The slope was modeled with 4H:1V slope cut 
and a FS of 1.35 was obtained which met the minimum requirements of 1.3. Various degrees of slope cuts were 
modeled in an iterative manner to define the most effective slope cut for the soil conditions.  The final slope 
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configuration was modeled on Section A and was representative of the backfill method and slope for the remaining 
project area. An iterative process was used to define which slope complied with the required factor of safety criteria 
of 1.5 for static stability and 1.3 for pseudo-static stability. 

7.4 Pseudo-static 

When the pseudo-static analysis indicates a factor of safety of equal to or less than 1.3, the containment structure 
is required to be evaluated utilizing at least two independent methods to estimate permanent seismic induced 
displacement of the refuse mass. The displacement analysis methods are typically used as a screening method 
to evaluate if the structure or slope under analysis is within the range of critical displacement. For design of 
municipal solid waste landfill facilities, a maximum displacement less than 0.5 to 1.2 inches (1 to 3 cm) is typically 
acceptable for design.  Where the pseudo-static analysis indicated a factor of safety of equal to or less than 1.3, the 
containment structure was evaluated using the Newmark displacement analysis method to determine a range of 
seismic-induced deformation. There was one cross-section, Section F, where the pseudo-static analyses indicated 
a factor of safety below 1.3. Yield accelerations were performed using Slide2 and are provided in the Table 5 below.   

The Slide2 program calculates the Newmark displacement based on the program SLAMMER (2013), developed 
by the USGS. The Slide2 program allows the user to enter a seismic record directly (time and acceleration data) 
or choose from a database of available historical seismic records.  For the seismic analysis, a historical earthquake 
record was selected based on comparison to the design seismic event stated above.  The earthquake record 
selected was the Mammoth Lakes – 1 1980, CVK-090 record, with a magnitude of 6.1 and Peak Ground 
Acceleration (PGA) of 0.416g, and represents an average high magnitude earthquake in similar soil conditions.  

The performance of landfills subjected to strong earthquake ground motions is an extremely complicated process 
for which all of the variables affecting the behavior are not yet fully understood or capable of being analyzed.  The 
historical performance of landfills subjected to seismic events similar to the design earthquake generally indicates 
satisfactory performance for the landfills studied. 

For Section F, a conceptual slope was evaluated based on the methods above.  Two different slope angles were 
analyzed, 3H:1V (20.8- degrees) and 4H:1V (14-degrees) with the 0.12g peak ground acceleration and the section 
F geometry. A summary of the analyses results is presented in Table 5 and the corresponding output plots 
(Figures 1E through 12E) are included in Appendix E. 

Table 5.  Section F Stability Analysis Results for Displacement 

 Static Analysis Pseudo-static Analysis 

Slope 3H:1V Circular Failure Block Failure Circular Failure Block Failure 

Factor of Safety 1.38 1.90 0.99 1.41 

Yield Acceleration (%g) - - - 0.12 

Estimated Displacement (in) - - - 3.19 

Slope 4H:1V     

Factor of Safety 2.06 2.49 1.35 1.69 

Yield Acceleration (%g) - - - 0.23 

Estimated Displacement (in) - - - 0.25 

 

7.5 Comprehensive Seismic Survey for Fault identification 

Tetra Tech prepared a 3D Seismic Survey report dated February 21, 2022.  The project site is located within the 
Western Snake River Plain (WSRP) fault system and a portion of an undifferentiated Quaternary aged northeast-
dipping WSRP normal fault is mapped within the project boundaries, extending northwest through the proposed 
expansion area.  The mapped fault is labeled as a normal fault with an approximate slip rate of less than 0.2 
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mm/year. Proposed excavations within the fault areas are expected to extend up to 150 feet below ground 
surface, potentially intercepting this fault. 

The report prepared by Tetra Tech presented the results from an active-source 3D seismic survey.  The seismic 
survey was designed to image and delineate the suspected fault.  Seismic imaging over the suspected fault 
area was attained by using 3D seismic velocity tomography and reflection processing. Seismic reflection is a 
reliable method for imaging faults when present and can help to orient the faults and subsurface structure. The 
3D seismic tomography provides the information needed to accurately convert seismic reflection data in time to 
depth and elevation. The information gained from this survey was used to site the location of Boring B5 to aid in 
the evaluation of the fault.  

The summary of the seismic investigation and report were as follows: 

1) The USGS NW-striking NE-dipping WSRP normal fault that is mapped as extending into the project site from the 
northwest does not appear to displace ~100ka age sedimentary units.   

2) From a probabilistic perspective there seems to be little possibility of significant shallow (< 200 feet) faulting within 
the project site southeast of the west edges of the mapped tip splay faults. 

3) To best characterize the potential movement and absolute location of faulting would require geologic mapping 
during excavation of the future landfill cell. This area of the proposed landfill expansion would be constructed in 
>50 years in the future. When the area is excavated for cover material in the future before waste is placed in this 
area it is recommended that geologic mapping of the fault is conducted, with particular attention to identifying 
narrow fault zones with evidence of recent activity and areas of potential materials suitable to date the most recent 
age of fault activity to determine if any detected fault activity is recent (unlikely) or > 100 ka in age (most likely). 

Tetra Tech’s slope evaluation recommendations presented in Section 7.3 are not affected or altered by the results 
of the results of the February Seismic Survey Report.  We suggest that a geotechnical engineer observe the slope 
cuts in the future to determine the potential presence of a faulted area.  Should a faulted area be identified, the 
geotechnical engineer should determine at that time whether further investigation or analysis is required for the 
specific cells in the suspect fault area.    

7.6 Conclusions and Recommendations 

The material strength properties incorporated in the geotechnical analyses were based on lower bound shear 
strength values and are considered conservative estimates.  The stability analyses performed are considered to 
be the worst-case slope configurations with conservative material strengths and resulted in the factors of safety 
and displacements indicated above. 

Results of the geotechnical investigation and analyses indicate that the proposed excavation and design as shown 
on Figure 1D in Appendix D will meet the Factor of Safety requirements of the Idaho Administrative Rules for the 
Idaho Solid Waste Facilities Act for the Idaho DEQ’s administration of MSWLF.  

Multiple slope angles were considered for Tetra Tech’s slope analyses, ranging from 2.5:1 to 4:1 depending on 
the soil and bedrock types at each location.  Based on Tetra Tech’s analysis and the required FS’s, the following 
two slope angles are recommended for the preliminary landfill site grading plans: 

3H:1V:  for the majority of the site slopes 

4H:1V:  where silt is encountered (Section F) 

The 4:1 slope was analyzed and recommended for Section F because silt was interbedded between poorly-graded 
sand and fine sand and created a weakened soil profile.  In areas where a high concentration of silt is predominant 
during construction, a slope of 4H:1V is recommended for cut areas.  For now, Section F is the only area identified 
as having a high concentration of silt.  

If it can be confirmed that bedrock exists for the entire depth of cut during construction, a 2:1 slope may be utilized.  
However, if there are any soft silt or clay seams interbedded withing the bedrock layer at any location along the 
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cut, a 3:1 slope must be used.  If slope angles are proposed to be steepened to a 2:1 slope during construction, 
a licensed geotechnical engineer from Tetra Tech must observe and evaluate the slope prior to make the 
determination if the slopes can be steepened, otherwise the slope must remain at 3:1.   

In general, the seismic displacement analyses indicate permanent seismic-induced displacements are within the 
tolerances of 6 to 12 inches (15 to 30 cm) that are typically considered acceptable for landfill design. The 
preliminary seismic evaluation presented above was performed in accordance with generally accepted standards 
of the geotechnical engineering profession. 

Because it is anticipated that most all of the cut slopes will be exposed for a minimum of 6 months to 1 year, Tetra 
Tech analyzed all slopes as permanent, and did not consider reducing the factor of safety for temporary slopes.  

Some states specify the maximum allowable steepness of landfill cut or fill slopes, sometimes also based on the 
height of the slopes.  In Pennsylvania for example, the maximum allowable slope steepness is 3:1.  Other states 
have varying specifications or slope steepness limits for short term or longer-term slope exposures.  The 
requirements are based both on historical slope failure data and slope analysis data, along with added factors of 
safety.  Therefore, states have somewhat calibrated requirements based on the soil types and rainfall.  The 3:1 
maximum slope steepness for Pennsylvania landfills matches that determined for this investigation.     

8. CONTINUING SERVICES 

Two additional elements of geotechnical engineering service are important to the successful completion of this 
project. 

1) Design Phase. During the design phase, it is essential to ensure that the intent of the recommendations is 
incorporated in design decisions related to the project and that changes in the design concept consider 
geotechnical aspects. If issues arise, Tetra Tech’s geotechnical engineers should be consulted for clarification 
and additional analysis on an as needed basis. 

2) Observation and monitoring during construction. PBSL Operations should be trained to observe the types of 
materials encountered during the earthwork phases of the project, including the site grading and landfill cell 
excavations, to determine that the subsurface conditions are compatible with those used in the analysis and 
design. If conditions change, a geotechnical engineer should be consulted to evaluate the stability or potential 
impact on the design. During site grading, placement of fill should be observed and tested to confirm that the 
proper compaction has been achieved. PBSL should continue the annual aerial evaluation of the site and 
performance analysis to verify that the compaction remains consistent. 

9. LIMITATIONS 

The subsurface conditions and recommendations presented in this document are based on conditions 
encountered at the boring locations and based on the laboratory analysis. Due to the complexity and variability of 
natural earth and rock formations and materials, significant variations may occur between and around these 
locations or with time. Because these data represent a very small statistical sampling of subsurface conditions, it 
is possible that conditions may be encountered that are substantially different from those indicated. In these 
instances, modification and adjustment to the recommendations presented may be warranted. 

This study has been conducted in accordance with generally accepted geotechnical engineering practices in the 
region where the work was conducted. The conclusions and recommendations submitted in this report are based 
upon project information collected and provided to Tetra Tech. The nature and extent of subsurface variations 
across the site may not become evident until construction. Tetra Tech should be on site during construction, to 
verify that actual subsurface conditions are consistent with those described herein.  
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This report has been prepared exclusively for the client. This report and the data included herein shall not be used 
by any third party without the express written consent of both the client and Tetra Tech. Tetra Tech is not 
responsible for technical interpretations by others. As the project evolves, Tetra Tech or another qualified 
geotechnical engineer should provide continued consultation and field services during construction to review and 
monitor the implementation of the recommendations and verify that the recommendations have been appropriately 
interpreted. Significant design changes may require additional analysis or modifications of the recommendations 
presented herein. On-site observation of excavations and foundation bearing strata and testing of fill should be 
performed by a representative of the geotechnical engineer. 
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APPENDIX A: MISCELLANEOUS FIGURES AND DETAILS 

Important Information About Your Geotechnical Engineering Report (Published by ASFE) 

Tetra Tech Boring Log Descriptive Terminology Key to Soil and Rock Symbols and Descriptive 
Terms 

Classification of Soils for Engineering Purposes 

Tetra Tech Exploratory Boring Locatsions – Figure 1040-1  
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APPENDIX B: LOGS OF EXPLORATORY BORINGS 

Figures 1-B through 16-B 
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APPENDIX C: LABORATORY TESTING 

Summary of Laboratory Results - Table 1-C 

Sieve Analysis Results  

Moisture Density Relationship Results  

Consolidation Tests 

Unconfined Compressive Strength Results 

Triaxial Tests 
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APPENDIX D: SLOPE ANALYSIS 

Figures 1D through 43D  
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APPENDIX E: DEFORMATION ANALYSIS 

Figures 1E through 12E 

Static and Pseudo-Static Slope Stability Stability Analyses with Associated Circular and Block 
Failure Factor of Safety, Newmark Displacement, and Critical Acceleration for Slope 3H:1V 
Figures 1E through 6E 

Static and Pseudo-Static Slope Stability Stability Analyses with Associated Circular and Block 
Failure Factor of Safety, Newmark Displacement, and Critical Acceleration for Slope 4H:1V 
Figures 7E through 12E 
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APPENDIX F: PREVIOUS BORING LOGS 

Logs GT-1 through GT-8 

Logs PB-5 through PB-15  



APPENDIX A: Miscellaneous Figures and Details 

Important Information about Your Geotechnical Engineering 
Report (Published by ASFE/GBA) 

Tetra Tech Boring Log Descriptive Terminology Key  
to Soil and Rock Symbols and Terms 

Classification of Soils for Engineering Purposes 

Figure No. 2001-1 – Location of Exploratory Borings



IMPORTANT INFORMATION 
ABOUT YOUR 

GEOTECHNICAL ENGINEERING REPORT 

More construction problems are caused by site subsurface 
conditions than any other factor.  As troublesome as subsurface 
problems can be, their frequency and extent have been 
lessened considerably in recent years, due in large measure to 
programs and publications of ASFE/The Association of 
Engineering Firms Practicing in the Geosciences. 

The following suggestions and observations are offered to help 
you reduce the Geotechnical-related delays, cost-overruns and 
other costly headaches that can occur during a construction 
project. 

A GEOTECHNICAL ENGINEERING 
REPORT IS BASED ON A UNIQUE SET OF 

PROJECT-SPECIFIC FACTORS 

A Geotechnical engineering report is based on a subsurface 
exploration plan designed to incorporate a unique set of 
project-specific factors.  These typically include:  the general 
nature of the structure involved, its size and configuration; the 
location of the structure on the site and its orientation; physical 
concomitants such as access roads, parking lots, and 
underground utilities, and the level of additional risk which the 
client assumed by virtue of limitations imposed upon the 
exploratory program.  To help avoid costly problems, consult 
the geotechnical engineer to determine how any factors which 
change subsequent to the date of the report may affect its 
recommendations.   

Unless your consulting Geotechnical engineer indicates 
otherwise, your Geotechnical engineer report should not be 
used: 

When the nature of the proposed structure is changed,
for example, if an office building will be erected
instead of a parking garage, or if a refrigerated
warehouse will be built instead of an unrefrigerated
one;
when the size or configuration of the proposed
structure is altered;
when the location or orientation of the proposed
structure is modified:
when there is a change of ownership, or
for application to an adjacent site.

Geotechnical engineers cannot accept responsibility for 
problems which may develop if they are not consulted after 
factors considered in their reports’ development have changed. 

MOST GEOTECHNICAL “FINDINGS” 
ARE PROFESSIONAL ESTIMATES 

Site exploration identifies actual subsurface conditions only at 
those points where samples are taken, when they are taken. 

Data derived through sampling and subsequent laboratory 
testing are extrapolated by Geotechnical engineers who then 
render an opinion about overall subsurface conditions, their 
likely reaction to proposed conditions, their likely reaction to 
proposed construction activity, and appropriate foundation 
design.  Even under optimal circumstances actual conditions 
may differ from those inferred to exist, because no 
Geotechnical engineer, no matter how qualified, and not 
subsurface exploration program, no matter how 
comprehensive, can reveal what is hidden by earth, rock and 
time.  The actual interface between materials may be fare more 
gradual or abrupt than a report indicates.  Actual conditions in 
areas not sampled may differ from predictions.  Nothing can be 
done to prevent the unanticipated, but steps can be taken to 
help minimize their impact.  For this reason, most experienced 
owners retain their Geotechnical consultants through the 
construction stage, to identify variances, conduct additional 
tests which may be needed, and to recommend solutions to 
problems encountered on site. 

SUBSURFACE CONDITIONS 
CAN CHANGE 

Subsurface conditions may be modified by constantly-
changing natural forces.  Because a Geotechnical engineering 
report is based on conditions which existed at the time of 
subsurface exploration, construction decisions should not be 
based on a Geotechnical engineering report whose adequacy 
may have been affected by time.  Speak with the Geotechnical 
consultant to learn if additional tests are advisable before 
construction starts. 

Construction operations at or adjacent to the site and natural 
events such as flood, earthquakes or groundwater fluctuations 
may also affect subsurface conditions and, thus, the continuing 
adequacy of a geotechnical report.  The geotechnical engineer 
should be kept apprised of any such events, and should be 
consulted to determine if additional tests are necessary.   

Geotechnical engineers’ reports are prepared to meet the 
specific needs of specific individuals.  A report prepared for a 
consulting civil engineer may not be adequate for a 
construction contractor, or even some other consulting civil 
engineer.  Unless indicated otherwise, this report was prepared 
expressly for the client involved and expressly for purposes 
indicated by the client.  Use by any other persons for any 
purpose, or by the client for a different purpose, may result in 
problems.  No individual other than the client should apply this 
report for its intended purpose without first conferring with the 

GEOTECHNICAL SERVICES ARE 
PERFORMED FOR SPECIFIC PURPOSES 

AND PERSONS 



geotechnical engineer.  No person should apply this report for 
any purpose other than that originally contemplated without 
first conferring with the geotechnical engineer. 

A GEOTECHNICAL ENGINEERING 
REPORT IS SUBJECT TO 
MISINTERPRETATION 

Costly problems can occur when other design professionals 
develop their plants based on misinterpretations of a 
geotechnical engineering report.  To help avoid these 
problems, the geotechnical engineer should be retained to work 
with other appropriate design professionals to explain relevant 
geotechnical findings and to review the adequacy of their plans 
and specifications relative to geotechnical issues. 

BORING LOGS SHOULD NOT BE 
SEPARATED FROM THE 
ENGINEERING REPORT 

Final boring logs are developed by geotechnical engineers 
based upon their interpretation of field logs (assembled by site 
personnel) and laboratory evalution of field samples.  Only 
final boring logs customarily are included in geotechnical 
engineering reports.  These logs should not under any 
circumstances be redrawn for inclusion in architectural or 
other design drawings, because drafters may commit errors or 
omissions in the transfer process.  Although photographic 
reproduction eliminates this problem, it does nothing to 
minimize the possibility of contractors misinterpreting the logs 
during bid preparation.  When this occurs, delays, disputes and 
unanticipated costs are the all-too-frequent result.   

To minimize the likelihood of boring log misinterpretation, 
give contractors ready access to the complete geotechnical 
engineering report prepared or authorized for their use.  Those 

who do not provide such access may proceed under the 
mistaken impression that simply disclaiming responsibility for 
the accuracy of subsurface information always insulates them 
from attendant liability.  Providing the best available 
information to contractors helps prevent costly construction 
problems and the adversarial attitudes which aggravate them to 
disproportionate scale. 

READ RESPONSIBILITY 
CLAUSES CLOSELY 

Because geotechnical engineering is based extensively on 
judgment and opinion, it is far less exact than other design 
disciplines.  This situation has resulted in wholly unwarranted 
claims being lodged against geotechnical consultants.  To help 
prevent this problem, geotechnical engineers have developed 
model clauses for use in written transmittals.  These are not 
exculpatory clauses designed to foist geotechnical engineers’ 
liabilities onto someone else.  Rather, they are definitive 
clauses which identify where geotechnical engineers’ 
responsibilities begin and end. Their use helps all parties 
involved recognize their individual responsibilities and take 
appropriate action.  Some of these definitive clauses are likely 
to appear in your geotechnical engineering report, and you are 
encouraged to read them closely.  your geotechnical engineer 
will be pleased to give full and frank answers to your 
questions. 

OTHER STEPS YOU CAN TAKE TO  
REDUCE RISK 

Your consulting geotechnical engineer will be pleased to 
discuss other techniques which can be employed to mitigate 
risk.  In addition, ASFE as developed a variety of materials 
which may be beneficial.  Contact ASFE for a complimentary 
copy of its publications directory. 

Published by 

THE ASSOCIATION 
OF ENGINEERING FIRMS 
PRACTICING IN THE  
GEOESCIENCES 

8811 Colesville Road/Suite G106/Silver Spring, Maryland  20910/(301)565-2733 



Key to Soil Symbols and Terms

Notes

Order of Descriptors

Criteria For Descriptors

 - Angularity of coarse grained soils

Consistency of Fine Grained Soils

16 - 30Very Stiff

Apparent Density of Coarse Grained Soils

4 - 10    Loose

31 - 50Dense    

-Absence of moisture, dusty, dry to the touch.Dry
-Damp, but no visible water.Moist

Angularity of Coarse-Grained Particles

Moisture Condition

 - Other relevant notes

11 - 30Medium Dense    

tures, little or no fines.
Well-graded gravels, gravel sand mix-

Poorly graded gravels, gravel-sand mix-

tures, little or no fines.

Silty gravels, gravel-sand-silt mixtures.

Clayey gravels, gravel-sand-clay

mixtures.

Well-graded sands, gravelly sands,

little or no fines.

Poorly graded sands, gravelly sands,

little or no fines.

Silty sands, sand-silt mixtures.

Clayey sands, sand-clay mixures.

Inorganic silts and very fine sands, rock
flour, silty or clayey fine sands or
clayey silts with slight plasticity.

Inorganic clays of low to medium

plasticity, gravelly clays, sandy

clays, silty clays, lean clays.

Organic silts and organic silty clays of

low plasticity.

Inorganic silts, micaceous or
diatomaceous fine sandy or
silty soils, elastic silts.

Inorganic clays of high plasticity, fat

clays.

Organic clays of medium to high

plasticity, organic silts.

Peat and other highly organic soils.PT

OH

CH

MH

OL

CL

ML

SC

SM

SP

SW

GC

GM

GP

GW

SYMBOLS

GRAPH LETTER

TYPICAL

DESCRIPTIONS

HIGHLY ORGANIC SOILS

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

SILTS

AND

CLAYS

LIQUID LIMIT

GREATER THAN 50
NO. 200 SIEVE SIZE

SMALLER THAN

OF MATERIAL IS

MORE THAN 50%

LIQUID LIMIT

LESS THAN 50
CLAYS

AND

SILTS

FINE

GRAINED

SOILS

OF FINES)

(APPRECIABLE AMOUNT

FINES

SANDS WITH

(LITTLE OR NO FINES)

CLEAN SANDS

OF FINES)

(APPRECIABLE AMOUNT

FINES
GRAVELS WITH

(LITTLE OR NO FINES)

GRAVELS

SIEVE
PASSING ON NO. 4
FRACTION
OF COARSE

MORE THAN 50%

SOILS
SANDY

AND
SAND

200 SIEVE SIZE

LARGER THAN NO.

OF MATERIAL IS

MORE THAN 50%

4 SIEVE
RETAINED ON NO.

FRACTION

OF COARSE

MORE THAN 50%

SOILS
GRAVELLY

AND

GRAVEL

SOILS

GRAINED

COARSE

SOIL CLASSIFICATION CHART

MAJOR DIVISIONS

CLEAN

plane sides with unpolished surfaces.

but have rounded edges.

well-rounded corners and edges.
-Particles have smoothly curved sides and Rounded
no edges.

Definition of Particle Size Ranges

Boulder
Cobble
Gravel
Sand
Silt
Clay

between silt and clay.

> 12 in (300 mm)
3 in (75 mm) - 12 in (300 mm)

No. 4 Sieve (4.75 mm) to 3 in (75 mm)

No. 200 (0.075 mm) to No. 4 Sieves (4.75 mm)

< No. 200 Sieve (0.075 mm)*
< No. 200 Sieve (0.075 mm)*

grained soils only)

N-Value (uncorrected)Consistency

Soil Component Size Range

Subrounded-Particles have nearly plane sides, but have 

-Particles are similar to angular description, Subangular

-Particles have sharp edges and relative Angular

 < 4Very Loose     

 > 50Very Dense     

  < 2Very Soft    
  2 - 4Soft
  5 - 8Medium Stiff

  9 - 15Stiff

  > 30Hard

N-Value (uncorrected)Relative Density

 - Group Name

 - Consistency or Relative Density
 - Moisture Condition
 - Color

 - Particle size descriptor(s) (coarse

-Visible free water.Wet

as deemed appropriate.
they have been modified to reflect results of laboratory tests
Descriptions are based on visual observation, except where 
Also included are the AASHTO group classifications (M145). 
Classification System, ASTM D2487 and D2488. 
Soil Classifications are Based on the Unified Soil 

Page 1 of 2

*Atterberg limits and chart below to differentiate

Example soil description:  Sandy FAT CLAY (CH), soft, wet, brown.  (A-7)

-200%=percent soil passing 200 sieve, DD=Dry Density

MC=Moisture Content, LL=Liquid limit, PL=Plastic Limit

plus the weight of the hammer.

WH denotes a zero blow count with the weight of the rods 

with the weight of the rods only.

34-50 (0.4 ft), or 100 (0.3 ft)).WR denotes a zero blow count 

 blows in parentheses (ex:  12-24-50 (0.09 m), 

rounded to the nearest 0.1 ft (0.03 m) follows the number of

(0.15 m) of penetration is achieved, the actual penetration 

Note:  if the number of blows exceeds 50 before 0.5 ft 

(ex:  1-3-9)

first 0.5 ft (0.15 m) - second 0.5 ft (0.15 m) - third 0.5 ft (0.15 m)

Written as follows:

penetration.

O.D. Split Spoon sampler for a total of 1.5 ft (0.45 m) of 

falling 2.5 ft (750 mm) used to drive a 2 in (50 mm) 

The number of blows of a 140 lb (63.6 kg) hammer 

SPT (Standard Penetration Test-ASTM D1586):

See Soil Boring Information Special Provision.

TETRA TECH
Tetra Tech Boring Log Descriptive Terminology

12/06/12



Key to Rock Symbols and Terms

SymbolRock Type

Argillite

Basalt

Bedrock

Breccia

Claystone

Conglomerate

Dolomite

Gneiss

Granitic

Limestone

Quartzite

Rhyolite

Sandstone

Schist

ShaleSiltstone

SymbolRock Type SymbolRock Type Order of Descriptors

- Other relevant notes

- Color
- Rock Type

Criteria For Descriptors

Coarse Grained

Fine Grained

-Individual grains can be easily

distinguished by eye

- Stratification/Foliation (as applicable)

Thickly Bedded

Medium Bedded

Soft

Moderately hard

Hard

Very Hard

-Individual grains can be dis-

tinguished with difficulty

(other)

Miscellaneous Soil/Rock Symbols and Terms
Concrete

Asphalt

Water

Coal

Fill

Topsoil

Boulders and Cobbles

Explanation of Text Fields in Boring Logs:

Material Description:  Lithologic Description of soil or rock encountered.

Remarks:  Comments on drilling, including method, bit type, and problems encountered.

General Notes

- Water level observations apply only at the specific boring, and at the time the 

- Descriptions on these boring logs apply only at the specific boring, and at the time

borings were made.  Due to the variability of groundwater measurements given

times.

Very Soft -Can be carved with knife.  Can be excavated readily with point of rock hammer.  Can be scratched readily by fingernail.

Medium -Can be grooved or gouged 0.05 in (2 mm) deep by firm pressure of knife or rock hammer point.  Can be 
excavated in small chips to pieces about 1 in (25 mm) maximum size by hard blows of the point of a rock hammer.

-Can be scratched with knife or pick.  Gouges or grooves to 0.25 in (6 mm) can be excavated by hard blow of rock

hammer.  Hand specimen can be detached by moderate blows.

blows of a rock hammer.

Millings

Notes:

3-10 ft (1-3 m)

Thinly Bedded 2-12 in (50-300 mm)

1-3 ft (300 mm - 1 m)

Very Thinly Bedded < 2 in (50 mm)

Stratum Thickness

Grain Size

the time the borings were made.  These logs are not warranted to be representative
of subsurface conditions at other locations or times.

the type of drilling used, and the stratification of the soil in the boring, these logs are 

not warranted to be representative of groundwater conditions at other locations or 

- Other terms may be used as descriptors, as defined by the profession.

SANDSTONE, gray, fine grained, thickly bedded, 

Example Rock Log

Operation
Types: Auger

Casing

Advancer

Core

Barrel

Drive

Casing

Types:
Split

Spoon

Shelby

Bulk

Sample

Grab

Sample

Penetrometer

Vane Shear

Special

Samplers

Testpit

ConeSample

Description Characteristic

- Field Hardness

chips to several inches in size by moderate blows of the point of a rock hammer.

- Grain size (if applicable)

appropriate.
results of laboratory tests as deemed 
they have been modified to reflect 
on visual observation, except where 
-Soil and Rock descriptions are based 

Page 2 of 2

Rock Field Hardness

UCS = Unconfined Compressive Strength obtained from  laboratory testing at the given depth.

Unless stated on logs as being surveyed by district survey, all locations are considered approximate.

-Can be grooved or gouged readily by knife or point of rock hammer.  Can be excavated in fragments from

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

-Cannot be scratched with knife or sharp rock hammer point.  Breaking of hand specimens requires several hard

hard field hardness.

See Soil Boring Information Special Provision.

Tetra Tech Boring Log Descriptive Terminology
TETRA TECH

12/06/12



D50              15                                  (D30)2                       (2.5)- 
D1e             0.075                            D12 x 1036               0.075 x 15 

CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES 
             ASTM Designation: D 2487 – 83 

                                                       (Based on Unified Soil Classification System) 
 

 
 
          

    Cu =                   =                = 200      Cc=                            +                          = 5.6                                                           N::\Geotech\Forms\Soil 
Classifications.doc Rev. 10/03 

 

< 0.75 

< 0.75 

MAJOR DIVISIONS GROUP 
SYMBOL GROUP NAME 

Cu ≥ 4 and 1 ≤ Cc ≤ 3E GW Well graded gravel F Clean Gravels 
Less than 5% 

fines Cu < 4 and/or 1 > Cc > 3E GP Poorly graded gravel F 

Fines classify as ML or MH GM Silty gravel F G H 

Gravels 
More than 50% 

coarse 
fraction 
retained on 
No. 4 sieve 

Gravels with 
Fines 

More than 12% 
fines 

Fines classify as CL or CH GC Clayey gravel F G H 

Cu ≥ 6 and 1 ≤ Cc ≤ 3E SW Well-graded sand I Clean Sands 
Less than 5% 

fines Cu < 6 and/or 1 > Cc > 3E  SP Poorly graded sand I 

Fines classify as ML or MH SM Silty Sand G H I 

Coarse-Grained Soils 
More than 50% 

retained on No. 200 
sieve Sands 

50% or more of 
coarse 
faction 
passes No. 4 
sieve 

Sands with Fines 
More than 12% 

fines Fines classify as CL or CH SC Clayey sand G H I 

Pl > 7 and plots on or above “A” line CL Lean clay K L M 
Inorganic 

Pl < 4 or plots below “A” line ML Silt K L M 
Silts and Clays 
Liquid limit less 

than 50 
Organic Liquid limit – oven dried 

 Liquid limit – not dried OL Organic clay K L M N 

Organic silt K L M O 

Pl plots on or above “A” line CH Fat clay K L M 
Inorganic 

Pl plots below “A” line MH Elastic silt K L M 

Fine-Grained Soils 
50% or more passes 

the No. 200 sieve 
Silts and Clays 
Liquid limit 50 or 

more 
Organic Liquid limit – oven dried   

  Liquid limit – not dried OH Organic clay K L M O 

Organic silt K L M O 

Highly organic soils Primarily organic matter, dark in color, and organic odor PT Peat 
   

A Based on the material passing the 3-in. 
(75-mm) sieve.   

B If field sample contained cobbles or 
boulders, or both, add “with cobbles or 
boulders, or both” to group name.    

C Gravels with 5 to 12% require dual 
symbols: 
     GW-GM well-graded gravel with silt 
     GW-GC well-graded gravel with clay 
     GP-GM poorly graded gravel with silt 

        GP-GC poorly graded gravel with clay  
D Sands with 5 to 12% fines require dual 

symbols: 
     SW-SM well-graded sand with silt 
     SW-SC well-graded sand with clay 
     SP-SM poorly graded sand with silt 

        SP-SC poorly graded sand with clay 

E Cu = D60/D10 Cc=(D30)2 / (D10 x D90) 
F If soil contains ≥15% sand, add “with 

sand” to group name. 
G If fines classify as CL-ML, use dual 

symbol GC-GM, or SC-SM. 
H If fines are organic, add “with organic 

fines” to group name. 
I If soil contains ≥15% gravel, add “with 

gravel” to group name. 
   If soil contains ≥ 15% gravel, add “with 

gravel” to group name.   

J If Atterberg limits plot in hatched area, soil 
is a CL-ML, silty clay. 

K. If soil contains 15 to 29% plus No. 200, 
add “with sand” or “with gravel”, whichever 
is predominant. 

L If solid contains ≥ 30% plus No. 200, 
predominantly sand, add “sandy” to group 
name.   

M If soil contains ≥ 30% plus No. 200, 
predominantly gravel, add “gravelly” to 
group name.   

N Pl ≥ 4 and plots on or above “A” line. 
O Pl < 4 or plots below “A: line.   
P Pl plots on or above “A: line. 
Q Pl plots below “A: line.   
 
 

  

        



2650

2650

2650

2650

2650

2650

2700

2700

2700
2700

2700
2700

2750

2800

2850

2900

2950

3000

30
00

3000

PH-5-2
22.0 ACRES

PH-3-2
25.5 ACRES

PH-5-1
24.2 ACRES

PH-1-1
33.2 ACRES

PH-1-2
41.2 ACRES

PH-2-1
11.3 ACRES

PH-3-1
7.5 ACRES

PH-5-3
17.1 ACRES

PH-6-3
17.9 ACRES

PH-7-3
15.9 ACRES

PH-8-3
18.9 ACRES

PH-6-2
20.0 ACRES

PH-7-2
17.3 ACRES

PH-8-2
21.3 ACRES

PH-6-1
16.1 ACRES

PH-7-1
20.1 ACRES

PH-8-1
20.6 ACRES

2750

2750

2800

2800

2850

2850

2850

2900

2900

2900

2950

B2021-1 B2021-2

B2021-3

B2021-4

B2021-5

B2021-6 B2021-7

B2021-8

Water Supply Well

Stuart Well

PB-1 (ABND)

PB-2 (ABND)

PB-3 (ABND)

PB-4 (ABND)

PB-5 (ABND)
PB-6 (ABND)

PB-7

PB-8

PB-9

PB-10

PB-11

PB-12

PB-13

PB-14

PB-15

PB-16

GT(98)-1 GT(98)-2

GT(98)-3

GT(98)-4

GT(98)-5

(200 FT)

(102 FT)

(201 FT)

(658 FT)

(27 FT)

(102 FT)

(102 FT)

(860 FT)

(555 FT)

(165 FT)

(420 FT)
(424 FT)

(225 FT)

(170 FT)

(32 FT)(32 FT)

(200 FT)

(700 FT)

(544 FT)

(560 FT)

(630 FT)

(998 FT)

(645 FT)

(597 FT)

(22 FT)

(605 FT)

(750 FT)

(625 FT)

(660 FT)

LEGEND
EXISTING GROUND MAJOR CONTOUR
EXISTING MINOR CONTOUR

MONITORING WELL
FAULT (USGS)
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APPENDIX B: Logs of Exploratory Borings 

Figures 1 through 8



100

100

100

100
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100

100

100

100

100

100

3 - 3 - 4

2 - 3 - 3

2 - 3 - 5

3 - 6 - 9

9 - 13 - 13

8 - 11 - 13

10 - 13 - 15

10 - 12 - 13

13 - 21 - 23

13 - 25 - 34

0.3
2740.1

5.3
2735.1

11.2
2729.2

14.1
2726.3

24.1
2716.3

31.5
2708.9

9

8

6

5

NV

NV

NP

NP

12

6

110

113

TOPSOIL, moist,  tan/brown.
Poorly-Graded SAND with silt (SP-SM),
loose, moist,  brown to gray, fine to
medium grained, subangular.

Poorly-Graded SAND (SP), loose to
medium dense, moist,  gray to tan,
medium grained, subangular to angular.

Silty SAND (SM), medium dense, moist,
gray to tan, fine grained, medium
plasticity, Pockets of clay.

Poorly-Graded SAND (SP), medium
dense, slightly moist,  gray, fine to
medium grained, subangular to angular,
medium plasticity, Small pockets of grey
clay.

Poorly-Graded SAND with silt (SP-SM),
dense to very dense, slightly moist,
gray, fine to medium grained.

Boring Depth: 31.5 ft,  Elevation: 2708.9
ft

Cc= 0.03
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 1

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/15/21

Project Number:
114-571040-2022

Date Finished:
11/15/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.502927
E: -116.624204

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2740.4 ft

Boring B2021-1



100

100

100

100

100

100

100

150

100

100

2 - 1 - 3

2 - 1 - 1

3 - 3 - 4

2 - 4 - 6

7 - 10 - 14

10 - 15 - 20

7 - 11 - 17

11 - 17 - 21

11 - 16 - 21

15 - 25 - 34

2.3
2736.7

31.5
2707.5

7

3

3

5

3

Silty SAND (SM), very loose, slightly
moist,  brown to tan, fine grained,
subangular to angular.

Poorly-Graded SAND with silt (SP-SM),
very loose to very dense, slightly moist to
moist,  brown to gray, fine to medium
grained, angular to subangular.

Boring Depth: 31.5 ft,  Elevation: 2707.5
ft
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 1

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/16/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.501658
E: -116.713829

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2739.0 ft

Boring B2021-2



100

100

100

93

80

100

100

100

93

100

2 - 3 - 7

7 - 9 - 9

11 - 11 - 12

10 - 12 - 13

11 - 15 - 15

10 - 12 - 14

11 - 14 - 21

10 - 14 - 16

12 - 12 - 12

0.7
2737.0

8.0
2729.7

41.1
2696.6
41.9

2695.8

47.0
2690.7
47.7

2690.0

3

3

3

NVNP 29

Slightly moist,  tan.
SILT (ML), stiff, slightly moist, light tan,
low plasticity.

Silty SAND (SM), loose to medium
dense, slightly moist to slightly moist,
light tan, very fine grained.

SILT (ML), very stiff, slightly moist,  gray,
low plasticity.
Silty SAND (SM), medium dense to
dense, slightly moist,  tan to gray, fine
grained, subangular to angular.

SILT (ML), very stiff, slightly moist,  gray,
low plasticity.
Silty SAND (SM), medium dense to

Friction Angle= 25.86
degrees
Cohesion= 0 ksf
Cc= 0.04
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft

Boring B2021-3



100

100

100

75

100

100

0

4 - 18 - 19

15 - 25 - 50

4 - 11 - 50

23 - 40 - 50

50/0.2ft

52.0
2685.7

56.2
2681.5

76.5
2661.2
78.5

2659.2

82.0
2655.7

95.0
2642.7

100.0
2637.7

2

NV
NV

NV

NP
NP

NP

19
8

24

100

dense, slightly moist,  tan to gray, fine
grained, subangular to angular.
SILT (ML), very stiff, slightly moist,  gray
to tan, low plasticity, Hard consolidated
pieces.
Poorly-Graded SAND with silt (SP),
medium dense to dense, slightly moist,
tan to gray, fine grained, subangular to
angular.

Sandy SILT (ML), stiff, dry,  gray to red,
fine grained, Broken siltstone.
Silty SAND (SM), medium dense to
dense, slightly moist,  tan to gray, fine
grained, subangular to angular.
Poorly-Graded SAND (SP), very dense,
dry,  salt & pepper, fine to medium
grained, subangular to angular.

Poorly-Graded SAND with silt (SP-SM),
very stiff, dry,  tan, fine to medium
grained, subangular, Large amounts of
broken sandstone.

Silty SAND (SM), very dense, dry,  gray
to red, fine to coarse grained,

Friction Angle= 20.21
degrees
Cohesion= 0.282 ksf
UCS= 0.143 ksf

Friction Angle= 32.81
degrees
Cohesion= 0.413 ksf
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 2 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft

Boring B2021-3
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NVNP 16 104

subangular, Mixed with large pieces of
siltstone.

Silty SAND (SM), very dense, dry to
moist,  salt & pepper to gray, fine to
medium grained, subangular to angular,
Minimal pieces of sandstone. Decreasing
with depth.

Poorly-Graded SAND with silt (SP-SM),
very stiff, dry,  tan, fine to coarse
grained, subangular, Large amounts of
broken sandstone and siltstone.
Poorly-Graded SAND (SP), very dense,
dry to moist,  salt & pepper to gray, fine
to medium grained, subangular to
angular, Minimal pieces of sandstone..

Silty CLAY (CL-ML), hard, very moist,
gray, high plasticity.
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 3 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft
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170.0
2567.7Boring Depth: 170.0 ft,  Elevation:
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 4 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/16/21

Project Number:
114-571040-2022

Date Finished:
11/22/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.500874
E: -116.716768

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2737.7 ft
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67

67

80

100

100

100

80

100

100

2 - 9 - 7

5 - 9 - 7

5 - 12 - 14

18 - 37 - 48

16 - 35 - 48

16 - 27 - 33

15 - 30 - 34

11 - 23 - 18

9 - 13 - 13

0.7
2796.5

15.0
2782.2

20.0
2777.2

25.2
2772.0

27.7
2769.5

40.0
2757.2
41.0

2756.2

50.0

6

5

8

16

NVNP 6

TOPSOIL, moist, dark brown.
Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained,
angular.

SILT (ML), very stiff, slightly moist,  tan,
low plasticity.

Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained.

Silty CLAY (CL-ML), very stiff, slightly
moist,  tan, medium plasticity.

SILT (ML), very stiff, slightly moist,  tan,
low plasticity.

Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained,
angular to subangular.
Silty CLAY (CL-ML), very stiff, slightly
moist,  tan to black, medium plasticity,
Broken pieces of consolidated clay and
sit.

Poorly-Graded SAND with silt (SP-SM), Friction Angle= 27.04
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft

Boring B2021-4
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NVNP 38

medium dense to very dense, slightly
moist,  tan to salt & pepper, fine to
medium grained, subangular to angular.

Silty SAND (SM), medium dense, moist
to slightly moist,  tan, fine grained,
angular to subangular.

Poorly-Graded SAND (SP), stiff, dry,  tan
to yellow, fine to medium grained,
angular to subangular.
Silty SAND (SM), hard, moist,  tan to
brown, fine grained, angular to
subangular, Broken pieces of
consolidated clay.

degrees
Cohesion= 0.123 ksf

Friction Angle= 22.83
degrees
Cohesion= 0.198 ksf
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 2 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft

Boring B2021-4
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9 - 21 - 26
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2

NVNP 49

Sandy SILT (ML), very stiff, slightly
moist,  tan, low plasticity.
Silty CLAY (CL-ML), hard, moist,  tan to
brown, medium plasticity, Broken pieces
of consolidated clay.

Sandy SILT (ML), very stiff, slightly
moist,  tan, low plasticity.

Silty SAND (SM), medium dense to very
dense, slightly moist,  tan to salt &
pepper, fine to medium grained,
subangular to angular.

Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.

Sandy SILT (ML), very stiff, slightly
moist,  tan to brown, low plasticity.

Friction Angle= 29.51
degrees
Cohesion= 0.588 ksf
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 3 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft
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29 - 50/0.4ft

50 - 50/0.3ft

155.0
2642.2
157.0
2640.2
159.0
2638.2

175.0
2622.2
177.0
2620.2

183.0
2614.2

190.0
2607.2

200.0
2597.2

Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.
Sandy SILT (ML), very stiff, slightly
moist,  tan to brown, low plasticity.
Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.

Silty SAND (SM), very stiff, dry,  gray,
fine grained, angular to subangular.
Poorly-Graded SAND (SP), dense to
very dense, slightly moist,  salt & pepper,
fine to medium grained, angular to
subangular.

Silty SAND (SM), very stiff, dry,  gray to
gray, fine grained, angular to subangular.

Poorly-Graded SAND with silt (SP-SM),
medium dense to very dense, slightly
moist,  tan to salt & pepper, fine to
medium grained, subangular to angular.

Boring Depth: 200.0 ft,  Elevation:
2597.2 ft
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 4 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/8/21

Project Number:
114-571040-2022

Date Finished:
12/14/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.665364
E: -116.688388

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2797.2 ft
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2617.6
45.0

2616.6
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4
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4

54 24

TOPSOIL, moist,  brown.
Sandy SILT (ML), stiff, slightly moist,
tan, fine grained, angular to subangular.

Poorly-Graded SAND (SP), medium
dense to very dense, moist,  tan to red,
fine to medium grained, angular to
subangular.

Silty CLAY (CL-ML), medium stiff, slightly
moist,  white to gray, high plasticity.
Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  salt
& pepper to red, fine to medium grained,
angular to subangular.

SILT (ML), hard, slightly moist,  tan to
gray, low plasticity.

Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  salt
& pepper to red, fine to medium grained,
angular to subangular.
SILT (ML), hard, slightly moist,  tan to
gray, low plasticity.
Silty SAND (SM), medium dense to very
dense, slightly moist,  gray to brown, fine Friction Angle= 14.95
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During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:
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None

Pickles Butte Sanitary Landfill -
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Abandonment Method:
Grout
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Coordinates
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grained, angular to subangular.
Silty CLAY (CL-ML), hard, slightly moist,
tan, high plasticity.
Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  gray
to tan, fine to medium grained, angular to
subangular.
Silty SAND (SM), medium stiff, slightly
moist,  tan, fine grained.
Poorly-Graded SAND (SP), medium
dense to very dense, slightly moist,  gray
to tan, fine to medium grained, angular to
subangular.
Poorly-Graded SAND with silt (SP-SM),
very dense, moist,  gray, fine grained,
Varying amounts of silt. Thin viens of
silty clay.
SILT with sand (ML), hard, slightly moist,
white to gray, non plastic, Broken pieces
of consolidated clay.
Silty SAND (SM), very stiff, slightly moist,
tan, fine grained.
CLAY with sand (CL), hard, slightly
moist,  white to gray, non plastic, Broken
pieces of consolidated clay.

Silty SAND (SM), very dense, slightly
moist,  tan to red, fine grained, angular to
subangular.

degrees
Cohesion= 0.489 ksf
Cc= 0.06

Friction Angle= 19.09
degrees
Cohesion= 0.037 ksf

Friction Angle= 31.18
degrees
Cohesion= 0.26 ksf

Friction Angle= 13.53
degrees
Cohesion= 0.654 ksf
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During
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None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
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2525 Palmer St
59808
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Top of Boring
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2530.1

134.5
2527.1

140.0
2521.6
141.0
2520.6
143.0
2518.6
145.0
2516.6
147.0
2514.6

Silty CLAY (CL-ML), very stiff, slightly
moist,  gray to blue, high plasticity,
Broken pieces of consolidated clay.

Silty SAND (SM), very dense, slightly
moist,  tan to red, fine grained, angular to
subangular.
Silty CLAY (CL-ML), very stiff, slightly
moist,  gray to blue, high plasticity,
Broken pieces of consolidated clay.
Silty SAND (SM), medium dense to very
dense, slightly moist,  gray to brown, fine
grained, angular to subangular.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.

Sandy SILT (ML), hard, slightly moist,
red to brown, fine grained, low plasticity,
Very fine sand. Some consolidated clay
mixed.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Silty SAND (SM), very dense, slightly
moist,  tan, very fine grained, Very fine
sand. Some consolidated clay mixed.
Less clay with depth.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
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9 - 17 - 50
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163.5
2498.1
164.5
2497.1
167.0
2494.6

170.0
2491.6

180.0
2481.6

200.0
2461.6

pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt. Seams of varying clay content.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Broken
pieces of consolidated clay. Higher silt
content than previous.
CLAY (CL), hard, slightly moist,  gray to
blue, high plasticity, Broken pieces of
consolidated clay.
Sandy SILT (ML), hard, slightly moist,
tan, low plasticity, Some consolidated
silt..
CLAY (CL), hard, slightly moist,  gray to
blue, high plasticity, Broken pieces of
consolidated clay.
Silty SAND (SM), slightly moist,  tan, fine
grained, angular to subangular.
Silty CLAY (CL-ML), hard, slightly moist,
gray to blue, high plasticity, Varying
levels of silt content.
Silty SAND (SM), slightly moist,  tan, fine
grained, angular to subangular.

CLAY (CL), hard, slightly moist to moist,
gray to blue, high plasticity, consolidated
clay.
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During
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None
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Top of Boring
Elevation: 2661.6 ft

Boring B2021-5



225.0
2436.6Boring Depth: 225.0 ft,  Elevation:

2436.6 ft
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None
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Abandonment Method:
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Boring B2021-5



67

73

100

100

100

100

4 - 5 - 5

7 - 7 - 7

11 - 31 - 42

12 - 22 - 42

8 - 18 - 37

39 - 42 - 50

0.6
2636.1

15.0
2621.7

21.0
2615.7

27.0
2609.7

33.0
2603.7

48.0
2588.7

6

18

22

TOPSOIL, very moist,  brown.
Silty SAND (SM), loose to medium
dense, slightly moist,  tan to red, fine
grained, subangular.

Poorly-Graded SAND (SP), very dense,
slightly moist,  gray, fine to medium
grained, subangular.

Silty SAND (SM), loose to medium
dense, slightly moist,  gray, fine grained,
subangular.

Poorly-Graded SAND (SP), very dense,
slightly moist,  gray, fine to medium
grained, subangular.

Silty SAND (SM), loose to medium
dense, slightly moist to moist,  gray, fine
grained, Pieces of siltstone increasing
with depth.

Sandy SILT (ML), hard, slightly moist,
gray, fine grained.
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Recorded

After
Drilling: Not Encountered

Remarks:
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Datum: NAD83

Sheet 1 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/22/21

Project Number:
114-571040-2022

Date Finished:
12/2/21
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6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.495196
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2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2636.7 ft
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25
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56
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90

CLAY (CH), hard, slightly moist, very
dark gray, high plasticity, Almost
claystone very consolidated.

UCS= 7.246 ksf

UCS= 15.661 ksf
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None
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Abandonment Method:
Grout
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10 - 18 - 33
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6 - 16 - 31
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2534.7
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2533.9
106.0
2530.7
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2529.8
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2525.9
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2524.7

21

22

47 22 91 100

Sandy SILT (ML), hard, slightly moist,
gray, medium plasticity.
Silty CLAY (CL-ML), hard, slightly moist,
very dark gray, high plasticity, Almost
claystone very consolidated.
CLAY with sand (CL), hard, slightly
moist,  gray, medium plasticity.
Silty CLAY (CL-ML), hard, slightly moist,
very dark gray, high plasticity, Almost
claystone very consolidated.
Sandy SILT (ML), hard, slightly moist,
gray, medium plasticity.
Silty CLAY (CL-ML), hard, slightly moist,
very dark gray to blue, high plasticity,
Almost claystone very consolidated.
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Slightly moist, dark brown.
Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
subangular.

Poorly-Graded SAND (SP), dense,
moist,  tan, fine to medium grained,
angular to subangular.

Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
subangular.

Poorly-Graded SAND (SP), dense,
moist,  gray, fine to medium grained,
angular to subangular.
Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
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Silty SAND (SM), loose to dense, very
moist,  tan, fine grained, angular to
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Poorly-Graded SAND (SP), dense,
moist,  gray, fine to medium grained,
angular to subangular.
Silty CLAY (CL-ML), very stiff, moist,
tan, high plasticity, Broken pieces of
consolidated clay.
Silty SAND (SM), very dense, slightly

UCS= 0.511 ksf
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moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.
Silty CLAY (CL-ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay.
Silty SAND (SM), very dense, slightly
moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.
Silty CLAY (CL-ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay..
Silty SAND (SM), very dense, slightly
moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.
Sandy SILT (ML), hard, moist,  tan, high
plasticity, Broken pieces of consolidated
clay..
CLAY (CL), hard, moist,  tan, high
plasticity.

Silty SAND (SM), very dense, slightly
moist,  tan, fine grained, angular to
subangular, Broken pieces of siltstone
and sandstone.

Silty CLAY (CL-ML), hard, moist,  tan,
high plasticity, Broken pieces of
consolidated clay..

CLAY (CL), hard, moist,  tan, high
plasticity.

UCS= 1.817 ksf
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After
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During
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Project:
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Project Number:
114-571040-2022

Date Finished:
12/7/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates
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high plasticity.
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 3 of 4

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/2/21

Project Number:
114-571040-2022

Date Finished:
12/7/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.49528
E: -116.712592

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
Elevation: 2659.5 ft
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded
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Refer to site map.Location:
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Datum: NAD83
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System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
12/2/21

Project Number:
114-571040-2022

Date Finished:
12/7/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
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E: -116.712592

2525 Palmer St
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Top of Boring
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TOPSOIL, moist,  brown.
SILT with sand (ML), very stiff, slightly
moist to moist,  tan.

Silty SAND (SM), medium dense, slightly
moist,  tan to gray, fine grained,
subangular, scattered gravel.

Poorly-Graded SAND (SP), medium
dense, slightly moist,  tan to yellow, fine
to medium grained, subangular to
angular.
Boring Depth: 21.5 ft,  Elevation: 2935.1

ft
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Water    Level    Observations
After
Drilling: Not Recorded

During
Drilling: Not Encountered

After
Drilling: Not Recorded

Remarks:

Refer to site map.Location:
Logger: Matt Adams

Datum: NAD83

Sheet 1 of 1

System: Decimal Degrees

Driller: Holt Services

Project:

Date Started:
11/15/21

Project Number:
114-571040-2022

Date Finished:
11/15/21

Rig: TS150 Crawler
Hammer: Auto
Boring Diameter:
6 in

Drilling Fluid:
None

Pickles Butte Sanitary Landfill -
Canyon County, ID

Abandonment Method:
Grout

Boring Location
Coordinates

N: 43.48988
E: -116.703147

2525 Palmer St
59808
Phone:  406-543-3045
Fax:

Top of Boring
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NV

SILT OR CLAY
medium

Project:

2.30

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

94 6

 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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99.9
99.6
97.7
94.7
87.2
15.5
6.2
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 11

4.75 0.154

% PASSING
B2021-3 - (25 - 27 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

69 31
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 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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92.7
58.3
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 12

0.1084.75 0.205

% PASSING
B2021-3 - (60 - 62 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

81 19
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

1.36

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 13

0.154.75 0.205

% PASSING
B2021-3 - (61 - 65 ft)

Refer to site map.

POORLY GRADED SAND with

SILT(SP-SM) NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

0.081

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

2.54

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

92 8
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 No. 8
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 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200
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29.5
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 14

0.0834.75 0.133

% PASSING
B2021-3 - (80 - 82 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

76 24
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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143/8 100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 15

0.16337.5 0.288

% PASSING
B2021-3 - (116 - 120 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

11

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

73 16

 1.5 in
 1 in

 3/4 in
 1/2 in
 3/8 in
 1/4 in
 No. 4
 No. 8
 No. 10
 No. 16
 No. 30
 No. 40
 No. 50
 No. 100
 No. 200

100
98
96
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93
90
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83.8
81.7
61.7
25.4
16.1
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

1.18

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 16

0.1922 0.308

% PASSING
B2021-4 - (50 - 51.5 ft)

Refer to site map.

POORLY GRADED SAND with

SILT(SP-SM) NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

0.101

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

3.06

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

94 6

 No. 10
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 No. 30
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 No. 50
 No. 100
 No. 200

100
99.8
98.1
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14.9
6.3
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10

143/8 100
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C
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T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 17

4.75 0.101

% PASSING
B2021-4 - (90 - 91.5 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

62 38
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10

143/8 100
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T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 18

2 0.091

% PASSING
B2021-4 - (120 - 120.9 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

51 49
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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143/8 100
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 19

4.75

% PASSING
B2021-5 - (69 - 70 ft)

Refer to site map.

SILT with SAND(ML)
7

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

27

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

20
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE

D100 D60 D30 D10

143/8 100

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 20

4.75

% PASSING
B2021-5 - (80 - 81.5 ft)

Refer to site map.

LEAN CLAY with SAND(CL)

14

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

35

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

21
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 21

1.19 0.108

% PASSING
B2021-5 - (90 - 91.5 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

66 34
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification

Classification

SIEVE SIZE
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3/4 1/2 41 1403

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 22

0.595

% PASSING
B2021-6 - (79 - 81 ft)

Refer to site map.

FAT CLAY(CH)

48

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

67

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

19
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 23

1.19

% PASSING
B2021-6 - (99 - 102 ft)

Refer to site map.

FAT CLAY(CH)

34

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

56

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID
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3 16 20

GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES

LL PL PI Cc Cu

Location:

Specimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen IdentificationSpecimen Identification
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SIEVE SIZE
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 24

4.75

% PASSING
B2021-6 - (106 - 107 ft)

Refer to site map.

LEAN CLAY with SAND(CL)

25

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine
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SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES
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60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 25

0.09137.5 0.183

% PASSING
B2021-7 - (39 - 41 ft)

Refer to site map.

SILTY SAND(SM)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

5

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

72 23
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GRAIN SIZE DISTRIBUTION

Specimen Identification
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60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 26

4.75

% PASSING
B2021-7 - (59 - 60 ft)

Refer to site map.

SILT with SAND(ML)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID

NV

16 84
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 No. 16
 No. 30
 No. 40
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 No. 100
 No. 200

100
99.9
99.9
99.8
99.2
98.9
98.6
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GRAIN SIZE DISTRIBUTION

Specimen Identification

COBBLES
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HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

60308104 506 2 406

Revised 1-23-08 (MAT)

Figure No. 27

2.38

% PASSING
B2021-8 - (1 - 4 ft)

Refer to site map.

SILT with SAND(ML)

NP

Number:  114-571040-2022

1.5

% Gravel % Silt % Clay% Sand

GRAIN SIZE IN MILLIMETERS

GRAVEL

Specimen Identification

coarse

SAND
fine coarse fine

NV

SILT OR CLAY
medium

Project:

0

Pickles Butte Sanitary Landfill - Canyon County, ID
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 28
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-1 (3 - 6 ft)

Refer to site map.

Hammer:

NV

POORLY GRADED SAND with

SILT(SP-SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 29
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-3 (61 - 65 ft)

Refer to site map.

Hammer:

NV

POORLY GRADED SAND with

SILT(SP-SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 30
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-3 (116 - 120 ft)

Refer to site map.

Hammer:

NV

SILTY SAND(SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 31
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-5 (69 - 70 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 32
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-5 (80 - 81.5 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 33
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-6 (106 - 107 ft)

Refer to site map.

Hammer:

47

LEAN CLAY with SAND(CL)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 34
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-7 (39 - 40 ft)

Refer to site map.

Hammer:

NV

SILTY SAND(SM)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 35
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-7 (59 - 60 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Project:

Location:

MOISTURE-DENSITY RELATIONSHIP

Figure No. 36
Revised 1-23-08 (MAT)

Pickles Butte Sanitary Landfill - Canyon County, ID

Number:  114-571040-2022

Maximum Dry Density

B2021-8 (1 - 4 ft)

Refer to site map.

Hammer:

NV

SILT with SAND(ML)

ASTM: 698A

Specific Gravity
Assumed: 2.65
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Water
Added

Natural Dry Dens.
LL PI

Sp. Overburden Pc Cc Cs
Swell Press. Swell

%
eo

Sat. Moist. (pcf) Gr. (ksf) (ksf) (ksf)

24.8 % 3.5 % 120.1 NV NP 2.65 3.0 0.04 0.01 2.6 0.3 0.375

1145710402022

Pickles Butte

MATERIAL DESCRIPTION USCS AASHTO

Project No. Remarks:

Project:

Source of Sample: B2021-3 Depth: 25-27 ft

Tetra Tech

Missoula, MT Figure 37

Silty Sand SM
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63.8 % 23.7 % 90.1 2.65 4.8 0.06 0.09 2.8 1.0 0.984

CL-ML

1145710402022

Pickles Butte

MATERIAL DESCRIPTION USCS AASHTO

Project No. Remarks:

Project:

Source of Sample: B2021-5 Depth: 50-51.5 ft

Tetra Tech

Missoula, MT Figure 38

Silty Clay
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1145710402022

Pickles Butte

MATERIAL DESCRIPTION USCS AASHTO

Project No. Remarks:

Project:

Source of Sample: B2021-7 Depth: 120-121.3 ft

Tetra Tech

Missoula, MT Figure 39

CL-ML
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled:

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-3

Depth: 61-65 ft

Description: bulk

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

0.143
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-6

Depth: 57-58 ft

Description: Special

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

7.246

3.623
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24.0
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88.5

0.7184

2.450

4.930

2.01

C
o

m
p

re
s
s
iv

e
 S

tr
e

s
s
, 

k
s
f

0

2.5

5

7.5

10

Axial Strain, %

0 1.5 3 4.5 6

1

41

MLN/AN/AN/A



UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-6

Depth: 79-81 ft

Description: Special

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1

12.421

6.211

5.9
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-6

Depth: 99-102 ft

Description: Special

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled:

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-7

Depth: 39-40 ft

Description: grab

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1
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UNCONFINED COMPRESSION TEST

UNCONFINED COMPRESSION TEST

Tetra Tech
Missoula, MT

Project No.: 1145710402022

Date Sampled: 

Remarks: 

Figure

Project: Pickles Butte 

Source of Sample: B2021-7

Depth: 59-60 ft

Description: grab

LL = PI = PL = Assumed GS= 2.65 Type: 

Sample No.

Unconfined strength, ksf

Undrained shear strength, ksf

Failure strain, %

Strain rate, in./min.

Water content, % 

Wet density, pcf

Dry density, pcf

Saturation, %

Void ratio

Specimen diameter, in.

Specimen height, in.

Height/diameter ratio

1
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 60-62 ft

Project: Pickles Butte 

Source of Sample: B2021-3 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: Shelby 
Description: Silty Sand

Assumed Specific Gravity= 2.65

Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.
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 Tan(f)
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0.282

20.21
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0.5829
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 80-82 ft

Project: Pickles Butte 

Source of Sample: B2021-3 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: Shelby 

Description: Silty Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.
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0.413
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104.1

61.7

0.5892

2.410

0.934

21.2

105.2

98.1

0.5722

2.410

0.924

1.000

1.054

4.3

0.001

2

12.8

92.2

42.7

0.7944

2.410

1.068

22.3

96.7

83.1

0.7104

2.410

1.018

2.000

1.708

12.4

0.001

3

13.0

84.3

35.9

0.9626

2.400

1.240

20.2

84.8

56.4

0.9499

2.400

1.232

3.000

2.343

7.0

0.001

47



DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 90-91.5 ft

Project: Pickles Butte 

Source of Sample: B2021-4 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: MC           
Description: Silty Sand

LL= NV PI= NP

Assumed Specific Gravity= 2.65

Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 120-120.9 ft

Project: Pickles Butte 

Source of Sample: B2021-4 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: MC    
Description: Silty Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %
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Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.
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0.588

29.51

0.57

1

6.9
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1.122
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 80.0-81.5 ft

Project: Pickles Butte 

Source of Sample: B2021-5 

Proj. No.: 1145710402022

Date Sampled: 

Sample Type: MC          
Description: Lean Clay With Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.
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0.654
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DIRECT SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 90-91.5 ft

Project: Pickles Butte 

Source of Sample: B2021-5

Proj. No.: 1145710402022

Date Sampled: 

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Normal Stress, ksf

Fail. Stress, ksf

  Strain, %

Ult. Stress, ksf

  Strain, %

Strain rate, in./min.
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 Tan(f)

 Results

0.260

31.18
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Sample Type: MC          
Description: Silty Sand

Assumed Specific Gravity= 2.65 
Remarks: Remolded



TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 25-27 ft

Project: Pickles Butte 

Source of Sample: B2021-3 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Silty Sand

Assumed Specific Gravity= 

2.65 Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Strain rate, in./min.

Back Pressure, psi

Cell Pressure, psi

Fail. Stress, ksf

Ult. Stress, ksf

s1  Failure, ksf

s3  Failure, ksf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 50-51.5 ft

Project: Pickles Butte 

Source of Sample: B2021-4 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Poorly Graded Sand with Silt

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Strain rate, in./min.

Back Pressure, psi

Cell Pressure, psi

Fail. Stress, ksf

Ult. Stress, ksf
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s3  Failure, ksf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 50-51.5 ft

Project: Pickles Butte 

Source of Sample: B2021-5 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Silty Clay

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Strain rate, in./min.

Back Pressure, psi

Cell Pressure, psi

Fail. Stress, ksf

Ult. Stress, ksf

s1  Failure, ksf

s3  Failure, ksf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 69-70 ft

Project: Pickles Butte 

Source of Sample: B2021-5 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Silt

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Strain rate, in./min.

Back Pressure, psi

Cell Pressure, psi

Fail. Stress, ksf
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s3  Failure, ksf
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TRIAXIAL SHEAR TEST REPORT

Tetra Tech
Missoula, MT

Depth: 120-121.3 ft

Project: Pickles Butte 

Source of Sample: B2021-7 

Proj. No.: 1145710402022

Date Sampled: 

Type of Test: 

Consolidated Undrained 
Description: Clay

Assumed Specific Gravity= 2.65 
Remarks:

Figure

Sample No.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Water Content, %

Dry Density, pcf

Saturation, %

Void Ratio

Diameter, in.

Height, in.

Strain rate, in./min.

Back Pressure, psi

Cell Pressure, psi

Fail. Stress, ksf

Ult. Stress, ksf

s1  Failure, ksf

s3  Failure, ksf
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B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 0 - 1.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 2 - 3.5 9

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976  - NV NP 99.6 83.1 11.6 110 109.9 10.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 4 - 5.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 6 - 7.5 8

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 8 - 9.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 10 - 11.5 6

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 15 - 16.5 5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 20 - 21.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 25 - 27 NV NP 99.9 94.7 6.2 113 0.03

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 27 - 28.5

B2021-1 11/15/2021 43.502927 -116.624204 2740.3976 30 - 31.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 0 - 1.5 7

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 2 - 3.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 4 - 5.5 3

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 6 - 7.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 8 - 9.5 3

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 10 - 11.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 15 - 16.5 5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 20 - 21 3

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 25 - 26.5

B2021-2 11/16/2021 43.501658 -116.713829 2739.0394 30 - 31.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 5 - 6.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 10 - 11.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 15 - 16.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 20 - 21.5 3

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 25 - 27 NV NP 99.8 97.7 31.3 25.86 0 0.04

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 26 - 30

 C
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B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 27 - 28.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 30 - 31.5 3

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 35 - 36.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 40 - 41.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 45 - 46.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 50 - 51.5 3

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 60 - 62 NV NP 99.4 97.9 19.2 20.21 0.282

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 61 - 65 NV NP 99.6 99.1 7.7 100 100.2 13.7 0.143

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 70 - 71.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 80 - 82 NV NP 99.8 99.1 23.6 32.81 0.413

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 82 - 83.5 2

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 90 - 91.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 100 - 100.2

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 101 - 107

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 110 - 110.7

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 112 - 115

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 116 - 120 NV NP 86.4 81.7 16.1 104 103.6 15.75

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 121 - 121.8 4

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 135 - 138

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 139 - 142

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 140 - 141.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 147 - 151

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 150 - 151.5

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 159 - 161

B2021-3 11/22/2021 43.500874 -116.716768 2737.6687 160 - 161.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 5 - 6.5 6

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 9 - 10

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 10 - 11.5
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B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 15 - 16.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 20 - 21.5 5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 25 - 26.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 30 - 31.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 35 - 36.5 8

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 40 - 41.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 44 - 45

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 45 - 46.5 16

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 50 - 51.5 NV NP 100 91.9 6.3 27.04 0.123

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 51 - 52

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 60 - 61.5 2

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 69 - 70

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 70 - 71.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 79 - 80

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 80 - 81.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 89 - 90

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 90 - 91.5 NV NP 99 96 38.4 22.83 0.198

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 98 - 99

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 99 - 100.5 22

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 109 - 110

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 110 - 111.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 119 - 120

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 120 - 120.9 NV NP 100 98.1 49 29.51 0.588

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 129 - 130

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 130 - 131.5

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 139 - 140

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 140 - 141.5 2

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 149 - 150
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B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 150 - 150.9

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 157 - 159

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 160 - 160.9

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 169 - 170

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 170 - 170.8

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 175 - 177

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 179 - 180

B2021-4 12/14/2021 43.665364 -116.688388 2797.1687 189 - 190

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 5 - 6.5 4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 9 - 10

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 10 - 11.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 15 - 16.5 3

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 19 - 20

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 20 - 21.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 27 - 28

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 30 - 31.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 35 - 36.5 4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 39 - 40

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 40 - 41

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 45 - 46.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 49 - 50

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 50 - 51.5 54 30 14.95 0.489 0.06

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 59 - 60

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 60 - 60.6 4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 69 - 70 NV NP 99.9 99.3 77.1 112 111.5 15.5 19.09 0.037

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 70 - 71.5 29

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 79 - 80

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 80 - 81.5 35 14 0.000 98.5 95.9 83.4 104 103.5 21 19.5 31.18 0.26
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B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 89 - 90

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 90 - 90.8 NV NP 98.8 33.8 13.53 0.654

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 99 - 100 11

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 100 - 101.3

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 109 - 110

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 110 - 110.6

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 119 - 120

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 120 - 121.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 126 - 127

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 130 - 131.4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 139 - 140

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 140 - 140.9

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 149 - 150

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 150 - 151.4

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 159 - 160

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 160 - 160.6

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 169 - 170

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 170 - 171.5

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 174 - 175

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 179 - 180

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 189 - 190

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 199 - 200

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 204 - 205

B2021-5 12/19/2021 43.499133 -116.713491 2661.6331 209 - 210

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 5 - 6.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 9 - 11

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 10 - 11.5 6

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 20 - 21.5
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B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 25 - 26.5 18

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 39 - 41

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 40 - 41.5 22

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 45 - 46.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 50 - 51.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 57 - 58 7.246

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 59 - 61

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 60 - 61.5 25

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 68 - 69

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 69 - 71

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 70 - 71.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 75 - 76

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 79 - 81 67 48 99.8 90.7

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 80 - 81.1

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 84 - 85

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 89 - 91

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 90 - 91.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 99 - 102 56 34 99.8 89.7 15.661

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 100 - 101.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 106 - 107 47 25 99.2 97.6 80.8 100 100 20.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 110 - 111.5 21

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 120 - 121.5 22

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 129 - 130

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 130 - 131.3

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 140 - 141.5

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 149 - 150

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 150 - 151.4

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 159 - 160
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B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 160 - 161.3

B2021-6 12/2/2021 43.495196 -116.715718 2636.7423 164 - 165

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 5 - 6.5 4

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 10 - 11.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 15 - 16.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 19 - 20

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 25 - 26.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 30 - 30.6

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 35 - 35.8

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 39 - 40 NV NP 93.6 92 23.3 112 111.7 12.9 0.511

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 40 - 41.4 23

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 45 - 46.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 49 - 50

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 50 - 51.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 59 - 60 NV NP 99.9 98.9 84.3 104 104.2 17.8 1.817

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 60 - 61.4 12

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 69 - 70

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 70 - 71.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 79 - 80

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 80 - 80.7

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 89 - 90

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 90 - 90.3

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 99 - 100

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 100 - 101.5 20

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 110 - 111.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 120 - 121.3 33 10 18.02 0.053 0.38

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 125 - 126

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 129 - 130
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B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 130 - 131.5 19

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 139 - 140

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 140 - 141.5 24

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 149 - 150

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 150 - 151.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 160 - 161.4

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 169 - 170

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 170 - 171.5

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 179 - 180

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 189 - 190

B2021-7 12/7/2021 43.495280 -116.712592 2659.5036 199 - 200

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 0 - 1.5 11

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 1 - 4 NV NP 98.7 95.6 83.5 97 97.2 17.9

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 2 - 3.5

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 4 - 5.5 11

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 8 - 10 12

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 10 - 11.5 6

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 11 - 15

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 15 - 16.5 5

B2021-8 11/15/2021 43.489880 -116.703147 2956.6206 20 - 21.5 5
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APPENDIX D: Static Slope Stability Analyses 

Slope Stability Cross Sections - Figures 1D thorough 5D
Slope Stability Stability Analyses Printouts Figures 6D through 43D

matt.adams
Cross-Out
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2.302.302.302.30

DmiGSI
UCS 
(psf)

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit 
Weight 
(lbs/ft3)

ColorMaterial Name

32.8400Mohr-
Coulomb

115Silty Sand - B3

36.20Mohr-
Coulomb

110Sand B3

15489Mohr-
Coulomb

130Lean Clay - 
Silty Clay - B5

13.52000Mohr-
Coulomb

125Clay Lean - B5

107831Mohr-
Coulomb

125Hard Clay - B6-
99'

0410700000Generalized 
Hoek-Brown

135Claystone

400Mohr-
Coulomb

135Gravel - B 
PB13

361Mohr-
Coulomb

138Clayey Gravel -
 B PB13
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Scenario Proposed Excavation 3H:1VGroup SECTION A
Company Tetra TechDrawn By SG
File Name Static LoadingDate 7/27/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 6D
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Scenario Proposed Excavation 3H:1VGroup SECTION A
Company Tetra TechDrawn By SG
File Name Seismic LoadingDate 7/27/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 7D
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Scenario Proposed Excavation 3H:1VGroup SECTION A
Company Tetra TechDrawn By SG
File Name Static Loading - Block FailureDate 7/28/2022
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Pickles Butte
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Figure 8D
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File Name Seismic Loading - BlockDate 7/28/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 9D



2.432.432.432.43

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit 
Weight (lbs/

ft3)
Color

Material 
Name

28300Mohr-
Coulomb110PG Silty 

Sand - B3

27123Mohr-
Coulomb110PG Silty 

Sand - B4

32.8400Mohr-
Coulomb115Silty Sand -

 B3

29.5580Mohr-
Coulomb115Silty Sand -

 B4
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00
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Scenario Proposed Excavation 2.27H:1VGroup SECTION B
Company Tetra TechDrawn By SG
File Name Static LoadingDate 7/27/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 10D
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Figure 11D
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Figure 12D
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Project

Pickles Butte
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Figure 13D



1.851.851.851.85Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight 
(lbs/ft3)

ColorMaterial 
Name

28300Mohr-
Coulomb

110PG Silty 
Sand - B3

27123Mohr-
Coulomb

110PG Silty 
Sand - B4

32.8400Mohr-
Coulomb

115Silty Sand - 
B3

29.5580Mohr-
Coulomb

115Silty Sand - 
B4

1908Mohr-
Coulomb

110Silt - B7

107831Mohr-
Coulomb

125Hard Clay - 
B6-99'

32
00

30
00

28
00

26
00

24
00

2000 2200 2400 2600 2800 3000 3200 3400

Scenario Proposed Excavation 2.85H:1VGroup SECTION C
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Figure 14D
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File Name Seismic LoadingDate 7/27/2022

Project

Pickles Butte
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Figure 15D
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Figure 16D



1.631.631.631.63

  0.12

34
00

32
00

30
00

28
00

26
00

24
00

1800 2000 2200 2400 2600 2800 3000 3200 3400
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Project
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Figure 17D



1.931.931.931.93

DmiGSI
UCS 
(psf)

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit 
Weight 
(lbs/ft3)

Color
Material 
Name

28300Mohr-
Coulomb110PG Silty 

Sand - B3

27123Mohr-
Coulomb110PG Silty 

Sand - B4

32.8400Mohr-
Coulomb115Silty Sand - 

B3

29.5580Mohr-
Coulomb115Silty Sand - 

B4

1908Mohr-
Coulomb110Silt - B7

107831Mohr-
Coulomb125Hard Clay - 

B6-99'

0410700000Generalized 
Hoek-Brown135Claystone

370Mohr-
Coulomb135

Sand/Gravel 
Interbedded -

 B PB13
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Scenario Proposed Excavation 2.87H:1VGroup SECTION D
Company Tetra TechDrawn By SG
File Name Static LoadingDate 7/27/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 18D
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Figure 19D
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Figure 20D



2.332.332.332.33

  0.12

32
00

30
00

28
00

26
00

24
00

1400 1600 1800 2000 2200 2400 2600 2800

Scenario Proposed Excavation 2.87H:1VGroup SECTION D
Company Tetra TechDrawn By SG
File Name Seismic Loading - Block FailureDate 7/28/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 21D



1.961.961.961.96

DmiGSI
UCS 
(psf)

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit 
Weight 
(lbs/ft3)

ColorMaterial Name

28300Mohr-
Coulomb110PG Silty Sand - 

B3

29.5580Mohr-
Coulomb115Silty Sand - B4

36.20Mohr-
Coulomb110Sand B3

107831Mohr-
Coulomb125Hard Clay - B6-

99'

0410700000Generalized 
Hoek-Brown135Claystone

0.725303.5e+06Generalized 
Hoek-Brown146Basalt - B PB13

400Mohr-
Coulomb135Gravel - B PB13

370Mohr-
Coulomb135

Sand/Gravel 
Interbedded - B 

PB13

36
00

34
00

32
00

30
00

28
00

26
00

200 400 600 800 1000 1200 1400 1600 1800 200

Scenario Proposed Excavation 2.27H:1VGroup SECTION E
Company Tetra TechDrawn By SG
File Name Static LoadingDate 7/27/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 22D
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Scenario Proposed Excavation 2.27H:1VGroup SECTION E
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File Name Seismic LoadingDate 7/27/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 23D



1.661.661.661.66

DmiGSI
UCS 
(psf)

Phi 
(deg)

Cohesion 
(psf)Strength Type

Unit 
Weight (lbs/

ft3)
ColorMaterial Name

28300Mohr-Coulomb110PG Silty Sand - B3

29.5580Mohr-Coulomb115Silty Sand - B4

36.20Mohr-Coulomb110Sand B3

107831Mohr-Coulomb125Hard Clay - B6-99'

0410700000Generalized 
Hoek-Brown135Claystone

0.725303.5e+06Generalized 
Hoek-Brown146Basalt - B PB13

400Mohr-Coulomb135Gravel - B PB13

370Mohr-Coulomb135
Sand/Gravel 

Interbedded - B 
PB13
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File Name Static LoadingDate 7/27/2022
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Pickles Butte
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Figure 24D
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Project

Pickles Butte
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Figure 25D
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Figure 26D



1.451.451.451.45

  0.12

34
00

32
00

30
00

28
00

26
00

200 400 600 800 1000 1200 1400 1600

Scenario Proposed Excavation 1.87H:1VGroup SECTION E
Company Tetra TechDrawn By SG
File Name Seismic Loading - BlockDate 7/28/2022

Project
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Figure 27D



1.811.811.811.81DmiGSIUCS 
(psf)

Phi 
(deg)

Cohesion 
(psf)

Strength TypeUnit Weight
(lbs/ft3)

ColorMaterial Name

27123Mohr-Coulomb110PG Silty Sand - B4

32.8400Mohr-Coulomb115Silty Sand - B3

29.5580Mohr-Coulomb115Silty Sand - B4

36.20Mohr-Coulomb110Sand B3

15489Mohr-Coulomb130Lean Clay - Silty 
Clay - B5

13.52000Mohr-Coulomb125Clay Lean - B5

107831Mohr-Coulomb125Hard Clay - B6-99'

0410700000Generalized 
Hoek-Brown135Claystone

370Mohr-Coulomb135Sand/Gravel 
Interbedded - B PB13
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00
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Scenario Proposed Excavation 3H:1V Lower, 4H:1V UpperGroup SECTION F
Company Tetra TechDrawn By SG
File Name Static LoadingDate 7/28/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 28D
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Scenario Proposed Excavation 3H:1V Lower, 4H:1V UpperGroup SECTION F
Company Tetra TechDrawn By SG
File Name Seismic LoadingDate 7/28/2022

Project

Pickles Butte

SLIDEINTERPRET 9.023

Figure 29D
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Figure 30D
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Pickles Butte
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Figure 31D



1.381.381.381.38

DmiGSI
UCS 
(psf)

Phi 
(deg)
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APPENDIX F: Previous Reporting Logs of Boring 
Analyses 

LOGS GT-1 THROUGH GT-8 BY HOLIDAY ENGINEERING COMPANY(HOLIDAY) 
LOGS PB 5 THROUGH PB12 BY HOLIDAY and DANIEL B. STEPHENS &       
     ASSOCIATES, INC.
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DISCLAIMER 
The subsurface conditions and recommendations presented in this document are based on conditions encountered 
at the specific geophysical survey locations at the time they were conducted. Due to the complexity and variability 
of natural earth and rock formations and materials, significant variations may occur between and around these 
locations or with time. Because these data represent a very small statistical sampling of subsurface conditions, it is 
possible that conditions may be encountered that are substantially different from those indicated. In these instances, 
modification and adjustment to the recommendations presented may be warranted. 
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1. INTRODUCTION 

Acronyms 
Ft Feet 
ka Kiloannum (thousand years) 

mm millimeters 
PBSL Pickles Butte Sanitary Landfill 
QC Quality Control 

USGS United States Geologic Survey 
WSRP Western Snake River Plain 

 

1.1 Background 

The Pickles Butte Sanitary Landfill (PBSL) is an operational landfill site in southwestern Canyon County Idaho 
(Figure 1). The county is in the process of expanding the footprint of the landfill, primarily to the northwest of the 
current landfill site. The site is located within the Western Snake River Plain (WSRP) fault system and a portion of 
an undifferentiated Quaternary aged northeast-dipping WSRP normal fault is mapped within the project boundaries, 
extending northwest through the proposed expansion area (Figure 1). The mapped fault is labeled as a normal 
fault with an approximate slip rate of less than 0.2 mm/year. Proposed excavations within the fault areas are 
expected to extend up to 150 ft below ground surface, potentially intercepting this fault.  

1.2 Purpose 

This report presents results from an active-source 3D seismic survey conducted at the PBSL site in Nampa Idaho. 
Tetra Tech was contacted to support and provide technical insight for the ongoing expansion program at the PBSL 
site. Tetra Tech developed a technical approach and an expedited timeline for a seismic survey to help delineate a 
mapped fault at the site. The seismic survey was designed to image and delineate a suspected fault in support of 
the proposed expansion program at the PBSL (Figure 1). Seismic imaging over the suspected fault area was 
attained by using 3D seismic velocity tomography and reflection processing. Seismic reflection is a reliable method 
for imaging the faults when present and can help to orient the faults and subsurface structure as well. The 3D 
seismic tomography provides the information needed to accurately convert seismic reflection data in time to depth 
and elevation. The information gained from this survey was used to direct the final proposed boring of the larger 
geotechnical investigation at the site.  

1.3 Geologic Background of the Western Snake River Plane Fault System 

The fault segments from the Western Snake River Plain (WSRP) fault system were extracted from Personius 
(2003). The WRSP faults closest to the project are shown as red lines in Figure 1, herein referred to as USGS 
WSRP faults. From Personius (2003), “The Western Snake River Plain fault system consists of numerous 
northwest-striking, northeast- and southwest-dipping normal faults that offset older (Plio-Pleistocene) fluvial 
deposits (Glenns Ferry Formation, Tuana Gravels, Tenmile Gravel) associated with the Snake River, and isolated 
volcanic and sedimentary rocks of the Snake River Group, in southwestern Idaho. Some faults form asymmetric 
linear ridges as much as 30-m-high of Plio-Pleistocene deposits and some early Quaternary deposits and surfaces 
are tilted or downwarped, but most have subdued expressions on the floor of the Snake River Plain. No detailed 
studies on the age of faulted deposits have been published, but most fault traces are confined to older Quaternary 
deposits on the western Snake River Plain, so the faults are herein assigned a Quaternary age until further detailed 
studies are conducted.” Measured fault dips are 55-88° NE from the subset of exposed USGS WSRP fault segments 
mapped by Wood and Anderson (1981). 
The USGS WSRP faults are subdued and do not show evidence of activity within the past ~100 ka (Wood and 
Anderson, 1981). From Personius (2003), “Most faults in this zone have subdued expressions on the floor of the 
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Snake River Plain, and some are mapped in the subsurface and have little surface expression. Faults form 
asymmetric linear ridges as much as 30 m high of Plio-Pleistocene deposits, and some early Quaternary deposits 
and surfaces are tilted or down-warped (Wood and Anderson, 1981; Othberg and Stanford, 1992 ; Ostenaa, October 
2, 1985). Faults in the Western Snake River Plain fault system offset older (Plio-Pleistocene) fluvial deposits (Glenns 
Ferry Formation, Tuana Gravels, Tenmile Gravel) associated with the Snake River, and isolated volcanic and 
sedimentary rocks of the Snake River Group (Wood and Anderson, 1981; Gilbert and others, 1983; Othberg and 
Stanford, 1992; Othberg, 1994). Othberg (1994) noted that fault movements are older than the sediments underlying 
the Whitney Terrace; Wood and Anderson (1981) used soil development to infer an age of more than 100 ka for 
these deposits.” A caution is that inferred ages based on soil development are very uncertain. Inferred soil ages 
can be in error by a factor of five (meaning an inferred age based on soil development of 100ka could really be as 
little as 20ka or as long as 500 ka). Consequently, it is prudent to map WSRP fault system structure that is mapped 
to extend within the project site (Personius, 2003). 
In the project area the USGS WSRP fault segments approach the site from the northwest as a northeast dipping 
normal fault, making a right step to the south to another USGS NE-dipping WSRP fault segment, and then stepping 
southwest to a second SW dipping USGS WSRP fault segment (Figure 2). Consequently, within or close to the 
project site USGS WSRP fault deformation is expected to splay to accommodate the right step in the USGS WSRP 
fault system across the project site (Figure 1). Further there is another USGS WSRP fault segment mapped 
northeast of the project site (Figure 2) so the USGS NW-striking NE-dipping WSRP fault segment that approaches 
the project site from the northwest would be expected to also possibly split or step left (northeast) at some position 
close to or within the project site. If the USGS NW-striking NE-dipping WSRP fault segment (red line in Figure 2) 
is splaying out then in addition to fault structure complexity like splays, steps, and horsetails, this fault segment 
might become locally steep or even change dip direction along strike, structures typical near the ends of normal 
faults, and may partition slip between normal slip and strike slip deformation (Mandl, 1988; pgs. 24-44). 
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2. SEISMIC IMAGING 

2.1 Seismic Data Acquisition 

In December 2021 Vantage Geo LLC. with support from and under the direction of Tetra Tech deployed a 3D array 
of single component, wireless seismic nodes over an approximate 9-acre area at the PBSL site. The primary 
objective was to intercept the suspected fault trace with the geophone array and provide meaningful imagery of the 
fault (Figure 3). Seismic stations were positioned within the seismic array using a proprietary in-house method 
developed to produce surveys with high fold data while also minimizing source points and total number of receiver 
stations. A total of 285 GTI© single channel wireless nodes were deployed over the surveys area and installed into 
the ground surface. The installation of the GTI nodes below grade provides excellent geophone-ground coupling 
while also reducing acoustic noise thereby increasing seismic signal relative to noise. To further reduce noise at 
the site Tetra Tech timed the survey to coincide with a non-operational day at the landfill along with posting signage 
to temporarily restrict access to the site. Both measures helped to improve the signal against noise in the data, 
which was critical for imaging a weak fault trace in low-contrast unconsolidated geologic conditions (Figure 4).  
Once installed, the GTI nodes run self-diagnostic routines to ensure high data quality and proper installation. The 
nodes also record GPS positions, instrument tolerances, and assigned station numbers for efficient data processing. 
Tetra Tech chose to utilize an IVI© Envirovibe2 (EV2) as the active source vehicle for the survey. The EV2 provides 
excellent signal and can provide custom sweep lengths and frequencies which help to overcome site and geologic 
conditions that may interfere with data quality. Based on the geologic conditions at the PBSL site, Tetra Tech chose 
a linear sweep table with a limited frequency range of 5-75Hz. The relatively low sweep frequencies allow energy 
to better penetrate the slow materials at the site, mainly the loose unconsolidated overburden and weathered 
bedrock profile. Pre-plot source positions were provided to the EV2 operator via a heads-up display in the cab of 
the EV2. The EV2 operator recorded 440 individual shot locations within and around the survey area (Figure 5). A 
portion of the proposed shot locations were inaccessible for the EV2 primarily due to steep terrain along the western 
half of the of the site. To ensure safe operation of the EV2 most of the western source points were confined to road 
tracks and relatively flat areas (Figure 5). The 440 EV2 shot points and 285 receiver stations provided 124,224 
receiver traces for data processing.  
Data were acquired over the course of two days following the installation and QC of the GTI nodes. The nodes were 
then picked up from the survey area and data were harvested from using the EV2 shot records as the data harvest 
template. The nodes record data continuously for up to 21 days and EV2 source files are used to re-create individual 
shot records from each node for processing. No data QC or health and safety issues were noted during the field 
work at PBSL. 

2.2 Seismic Data Processing 

To provide rapid data turnaround, Tetra Tech utilized the services of Agile Seismic LLC to provide 3D seismic 
velocity tomography and reflection processing. Seismic data were assigned geometry based on the measured 
survey parameters and imported into a GeoTomo® database to QC the raw shot gathers and the project geometry. 
A processing grid was established with a 3-meter nominal spacing between stations to calculate fold from the survey 
and assign inline numbering and crossline numbering. First arrival times were straightforward to pick and with the 
GeoTomo® 3D traveltime P-wave velocity tomography software to estimate 3D P-wave velocities. The 3D P-wave 
velocity model provided refraction statics and the information required to convert seismic reflection two-way time 
images to depth and elevation. 3D P-wave are critical for seismic reflection migration processing since it is not 
possible to derive shallow (near-surface) velocities from reflection analyses and provide an initial 3D velocity model 
for seismic reflection processing. Seismic reflection velocity analyses updated the 3D velocity model to calculate 
residual statics and create the initial stack to produce 3D reflection-two-way-time volume.  Several iterations of 
velocity analyses and denoising were used to improve imaging of stratigraphic horizons before final time migration 
were completed. Post Stack Time Migration (PoSTM) was selected to produce the final reflection results based on 
testing by Agile. The PoSTM data were produced using true amplitude processing to improve imaging of structural 
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truncations produced by faulting. All seismic processing is performed using NAD83 UTM Zone 11 positions in 
meters and elevations in meters to ensure a processing is accurate; state plane coordinates use a foot (U.S. survey 
foot) which has a different length than the standard international foot used for vertical coordinates. Details of seismic 
processing steps are provided in Appendix A. 
Overall, the data acquired at PBSL was relatively clean data with little environmental noise but strong surface waves 
(Figure 4). Denoising was used to attenuate the surface waves and provide clean data with good first breaks picks 
for the 3D P-wave travel time velocity tomography. Initial interpretations using early processing of the seismic data 
and final PoSTM interpretations was used to select a boring location to intercept faulting at similar depths.  

2.3 Seismic Data and Interpretations 

The seismic reflection data are relatively low frequency in spite of the 5-75 Hz vibroseis sweep (Appendix B). The 
combination of a deep water table, thick surficial dry sediments, and weathered rock strongly attenuate high 
frequency reflections. However, the broadband low-frequency data provide good signal-to-noise and good 
resolution of first order fault structure as discussed below. 
Two tip splay fault structures are identified and mapped in 3D using seismic inlines (SSW-NNE cross sections) 
spanning the range of inline 1033 (northwest extent of good continuous 3D imaging) to inline 1053 (southeast extent 
of good continuous 3D imaging). Uninterpreted seismic reflection two-way-time cross sections are presented first 
in Figures 6A-8A paired with the same data with fault picks in Figures 6B-8B. The positions of inlines 1033, 1040, 
and 1053 in Figures 6-8 are provided in Figure 5. The signed energy reflection attribute is used in Figures 6-8 
because it provides the sharpest delineation of fault structure (Figures 6B-8B). The central horst between the two 
faults (Figure 9) is likely less deformed, resulting in high amplitudes within the horst relative to the hanging wall 
(downthrown) sides of the two faults to the south and north (Figures 6B-8B). Conventional true amplitude color 
wiggle travel reflection cross sections with fault picks are provided from inline 1033 to inline 1053 in Appendix B 
for reference. 
Both mapped 3D fault segments correspond to tip splay faults since they have substantially different strikes than 
the N34°W strike of northwest NE-dipping WSRP fault segment postulated to run through the project site (Figure 
5).  This is best illustrated in 3D perspective (Figure 9) with comparison to observed normal-faulting termination 
structures in Figure 10. Perrin et al (2016) provide field scale examples near the termini of normal faulting tip splay 
faults that develop and extend beyond main normal fault traces (Figure 10). We interpreted the southwest dipping 
fault (medium green fault in Figure 9) that strikes N47°W is a tip splay fault since it changes strike 15° and changes 
dip direction to the southwest whereas the USGS NW-striking WSRP fault is mapped as dipping northeast. The 
second, north-northeast dipping tip splay fault (blue fault in Figure 9) strikes N69°W which cuts off the main USGS 
NW-striking WSRP fault further west than the SW-dipping tip splay fault (Figure 11). 
Preliminary borehole data are used from Boring B2021-5, abbreviated as borehole B5 in this report. Borehole B5 
provided preliminary geotechnical and geologic data at depth within the extent of the 3D seismic volume (Figure 
9). The 3D mapping of the two tip splay faults in Figures 6-9 and 11 demonstrates that main USGS NW-striking 
WSRP fault deformation terminates northwest of borehole B5 and splinters into a series of tip splay faults within the 
project site. These tip splay faults are typical of normal-fault termination structures observed for normal faults 
(Figure 10). Thus, the mostly likely scenario is that primary USGS NW-striking WSRP normal-faulting deformation 
is unlikely to occur within the project site. Since the USGS WSRP normal faults are not observed to display ~100 ka 
deposits, the likelihood of primary WSRP normal fault deformation occurring within the project site likely has a very 
small probability. It is possible that main USGS NW-striking WSRP normal fault deformation transfers to a 
southwest-dipping right-stepping splay fault segment west of the project site (cyan fault in Figure 11). This would 
produce uplift between the main USGS NW-striking WSRP normal fault and the right-step to the SW-dipping fault 
segment producing a topographic fault-parallel horst ridge (outlined in yellow in Figure 11). It is clear from the 3D 
fault mapping that primary USGS NW-striking WSRP faulting is decreasing west of the project site as faulting 
splinters to splay faults (Figure 11), typical of the terminus regions of normal faults (Figure 10). Where main USGS 
NW-striking WSRP faulting ends is constrained to be no further southeast than the west extent of the NE-dipping 
tip splay fault (blue fault in Figure 11). 
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The shallow limit of faulting of the tip splay faults within the project site is not directly constrained by the 3D fault 
mapping in Figure 9 because fault structure does not produce consistently discernable seismic signatures above 
the water table. However, combining the seismic 3D tip splay fault mapping with observations from borehole B5 
provides a constraint on the potential shallower manifestations of tip splay fault deformation along the SW-dipping 
tip splay fault. Three possible cases to considers for the upward progression of the tip splay faults from the mapped 
position in the 3D seismic volume are: 
1. Fault deformation continues upward at a SW dip of 71° through borehole B5 as a narrow fault plane 
2. Fault deformation becomes complex in the 66-86-foot depth interval of clay (shale) between sands 

(sandstones) in borehole B5 due to flexure and complex faulting within the clay (shale) interval like 
deformation in this case from Mandl (1988) (see Figure 12). 

3. Fault deformation does not extend above the elevation of the water table and does not intercept borehole 
B5, but instead produces flexure in strata located above the water table. 

Case 2 seems most likely since it explains the observed broken pieces of consolidated clay observed in borehole 
B5 and general lack of deformation in the overlying and deeper sands, e.g. the WSRP southwest-dipping tip splay 
fault intersects borehole B5 near the base of the silty clay at a depth of 81 feet in Figure 9 producing complex 
deformation and low blow counts within the 66-86-foot deep clay interval in a pattern similar to the shale interval in 
Figure 12. Based on age constraints on WSRP faulting, deformation observed within the 66-86-foot depth interval 
in borehole B5 may be older than ~100 ka (Personius, 2003). 
It may seem unrealistic to consider that a right-stepping splay normal fault could develop with a southwest dip on 
the southwest side of the main USGS NW-striking NE-dipping WSRP normal fault, but this has been observed at 
other sites. For instance, Marchal et al. (2003) provide marine seismic reflection data with exactly this style of normal 
faulting with a southwest-dipping spay fault developing on the southwest side of a northeast-dipping primary normal 
fault (Figure 13). The important point is that primary normal-faulting deformation from the main NW WSRP fault is 
clearly decreasing toward its terminus no further southeast than the west side of the northeast-dipping (blue) tip 
splay fault in Figure 11, although primary faulting may already be decreasing prior to entering the far western side 
of the project site with fault slip partitioning to the southwest dipping right stepping splay fault further west (cyan 
fault in Figure 11). 
The 3D seismic fault mapping clearly shows there is no single continuous NW-SE northeast-dipping normal fault 
extending through the entire 3D seismic volume extent (Figure 11). There may be additional unmapped limited 
extent (lengths < 200 feet) fault splays or relay faults within or outside of the 3D seismic volume extent shown in 
Figure 11. Distributed small stepover and relay faults commonly occur between large fault stepovers, like the less 
than one-mile right step from the northwest USGS NE-dipping WSRP fault (red fault in Figure 1) to the southwest 
USGS NE-dipping WSRP fault (purple fault in Figure 1) (Marchal et al., 2003; Perrin et al., 2016). The primary 
conclusion of these investigations is that any primary normal faulting deformation on the USGS northwest-striking 
NE-dipping WSRP normal fault (red line in Figure 2) will be confined to the northwest 800 feet of the fault’s 
extension within the project site boundary. Any slip on the USGS northwest-striking NE-dipping WSRP normal fault 
will be decreasing toward the project site since this investigation shows that the primary fault terminates before 
reaching the area near borehole B5 in the project site (Figure 11). 
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3. CONCLUSIONS AND RECOMMENDATIONS 

Seismic reflection results from the Pickle Butte 3D survey revise the location and structure of the USGS mapped 
NW-striking NE-dipping WSRP normal fault across the project site (Figure 11). The new 3D imaging of fault 
structure (Figure 9) demonstrates that faulting along the USGS NW-striking NE-dipping WSRP normal fault is 
tapering to zero west of borehole B5 and that residual fault deformation is distributed amongst a network of tip splay 
faults across the project site (Figure 11). Thus, primary normal fault slip is unlikely east of the west edges of the tip 
splay faults mapped in Figures 9 and 11. Instead, any fault slip associated with earthquakes along the USGS 
mapped NW-striking NE-dipping WSRP normal fault will likely partition into attenuated fault slip among the splay 
faults within the project site. There may be additional limited extent (strike lengths < 200 feet) fault splays and relay 
fault within or outside of the 3D seismic volume extent shown in Figure 11. Distributed small stepover and relay 
faults commonly occur between large fault stepovers, like the less than one-mile right step from the northwest 
NE-dipping WSRP fault (red fault in Figure 1) to the southwest NE-dipping WSRP fault (purple fault in Figure 1) 
(Marchal et al., 2003; Perrin et al., 2016).   
Typically, in highly weathered rock or in poorly consolidated sediments, fault slip transitions to distributed 
deformation or bedding flexure prior to reaching the ground surface. Tip splay faulting may decrease with 
decreasing depth above the water table (Figure 9) and transition to flexure or distributed deformation (Figure 12). 
This is the most likely scenario for the PBSL project site. The projected intersection of the SW-dipping tip splay fault 
at a depth of 81 feet in borehole B5 (Figure 9) near the base of a zone of distributed broken clay deformation, 
suggests the fault has produced distributed deformation in the 66-86-foot depth interval of borehole B5. Since the 
age of this depth interval in borehole B5 is probably much greater than the ~100 ka overlying unfaulted geologic 
strata used by Personius (2003) to constrain the most recent age of active faulting along the WSRP normal faults, 
this possible fault deformation observed in borehole B5 in the 66-86-foot depth interval is likely older than 100 ka. 
The USGS NW-striking NE-dipping WSRP normal fault that is mapped as extending into the project site from the 
northwest does not appear to displace ~100ka age sedimentary units (Personius, 2003). From a probabilistic 
perspective there seems to be little possibility of significant shallow (< 200 feet) faulting within the project site 
southeast of the west edges of the mapped tip splay faults in Figure 11 (negligible nonzero fault slip for annual 
exceedance probabilities greater than 0.01%). To best characterize the potential movement and absolute location 
of faulting would require geologic mapping during excavation of the future landfill cell. This area of the proposed 
landfill expansion would be constructed in >50 years in the future. When the area is excavated for cover material 
in the future before waste is placed in this area it is recommended that geologic mapping of the fault is conducted, 
with particular attention to identifying narrow fault zones with evidence of recent activity and areas of potential 
distributed deformation. Careful sampling can yield materials suitable to date the most recent age of fault activity 
to determine if any detected fault activity is recent (unlikely) or > 100 ka in age (most likely). 
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Nampa, Idaho

Seismic Reflection Two-Way-Time 
Cross-Section Along Western Inline 1033
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Nampa, Idaho

Interpreted Seismic Reflection Two-Way-Time 
Cross-Section Along Western Inline 1033
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Nampa, Idaho

Seismic Reflection Two-Way-Time 
Cross-Section Along Middle Inline 1040
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Nampa, Idaho

Interpreted Seismic Reflection Two-Way-Time 
Cross-Section Along Middle Inline 1040
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Nampa, Idaho

Seismic Reflection Two-Way-Time 
Cross-Section Along Eastern Inline 1053
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Nampa, Idaho

Interpreted Seismic Reflection Two-Way-Time 
Cross-Section Along Eastern Inline 1053
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Nampa, Idaho

3D Perspective of Mapped Western
Snake River Plain Fault Surfaces
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Nampa, Idaho

Examples of Normal Faulting and 
Splay Faulting Distributions
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Nampa, Idaho

3D Map Perspective
(3x Vertical Exaggeration)
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Seismic Processing
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Agile Seismic LLC



Processing Steps

• Pickles Butte seismic processing are shown below:



Data Import

• Seismic source was vibroseis
• Receivers were GTI nodes 
• Pilot sweep frequency range is 5-75 hz.
• Seismic data was acquired at 2 ms and resampled to 4 ms.
• Total number of shots is 440
• Total number of receivers is 285
• Total number of traces is 125224
• All data had coordinates and elevations for sources and receivers in the headers.
• Vibroseis data was mostly clean with strong ground-roll and occasional noise from water 

pumps.



Raw Data: Shot Gathers – Example #1



Raw Data: Shot Gathers – Example #2



Raw Data: Shot Gathers – Example #3



Raw Data: Shot Gathers – Example #4



Geometry
• Seismic data already had source and receiver coordinates and elevations in the headers.
• Processing grid was created with the following parameters:

• Inline range 1001-1061 
• Crossline range 3001-3125
• Inline and crossline spacing was set to 3 m
• Fixed datum 850 m and replacement velocity 1500 m/sec

• Geometry was built using coordinates and elevations in the headers.
• Geometry brute stack was shown for select inlines only since good fold was very narrow 

in xline direction.
• Following processing was done for Geometry brute stack:

• Sparse velocity analysis
• AGC
• Spiking Decon
• Stack
• FXYDecon 5-75 Hz
• Low Cut Filter 12-20-- Hz



Processing Grid



Geometry: Sources



Geometry: Receivers



Geometry: Fold



Geometry: Surface Elevation



Geometry: Floating Datum Elevation



Geometry: Brute Stack

Velocity Analysis



Geometry: Velocity Analysis



Geometry: Brute Stack

Inlines



Geometry: Brute Stack - IL 1030



Geometry: Brute Stack - IL 1035



Geometry: Brute Stack - IL 1040



Geometry: Brute Stack - IL 1040



Refraction Tomography
• Refraction Tomography was used to produce near surface velocity as well as refraction 

statics.
• Refraction statics were not used and instead statics were handled in residual Statics 

processing.
• Refraction tomography velocity was used in all stacks and for migration since it is not 

possible to derive very shallow velocity from reflection data.



Refraction Tomography: Velocity

Inlines



Refraction Tomography: Velocity - IL 1030



Refraction Tomography: Velocity - IL 1035



Refraction Tomography: Velocity - IL 1040



Refraction Tomography: Velocity - IL 1045



Refraction Tomography: Stack

Inlines



Refraction Tomography: Stack - IL 1030



Refraction Tomography: Stack - IL 1035



Refraction Tomography: Stack - IL 1040



Refraction Tomography: Stack - IL 1040



Denoise
• This data is clean as far as burst/environmental noise is concerned.
• Surface waves are strong.
• Main goal of denoising was to attenuate surface noise.



Denoise: Stack

Inlines



Denoise: Stack - IL 1030



Denoise: Stack - IL 1035



Denoise: Stack - IL 1040



Denoise: Stack - IL 1045



Surface Consistent (SC) Deconvolution

• Surface Consistent (SC) Deconvolution was used to compress the seismic wavelet and 
broaden frequency band of the data. 

• SC Decon parameters used were:
• Gap: 0 ms (Spiking Decon)
• Operator Length: 180 ms



Surface Consistent (SC) Deconvolution: Stack

Inlines



SC Decon: Stack - IL 1030



SC Decon: Stack - IL 1035



SC Decon: Stack - IL 1040



SC Decon: Stack - IL 1045



Residual Statics and Q-Compensation

• Residual Statics was done to enhance continuity of horizons. 
• Q-Compensation was done to compensate for loss of frequency due to low Q (Quality 

Factor).



Final Processing

• Final processing steps included Residual Statics and Q-Compensation.
• Residual Statics was done to enhance continuity of horizons. 
• Q-Compensation was done to compensate for loss of frequency due to low Q (Quality 

Factor).
• Often, additional denoising is done in the final stage of processing. However, in this case 

because the data was clean no additional denoising was done.



Final Processing: Stack

Inlines



Final Processing: Stack - IL 1030



Final Processing: Stack - IL 1035



Final Processing: Stack - IL 1040



Final Processing: Stack - IL 1045



Time Migration

• Migration is done in order collapse diffraction hyperbolas at reflectors and faults as well 
as to correctly position steeply dipping seismic events.

• Two types of seismic time migration were tested:
• Kirchhoff Post-stack Time Migration (PoSTM)
• Kirchhoff Pre-stack Time Migration (PSTM)

• Better results were produced by Kirchhoff PoSTM.



Final Processing: PoSTM Stack

Inlines



Final Processing: PoSTM Stack - IL 1030



Final Processing: PoSTM Stack - IL 1035



Final Processing: PoSTM Stack - IL 1040



Final Processing: PoSTM Stack - IL 1045



Final Deliverables

• Pickles Butte seismic processing Final Deliverables are shown below:



Conclusions

• Pickles Butte seismic surveys was processed through time migration.
• Data was clean as far as environmental noise is concerned but it had strong surface 

waves. 
• Clean data enabled good First Break (FB) picks and that is important for refraction 

Tomography.
• Denoising goal was to attenuate surface waves.
• SC Decon improved resolution of the data.
• Residual statics improved continuity of the data.
• Both Kirchhoff PoSTM and PSTM were tested. PoSTM results were better.
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Inline 1033



Inline 1036



Inline 1038



Inline 1040



Inline 1042



Inline 1045



Inline 1048



Inline 1053
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REPRESENTATIVE OF 2023
AERIAL SURVEY.
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COVER

NOTES:
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EXCAVATION
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NOTES:

1. PROPOSED FINAL COVER THICKNESS IS 42"
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4. STORMWATER BENCHES NOT INCLUDED IN DESIGN
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1.  BERM SPACING EXAGGERATED FOR CLARITY.
2.  HEC-HMS FIGURE IS IN APPENDIX I.
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SECTION AA
- SCALE: HORIZ. 1" = 50' VERT 2X

NORTHWEST POND PLAN

NORTHWEST POND
BOTTOM EL. = 2616 FT
CREST EL. = 2626 FT
AVAILABLE CAPACITY AT CREST = 13.0 AC-FT
25-YR 24-HR STORM EVENT REQUIRED
CAPACITY = 1.1 AC-FT
25-YR 24-HR STORM EVENT APPROX. WATER
SURFACE EL. = 2917 FT

SECTION BB
- SCALE: HORIZ. 1" = 50' VERT 2X
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SCALE:

25 50 100
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SECTION CC
- SCALE: HORIZ. 1" = 20' VERT 2X

EAST POND PLAN

EAST POND
BOTTOM EL. = 2910 FT
CREST EL. = 2914 FT
AVAILABLE CAPACITY AT CREST = 0.67 AC-FT
25-YR 24-HR STORM EVENT REQUIRED
CAPACITY = 0.3 AC-FT
25-YR 24-HR STORM EVENT APPROX. WATER
SURFACE EL. = 2912 FT

SECTION DB
- SCALE: HORIZ. 1" = 20' VERT 2X

SOUTHEAST AND OVERFLOW POND PLAN

SOUTHEAST POND
BOTTOM EL. = 2895 FT
CREST EL. = 2905 FT
AVAILABLE CAPACITY AT CREST = 1.47 AC-FT
25-YR 24-HR STORM EVENT REQUIRED
CAPACITY = 1.1 AC-FT
25-YR 24-HR STORM EVENT APPROX. WATER
SURFACE EL. = 2914 FT

SECTION EE
- SCALE: HORIZ. 1" = 30' VERT 2X

N
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SCALE:

10 20 40

1" = 20'

N

0

SCALE:

15 30 60

1" = 30'

OVERFLOW POND
BOTTOM EL. = 2892 FT
CREST EL. = 2905 FT
AVAILABLE CAPACITY AT CREST = 1.76 AC-FT



1
2

EARTHEN CHANNEL

1
2

1.00'

1'
 M

IN
.

EXISTING GROUND

1
2

EARTHEN CHANNEL

1
2

1'
 M

IN
.

EXISTING GROUND

1-FT TALL STORMWATER
RUN-ON BERM

1.
00

'

1
2

EARTHEN CHANNEL

1
2

1.00'

1'
 M

IN
.

EXISTING GROUND

1
2

EARTHEN CHANNEL

1
2

1'
 M

IN
.

EXISTING GROUND

Checked By:
Drawn By:

Project No.:
Designed By:

w
w

w
.te

tra
te

ch
.c

om

M
AR

K
D

AT
E

D
ES

C
R

IP
TI

O
N

BY

10
/2

/2
02

4 
2:

33
:2

0 
PM

 - 
P:

\A
-G

\C
AN

YO
N

 C
O

U
N

TY
 ID

AH
O

\1
14

-5
71

04
0-

20
23

 - 
PI

C
KL

ES
 B

U
TT

E 
20

23
 L

AN
D

FI
LL

\0
7-

C
AD

\S
H

EE
TF

IL
ES

\F
IG

-X
_S

TO
R

M
W

AT
ER

 S
EC

TI
O

N
S 

AN
D

 D
ET

AI
LS

.D
W

G
 - 

SA
N

D
ER

S,
 J

IM
1

1

A

B

C

D

E

F

2 3 4 5 6 7

C
op

yr
ig

ht
: T

et
ra

 T
ec

h

114-571040-2024

PH
AS

E 
5 

EX
PA

N
SI

O
N

 P
LA

N

PI
CK

LE
S 

BU
TT

E 
LA

ND
FI

LL
CA

NY
O

N 
CO

UN
TY

, I
DA

HO

33
80

 A
m

er
ic

an
a 

Te
rra

ce
, S

ui
te

 2
01

Bo
is

e,
 ID

 8
37

06
Ph

on
e:

 2
08

.3
89

.1
03

0

MM
JSS
MM

A
7/

20
24

IS
SU

ED
 F

O
R

 R
EV

IE
W

JS
S

B
10

/2
02

4
R

EG
U

LA
TO

R
Y 

SU
BM

IT
TA

L

10
/0
7/
20

24

C-113

ST
O

R
M

W
AT

ER
 S

EC
TI

O
N

S
AN

D
 D

ET
AI

LS

STORMWATER BENCH DETAIL1
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.)
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2.0%

1/2 CMP DOWN SLOPE
DRAINAGE CHANNEL DETAIL2

X NOT TO SCALE

PROFILE VIEW

20' WIDE STORMWATER BENCH

BENCHES SLOPED 1% LATERALLY 

ALONG STORMWATER BENCH (T
YP)

BENCH GRADES ARE 2% ACROSS BENCH (TYP.)
FILL SLOPE

FILL SLOPE

4:1
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 1%  DRAINAGE CHANNEL SLOPE 1% (MIN)
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CHANNEL

HEADWALL TO INSURE
STORMWATER IS
CONVEYED INTO 1/2
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DRAINAGE CHANNEL
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WHERE ENERGY DISSIPATION AND
EROSION REDUCTION IS NECESSARY
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ENERGY DISSIPATION
DEVICE (E.G. ROCK

GABION OR CONCRETE
SPLASH WALL)

4:1

2.0%

ISOMETRIC VIEW
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EAST STORMWATER CHANNEL SECTION (TYP.)3
X NOT TO SCALE

NORTH STORMWATER CHANNEL SECTION (TYP.)4
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WEST STORMWATER CHANNEL 1 SECTION (TYP.)5
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WEST STORMWATER CHANNEL 2 SECTION (TYP.)6
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EC START
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DRAINAGE AWAY FROM LANDFILL
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NORTH CHANNEL

NORTHWEST POND

PROPOSED WEST
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EXPANDED TO ALLOW FOR
ADDITONAL STORAGE CAPACITY

PROPOSED WEST
CHANNEL 1

NC1.1

       LEGEND
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FIGURE 1 - PBSL HEC-HMS DRAINAGE BASINS, DOWNCHUTES,
         JUNCTIONS, AND CHANNEL SECTIONS



Worksheet for North Channel
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.090Channel Slope
H:V2.000Left Side Slope
H:V2.000Right Side Slope
cfs0.20Discharge

Results

in2.4Normal Depth
ft²0.1Flow Area
ft0.9Wetted Perimeter
in1.1Hydraulic Radius
ft0.80Top Width
in2.7Critical Depth
ft/ft0.043Critical Slope
ft/s2.53Velocity
ft0.10Velocity Head
ft0.30Specific Energy

1.415Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in2.4Normal Depth
in2.7Critical Depth
ft/ft0.090Channel Slope
ft/ft0.043Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
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9/24/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution 
CenterPBL 2024.fm8



Cross Section for North Channel
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.090Channel Slope
in2.4Normal Depth
H:V2.000Left Side Slope
H:V2.000Right Side Slope
cfs0.20Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
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FlowMaster
[10.03.00.03]
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Worksheet for East Channel
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.020Channel Slope
H:V2.000Left Side Slope
H:V2.000Right Side Slope
ft1.00Bottom Width
cfs1.20Discharge

Results

in4.0Normal Depth
ft²0.5Flow Area
ft2.5Wetted Perimeter
in2.7Hydraulic Radius
ft2.32Top Width
in3.5Critical Depth
ft/ft0.032Critical Slope
ft/s2.20Velocity
ft0.07Velocity Head
ft0.40Specific Energy

0.797Froude Number
SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in4.0Normal Depth
in3.5Critical Depth
ft/ft0.020Channel Slope
ft/ft0.032Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
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9/24/2024

FlowMaster
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Cross Section for East Channel
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.020Channel Slope
in4.0Normal Depth
H:V2.000Left Side Slope
H:V2.000Right Side Slope
ft1.00Bottom Width
cfs1.20Discharge
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9/24/2024

FlowMaster
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Worksheet for West Channel 1
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.020Channel Slope
H:V2.000Left Side Slope
H:V2.000Right Side Slope
ft1.00Bottom Width
cfs1.60Discharge

Results

in4.6Normal Depth
ft²0.7Flow Area
ft2.7Wetted Perimeter
in3.0Hydraulic Radius
ft2.53Top Width
in4.1Critical Depth
ft/ft0.031Critical Slope
ft/s2.38Velocity
ft0.09Velocity Head
ft0.47Specific Energy

0.811Froude Number
SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in4.6Normal Depth
in4.1Critical Depth
ft/ft0.020Channel Slope
ft/ft0.031Critical Slope
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FlowMaster
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Cross Section for West Channel 1
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.020Channel Slope
in4.6Normal Depth
H:V2.000Left Side Slope
H:V2.000Right Side Slope
ft1.00Bottom Width
cfs1.60Discharge
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9/24/2024

FlowMaster
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Worksheet for West Channel 2
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.200Channel Slope
H:V2.000Left Side Slope
H:V2.000Right Side Slope
cfs0.20Discharge

Results

in2.1Normal Depth
ft²0.1Flow Area
ft0.8Wetted Perimeter
in0.9Hydraulic Radius
ft0.68Top Width
in2.7Critical Depth
ft/ft0.043Critical Slope
ft/s3.42Velocity
ft0.18Velocity Head
ft0.35Specific Energy

2.060Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in2.1Normal Depth
in2.7Critical Depth
ft/ft0.200Channel Slope
ft/ft0.043Critical Slope
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Cross Section for West Channel 2
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.200Channel Slope
in2.1Normal Depth
H:V2.000Left Side Slope
H:V2.000Right Side Slope
cfs0.20Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666
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FlowMaster
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Worksheet for Bench Channel (Typ.)
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.010Channel Slope
H:V2.000Left Side Slope
H:V2.000Right Side Slope
cfs0.80Discharge

Results

in6.1Normal Depth
ft²0.5Flow Area
ft2.3Wetted Perimeter
in2.7Hydraulic Radius
ft2.02Top Width
in4.8Critical Depth
ft/ft0.035Critical Slope
ft/s1.57Velocity
ft0.04Velocity Head
ft0.54Specific Energy

0.552Froude Number
SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/s0.00Downstream Velocity
ft/s0.00Upstream Velocity
in6.1Normal Depth
in4.8Critical Depth
ft/ft0.010Channel Slope
ft/ft0.035Critical Slope
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FlowMaster
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Cross Section for Bench Channel (Typ.)
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.035Roughness Coefficient
ft/ft0.010Channel Slope
in6.1Normal Depth
H:V2.000Left Side Slope
H:V2.000Right Side Slope
cfs0.80Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

9/24/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution 
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End 
Discharge

Drainage Area 
ID Area (Ac) CN Landcover 

Description
Hydrologic 
Soil Group

Time of 
Concentration 

(min)

Peak Discharge 
(cfs)

NW-1 0.22 70 Closure Cover B 5.7 0.0
NW-2 0.54 70 Closure Cover B 9.3 0.0
NW-3 0.91 70 Closure Cover B 13.7 0.1
NW-4 1.29 70 Closure Cover B 18.0 0.1
NW-5 1.61 70 Closure Cover B 20.4 0.1
NW-6 16.38 70 Closure Cover B 33.7 0.8
NW-7 2.94 70 Closure Cover B 30.7 0.1
NW-8 2.60 70 Closure Cover B 27.8 0.1
NW-9 2.26 70 Closure Cover B 24.7 0.1

NW-10 1.91 70 Closure Cover B 21.3 0.1
NW-11 6.28 70 Closure Cover B 28.9 0.3
NW-12 2.42 70 Closure Cover B 26.4 0.1
NW-13 2.14 70 Closure Cover B 23.7 0.1
NW-14 1.85 70 Closure Cover B 21.0 0.1
NW-15 1.57 70 Closure Cover B 18.2 0.1
NW-16 0.19 70 Closure Cover B 6.2 0.0
NW-17 0.71 70 Closure Cover B 11.6 0.0
NW-18 1.08 70 Closure Cover B 15.5 0.1
NW-19 1.40 70 Closure Cover B 18.5 0.1
NW-20 1.66 70 Closure Cover B 21.1 0.1
NW-21 2.35 70 Closure Cover B 26.5 0.1
NW-22 2.33 70 Closure Cover B 26.4 0.1
NW-23 2.39 70 Closure Cover B 26.1 0.1
NW-24 1.74 70 Closure Cover B 19.6 0.1
NW-25 1.38 70 Closure Cover B 15.8 0.1
NW-26 1.01 70 Closure Cover B 11.7 0.1
NW-27 2.40 70 Closure Cover B 27.1 0.1
NW-28 2.10 70 Closure Cover B 22.0 0.1
NW-29 1.50 70 Closure Cover B 16.3 0.1
NW-30 6.86 70 Closure Cover B 2.6 0.5
SW-7 2.86 70 Closure Cover B 15.4 0.2
N-1 3.65 70 Closure Cover B 56.2 0.1
N-2 2.69 70 Closure Cover B 31.2 0.1
N-3 3.75 70 Closure Cover B 36.7 0.2
N-4 3.17 70 Closure Cover B 31.6 0.2
N-5 2.56 70 Closure Cover B 26.4 0.1
N-6 1.66 70 Closure Cover B 16.1 0.1
N-7 0.80 70 Closure Cover B 8.9 0.1
N-8 0.90 70 Closure Cover B 10.3 0.1
N-9 5.56 70 Closure Cover B 10 0.3

TABLE 1 
Phase 5 Expansion, 25-Year, 24-Hour HEC-HMS Results - Northwest Pond

Pickles Butte Sanitary Landfill, Nampa, Idaho

Northwest 
Pond



End Discharge Drainage 
Area ID Area (Ac) CN Landcover 

Description
Hydrologic 
Soil Group

Time of 
Concentration 

(min)
Peak Discharge (cfs)

SW-1 17.05 70 Closure Cover B 52.8 0.7
SW-2 5.99 70 Closure Cover B 47.5 0.3
SW-3 5.58 70 Closure Cover B 45.8 0.3
SW-4 4.35 70 Closure Cover B 42.6 0.2
SW-5 4.61 70 Closure Cover B 38.5 0.2

SW-6 28.58 51

Sagebrush with 
grass 

understory B 12.4 0.0

TABLE 2 
Phase 5 Expansion, 25-Year, 24-Hour Run-off Summary - Natural Drainage

Pickles Butte Sanitary Landfill, Nampa, Idaho

Natural Drainage



End Discharge Drainage 
Area ID Area (Ac) CN Landcover 

Description
Hydrologic 
Soil Group

Time of 
Concentration 

(min)

Peak 
Discharge 

(cfs)
East Pond E-1 19.95 70 Closure Cover B 20.4 0.7

TABLE 3
Phase 5 Expansion, 25-Year, 24-Hour HEC-HMS - Results -  East Pond

Pickles Butte Sanitary Landfill, Nampa, Idaho



End Discharge Drainage 
Area ID Area (Ac) CN1 Landcover 

Description
Hydrologic 
Soil Group

Time of 
Concentration 

(min)

Peak 
Discharge 

(cfs)
Southeast Pond SE-1 68.53 70.7 Closure Cover B 36.1 3.9

TABLE 4
Phase 5 Expansion, 25-Year, 24-Hour HEC-HMS - Results -  Southeast Pond

Pickles Butte Sanitary Landfill, Nampa, Idaho

1CN reflects a weighted Curve Number using the following land cover types:
Closure Cover, CN = 70
Sagebrush with grass understory, fair condition, CN = 51
Streets and Roads, gravel, CN = 85
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HY-8 Culvert Analysis Report 
 

Pickles Butte Landfill Phase 5 Expansion



Table 1 - Summary of Culvert Flows at Crossing: East Channel Culvert 

 

 

Rating Curve Plot for Crossing: East Channel Culvert 

 

 

Headwater Elevation 
(ft) Total Discharge (cfs) East Channel Culvert 

Discharge (cfs) 
Roadway Discharge 

(cfs) Iterations 

 2926.82 0.00 0.00 0.00 1 
 2927.05 0.12 0.12 0.00 1 
 2927.11 0.24 0.24 0.00 1 
 2927.18 0.36 0.36 0.00 1 
 2927.24 0.48 0.48 0.00 1 
 2927.29 0.60 0.60 0.00 1 
 2927.34 0.72 0.72 0.00 1 
 2927.39 0.84 0.84 0.00 1 
 2927.43 0.96 0.96 0.00 1 
 2927.48 1.08 1.08 0.00 1 
 2927.62 1.20 1.20 0.00 1 
 2929.00 3.99 3.99 0.00 Overtopping 



Table 2 - Culvert Summary Table: East Channel Culvert 

  
* Full Flow Headwater elevation is below inlet invert. 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 2926.82 ft,    Outlet Elevation (invert): 2926.38 ft 

Culvert Length: 22.00 ft,    Culvert Slope: 0.0200 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
 0.00 0.00 2926.82 0.000 0.000 0-NF  0.000 0.000 0.000 0.000 0.000 0.000 
 0.12 0.12 2927.05 0.203 0.233 2-M2c 0.142 0.141 0.141 0.019 1.771 6.270 
 0.24 0.24 2927.11 0.291 0.0* 1-S2n 0.200 0.201 0.200 0.029 2.145 8.227 
 0.36 0.36 2927.18 0.359 0.0* 1-S2n 0.245 0.248 0.245 0.037 2.414 9.608 
 0.48 0.48 2927.24 0.418 0.0* 1-S2n 0.284 0.287 0.284 0.045 2.620 10.729 
 0.60 0.60 2927.29 0.471 0.0* 1-S2n 0.318 0.322 0.318 0.051 2.792 11.669 
 0.72 0.72 2927.34 0.521 0.0* 1-S2n 0.350 0.354 0.350 0.058 2.937 12.496 
 0.84 0.84 2927.39 0.569 0.019 1-S2n 0.380 0.383 0.380 0.063 3.064 13.236 
 0.96 0.96 2927.43 0.615 0.069 1-S2n 0.409 0.411 0.409 0.069 3.176 13.900 
 1.08 1.08 2927.48 0.660 0.121 1-S2n 0.437 0.437 0.437 0.074 3.277 14.510 
 1.20 1.20 2927.62 0.703 0.799 2-M2c 0.464 0.462 0.462 0.080 3.384 15.083 



Culvert Performance Curve Plot: East Channel Culvert 

 
 



Water Surface Profile Plot for Culvert: East Channel Culvert 

 

Site Data - East Channel Culvert 
Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  2926.82 ft 

Outlet Station:  22.00 ft 

Outlet Elevation:  2926.38 ft 

Number of Barrels:  1 

Culvert Data Summary - East Channel Culvert 
Barrel Shape:  Circular 

Barrel Diameter:  1.00 ft 

Barrel Material:  Corrugated Steel 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Thin Edge Projecting 

Inlet Depression:  None 

 



Table 3 - Downstream Channel Rating Curve (Crossing: East Channel Culvert) 

 

Tailwater Channel Data - East Channel Culvert 
Tailwater Channel Option:  Rectangular Channel 

Bottom Width:  1.00 ft 

Channel Slope:  4.5000 

Channel Manning's n:  0.0350 

Channel Invert Elevation:  2926.38 ft 

Roadway Data for Crossing: East Channel Culvert 
Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  30.00 ft 

Crest Elevation:  2929.00 ft 

Roadway Surface:  Gravel 

Roadway Top Width:  20.00 ft 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 0.00 2926.38 0.00 0.00 0.00 0.00 
 0.12 2926.40 0.02 6.27 5.37 7.99 
 0.24 2926.41 0.03 8.23 8.19 8.49 
 0.36 2926.42 0.04 9.61 10.52 8.75 
 0.48 2926.42 0.04 10.73 12.56 8.94 
 0.60 2926.43 0.05 11.67 14.44 9.07 
 0.72 2926.44 0.06 12.50 16.18 9.17 
 0.84 2926.44 0.06 13.24 17.82 9.26 
 0.96 2926.45 0.07 13.90 19.39 9.32 
 1.08 2926.45 0.07 14.51 20.90 9.37 
 1.20 2926.46 0.08 15.08 22.34 9.42 



Table 4 - Summary of Culvert Flows at Crossing: North Channel Culvert 

 

Rating Curve Plot for Crossing: North Channel Culvert 

 

 

Headwater Elevation 
(ft) Total Discharge (cfs) 

North Channel 
Culvert Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 

 2723.81 0.00 0.00 0.00 1 
 2723.92 0.02 0.02 0.00 1 
 2723.97 0.04 0.04 0.00 1 
 2724.01 0.06 0.06 0.00 1 
 2724.04 0.08 0.08 0.00 1 
 2724.07 0.10 0.10 0.00 1 
 2724.09 0.12 0.12 0.00 1 
 2724.12 0.14 0.14 0.00 1 
 2724.14 0.16 0.16 0.00 1 
 2724.16 0.18 0.18 0.00 1 
 2724.18 0.20 0.20 0.00 1 
 2726.00 0.74 0.74 0.00 Overtopping 



 

Table 5 - Culvert Summary Table: North Channel Culvert 
 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 2723.81 ft,    Outlet Elevation (invert): 2723.20 ft 

Culvert Length: 32.01 ft,    Culvert Slope: 0.0191 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
 0.00 0.00 2723.81 0.000 0.000 0-NF  0.000 0.000 0.000 0.000 0.000 0.000 
 0.02 0.02 2723.92 0.099 0.110 2-M2c 0.074 0.069 0.069 0.034 1.234 8.741 
 0.04 0.04 2723.97 0.141 0.158 2-M2c 0.104 0.098 0.098 0.044 1.482 10.395 
 0.06 0.06 2724.01 0.174 0.196 2-M2c 0.128 0.120 0.120 0.051 1.654 11.504 
 0.08 0.08 2724.04 0.203 0.228 2-M2c 0.148 0.139 0.139 0.057 1.792 12.362 
 0.10 0.10 2724.07 0.229 0.257 2-M2c 0.166 0.156 0.156 0.062 1.909 13.071 
 0.12 0.12 2724.09 0.252 0.284 2-M2c 0.183 0.172 0.172 0.066 2.012 13.680 
 0.14 0.14 2724.12 0.275 0.308 2-M2c 0.199 0.186 0.186 0.070 2.105 14.218 
 0.16 0.16 2724.14 0.297 0.331 2-M2c 0.214 0.199 0.199 0.074 2.192 14.700 
 0.18 0.18 2724.16 0.319 0.354 2-M2c 0.228 0.212 0.212 0.077 2.273 15.140 
 0.20 0.20 2724.18 0.339 0.375 2-M2c 0.243 0.224 0.224 0.080 2.349 15.544 



Culvert Performance Curve Plot: North Channel Culvert 

 
 



Water Surface Profile Plot for Culvert: North Channel Culvert 

 

Site Data - North Channel Culvert 
Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  2723.81 ft 

Outlet Station:  32.00 ft 

Outlet Elevation:  2723.20 ft 

Number of Barrels:  1 

Culvert Data Summary - North Channel Culvert 
Barrel Shape:  Circular 

Barrel Diameter:  0.50 ft 

Barrel Material:  Corrugated Steel 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Thin Edge Projecting 

Inlet Depression:  None 

 



Table 6 - Downstream Channel Rating Curve (Crossing: North Channel Culvert) 

 

Tailwater Channel Data - North Channel Culvert 
Tailwater Channel Option:  Triangular Channel 

Side Slope (H:V):  2.00 (_:1) 

Channel Slope:  11.3300 

Channel Manning's n:  0.0350 

Channel Invert Elevation:  2723.20 ft 

Roadway Data for Crossing: North Channel Culvert 
Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  30.00 ft 

Crest Elevation:  2726.00 ft 

Roadway Surface:  Gravel 

Roadway Top Width:  25.00 ft 
 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 0.00 2723.20 0.00 0.00 0.00 0.00 
 0.02 2723.23 0.03 8.74 23.91 11.84 
 0.04 2723.24 0.04 10.39 31.01 12.37 
 0.06 2723.25 0.05 11.50 36.10 12.69 
 0.08 2723.26 0.06 12.36 40.22 12.92 
 0.10 2723.26 0.06 13.07 43.73 13.10 
 0.12 2723.27 0.07 13.68 46.82 13.25 
 0.14 2723.27 0.07 14.22 49.61 13.38 
 0.16 2723.27 0.07 14.70 52.15 13.49 
 0.18 2723.28 0.08 15.14 54.51 13.59 
 0.20 2723.28 0.08 15.54 56.71 13.68 
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