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February 15, 2018 

Mr. John Fiske  
Project Manager – Construction and Design 
University of California, Berkeley 
1936 University Avenue, 2nd Floor 
Berkeley, California 94704-7027 
jfiske@berkeley.edu 

RE: Geotechnical Investigation Report 
Northern Regional Library Facility (NRLF) Phase 4 Expansion 
University of California, Berkeley 
Richmond, California 

Dear Mr. Fiske: 

The attached report presents the results of A3GEO’s geotechnical investigation for the proposed Northern 
Regional Library Facility (NRLF) Phase 4 Expansion, which will be located at the Richmond Field Station, which 
is part of the Berkeley Global Campus in Richmond, California.  This work has been conducted in accordance 
with our proposal dated 27 September 2017, and our subsequent Scope and Fee Revision Requests for Added 
Services dated 22 November and 27 December 2017.  A list of references is provided at the end of the report, 
followed by a series of Plates, Tables, Figures, and Appendices. 

Subsurface explorations at the site identified approximately three to seven feet of soft, compressible, expansive 
soils at ground surface, overlying stiffer or denser naturally deposited alluvial soils.  The proposed structure will 
need to meet stringent performance criteria for differential settlement in accordance with “ultra-flat” 
requirements.  Based on our observations and analyses, the proposed structure can be supported on a mat 
foundation, provided mitigation measures are incorporated to both address the presence of soft, compressible, 
expansive soils at/near the ground surface, and to minimize consolidation settlement in the underlying, 
compressible alluvial soils.  Details of our investigation, analyses (including a three-dimensional settlement 
analysis), and geotechnical recommendations are provided herein.   

The conclusions and recommendations presented in this report were developed in accordance with generally-
accepted geotechnical principles and practices at the time the report was prepared.  No other warranty, 
expressed or implied, is made.   

Thank you for inviting us to complete this work, and we look forward to our continued service during final design 
and subsequent construction phases of the project.  Should you have questions or concerns regarding our 
findings, the design concepts discussed, or our recommendations, please do not hesitate to call.  

Yours very truly, 

A3GEO, Inc. 

Laura Buchanan, PE 
Senior Project Engineer 
(510) 919-0280

Wayne Magnusen, PE, GE 
Principal Engineer 
(510) 325-5724

mailto:jfiske@berkeley.edu
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1. INTRODUCTION 
 
1.01 Overview and Proposed Construction 
 
This report presents the results of a geotechnical investigation by A3GEO, Inc. (A3GEO), for the Northern 
Regional Library Facility (NRLF) Phase 4 Expansion (Project), at the University of California, Berkeley’s 
Richmond Field Station (RFS) in Richmond, California.  The Project (Site) location is shown on Plates 1 and 2 
and Figure 1.   
 
We have coordinated our work with the following project team members: 

 Owner: University of California, Berkeley (UCB); 
 Architect: EHDD, Inc. (EHDD); 
 Structural Engineer: Rutherford + Chekene, Inc. (R+C). 

The proposed NRLF Phase 4 Site is located in the northwest portion of the Richmond Field Station, southwest 
and adjacent to the existing Building 400 (UCB, 2018a) (Plate 2, Figure 1). The proposed Project will be an 
expansion of the existing NRLF facility, which was previously constructed in three phases: 1) NRLF Phase 1 
consists of a 98,000 square foot (sf) structure completed in 1982; 2) NRLF Phase 2 is an 84,000 sf stack annex 
completed in 1990; and 3) NRLF Phase 3 is a 67,000 sf storage module and reading room completed in 2005 
(UCB, 2018b).  The locations of NRLF Phase 1 through 3 facilities are shown on Figure 1.  The NRLF facility is 
a cooperative storage facility for infrequently used library materials belonging to UCB, as well as other 
University of California and California State University libraries.  As of June 2017, the existing NRLF facility 
holds over 7.1 million items (UCB, 2018b).   
 
It is our understanding that the purpose of the proposed Project is to provide 15 years of new storage capacity 
to the existing NRLF facility.  Specifically, NRLF Phase 4 will store approximately 3.1 million volume equivalents 
of materials (EHDD, 2017).  Unlike earlier NRLF Phases, Phase 4 will not include catwalks or upper floors, but 
rather high shelves will be reached by operators riding motorized order-pickers, using an arrangement known 
as the “Harvard System” (EHDD, 2017).  The proposed Phase 4 footprint will be approximately 27,519 gross sf, 
broken down as follows: 

 Harvard System, one story, tall stacks – 22,052 sf; 
 Administrative space – 4,427 sf; 
 Utility Rooms – 1,040 sf (EHDD, 2018).   

Based on conversations with the project team, we understand the Harvard System motorized order-pickers 
require finished floor slabs meeting “ultra-flat” criteria to operate correctly. Specifically, ultra-flat criteria 
translates to the following slab tolerances: 

 +/- 0.084 inch (in) over the 5 foot (ft) wide wheel base in the longitudinal direction; and 
 +/- 0.071 in over 3.75 ft wide wheel base in the transverse direction. 

The top of the proposed finished floor will be at Elevation (El.) 24.46 feet (ft), to match floor elevations in the 
existing NRLF Phase 3 facility (EHDD, 2018).  The building foundation will consist of an 18-inch-thick structural 
mat, which will be topped with a 6-inch thick ultra-flat topping slab.  The bottom elevation of the structural mat 
will be above the level of the existing site grades; fill will be placed to raise site grades, replace near-surface 
unsuitable soils and reduce post-construction differential settlement. As currently envisioned, the project will 
utilize lightweight cellular concrete1 fill to reduce undesirable differential settlement effects.   
 

                                                      
1 Cellular concrete is a flowable lightweight fill material also known propriety names such as Elastizell or Geofill.   
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1.02 Purpose and Scope of Services 
 
The purpose of our services was to explore and characterize geotechnical, geologic, and seismic conditions at 
the Site and to prepare this report presenting data, conclusions, and recommendations for the Project.  
Specifically, the scope of our services included: 

• Reviewing existing data; 
• Performing subsurface explorations consisting of geotechnical borings within the footprint of the 

proposed NRLF Phase 4 facility; 
• Performing geotechnical laboratory testing, including consolidation tests; 
• Consulting with the project team on geotechnical-related issues including differential settlement and 

performance requirements for the ultra-flat slab; 
• Performing geotechnical analyses, including a three-dimensional settlement analysis to understand soil 

behavior under proposed loading configurations; 
• Characterizing geotechnical and geologic conditions, 
• Developing geotechnical recommendations for the design and construction of the Project;  
• Discussing our methods and findings with an outside geotechnical consultant (Drs. Chris Hunt and Juan 

Pestana of Geosyntec Consultants) to discuss numerical modeling methods and our interpretation of 
UCB-run constant rate of strain (CRS) consolidation tests; and  

• Preparing this report.  

 
1.03 Elevation Datum 
 
Elevations in this report are in feet (ft) and reference a Project Datum (PD) that references a benchmark at the 
top of a fire hydrant at El. 25.58, as shown on the survey by David J. Russell, dated June 1988 (Bellecci & 
Associates, 2017a).  Based on communication with the project team, we understand the datum shift between 
the PD and North American Vertical Datum of 1988 (NAVD 88) is 2.48 ft.  Based on information from the 
National Oceanic and Atmospheric Administration (NOAA)’s VERTCON – North American Vertical Datum 
Conversion website, we understand the datum shift at the Site between National Geodetic Vertical Datum of 
1929 (NGVD 29) and NAVD 88 is 2.69 ft, which leads us to believe that the PD and NVGD 29 are not 
equivalent.  Long term groundwater monitoring data for the RFS references NGVD 29 (Tetra Tech, 2017b).   
 
The following elevation datum conversions should be used: 

• To convert from PD to NAVD 88, add 2.48 ft (Bellecci & Associates, 2017a); 
• To convert from NGVD 29 to NAVD 88, add 2.69 ft (NOAA, 2018); 
• To convert from NGVD 29 to PD, add 0.21 ft; 
• To convert from NGVD 29 to mean sea level (MSL), subtract 0.58 ft.  This assumes MSL for the Site is 

derived from the NOAA Richmond Inner Harbor tidal gauge (Tetra Tech, 2017b).   
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2. METHODS OF INVESTIGATION 
 
2.01 Review of Existing Information 
 
We reviewed a variety of references containing information on the geologic, seismic, and historical setting of the 
Site.  Selected references are described below; a list of references used is available at the end of this report.  
Our review of existing information included subsurface data contained in existing geotechnical reports 
pertaining to NRLF Phases 1 through 3 (WCC, 1980b; WCC, 1980a; WCC, 1988b; WCC, 1988a; WCC, 1990; 
URS, 2001; and URS, 2004), and as-built drawings for NRLF Phases 1, 2, and 3 (EHDD, 1981; Ripley 
Associates, 1989; EHDD, 2005). 
 
We also reviewed existing groundwater data collected as part of ongoing environmental remediation at the 
Berkeley Global Campus at Richmond Bay (Tetra Tech, 2017b).    
 
2.02 Test Borings 
 
Locations of subsurface explorations are shown on Figure 1, and a summary of explorations in provided in 
Table I.   

2.02.1 Test Borings by Others 
 
Geotechnical test borings were advanced by others for design of previous NRLF Phases 1 through 3.  Where 
available, logs of test borings by others are provided in Appendix A.   

2.02.1.1 NRLF Phase 1 Geotechnical Test Borings by Woodward-Clyde 
 
In 1979, Woodward-Clyde Consultants (WCC) advanced two test borings, #1 and #2, as part of a preliminary 
investigation for an alternative NRLF Phase 1 building configuration than was ultimately not selected (WCC, 
1980b).  Logs of the test borings for the 1979 study were not available at the time this report was prepared.   
 
In February 1980, WCC advanced five geotechnical test borings, identified as #3 through #7, to inform design of 
the NRLF Phase 1 facility.  Total boring depths ranged from 31.5 to 61 ft below ground surface (bgs), 
corresponding to approximately El. -8.5 to El. -40.  None of the borings encountered bedrock (WCC, 1980b).   
 
In November 1980, WCC advanced four additional geotechnical test borings, identified as A through D, within 
the NRLF Phase 1 footprint.  Borings A through D were advanced as part of a supplemental geotechnical 
investigation program, the purpose of which was to obtain additional supplemental subsurface information to 
refine estimates of predicted building settlement.  Total boring depths ranged from 81 to 101.5 ft bgs, 
corresponding to approximately El. -59 to El. -80, and each of the borings encountered bedrock (WCC, 1980a).   

2.02.1.2 NRLF Phase 2 Geotechnical Test Borings by Woodward-Clyde 
 
In February 1988, WCC advanced three geotechnical test borings, identified as #8, #9, and W-1, for design of 
the NRLF Phase 2 facility.  Test borings were advanced to depths of 110.5, 91, and 26 ft bgs, respectively, 
corresponding to El. -91, El. -70, and El. -3.  Boring #8 encountered bedrock, and Boring #9 encountered 
possible bedrock based on rig refusal.  W-1 was advanced for the installation of a standpipe piezometer (WCC, 
1988a).    

2.02.1.3 NRLF Phase 3 Geotechnical Test Borings by URS 
 
In February and March 2001, URS Corporation (URS) advanced three geotechnical test borings, identified as 
#10 through #12, for design of the NRLF Phase 3 facility.  Test borings were advanced to depths ranging from 
31.5 to 51.5 ft bgs, corresponding to El. -8 to El. -29.5.  None of the borings encountered bedrock (URS, 2001).   
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2.02.2 NRLF Phase 4 Test Borings by A3GEO (This Study) 
 
In November 2017, A3GEO undertook a subsurface investigation program at the Site to inform the design of the 
proposed Project.  Specifically, the objectives of the drilling program were as follows: 

• Characterize subsurface conditions within the footprint of the proposed NRLF Phase 4 facility; 
• Collect and submit soil samples for geotechnical laboratory testing.  Use data from geotechnical 

laboratory testing to approximate soil properties for use in geotechnical analyses; and 
• Collect limited soil samples for environmental analytical testing.  We performed this work at the request 

of the UCB Office of Environment, Health & Safety (EHS).   

Prior to conducting field activities, we conducted a site reconnaissance to observe Site conditions and discuss 
drilling program logistics with representatives from UCB and from UCB EHS.  Additionally, A3GEO prepared a 
Health & Safety Plan in accordance with EHS requirements, marked boring locations and contacted 
Underground Service Alert (USA) more than 48 hours prior to advancing borings, and subcontracted with 
GeoTech Utility Locating of Moraga, California, a private utility locating company, to screen each location for 
underground utilities.   
 
A3GEO subcontracted with Pitcher Drilling Company (Pitcher) of East Palo Alto, California, to advance two test 
borings, identified as A3-17-1 and A3-17-2, using truck-mounted rotary wash drilling equipment.  Boreholes 
were advanced by hand auger to approximately 5 ft bgs to clear potential underground utilities prior to 
advancing with the drill rig.   Boreholes A3-17-1 and A3-17-2 were subsequently advanced to depths of 
approximately 114.6 and 124.4 ft bgs, respectively, corresponding to approximately El. -94.1 and El. -105.4.   
 
During drilling, an A3GEO field representative logged the borings, directed the drilling, and obtained soil 
samples.  Soils were visually/manually classified in general accordance with ASTM D2488 classifications, which 
are based on the Unified Soil Classification System (USCS).  Field classifications were subsequently checked 
and revised, where appropriate, based on laboratory test data.  The logs of the borings are attached in 
Appendix B, preceded by a Key to Exploratory Boring Logs that describes the USCS and the symbols used on 
the logs. 
 
Soil samples were obtained using a 2-inch outer-diameter (O.D.) Standard Penetration Test (SPT) sampler 
without liners, a 3-inch O.D. California Modified sampler with liners, a 3-inch O.D. Shelby tube, or a 3-inch O.D. 
Pitcher barrel sampler.  The SPT and California Modified samplers were driven with a 140-pound mechanically 
automated trip hammer with an approximate 30-inch fall.  The hammer blows required to drive the sampler the 
final 12 inches of each 18-inch drive are presented on the boring logs.  Where a full 12-inch drive could not be 
achieved, the number of blows and amount of penetration achieved is shown.  Sampler blow counts presented 
on the logs are adjusted N-values.  Blow counts have been adjusted for sampler type only.   
 
Drilling and non-dedicated sampling equipment was decontaminated between borings, in accordance with EHS 
requirements.  Following drilling, boreholes were backfilled with grout using the tremie method.  Investigation-
derived waste (mixed spoils) from borings A3-17-1 and A3-17-2 was containerized separately in labeled 55-
gallon drums, and drums were stored onsite at a location dictated by UCB EHS prior to offsite transport and 
disposal.   
 
2.03 Laboratory Testing 

2.03.1 Geotechnical Laboratory Testing by Others 
 
Geotechnical laboratory testing was performed on samples of soil obtained from investigations for NRLF 
Phases 1 through 3.  Results of moisture content, dry density, and unconfined compressive strength analysis 
are presented on the boring logs (Appendix A).  Results of other analyses, including Atterberg Limits, sieve 
analysis and consolidation, are presented in Appendix C.    
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2.03.2 Geotechnical Laboratory Testing by A3GEO (This Study) 
 
Our geotechnical laboratory testing program was directed toward a quantitative and qualitative evaluation of the 
physical properties of the soils at the Site.  Additionally, our program focused on quantifying the consolidation 
properties of the soils underlying the proposed building footprint to model potential settlement behavior under 
proposed Project loads.  The following geotechnical laboratory tests were performed: 

• Atterberg Limits by ASTM D4318; 
• Sieve analysis by ASTM D422 or D1140; 
• Moisture content by ASTM D2216; 
• Dry density by ASTM D2937; 
• 1-D consolidation using incremental loading by ASTM D2435; and 
• 1-D consolidation using controlled rate of strain (CRS) by ASTM D4186. 

Geotechnical laboratory testing was performed by Cooper Testing Laboratory in Palo Alto, California, except for 
CRS tests, which were performed by Prof. Michael Riemer, Ph.D. at the UCB geotechnical engineering 
laboratory, and subsequent index testing of the CRS samples, which was performed by B. Hillebrandt Soils 
Testing, Inc., of Alamo, California. Geotechnical laboratory testing data sheets from this study are presented in 
Appendix D.    

2.03.3 Environmental Analytical Testing by A3GEO (This Study) 
 
Two environmental soil samples were collected from each A3GEO test boring A3-17-1 and A3-17-2, at depths 
of 15 and 40 ft bgs, for a total of four samples.  Samples were analyzed for volatile organic compounds (VOCs) 
using United States Environmental Protection Agency (USEPA) Method 8260B.  VOC samples were collected 
with Terra Core samplers and were transferred to 40-mililiter volatile organic analysis (VOA) vials filled with 
either 10-mililiters of methanol, or 5-mililiters of deionized water and a stir bar.  Soil samples were stored in an 
ice-chilled cooler pending transport by courier to Enthalpy Analytical Laboratory in Berkeley, California, 
following standard chain-of-custody procedures.  
 
Environmental analytical results for soil samples are presented in Table II.  Analytical data reports are included 
in Appendix E.   
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3. GEOLOGIC, SEISMIC, AND HISTORICAL SETTING 
 
3.01 Regional Geology 
 
The San Francisco Bay Region (SFBR) is characterized by hills and valleys that generally trend 
southeast/northwest. This characteristic topography is partly the result of the SFBR’s location at the boundary 
between the North American and Pacific crustal plates, which are in relative motion with respect to each other. 
Over geologic time, the topography of the region formed through a complex series of processes that have 
included deposition, accretion, faulting, folding, uplift, volcanism and changes in sea level. San Francisco Bay 
and the adjacent flatlands presently occupy a structural depression between the East Bay Hills and the roughly 
parallel hills of the San Francisco Peninsula and Marin County.  
 
The SFBR includes three “basement” rock complexes; the Great Valley complex, the Franciscan Complex and 
the Salinian complex. All were formed in the Mesozoic Era (225 to 65 million years ago) and have been brought 
together by movement occurring along faults. These Mesozoic basement rock complexes are locally overlain by 
a diverse sequence of Cenozoic Era (younger than 65 million years) sedimentary and volcanic rocks. Since 
their deposition, the Mesozoic and Cenozoic rocks have been extensively deformed by repeated episodes of 
folding and faulting. Significantly, the Bay Area experienced several episodes of uplift and faulting during late 
Tertiary Period (about 25 million to 2 million years ago) that produced the region’s characteristic northwest-
trending mountain ranges and valleys.  
 
World-wide climate fluctuations during the Pleistocene (about 1.8 million to 11 thousand years ago) resulted in 
several distinct glacial periods. A lowering of sea level accompanied each glacial advance as water became 
stored in vast ice sheets. Melting of the continental glaciers during warm intervals caused corresponding rises in 
sea level. High sea levels favored rapid and widespread deposition in the bay and surrounding floodplains. Low 
sea levels during glacial advances steepened the gradients of streams and rivers draining to the sea thereby 
encouraging erosional downcutting. The most recent glacial interval ended about 15,000 years ago. Evidence 
suggests that during the maximum extent of this latest glaciation, sea level was 300 to 400 feet below its 
present elevation and the valley now occupied by San Francisco Bay drained to the Pacific Ocean more than 30 
miles west of the Golden Gate.  
 
Near the beginning of the Holocene age (about 11 thousand years ago) the rising sea re-entered the Golden 
Gate, and sediments accumulated rapidly beneath the rising San Francisco Bay and on the surrounding 
floodplains. The sediments that now cover the bottom of the bay and blanket much of the adjacent lower 
flatlands are less than 11,000 years old. The Holocene-age surface deposits are generally less dense, weaker 
and more compressible than the adjacent/deeper Pleistocene-age soils that predate the last sea level rise.  
 
3.02 Regional Active Faults 
 
Within the SFBR, the relative motion of the Pacific and North American crustal plates is presently 
accommodated by a series of active northwest-trending faults that exist over a width of more than 50 miles 
(Plate 3). Faults that are defined as active exhibit one or more of the following: (1) evidence of Holocene-age 
(within about the past 11,000 years) displacement, (2) measurable aseismic fault creep, (3) close proximity to 
linear concentrations or trends of earthquake epicenters, and (4) prominent tectonic-related aseismic 
geomorphology. Potentially active faults are defined as those that are not known to be active, but have 
evidence of Quaternary-age displacement (within about the past 2 million years). 
 
The major active faults shown on Plate 3 include the Hayward, Rodgers Creek, San Andreas, San Gregorio, 
Concord-Green Valley, Calaveras, West Napa and Greenville faults. These major faults are near-vertical and 
generally exhibit right-lateral strike-slip movement (which means that the movement is predominantly horizontal 
and when viewed from one side of the fault, the opposite side of the fault is observed as being displaced to the 
right). Approximate distances and directions from the Site to major Bay Area active faults are presented in the 
table that follows.  
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Approximate Distances and Directions to Principal Bay Area Active Faults  
(Jennings and Bryant, 2010) 

 

Fault System Approximate Distance  
from Site 

Approximate Direction  
from Site 

Hayward-Rogers Creek 2 miles East-Northeast 
Concord-Green Valley 16 miles East-Northeast 
West Napa 17 miles Northeast 
San Andreas 17 miles West-Southwest 
San Gregorio 18 miles West-Southwest 
Calaveras 21 miles East-Southeast 
Pleasanton  21 miles East-Southeast 
Greenville – Clayton – Marsh Creek 21 miles East-Southeast 

 
 
3.03 Regional Seismicity 
 
Since 1836, six earthquakes of magnitude 6.5 or greater have occurred in the region (Bakun, 1999); the dates, 
magnitudes (M) and epicentral locations of these six large earthquakes are summarized in the table that follows.  

 
Magnitude 6.5 or Greater Earthquakes; 1836-1998  

(Bakun, 1999; Tuttle and Sykes, 1992) 
 

Date Magnitude Epicenter Location 

June 10, 1836 6.5 East of Monterey Bay 
June 1838 6.8 – 7.2 Peninsula section of the San Andreas fault 
October 8, 1865 6.5 Southwest of San Jose 
October 21, 1868 6.8 Southern Hayward fault (Hayward Earthquake) 
April 18, 1906 7.8 San Andreas fault (San Francisco Earthquake) 
October 18, 1989 6.9 Santa Cruz Mountains (Loma Prieta Earthquake) 

The Working Group on California Earthquake Probabilities (WGCEP) has developed authoritative estimates of 
the magnitude, location, and frequency of future earthquakes in California, which are published in Uniform 
California Earthquake Forecast (UCERF) reports. The most recent forecast (UCERF3) indicates the following 
likelihoods for one or more earthquake events of the specified magnitude occurring within the SRBR in the next 
30 years (starting in 2014).  

San Francisco Region UCERF3 Forecast (WGCEP, 2013) 
 

Earthquake Magnitude  
(greater than or equal to) 

30-year Likelihood  
of one or more earthquake events 

≥ 5.0 100% 
≥ 6.0 98% 
≥ 6.7 72% 
≥ 7.0 51% 
≥ 7.5 20% 
≥ 8.0 4% 
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The WGCEP has also made estimates of the likelihood of earthquakes with magnitude greater than or equal to 
6.7 occurring on specific faults. These probabilities are summarized in the table below.  

 
SFBR UCERF3 Forecast (Aagaard et al., 2016) 

 

Earthquake Fault  
30-year Likelihood  

of One or More Earthquake Events with 
M≥6.7 

Hayward - Rodgers Creek 33% 
Calaveras - Paicines 26% 

San Andreas 22% 
Hunting Creek, Berryessa, Green 

Valley, Concord, Greenville 16% 

Maacama 8% 
San Gregorio 6% 

 
Compared to the previous forecast (UCERF 2; WGCEP, 2008) the likelihood of moderate-sized earthquakes 
(magnitude 6.5 to 7.5) are generally lower whereas the magnitude of larger earthquakes is higher. While 
UCERF3 results are generally in line with previous forecasts, UCERF 3 indicates lower probabilities for 
earthquakes occurring on the most well-known faults of the SFBR (Hayward and San Andreas), while the 
probabilities for earthquakes on lesser known faults has increased substantially in some case. The probability of 
an earthquake on the Calaveras fault was estimated at 7% in the UCERF 2 forecast, compared with 26% in the 
UCERF 3 forecast. This change reflects a better understanding of the regional fault system and the potential for 
multi-fault ruptures on many faults. 
 
3.04 Local Geology 
 
The RFS is located at the edge of a broad, gently-sloping alluvial plain that extends from the East Bay Hills 
down to San Francisco Bay.  The 1903 Historical Map presented on Plate 4 shows the approximate location of 
the Site compared to the historical San Francisco Bay Shoreline (U.S. Coast and Geodetic Survey, 1903).    
 
A portion of a United States Geological Survey (USGS) map of this area (Graymer, 2000) is shown on Plate 5. 
This map depicts the Site as underlain by Holocene natural levee deposits (map symbol Qhl), which the 
accompanying USGS pamphlet describes as “loose, moderately-sorted to well-sorted sandy or clayey silt 
grading to sandy or silty clay” (Graymer, 2000).   The Hayward Fault (Plate 3) transects the alluvial plain 
approximately two miles to the northeast within the East Bay Hills.  A portion of a more recent USGS 
Quaternary geologic map of this area (Witter et al., 2006; Plate 6), maps the deposits underlying the Site as 
early to late Pleistocene alluvial fan deposits (map symbol Qof), suggesting the surficial deposits underlying the 
Site are older than mapped by Graymer in 2000. 
 
There are no exposures of bedrock at the Site.  However, to the northeast of the Site (i.e. northeast of Interstate 
580), a series of local hills are mapped as Franciscan Complex mélange (Cretaceous to Late Jurassic; map 
symbol KJfm), with blocks/lenses of chert (fc) and greenstone (fg; Plate 5; Graymer, 2000).   
 
The broad Pleistocene alluvial fan material and distributary channels that underlie the RFS and the Site were 
deposited by paleo-Wildcat and San Pablo Creeks, which currently flow northwest to an outlet in San Pablo 
Bay.  Wildcat Creek has its origin in the hills east of Berkeley and flows north from the vicinity of Tilden Park 
towards the City of San Pablo where it exits the hills at the apex of the alluvial fan.  San Pablo Creek has its 
origin further to the east (near Orinda), and flows north and then northwest.   
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3.05 Geologic Hazard Mapping 
 
The official Seismic Hazard Map for the Site shows the Site within an “Area not evaluated for liquefaction or 
seismic landslides” (CGS, 2003b).  The Site is not within an Alquist-Priolo (A-P) Fault Zone (CGS, 20003b).  A 
2000 USGS liquefaction susceptibility map (Plate 7a) based on the geologic mapping of Graymer, 2000 (Plate 
5) shows the Site as located within an area of “Moderate” liquefaction susceptibility (Knudsen et al., 2000).  A 
more recent USGS liquefaction susceptibility map (Plate 7b), based on the Quaternary geologic mapping of 
Witter et al., 2006 (Plate 6) which identified soils underlying the Site as Pleistocene in age, places the Site 
within an area of “Very Low” liquefaction susceptibility (Witter et al., 2006).   
 
A 1997 USGS landslide susceptibility map (Plate 8) identifies the Site as within an area of “Flat Land”, which is 
described as “areas of gentle slope at low elevation that have little or no potential for the formation of slumps, 
translational slides, or earth flows except along stream banks and terrace margins” (Wentworth et al., 1997).  
The Site is also above the line of maximum predicted run-up shown on the tsunami hazard map for Contra 
Costa County (CGS, 2009).   
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4. SITE CONDITIONS 
 
4.01 Surface Conditions 
 
The Site is presently predominantly a grassy area which slopes gently from the northeast (approximately El. 23) 
to the southwest (approximately El. 19) (Figure 1).  A dirt access roadway, connecting the west side of NRLF 
Phase 3 with the south side of NRLF Phase 2, intersects the southwest portion of the Site.  Based on 
conversations with UCB staff, portions of the Site are intermittently used as a practice facility for track and field.  
The Site is bordered to the west and southwest by coastal prairie (Rana Creek Design, 2017).   
 
4.02 Adjacent Structures 

4.02.1 NRLF Phase 2 
 
The proposed NRLF Phase 4 facility will be bordered to the east by NRLF Phase 2.  It is our understanding that 
the NRLF Phase 2 facility is founded on a shallow foundation system consisting of spread footings 
interconnected with grade beams and a concrete slab-on-grade (typically 8-inch thick).  The top of the lowest 
level slab was reportedly constructed at El. 24.2, and footings are typically 3 ft in thickness (Ripley Associates, 
1989).   
 
Pre-construction recommendations for the Phase 2 facility called for over-excavation of the building footprint 
plus an over-width of 10 ft, where possible, to 3 ½ ft bgs, before backfilling with non-expansive engineered fill to 
reach footing or slab subgrade elevation (WCC, 1988a).  Construction records indicate that soft soils were 
encountered at the base of the recommended over-excavation in an approximately 25 by 90 ft area, and that 
this area was thus over-excavated an additional approximately 2 ft to remove the soft materials (WCC, 1990).   

4.02.2 NRLF Phase 3 
 
The proposed NRLF Phase 4 facility will be bordered to the north by NRLF Phase 3.  It is our understanding 
that the NRLF Phase 3 facility is founded on a 2-foot thick mat foundation with a 2 ½ inch topping slab, 
underlain by a 2 ½ inch mud mat.  The top of the lowest level slab was reportedly constructed at El. 24.46 
(EHDD, 2005), and we presume the bottom of the mud mat is at El. 22.04.  
 
To mitigate the presence of soft, expansive soils at the NRLF Phase 3 site, lime treatment was performed within 
the limits of the building pad.  Appendix F contains a figure showing the recommended bottom elevations of the 
various lime treatment zones.  Generally, the depth of lime treatment ranged from approximately 3 to 6 ft below 
previously existing ground surface.  Adjacent to the north edge of the proposed NRLF Phase 4 structure, the 
recommended bottom elevation of the lime treatment zone was reportedly at El. 16.75 or El. 17.5 (URS, 2004).   
 
4.03 Site Soil and Bedrock Conditions 
 
Available borehole data indicate that the Site is underlain by layered alluvial fine-to-coarse-grained deposits, 
unconformably overlying Franciscan Assemblage bedrock.  Young Bay Mud is not recognized within these 
boreholes, but is suspected to exist to the south near the historical San Francisco Bay Shoreline (Plate 4).  
Fine-grained alluvium consisting of silt and clay is pervasive below the Site, although interbeds of coarse-
grained (sand and gravel) deposits are also present.   
 
The test borings closest to and/or within the NRLF Phase 4 footprint are A3-17-1, A3-17-2, #8, and #9.  The 
discussion below focuses on conditions encountered in these four borings, however information from other 
NRLF borings and from borings drilled for other projects on the NRLF facility has been reviewed to understand 
the general Site geology.  A summary of subsurface conditions encountered in NRLF borings for all phases is 
presented on Table I.   
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• Soft Clay Topsoil – A layer of soft clay topsoil, typically consisting of dark brown fat clay with organic 
matter, was encountered at ground surface in each of the test borings.  The contact between the 
bottom of this layer and the underlying upper alluvium was gradual, but was generally defined by a 
slight color change, the presence of less organic matter, and an increase in stiffness.  The thickness of 
the soft clay topsoil typically ranged from approximately 3 to 5 ft, corresponding to bottom elevations 
ranging from approximately El. 14 to El. 17.  A3GEO borings A3-17-1 and A3-17-2 were hand augered 
in the top 5 ft and as such, blow counts were not available.  Discussions with UCB personnel indicated 
that when saturated after substantial rain events, the soft clay topsoil is incapable of supporting a truck 
or drill rig.  This is in keeping with studies performed for NRLF Phases 1 through 3 (URS, 2001).   

• Upper Alluvium – The soft clay topsoil is underlain by a layer of upper alluvium, interpreted to be 
Pleistocene in age based on mapping by Witter et al., 2006.  The thickness of the upper alluvium 
ranged from approximately 31.5 to 43.5 ft in the NRLF Phase 4 footprint, corresponding to bottom 
elevations of approximately El. -14.5 to El. -27.  This unit consists primarily of discontinuous lenses of 
clayey sand and gravel interbedded with massive silt and clay overbank fine deposits.  The coarse-
grained deposits are inferred to represent distributary channels bounded by distal levee and overbank 
deposits during the waning stages of the Wildcat Creek fan deposition in the late Pleistocene to 
Holocene.  These terrestrial deposits were mostly brown in color, and were typically stiff to very stiff or 
very dense, with unconfined compressive strengths typically ranging from approximately 2,000 to 8,000 
pounds per square foot (psf).  Clays were typically found to be medium to high plasticity.   

• Yerba Buena Mud – The upper alluvium is underlain by a Pleistocene marine deposit known as the 
Yerba Buena Mud based on a change in color from browns to greens and grays coupled with increases 
in stiffness/density.  Some previous researchers refer to this layer as Old Bay Mud (Pouch, 1987; Bevc, 
1984).  The Yerba Buena Mud was encountered at depths ranging from approximately 35.5 to 47.5 ft 
bgs, and ranged from approximately 6.5 to 37 ft in thickness.  This unit predominantly consists of stiff, 
fine-grained soils (clays and silts) inter-fingering with discontinuous zones of coarser-grained channel 
deposits.  Fine grained soils ranged from low to high plasticity, with unconfined compressive strengths 
ranging from approximately 2,500 to 5,500 psf.   

• Lower Alluvium – the Yerba Buena Mud is underlain by a second alluvial sequence consisting primarily 
of reddish brown to brown clay, silt, sand, and gravel, interpreted to be middle Pleistocene in age.  The 
lower alluvium was encountered at depths ranging from approximately 42 to 80 ft bgs, and ranged from 
approximately 39.5 to 49 ft in thickness.  Soils in this unit were typically described as either stiff to hard 
or medium dense to very dense. 

• Franciscan Bedrock – Franciscan bedrock, including sandstone, shale, and claystone, underlies the 
lower alluvium within the NRLF Phase 4 footprint.  Bedrock was encountered at depths ranging from 91 
ft bgs in #9 to 124 ft bgs in A3-17-2, corresponding to El. -70 and El. -105, respectively.  Generally, 
these observations are in keeping with NRLF site-wide trends of the bedrock surface dropping in 
elevation from the northeast to the southwest.   

 
4.04 Hydrogeology 
 
The hydrogeology of the RFS site has been studied previously by several researchers utilizing the well fields 
within the RFS (e.g. Geosciences and Sanitation Engineering Well Fields).  Previous hydrogeologic studies 
generally subdivide the site stratigraphy into three hydrogeologic zones: a shallow zone between about 10 and 
20 ft bgs; an intermediate zone between approximately 30 and 75 ft bgs; and a deep zone between about 90 
and 100 ft bgs. 
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Shallow groundwater elevation contours for 2010 through 2016 are presented in the 2016 Groundwater 
Sampling Results Technical Memorandum, prepared by Tetra Tech, Inc. (Tetra Tech, 2016).  Shallow 
groundwater generally shows a southwesterly gradient within the upper aquifer.  Two existing monitoring wells 
are located in general proximity to the Site: 1) “NRLF” is located east of the northeast corner of NRLF Phase 1, 
and 2) “GEO” is located south of the southwest corner of NRLF Phase 2.  Groundwater elevation data for wells 
NRLF and GEO and shallow groundwater elevation contour plans from the 2016 Tetra Tech report are 
presented in Appendix G (Tetra Tech, 2016).   
 
Minimum and maximum groundwater elevations observed in each of the monitoring wells for the time period 1 
November 2010 through 4 April 2016 are presented in the table below (Tetra Tech, 2016): 
 

Well ID Minimum Maximum 
Date El., PD (ft) Date El., PD (ft) 

GEO 10/7/13 4.66 4/2/11 8.23 
NRLF 10/5/15 5.41 4/11/11 10.84 

    
It is anticipated that groundwater levels at the Site fluctuate seasonally and that groundwater levels will rise in 
wetter seasons and following prolonged or particularly heavy rainfall.   
 
A previous study conducted for the Berkeley Global Campus RFS site identified the limits of the 100-year water 
level inundation limits for the year 2100 including sea level rise.  The NRLF Phase 4 Site is considerably north 
of the inundation limits (ESA PWA, 2013).    
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5. EVALUATIONS AND CONCLUSIONS 
 
5.01 Geologic Hazard Considerations 

5.01.1 Earthquake Groundshaking 
 
The SFBR is seismically active and it is likely that the NRLF Phase 4 Site will experience earthquake ground 
shaking within the foreseeable life of the Project.  For this reason, structures at the Site should be designed to 
resist strong ground shaking in accordance with the requirements of the California Building Code (CBC) and 
local design practice.  The seismic design provisions of the 2016 CBC include a methodology by which sites are 
classified as A through F in order to quantify site-specific ground shaking effects.  Based on the available data, 
we judge that a seismic Site Class D designation (stiff soil) is appropriate for the Phase 4 facility.  Please refer 
to Section 6.01 for applicable CBC seismic design parameters.   

5.01.2 Liquefaction 
 
Liquefaction is a phenomenon during which loose, saturated cohesionless soils temporarily lose shear strength 
during ground shaking induced by severe earthquakes.  Soils that are most likely to experience liquefaction are 
loose (adjusted blow counts less than 10), relatively clean, saturated sands and gravels.  Similar soils that are 
medium dense can also experience liquefaction in some cases.  The fines content and plasticity index (PI) of 
the soil control the soil’s liquefaction susceptibility.  Current research indicates that there exists a fines content 
threshold (FCthr) above which the soil will behave like the fines and not the coarser soil.  Typically, the FCthr is 
between about 20 and 35 percent depending on factors such as the soil’s full gradational characteristics, 
mineralogical composition, particle shapes, and depositional environment.  Additionally, there appears to be 
consensus that soils with a PI of 12 or greater can be considered highly resistant to liquefaction.  Lastly, 
liquefaction is only a concern when susceptible soils are submerged below groundwater at the time when an 
earthquake large enough to trigger liquefaction occurs.   
 
As discussed in Section 3.05, the most recent Quaternary geologic and liquefaction hazard mapping of the Site 
(Witter et al., 2006), identified surficial geologic materials as Early to Late Pleistocene alluvial fan materials 
(Plate 6) with “Very Low” liquefaction potential (Plate 7b).  This mapping was generally in keeping with our 
observations during the recent test boring program and our review of historic test borings drilled for earlier 
phases of the NRLF.  As discussed in Section 4.03, the Site is underlain by an upper alluvial layer, the Yerba 
Buena Mud, and a lower alluvial sequence, each interpreted to be Pleistocene in age.  Soils typically consisted 
of massive layers of stiff to very stiff sandy or silty clays and silts, with interbedded discontinuous lenses and 
layers of dense to very dense clayey sands or gravels.   
 
Soils at the site are generally too high in clay content, have PIs in excess of 12, and/or are too stiff/dense to 
liquefy.  While is possible that isolated, discontinuous sand or gravel layers below the NRLF 4 facility may 
experience liquefaction during an earthquake, we interpret that the overall risk of widespread liquefaction at the 
Site is very low. 

5.01.3 Other Geologic Hazards Not Present 
 
The following types of geologic hazards are either not present at the Site or are judged to have a less than 
significant potential to affect the Project. 

5.01.3.1 Surface Fault Rupture 
 
The Site is not within an A-P Fault Hazard Zone and no active faults are mapped in the direct vicinity of the Site.  
In our opinion, the potential for surface fault rupture to affect the Project is negligible. 
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5.01.3.2 Landsliding 
 
The Site is nearly level with no slopes nearby; accordingly there is essentially no potential for landsliding to 
affect the Site.   

5.01.3.3 Inundation 
 
As discussed in Section 3.05, the Site is above the line of maximum predicted run-up shown on the tsunami 
hazard map for Contra Costa County (CGS, 2009).  Further, as discussed in Section 4.04, the Site is above the 
100-year water level inundation limits for the year 2100 including sea level rise (ESA PWA, 2013).  As such, we 
judge there to be a low potential for significant flooding to affect the Site during the time period specified.   

5.01.3.4 Lateral Spreading 
 
Lateral spreading is a phenomenon whereby a surface layer of non-liquefied ground moves laterally on an 
underlying liquefied layer.  We judge the Site to have a negligible potential for lateral spreading as: 1) the 
ground surface is relatively level with no “free face” nearby; and 2) the overall risk of liquefaction at the Site is 
very low. 
 
5.02 Geotechnical Feasibility and Foundation Support 
 
As currently planned, we understand that the structure will be supported on an 18-inch thick mat foundation 
overlain by a 6-inch thick topping slab.  The mat will be underlain by a 2-inch thick protection slab.  The top of 
the topping slab is proposed at El. 24.46, and the bottom of the protection slab is proposed at El. 22.29 (EHDD, 
2018).  Because existing grades within the NRLF Phase 4 footprint range from approximately El. 19 to El. 23, 
filling will be necessary to reach the protection slab subgrade elevation.   
 
Based on the results of our investigation, we conclude that the proposed Project, including the foundation 
system and associated filling, are feasible, provided that the geotechnical recommendations in this report are 
appropriately incorporated in the design and construction of the Project.  Our assessment of geotechnical 
considerations for the Project are discussed in the sections that follow.   
 
5.03 Soft and Expansive Near-Surface Soils 
 
The soft clay topsoil present in the upper approximately 3 to 7 ft at the Site is soft, expansive, and 
compressible, and is not suitable for structural support.  Where feasible, this material will need to be removed 
within the entire zone of influence (ZOI; see Section 6.03.1) of the proposed mat slab, and backfilled with either 
Non-Expansive Fill or cellular concrete (Section 6.03.2).  Alternatively, the adverse effects of this material could 
be mitigated through lime treatment, as was conducted for the NRLF Phase 3 project, although we understand 
this option is not preferred by the project team.   
 
5.04 Soil Compressibility and Settlement 
 
While the cohesive materials underlying the Site (upper alluvium, Yerba Buena Mud, and lower alluvium), are 
relatively stiff, they do have the potential to consolidate under proposed Project loads.  As discussed in Section 
1.01, the proposed Project will utilize motorized order-pickers that require finished floor slabs meeting “ultra-flat” 
criteria to operate correctly.  It is our understanding that the ultra-flat criteria is tied to differential settlement 
across the wheel axles in both the longitudinal and transverse directions.  As such, the Project is highly 
sensitive to settlement (particularly differential settlement), and even relatively small amounts of differential 
settlement have the potential to disrupt future system performance.   
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5.04.1 NRLF Phase 1 through 3 Settlement Performance 
 
A3GEO reviewed the performance of the existing NRLF Phase 1 through 3 structures to provide a general idea 
of past building settlement performance.  In 1988 (approximately six years after building completion), WCC 
performed a floor level survey of NRLF Phase 1 to observe settlement performance.  The NRLF Phase 1 
structure is founded on shallow footings connected with grade beams.  The results of the level survey indicated 
that the Phase 1 structure performed generally better than was predicted in WCC’s 1980 NRLF Phase 1 report.  
WCC’s 1980 NRLF Phase 1 report predicted dishing settlement with a maximum ultimate settlement of 1-1/2 to 
2 inches, with differential settlements between columns not to exceed ½ inch.  The 1988 floor level survey 
indicated that maximum differential settlement was approximately ¾-inch, the average differential settlement 
between adjacent columns was approximately ¼-inch, and a dishing pattern of settlement had not occurred 
(WCC, 1988a; WCC, 1988b).  A 2017 study performed by R+C for EHDD identified fairly large cracks (1/8-inch 
or greater) occurring over approximately 15% to 20% of the Phase 1 slab-on-grade (EHDD, 2017).  Updated 
building settlement information was not available.  
 
As discussed in Section 4.02.1, the NRLF Phase 2 facility was also constructed on shallow footings connected 
with grade beams.  The NRLF Phase 2 structure loading and settlement behavior are presently unknown, 
however the aforementioned 2017 study by R+C observed no noticeable signs of structural distress in the 
NRLF Phase 2 slab, and the slabs were observed to be essentially crack-free (EHDD, 2017).   
 
Like the proposed NRLF Phase 4 Project, the NRLF Phase 3 facility was designed and constructed as a mat 
slab, and based on our conversations with R+C, we understand the Phase 3 facility has comparable loading to 
the proposed Phase 4 facility.  To understand settlement behavior, a floor-level survey of the Phase 3 facility 
was performed by the Project design team in December 2017 (Bellecci & Associates, 2017b).  A3GEO plotted 
floor-level elevations across both longitudinal and transverse transects of the Phase 3 facility using the available 
data.  Generally, a slight dishing pattern was observed, with a maximum differential settlement across the mat 
of approximately 1 inch.  We were not able to calculate total settlement because post-construction floor level 
data were not available.  Plots of floor level elevations across longitudinal and transverse transects in the Phase 
3 facility are included in Appendix H.   

5.04.2 NRLF Phase 4 Settlement Analysis 
 
To understand future Project settlement performance, A3GEO undertook a three-dimensional settlement 
analysis.  The objectives of the settlement analysis were to: 

• Evaluate total settlement of the mat under various loading scenarios and configurations; 
• Evaluate differential settlement of the mat in both the longitudinal and transverse directions, under 

various loading scenarios and configurations.  Compare the results of the differential settlement 
analysis to the ultra-flat slab performance criteria to determine whether a mat slab is a feasible 
foundation system for the proposed structure given the performance requirements; and 

• Optimize the amount of over-excavation and replacement below the mat, and the type of backfill 
material, considering future building settlement performance, constructability, cost, and other factors.   

An in-depth description of the settlement analysis approach and model inputs, as well as tables and plots of 
analysis outputs, are included in Appendix H.  Generally, our analysis utilized a parametric approach to 
evaluate structure performance for the scenarios shown on Figure 2.  Three idealized excavation and backfill 
scenarios were analyzed: 

• Scenario 1 modeled over-excavation and replacement of the top six (6) ft below the building footprint, 
and replacement with Non-Expansive Fill weighing 135 pounds per cubic foot (pcf), combined with a 
grade raise below the building footprint constructed of 135 pcf Non-Expansive Fill; 
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• Scenario 2 modeled over-excavation and replacement of the top three (3) ft below the building footprint, 
and replacement with 35 pcf cellular concrete, combined with a grade raise below the building footprint 
constructed with 35 pcf cellular concrete; and  

• Scenario 3 modeled over-excavation and replacement of the top six (6) ft below the building footprint 
and replacement with 35 pcf cellular concrete, combined with a grade raise below the building footprint 
constructed with 35 pcf cellular concrete.   

The three excavation and backfill scenarios (1, 2, and 3) described above were each analyzed for three 
different idealized book loading configurations, as illustrated on Figure 2.  Specifically,  

• “A” Scenarios modeled uniform book and shelf loading over the entire mat area; 
• “X” Scenarios modeled uniform book and shelf loading over the southern portion of the stack area only; 

and 
• “Y” Scenarios modeled uniform book and shelf loading over the west portion of the stack area only.  

Plots of total settlement at transects across the mat slab were plotted and are included in Appendix H.  Transect 
locations were selected to pass through locations of maximum settlement (i.e., the center of the mat for “A” and 
“X” scenarios, and the center of the loaded zone for “Y” scenarios), and maximum mat slope (typically either at 
the edge of the mat or at the transition between zones with different loading).  Transect orientations selected for 
each scenario and configuration are shown on Figure 2.  For “A” scenarios, transects were plotted in both the 
transverse and longitudinal direction.  For “X” scenarios, only a longitudinal transect was plotted, to capture the 
transition between the south stack area (where book loading was applied), and the north portion of the 
structure, where no book loads were applied.  Similarly, for “Y” scenarios, only a transverse section was plotted, 
to capture the transition between the west stack area, where book loads were applied, and the east stack area, 
where book loads were absent.   
 
In addition to plotting total settlement along the aforementioned transects, A3GEO plotted instantaneous slope 
(change in mat elevation over horizontal distance) along each transect.  The purpose of the slope plots was to 
observe whether differential settlement at a location along each transect was greater than the ultra-flat criteria 
(shown as a pink dashed line on the plots).    
 
Generally, a dishing pattern of settlement behavior was observed, with slopes (change in mat elevation over a 
horizontal distance) at a maximum along the edges of the mat.  Total settlements of up to approximately 2 
inches were observed for Scenario 1, up to approximately 1.4 inches were observed for Scenario 2, and up to 
approximately 1.1 inches were observed for Scenario 3.  For each of the idealized scenarios (1 through 3), mat 
slopes in excess of the applicable transverse or longitudinal criterion were observed at the edge of the mat, with 
Scenario 1 generating the steepest slopes.  Additionally, applicable transverse and longitudinal criteria were 
exceeded in the center of the mat for idealized “X” and “Y” configurations at the transitions between zones with 
and without applied book loading.  Generally, Scenario 3 (6 ft of over-excavation and replacement with cellular 
concrete, followed by a grade raise constructed of cellular concrete) generated the smallest total and differential 
settlements, and the smallest zones within the mat where the slope exceeded the ultra-flat criteria.   
 
As discussed in Section 5.03, over-excavation of the existing soft clay topsoil within the top approximately 3 to 7 
ft below the structure footprint will already be required.  Based on the results of our settlement analysis, we 
conclude that while backfilling this over-excavated area with either Non-Expansive Fill or cellular concrete will 
be feasible from a bearing capacity standpoint, backfilling with cellular concrete (as modeled in Scenarios 2 and 
3) may partially mitigate the adverse effects of total and differential settlement on mat performance.  Depending 
on the actual thickness of soft clay topsoil observed across the excavation, it is possible that excavation in 
excess of what is required to remove the soft clay topsoil may be advisable for settlement mitigation reasons.   
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5.05 Construction Adjacent to Existing Structures 
 
Construction of the NRLF Phase 4 facility adjacent to the existing NRLF Phase 2 and Phase 3 facilities has the 
potential to cause additional settlement in these structures.  Generally, we expect that the presence of lime 
treated soil below the Phase 3 facility may help mitigate some of the potential settlement due to construction of 
the Phase 4 facility.  We expect that Phase 4 construction may result in approximately an additional ½ to 1 inch 
of settlement of the Phase 2 facility, and possibly less at Phase 3.   
 
Both the Phase 2 and Phase 3 facilities will need to remain open and operational both during and after 
construction of the Phase 4 facility, and the Contractor will need to sequence work in such a way as to avoid 
damage.  Over-excavation to remove soft clay topsoil and to place Non-Expansive Fill and/or cellular concrete 
within the ZOI of the Phase 4 slab will need to avoid undermining the existing foundations for the Phase 2 and 3 
structures.  Based on the 100% Schematic Design drawings for the Project, we understand that the Phase 4 
facility will essentially abut the Phase 3 facility along the proposed Phase 4 facility’s north edge (EHDD, 2018).  
As discussed in Section 4.02.2, construction for the Phase 3 facility involved lime treating soil to the 
approximate recommended (i.e. not as-built) elevations shown on the plan included in Appendix F. Based on 
this plan, lime treatment may have been performed to El. 16.75 or El. 17.5 in the area where Phase 4 will abut 
Phase 3.  However, as-built construction records for the lime treatment are not available, and as such, the 
actual lateral and vertical extent of lime treatment within this zone is unknown.  We recommend performing a 
test pit or series of test pits along this alignment prior to beginning construction to understand the extent of lime 
treatment and fine-tune the excavation and replacement plan within this area.      
 
Based on the 100% Schematic Design drawings, we understand a 10-ft setback is planned between NRLF 
Phase 2 and the proposed Phase 4 structure (EHDD, 2018).  As discussed in Section 4.02.1, over-excavation 
to prepare the subgrade for the Phase 2 facility may have involved at least 3 ½ ft of excavation below previously 
existing site grades, to an over-width of 10 ft beyond the edge of the Phase 2 structure (WCC, 1988a), but 
actual construction records are not available.  Based on the historic survey plan, the previously existing site 
grade along the west edge of the Phase 2 facility appears to have been at approximately El. 20, and as such, 
we would expect that the bottom of the over-excavated and backfilled zone along this edge may be at 
approximately El. 17.  If over-excavation and replacement was undertaken to an over-width of 10 ft as 
recommended in the report (WCC, 1988a), we would expect the edge of the zone of engineered fill placed for 
Phase 2 may coincide with the proposed east edge of the future Phase 4 facility. We recommend performing a 
series of test pits along this edge to understand ground conditions and develop an excavation and replacement 
plan for this area.   
 
5.06 Construction Considerations 
 
Typically, we expect that soil at the Site can be excavated with conventional earth-moving equipment, although 
special equipment may be needed to excavate through lime-treated soils adjacent to NRLF Phase 3, assuming 
they extend within the footprint of the proposed NRLF Phase 4 facility.  Additionally, it is possible that other 
obstructions could be encountered that could require jack-hammering, hoe-ramming, and/or cutting tools to 
excavate.  In general, the Contractor is responsible for independently assessing and implementing safe and 
appropriate means and methods to accomplish the work described in the Contract Documents and may utilize 
existing information coupled with any supplemental investigations deemed necessary at the time of 
construction.     
 
The contractor is responsible for shoring, excavation safety, and the protection of adjacent offsite improvement 
(including the existing NRLF Phase 2 and Phase 3 structures) throughout all phases of construction. All 
excavations deeper than 4 feet that will be entered by workers will need to be shored or sloped for safety in 
accordance with the applicable California Occupational Safety and Health Administration (Cal-OSHA) standards 
and any site-specific health and safety protocols and procedures required by UCB.  In general, if the contractor 
decides to utilize temporary support of excavation systems along the existing Phase 2 or Phase 3 facilities to 
retain soil and avoid undermining existing foundations, these systems will need to be designed to resist building 
surcharge loads.  While the near-surface soils are generally cohesive in nature, the Contractor should anticipate 
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that excavations will not be able to be cut “neat” into the existing onsite soils and that, if used, cellular concrete 
may need to be formed. 
   
To address potential impacts to the adjacent NRLF Phase 2 and 3 facilities, we recommend an instrumentation 
and monitoring program be implemented, consisting of the following components: 

• Preconstruction Conditions Surveys – We recommend preconstruction condition surveys be completed 
before the beginning of construction.  Preconstruction condition surveys should include the exterior and 
interior of the NRLF Phase 2 and Phase 3 structures.  Surveys should include still photographs and 
video accompanied by an audio narrative of site features. 

• Survey Reference Points – Survey reference points should be installed on the exposed faces of the 
NRLF Phase 2 and Phase 3 facilities.   

Monitoring program threshold and limiting criteria should be incorporated into the Contract Documents.   
 
The near-surface soils at the site include clayey materials that may be unable to support heavy construction 
equipment, particularly when wet. Excavation will be required within the building footprint and below exterior 
flatwork in order to place fill; the contractor should anticipate that it may be necessary to accomplish such 
excavations working outside of the excavation in order to not disturb soft subgrade materials. Supplemental 
excavations may be warranted to investigate the thickness of the soft clay topsoil, and to understand the 
subsurface conditions adjacent to the NRLF Phase 2 and Phase 3 facilities, prior to the start of construction.  
The means and methods associated with excavation, foundation construction, backfilling, subgrade preparation, 
and protection of adjacent structures are all responsibilities of the Contractor.   
 
Water may tend to collect/pool within Site excavations and it is possible that excavations could encounter 
seepage zones or perched groundwater, depending upon the conditions present at the Site at the time that the 
work is performed.  The Contractor is responsible for all aspects of temporary dewatering throughout the period 
of construction, which includes the design, permitting, installation and appropriate abandonment of Site 
dewatering systems as well as the appropriate storage, testing, and discharge of the water generated.   
 
Although it is possible for excavation and/or construction to proceed during or immediately following the wet 
winter months, a number of geotechnical problems may occur which may increase costs and cause project 
delays.  The water content of onsite soils may increase during the winter and rise significantly above optimum 
moisture content for compaction of subgrade or backfill materials.  If this occurs, the Contractor may be unable 
to achieve the specified levels of compaction.  Dewatering requirements will potentially increase due to rainfall, 
surface runoff, seepage, and rises in groundwater levels.  The stability of temporary slopes will decrease, 
potentially increasing the lateral extent of excavation required.  If utility or foundation excavations are open 
during winter rains, caving of the trench walls may occur.  Subgrade preparation below the mat foundation or 
pavement sections may prove difficult or infeasible. In general, we note that it has been our experience that 
increased clean-up costs may be incurred, and greater safety hazards may exist, if the work proceeds during 
the wet winter months.   
 
This geotechnical report does not address design or construction issues related to chemically-impacted soils 
and groundwater.  Aside from the limited environmental soil analytical testing performed on behalf of UCB EHS 
and discussed in Section 2.03.3, environmental services were not included in A3GEO’s scope of work.      
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6. RECOMMENDATIONS 
 
6.01 California Building Code Seismic Parameters 
 
The NRLF Phase 4 structure should be designed to resist strong ground shaking in accordance with the 
applicable building code(s) and local design practice.  This section provides mapped seismic design parameters 
per the CBC (Risk Category I/II/III).  In accordance with ASCE 7-10 Section 20, we evaluated seismic Site 
Class by calculating weighted average of blow counts for borings near the NRLF Phase 4 footprint.  
Accordingly, Site Class D (stiff soil) is appropriate for the Project.  The appropriate design values are provided 
below, and corresponding USGS Design Maps Summary Reports and Design Maps Detailed Reports are 
attached in Appendix I.   
 

Site Class  
D = Stiff Soil 
 
Latitude and Longitude  
Latitude:    37.917381°N 
Longitude: 122.335967°W 
 
Maximum Considered Earthquake Spectral Response Accelerations (for Site Class D)  
(Mapped Acceleration × Site Coefficient) 
SMS = 2.012g (MCE spectral acceleration at short periods) 
SM1 = 1.230g (MCE spectral acceleration at 1-second period) 
 
Design Spectral Response Acceleration (for Site Class D) 
(Maximum Considered Earthquake Spectral Acceleration × 2/3) 
SDS = 1.341g (design spectral acceleration at short periods) 
SD1 = 0.820g (design spectral acceleration at 1-second period) 

 
 
6.02 Mat Foundation 
 
As discussed in Section 5.02, the proposed NRLF Phase 4 structure can be founded on a mat foundation.  We 
understand that the bottom of the proposed protection slab that will underlie the mat will be at El. 22.29 (EHDD, 
2018).  Because existing grades within the NRLF Phase 4 footprint range from approximately El. 19 to El. 23, 
filling will be necessary to reach the protection slab subgrade elevation.  As discussed in Section 5, the soft clay 
topsoil material will need to be completely removed within the ZOI (see Section 6.03.1) of the mat foundation.  
Following over-excavation and replacement of the soft clay topsoil with either Non-Expansive Fill or cellular 
concrete, grades can be raised within the mat footprint with either Non-Expansive Fill or cellular concrete.  The 
mat my subsequently bear directly on either the Non-Expansive Fill or the cellular concrete placed of the grade 
raise.   
 
The mat foundation can be evaluated using the bearing pressures in the following table (DL = Dead Loads; LL = 
Live Loads; Total = DL + LL + wind or seismic). 

 
Mat Allowable Bearing Pressures 

 
Load Case Bearing Pressure 

(psf) 
Minimum  

Factor of Safety 
DL Allowable  3000 3.0 
DL+LL Allowable 4500 2.0 
Total Allowable 6000 1.5 
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Resistance to lateral loads can be provided by passive pressures acting on the vertical faces of below-grade 
structural elements and by friction along the bottom of the mat. Where below-grade structural elements are 
surrounded by soil, passive resistance can be evaluated using an equivalent fluid weight of 300 pcf. This value 
can be increased by one-third for dynamic loading. The top of the assumed passive zone should be assumed 
0.5 ft below the bottom of the adjacent slab.  A friction coefficient of 0.20 can be used to evaluate frictional 
resistance between the waterproofing layer and the underlying protection slab.  The above passive and 
frictional resistance values include a factor of safety of at least 1.5 and can be fully mobilized with deformations 
of less than ½ - and ¼ - inch, respectively. 
 
6.03 Earthwork 

6.03.1 Building Site Preparation and Over-Excavation 
 
It is essential that all unsuitable soils be removed from within the ZOI and surrounding the planned mat 
foundation and this requirement should be carefully indicated on the structural plans.  Unsuitable materials 
include soft clay topsoil, fill, organic materials, other buried topsoil, pavements, etc.  Where Non-Expansive Fill 
is used, the ZOI is defined as the zone beneath the mat and beneath imaginary lines extending one ft laterally 
beyond the mat outer bottom edges and down and out on a one horizontal to one vertical (1H:1V) slope to the 
bearing stratum.  (We note that this may not be possible to achieve adjacent to the NRLF Phase 2 and NRFL 
Phase 3 structures).  Where cellular concrete is used, the ZOI is defined as the zone beneath the mat and 
beneath the zone extending 1 ft laterally beyond the mat edges, down to the bearing stratum.   
 
Care should be exercised during excavation so as not to disturb the natural subgrade materials. We 
recommend that the excavation bottom be cut using a smooth (non-toothed) excavator bucket working from 
outside the excavation or by another method approved by A3GEO based on the conditions encountered. The 
exposed bottom of the over-excavation should be observed in the field by A3GEO to confirm unsuitable 
materials (including soft clay topsoil) have been sufficiently removed.  It may be necessary to require additional 
over-excavation and replacement of weak, disturbed, or otherwise unacceptable materials prior to backfilling.   

6.03.2 Backfilling 
 
Geotechnical requirements for fill materials are presented below: 
 

General Fill - General Fill material should have an organic content of less than 3 percent by volume 
and should not contain environmental contaminants or rocks or lumps larger than 6 inches in greatest 
dimension. From a geotechnical standpoint, onsite materials can be reused as General Fill if they meet 
or can be processed (e.g. by sorting and/or crushing) to meet the above requirements. General Fill can 
be used anywhere except where Non-Expansive Fill is required. 

 
Non-Expansive Fill - Non-Expansive Fill should conform to the requirements for General Fill, have a 
Plasticity Index no greater than 12, and a Liquid Limit no greater than 40.  
 
Imported Fill – Imported Fill should conform to the requirements for Non-Expansive Fill and should be 
evaluated by our firm and the project environmental consultant prior to its importation to the site.  
 
Cellular Concrete – Cellular concrete should have a maximum unit weight of 35 pcf, and a minimum 
unconfined compressive strength of 65 pounds per square inch (psi).   
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Geotechnical requirements for fill placement and compaction are presented below (per ASTM D-1557 Test 
Methods): 
 

• General Fill that is predominantly cohesive (>15 percent passing #200 sieve) should be moisture 
conditioned, as necessary, to between 3 and 5 percent over optimum moisture content and compacted 
to at least 90 percent relative compaction.  

• General Fill that is predominantly granular (<15 percent passing #200 sieve) should be moisture 
conditioned, as necessary, to between 2 and 4 percent over optimum moisture content and compacted 
to at least 95 percent relative compaction.  

• Non-Expansive Fill should be moisture conditioned, as necessary, to near optimum moisture content 
and compacted to at least 95 percent relative compaction.  

 
All proposed fill materials should be approved by A3GEO and the project environmental consultant prior to use. 

6.03.3 Reuse of Onsite Soils and Excavated Soil Management 
 
We anticipate that excavated onsite soils will consist primarily of soft clay topsoil or other expansive clay.  Thus, 
it is not expected that onsite soils will be reusable as Non-Expansive Fill.  Onsite soils may be reusable as 
General Fill, provided it meets the requirements shown in Section 6.03.2.  If not reused on Site, excavated 
materials should be stockpiled, transported, and disposed of in coordination with UCB requirements and at the 
direction of the project environmental consultant, as applicable.   
 
6.04 Utilities 
 
The long-term settlements discussed in Section 5.04.2 should be considered in the design of underground 
utilities that are sensitive to differential settlement and/or slope to drain.   
 
Utility trenches should be backfilled with fill placed in lifts not exceeding 8 inches in uncompacted thickness. 
Trenches should be filled by placing a granular shading layer beneath and around the pipe, and then 6 to 12 
inches of shading should be carefully placed and tamped above the pipe. The remaining portion of the trench 
should be backfilled with onsite or import soil. The backfill above shading should be placed and compacted by 
mechanical means to at least 90 percent relative compaction (per ASTM D-1557). If imported granular soil is 
used, sufficient water should be added during the trench backfilling operations to prevent the soil from “bulking” 
during compaction. All compaction operations should be performed by mechanical means only. Jetting should 
not be allowed. The preceding compaction recommendations are based on general geotechnical 
considerations. If UCB, local agency and/or utility company specifications require different or more stringent 
backfill requirements, those specifications should be followed. 
 
A3GEO should observe utility trench backfilling and test compaction, as appropriate, to confirm and document 
that the work was performed in accordance with the specifications and the intent of our geotechnical 
recommendations. 
 
6.05 Exterior Flatwork 

6.05.1 Subgrade Preparation  
 
We recommend that exterior flatwork be supported directly upon subgrade materials that are firm, non-yielding 
and predominantly non-expansive (per the requirements for Non-Expansive Fill presented in Section 6.03.2). In 
all cases, the upper 12 inches of soil subgrade should consist of either: 1) Non-Expansive Fill placed and 
compacted in accordance with the requirements of this report; or 2) onsite soil that is checked and confirmed to 
be non-expansive and suitable by A3GEO.  
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6.05.2 Exterior Slabs-on-Grade 
 
Exterior concrete slabs-on-grade can be cast directly upon the 12-inch-thick compacted non-expansive soil 
layer. Subgrades beneath exterior slabs-on-grade should be proof-rolled under our observation and confirmed 
to be uniform and non-yielding prior to the placement of the slab reinforcement. Slab reinforcing should be 
provided in accordance with the anticipated use and loading of the slab. We recommend that exterior slabs-on-
grade be at least 4 inches thick and reinforced with steel bar reinforcement. Exterior slabs should be structurally 
independent from buildings. Concrete slabs that may be subject to vehicle loadings should be designed in 
accordance with Section 6.05.4, Rigid Pavements. 

6.05.3 Flexible Pavements 
 
Flexible asphalt concrete (AC) pavements may be used for parking areas and driveways. We developed the 
following recommended pavement sections for various traffic indices using the Caltrans R-value design method 
for flexible pavements. The sections below are based on an assumed subgrade R-value of 30 for non-
expansive soil. The R-value of the soil beneath the aggregate base should be confirmed during construction.  
 

Flexible Pavement Thickness Design for Subgrade R-Value = 30 
 

Traffic Index Asphalt Concrete 
(inches) 

Caltrans Class 2 
Aggregate Base 

(inches) 

Total 
Thickness 
(inches) 

4 2 6 8 
5 3 6 9 
6 3 9 12 
7 3 12 15 

 
The assumed traffic indices of 4.0 and 5.0 are commonly used for automobile and light truck parking areas and 
access driveways, respectively. Traffic indices of 6.0 and 7.0 are commonly used for moderate truck access 
and parking areas. A traffic study has not been conducted by our firm for this project and our opinion regarding 
the applicability of the assumed traffic indices is experience-based and judgmental. The project civil engineer 
should choose the appropriate traffic indices for the pavement areas of the Site and then use the given section 
for that traffic index.  
 
Aggregate base should be placed on a compacted non-expansive soil layer that is at least 12 inches thick.   
The upper 6 inches of subgrade beneath planned pavements should be compacted to at least 95 percent 
relative compaction per ASTM D-1557. Pavement subgrades should be proof-rolled and confirmed to be 
uniformly firm and non-yielding prior to the placement of aggregate base. Aggregate base for use in pavements 
should conform to Caltrans Standard Specifications for Class 2 Aggregate Base. The aggregate base used in 
pavement sections should be compacted to at least 95 percent relative compaction as determined by ASTM D-
1557.  

6.05.4 Rigid Pavements 
 
Rigid Portland cement concrete (PCC) pavements may also be used in driveway/loading areas. This section 
provides recommendations for Caltrans jointed plain concrete pavement (JPCP), which is engineered with 
longitudinal and transverse joints to control where cracking occurs. JPCPs do not contain steel reinforcement, 
other than tie bars and dowel bars. The project civil engineer should design and detail the JPCP per Caltrans 
specifications.  
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We developed the following pavement thickness design using the Caltrans R-value design method for rigid 
pavements and an assumed traffic index. The section below is for subgrade soils with an R-value between 10 
and 40. 
 

Portland Cement Concrete Pavement Thickness Design 
 

Traffic Index 
Portland Cement 

Concrete 
(inches) 

Caltrans Class 2 
Aggregate Base 

(inches) 

Total 
Thickness 
(inches) 

< 9 9 12 21 

 
Aggregate base should be placed on a compacted non-expansive soil layer that is at least 12 inches thick.  The 
upper 6 inches of subgrade beneath planned pavements should be compacted to at least 95 percent relative 
compaction per ASTM D-1557. Pavement subgrades should be proof rolled and confirmed to be uniformly firm 
and non-yielding prior to the placement of aggregate base. Aggregate base for use in pavements should conform 
to Caltrans Standard Specifications for Class 2 Aggregate Base. The aggregate base used in pavement sections 
should be compacted to at least 95 percent relative compaction as determined by ASTM D-1557.  
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7. FUTURE GEOTECHNICAL SERVICES 
 
7.01 Supplemental Subsurface Investigations 
 
Currently, limited information is available regarding the thickness of the soft clay topsoil layer across the 
building footprint.  The thickness of this layer might be better defined prior to construction, which would help 
better define the depths of over-excavation required.  Based on conversations with UCB EHS personnel in 
autumn of 2017, we understand EHS may be planning an environmental soil pre-characterization program prior 
to construction, likely to consist of shallow direct push borings or similar, within the NRLF 4 footprint.  If this 
occurs, it may be beneficial for an A3GEO representative to be on site during the drilling program to observe 
soil conditions and make an estimate of the bottom of the soft clay topsoil layer at each borehole location.  
Alternatively, shallow borings or test pits could be undertaken by the contractor prior to construction.   
 
Additionally, as discussed in Section 5.05, we recommend test pits be performed along the edges of the Phase 
2 and Phase 3 structures to observe the extent of structural fill and lime treated soils, respectively.  We 
recommend these test pits be conducted prior to construction and prior to the Contractor’s preparation of an 
earthwork submittal.   
 
7.02 Design-Phase Consultations and Plan Review 
 
We recommend A3GEO be provided the opportunity to review the project plans and specifications as they are 
being developed to check conformance with the intent of our geotechnical recommendations and to provide 
timely input, in the event that revisions are needed.  We should perform a general review of the geotechnical 
aspects of the final plans and specifications, the results of which we should document in a formal plan review 
letter.    
 
7.03 Construction-Phase Geotechnical Services 
 
It is essential that A3GEO provide geotechnical services during construction to check whether conditions are as 
anticipated, provide supplemental recommendations where necessary, and document that the geotechnical 
aspects of the work substantially conform to the approved Contract Documents and the intent of our 
geotechnical recommendations.  Critical aspects of construction that A3GEO should observe include over-
excavation, subgrade preparation, and backfilling.  A3GEO should also review, comment upon and approve, 
where appropriate, contractor submittals (including material submittals and requests for information or 
clarification) that are geotechnical in nature.    
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8. LIMITATIONS 
 
This report has been prepared for the exclusive use of UCB and its consultants for specific application to the 
design of the NRLF Phase 4 Project described herein.  The opinions presented in this report were developed in 
accordance with generally-accepted geotechnical and engineering geologic principles and practices.  No other 
warranty, expressed or implied, is made.  In the event that any changes in the nature or design of the project 
are planned, the conclusions and recommendations contained in this report should not be considered valid 
unless the changes are reviewed and the conclusions of this report are modified or verified in writing. 
 
The findings of this report are valid as of the present date. However, the passing of time will likely change the 
conditions of the existing property due to natural processes or the works of man. In addition, due to legislation 
or the broadening of knowledge, changes in applicable or appropriate standards will occur. Accordingly, this 
report should not be relied upon after a period of three years without being reviewed by this office. 
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TABLE I ‐ SUMMARY OF SUBSURFACE DATA

GEOTECHNICAL INVESTIGATION ‐ NRLF PHASE 4 EXPANSION

UNIVERSITY OF CALIFORNIA ‐ BERKELEY

RICHMOND, CALIFORNIA

1101‐17A

Depth to 

Top
El. of Top Thickness Depth to Top El. of Top Thickness

Depth to 

Top
El. of Top

[ft] [ft] [ft] [ft] [ft] [ft] [ft] [ft] [ft] [ft] [ft]

A3‐17‐1 A3GEO NRLF Phase 4 11/28/2017 20.5 114.6 ‐94.1 0.0 20.5 4.0 4.0 16.5 110.5 114.5 ‐94.0

A3‐17‐2 A3GEO NRLF Phase 4 11/29/2017 19.0 124.4 ‐105.4 0.0 19.0 5.0 5.0 14.0 119.0 124.0 ‐105.0

#10 URS NRLF Phase 3 2/12/2001 23.5 31.5 ‐8.0 0.5 23.0 4.5 5.0 18.5 >26.5 >31.5 Below El. ‐8

#11 URS NRLF Phase 3 3/6/2001 22.0 51.5 ‐29.5 0.0 22.0 3.5 3.5 18.5 >48 >51.5 Below El. ‐29.5

#12 URS NRLF Phase 3 3/5/2001 22.0 51.5 ‐29.5 0.0 22.0 3.0 3.0 19.0 >48.5 >51.5 Below El. ‐29.5

#8 WCC NRLF Phase 2 2/23/1988 19.5 110.5 ‐91.0 0.0 19.5 3.0 3.0 16.5 105.0 108.0 ‐88.5

#9 WCC NRLF Phase 2 2/23/1988 21.0 91.0 ‐70.0 0.0 21.0 4.0 4.0 17.0 87.0 91.0 ‐70.0

W‐1 WCC NRLF Phase 2 2/23/1988 23.0 26.0 ‐3.0 0.0 23.0 4.0 4.0 19.0 >22 >26 Below El. ‐3

A WCC NRLF Phase 1 11/10/1980 21.5 101.5 ‐80.0 0.0 21.5 6.0 6.0 15.5 84.5 90.5 ‐69.0

B WCC NRLF Phase 1 11/13/1980 22.0 81.0 ‐59.0 0.0 22.0 6.0 6.0 16.0 73.5 79.5 ‐57.5

C WCC NRLF Phase 1 11/12/1980 21.5 82.5 ‐61.0 0.0 21.5 5.5 5.5 16.0 68.5 74.0 ‐52.5

D WCC NRLF Phase 1 11/11/1980 21 85.5 ‐64.5 0.0 21.0 7.0 7.0 14.0 72.5 79.5 ‐58.5

#3 WCC NRLF Phase 1 2/26/1980 21.0 61.0 ‐40.0 0.0 21.0 2.0 2.0 19.0 >59 >61 Below El. ‐40

#4 WCC NRLF Phase 1 2/23/1980 21.0 61.0 ‐40.0 0.0 21.0 4.0 4.0 17.0 >57 >61 Below El. ‐40

#5 WCC NRLF Phase 1 2/25/1980 22.0 61.0 ‐39.0 0.0 22.0 3.8 3.8 18.2 >57.2 >61 Below El. ‐39

#6 WCC NRLF Phase 1 2/25/1980 22.0 31.5 ‐9.5 0.0 22.0 3.0 3.0 19.0 >28.5 >31.5 Below El. ‐9.5

#7 WCC NRLF Phase 1 2/25/1980 23.0 31.5 ‐8.5 0.0 23.0 2.8 2.8 20.2 >28.7 >31.5 Below El. ‐8.5

NOTES:

1. Ground surface elevations for URS NRLF Phase 3 borings indicated "Not Available" on boring logs.  Ground surface elevations estimated from drawing C1 "Demolition", from  Record Drawings,

    University of California Northern Regional Library Facility Phase 3, prepared by EHDD and dated 12 October 2005.  Drawing C1 contains existing topographic information from survey dated

    14 February and 27 March 2001.

2. Ground surface elevations for WCC NRLF Phase 2 borings not indicated.  Ground surface elevations estimated from drawing A1.0 "Site Survey ‐ Not in Contract", from As Built

     Drawings, Northern Regional Library Facility Phase 2, Richmond, Calif." , dated 2 March 1989.  Drawing A1.0 contains existing topographic information from survey dated June 1988.

3. Boring W‐1 was advanced for the installation of a standpipe piezometer.

4. Boring #9 encountered refusal at 91 feet.  It is not clear whether the borehole refused on bedrock.

5. Ground surface elevations for A3GEO borings based on drawing C1.00 "Site Plan", for University of California Northern Regional Library Facility Phase IV, prepared by EHDD, dated 18 January 2018.

Bottom of 

Boring El.

Soft Clay Topsoil and/or Fill Alluvium & Yerba Buena Mud Bedrock

Boring ID Consultant Purpose Date

Ground 

Surface El.

Total 

Boring 

Depth

A3GEO, Inc.

\\A3geo\a3geo\A3GEO Projects\1101 ‐ UCB\1101‐17A_NRLF Phase 4 Investigation\Data\Subsurface Data Summary\2018_0207_A3GEO_NRLF Summary of Subsurface Data

Printed on:

9:42 AM  2/15/2018
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TABLE II ‐ SUMMARY OF ANALYTICAL RESULTS FOR VOCs IN SOIL SAMPLES

GEOTECHNICAL INVESTIGATION ‐ NRLF PHASE 4 EXPANSION

UNIVERSITY OF CALIFORNIA ‐ BERKELEY

RICHMOND, CALIFORNIA

1101‐17A

Sample 

Depth
All VOCs

(feet bgs) μg/kg

11/27/2017 A3‐17‐1‐15 15 ND

11/27/2017 A3‐17‐1‐40 40 ND

11/28/2017 A3‐17‐2‐15 15 ND

11/29/2017 A3‐17‐2‐40 40 ND

NOTES:

1. Compounds not detected are not presented.

2. Samples were collected by A3GEO, Inc., and analyzed by Enthalpy Analytical Laboratory

     of Berkeley, California by USEPA Method 8260B.

ABBREVIATIONS:

    bgs = below ground surface

    VOC = volatile organic compound

    USEPA = United States Environmental Protection Agency

    μg/kg = microgram per kilogram

    ND = Not Detected; compound was not detected in the sample at a concentration at or above the reporting limit

Location Sample Date

A3‐17‐1

A3‐17‐2

Sample 

Designation

A3GEO, Inc.
\\A3GEO\a3geo\A3GEO Projects\1101 ‐ UCB\1101‐17A_NRLF Phase 4 Investigation\Data\Environmental Data\November 2017\2018_0213_A3GEO_NRLF 4 Soil Quality Data

Printed on 2:08 PM  2/13/2018
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Notes:

1. Base plan taken from drawing A1.01, titled "Site Plan, 
Code Analysis", prepared by EHDD of San Francisco, 
California, and dated 20 January 2017.

2. NRLF = Northern Regional Library Facility 

3. Locations of NRLF Phase 3 borings taken from
Figure 1 in URS, 2001, "Draft Report Geotechnical
Engineering Study, University of California NRLF
Phase 3", 2 April.

4. Locations of NRLF Phase 2 borings taken from
Figure 1 in Woodward-Clyde Consultants, 1988,
"Geotechnical Engineering Study, University of
California NRLF Phase 2", 3 June.

5. Locations of NRLF Phase 1 borings taken from
Figure 1s in Woodward-Clyde Consultants, 1980,
"Supplemental Geotechnical Exploration, NRLF", 16
December.

6. Topographic information taken from drawing C1.00,
"Site Plan", for University of California Northern
Regional Library Facility Phase IV, prepared by
EHDD, and dated 18 January 2018.

LEGEND:
Designation and approximate location of 
geotechnical test boring advanced for design of 
NRLF Phase 4 by A3GEO on 27 to 29 November, 
2017.

Designation and reported location of geotechnical 
boring advanced in February and March 2001 for 
NRLF Phase 3 by URS

Designation and reported location of geotechnical 
boring advanced in February 1988 for NRLF 
Phase 2 by Woodward-Clyde Consultants

Designation and reported location of 
supplemental geotechnical boring advanced in 
November 1980 for NRLF Phase 1 by 
Woodward-Clyde Consultants

Designation and reported location of geotechnical 
boring advanced in February 1980 for NRLF 
Phase 1 by Woodward-Clyde Consultants

Designation and reported location of preliminary 
geotechnical boring advanced in 1979 for NRLF 
Phase 1 by Woodward-Clyde Consultants
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Notes:

1. Section line lengths are approximate, see model output plots for 
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2. Base plan from Drawing A2.01, “Level 1 Floor Plan,” prepared 
by EHDD and dated 19 January 2018 (100% Schematic 
Design).

3. PSF = Pounds Per Square Foot

INITIAL LOAD
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Scenario 2 - 255 PSF
Scenario 3 - 0 PSF
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All Scenarios - 675 PSF

LEGEND:

Cross Section Line
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STACKS ONLY
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A3GEO Boring Logs 
(This Study)



MAJOR DIVISIONS

COARSE

GRAINED

SOILS:

more than 50%

retained on

No. 200 sieve

FINE

GRAINED

SOILS:

50% or more

passing

No. 200 sieve

SANDS:

more than 50%

passing on

No. 4 sieve

SILTS AND CLAY:

Liquid Limit 50%

or less

COARSE

GRAINED

SOILS:

50% or more of

coarse fraction

on No. 4 sieve

SILTS AND CLAY:

Liquid Limit 50%

or greater

HIGHLY ORGANIC SOILS

CLEAN

GRAVELS

GRAVELS

WITH

SAND

CLEAN

SANDS

SANDS

WITH

FINES

UNIFIED SOIL CLASSIFICATION CHART

BOUNDARY CLASSIFICATION AND GRAIN SIZES

SILT OR CLAY

SAND GRAVEL

COBBLES BOULDERS

FINE COARSEMEDIUM COARSEFINE

U.S. Standard

Sieve Sizes

No. 200        No. 40     No. 10   No. 4   3/4"  3"        12"

0.075 mm       0.425 mm      2 mm    3/16"

Modified California (MC)

Sampler (3" O.D.)

Standard Penetration Test:

SPT (2" O.D.)

101 Barrel (SS)

Water Levels

At time of drilling

At end of drilling

After drilling

HQ ROCK CORE (RC)

Pitcher Tube (ST)

SYMBOLS

ABBREVIATIONS NOTES

Item  Meaning

LL  Liquid Limit (%) (ASTM D 4318)

PI  Plasticity Index (%) (ASTM D 4318)

-200  Passing No. 200 (%) (ASTM D 1140)

TXCU  Laboratory consolidated undrained triaxial test of

 undrained shear strength (psf) (ASTM D 4767)

TXUU  Laboratory unconsolidated, undrained triaxial test of

 undrained shear strength (psf) (ASTM D 2850)

psf/tsf  pounds per square foot / tons per square foot

psi  pounds per square inch

OD  Outside Diameter

ID  Inside Diameter

1. Stratification lines represent the approximate

boundaries between material types and the transitions

may be gradual.

2.       Modified California (MC) blow counts were adjusted by

multiplying field blow counts by a factor of 0.63.

3. Recorded blow counts have not been adjusted for

hammer energy.

KEY TO EXPLORATORY BORING LOGS

TYPICAL NAMES

Well graded gravels and gravel-sand mixtures, little

or no fines

Poorly graded gravels and gravel-sand mixtures,

little or no fines

Silty gravels and gravel-sand-silt mixtures

Clayey gravels and gravel-sand-clay mixtures

Well graded sands and gravelly sand, little or no fines

Poorly graded sands and gravelly sand, little or no fines

Silty sands, sand-silt mixtures

Clayey sands, sand-clay mixtures

Inorganic silts, very fine sands, rock flour, silty or

clayey fine sands

Inorganic clays or 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

sands or silts, elastic clays

Inorganic clays of high plasticity, fat clays

Organic clays of medium to high plasticity

Peat, muck, and other highly organic soils
PT

OH

CH

MH

OL

CL

ML

SM

SP

SW

SC

GC

GM

GP

GW





MC

ST

SPT

MC

MC

MC

4.0

2.0

3.0

1.5 108 21

25

11

9

15

16

Gravel: 0.1%
Sand: 15.2%
-200: 84.7%
LL = 46
PI = 26

Gravel: 0%
Sand: 36.6%
-200: 63.4%
LL = 31
PI = 7

Gravel: 7.4%
Sand: 26.3%
-200: 66.3%
LL = 36
PI = 17

Gravel: 6.3%
Sand: 43.7%
-200: 50%

CLAYEY GRAVEL WITH SAND (GC) - greyish-brown, rootlets
present, moist
FAT CLAY (CH) - dark-brown, with organic matter, moist

LEAN CLAY WITH SAND (CL) - olive-brown, very stiff, moist

SANDY SILT (ML) - olive-brown, moist

SANDY LEAN CLAY (CL) - yellowish-brown, stiff, some gravel, wet

-no more gravel

-similiar to above, medium stiff

CLAYEY GRAVEL (GC)

SANDY LEAN CLAY (CL) - light brown, stiff, decreasing sand with
depth

SANDY CLAY (CL) - brown, very stiff, some fine gravel

(Continued Next Page)
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MATERIAL DESCRIPTION

PAGE  1  OF  4
BORING NUMBER A3-17-1

NOTES

GROUND ELEVATION 20.5 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/27/17 COMPLETED 11/28/17

AT TIME OF DRILLING 15.0 ft / Elev 5.5 ft

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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A3GEO, Inc.
1331 Seventh Ave, Suite E
Berkeley, CA, 94710
Telephone:  510-705-1664



SPT

SPT

SPT

MC

MC

MC

MC

SPT

1.0

>4.5

3.0

2.5

108 21

50/5.5"

50

38

35

47

26

25

54

Gravel: 0.4%
Sand: 12.2%
-200: 87.3%

Gravel: 2.1%
Sand: 13.5%
-200: 84.4%

WELL-GRADED SAND WITH CLAY AND GRAVEL (SW-SC) -
dark-brown, very dense, with gravel, moist(continued)

Note: no recovery at 35-36.5 ft. Gravel caught in tip of spoon.

-similiar to above except dense

-driller notes bottom of gravel at 43 ft

SANDY FAT CLAY WITH GRAVEL (CH) - brown, hard, moist

-driller notes stiffer soils at 47.5 ft

LEAN CLAY (CL) - dark-grey, stiff, some sand, trace gravel, moist

-increasing sand & silt, and decreasing clay with depth

SILT WITH SAND (ML) - grey, very stiff, trace gravel, moist

-similiar to above, light brown

CLAYEY SAND (SC) - greyish-brown, very dense, coarse, some
gravel

-clay layer from 67 to 68 ft

(Continued Next Page)
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MATERIAL DESCRIPTION

PAGE  2  OF  4
BORING NUMBER A3-17-1

NOTES

GROUND ELEVATION 20.5 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/27/17 COMPLETED 11/28/17

AT TIME OF DRILLING 15.0 ft / Elev 5.5 ft

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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Berkeley, CA, 94710
Telephone:  510-705-1664



SPT

SPT

MC

MC

SPT

1.0
2.0

106 21

50/5.5"

32

28

32/4.0"

59

CLAYEY SAND (SC) - greyish-brown, very dense, coarse, some
gravel(continued)
-very dense, slightly cemented, additional gravel
-gravel recovered in spoon tip

CLAYEY SAND (SC) - reddish-brown, medium dense, pockets of
greyish-brown clay

SANDY LEAN CLAY (CL) - light-brown, stiff

CLAYEY SAND WITH GRAVEL (SC) - reddish-brown mottled, very
dense, slightly cemented, gravel is multi-colored

-similiar to above

-harder drilling at 102 ft

(Continued Next Page)
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MATERIAL DESCRIPTION

PAGE  3  OF  4
BORING NUMBER A3-17-1

NOTES

GROUND ELEVATION 20.5 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/27/17 COMPLETED 11/28/17

AT TIME OF DRILLING 15.0 ft / Elev 5.5 ft

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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Berkeley, CA, 94710
Telephone:  510-705-1664



SPT 50/1.0"

CLAYEY SAND WITH GRAVEL (SC) - reddish-brown mottled, very
dense, slightly cemented, gravel is multi-colored(continued)

-harder drilling at 107 ft

-harder drilling at 111 ft

CLAYSTONE - dark-grey, soft, plastic [BEDROCK]

Bottom of borehole at 114.6 feet.
1. Spun PW casing to 4.0 ft. Advanced open-hole thereafter.

2. Borehole tremie grouted to ground surface. 
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MATERIAL DESCRIPTION
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BORING NUMBER A3-17-1

NOTES

GROUND ELEVATION 20.5 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/27/17 COMPLETED 11/28/17

AT TIME OF DRILLING 15.0 ft / Elev 5.5 ft

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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1331 Seventh Ave, Suite E
Berkeley, CA, 94710
Telephone:  510-705-1664



MC

MC

ST

MC

ST

MC

2.5

3.5

1.0

2.5

104

96

88

23

28

34

16

19

8

20

Gravel: 0.3%
Sand: 13.9%
-200: 85.8%
LL = 46
PI = 26

Gravel: 0%
Sand: 37.4%
-200: 62.6%
LL = 43
PI = 28

Gravel: 0%
Sand: 24.3%
-200: 75.7%
LL = 51
PI = 35

SANDY FAT CLAY WITH GRAVEL (CH) - dark-brown, rootlets
present, moist

LEAN CLAY (CL) -olive gray, very stiff, some sand, moist

CLAYEY GRAVEL (GC) - dark-brown, moist

FAT CLAY WITH GRAVEL (CH) - light-brown, very stiff, moist

-increasing sand content with depth

SANDY LEAN CLAY (CL) - light brown, moist

SANDY FAT CLAY (CH) - light-brown, medium stiff, moist

POORLY-GRADED SAND (SP) - greyish-brown, moist

FAT CLAY WITH SAND (CH) - light-brown, very stiff, moist
-interbedded with clayey SAND (SC), light-brown, medium dense.

CLAYEY GRAVEL WITH SAND (GC) - dark brown, very dense,
moist

(Continued Next Page)
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MATERIAL DESCRIPTION

PAGE  1  OF  4
BORING NUMBER A3-17-2

NOTES

GROUND ELEVATION 19 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/28/17 COMPLETED 11/29/17

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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1331 Seventh Ave, Suite E
Berkeley, CA, 94710
Telephone:  510-705-1664



SPT

SPT

ST

MC

MC

MC

3.5

1.0

3.0

100 24

67

42

31

23

37

Gravel: 41.2%
Sand: 39.5%
-200: 19.3%

Gravel: 0.4%
Sand: 11.4%
-200: 88.1%
LL = 58
PI = 35

CLAYEY GRAVEL WITH SAND (GC) - dark brown, very dense,
moist(continued)

FAT CLAY (CH) - olive-grey, hard, some sand, trace gravel, moist

-similiar to above except very stiff

-similiar to above except sandy, hard

POORLY-GRADED SAND WITH CLAY (SP-SC) - greyish-brown,
very dense, moist

SANDY LEAN CLAY (CL) - olive-grey, hard, fine sand becoming
coarser with depth, moist

(Continued Next Page)
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MATERIAL DESCRIPTION

PAGE  2  OF  4
BORING NUMBER A3-17-2

NOTES

GROUND ELEVATION 19 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/28/17 COMPLETED 11/29/17

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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1331 Seventh Ave, Suite E
Berkeley, CA, 94710
Telephone:  510-705-1664



MC

MC

SPT

MC

3.0

2.0

>4.0

114

101

18

24

46

27

52

35

SANDY LEAN CLAY (CL) - olive-grey, hard, fine sand becoming
coarser with depth, moist(continued)

SANDY LEAN CLAY (CL) - light-brown, very stiff, moist

CLAYEY SAND (SC) - multi-colored, very dense, coarse, moist

SANDY LEAN CLAY (CL) - light-brown, hard, sand fraction
predominantly fine, moist

(Continued Next Page)
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MATERIAL DESCRIPTION

PAGE  3  OF  4
BORING NUMBER A3-17-2

NOTES

GROUND ELEVATION 19 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/28/17 COMPLETED 11/29/17

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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1331 Seventh Ave, Suite E
Berkeley, CA, 94710
Telephone:  510-705-1664



SPT

SPT

22

50/5.0"

SANDY LEAN CLAY (CL) - light-brown, hard, sand fraction
predominantly fine, moist(continued)

-similiar to above except reddish-brown & greyish-brown, very stiff

SANDSTONE & SHALE - reddish-brown sandstone & dark-grey
shale [BEDROCK]

Bottom of borehole at 124.4 feet.
1. Spun PW casing to 4.0 ft. Advanced open-hole thereafter.

2. Borehole tremie grouted to ground surface. 
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MATERIAL DESCRIPTION
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BORING NUMBER A3-17-2

NOTES

GROUND ELEVATION 19 ft

LOGGED BY EA

DRILLING METHOD Rotary Wash Drilling

HOLE SIZE 6"

DRILLING CONTRACTOR Pitcher Drilling Co. GROUND WATER LEVELS:

CHECKED BY LB

DATE STARTED 11/28/17 COMPLETED 11/29/17

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

PROJECT NAME NRLF Phase 4 Investigation

PROJECT LOCATION Richmond Field Station

CLIENT UC Berkeley

PROJECT NUMBER 1101-17A
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APPENDIX C 

Historic Geotechnical Laboratory Testing Data

















































APPENDIX D

A3GEO Geotechnical Laboratory Testing
Data Sheets (This Study)



CTL Job No: Project No. 1101-17A By: RU
Client: Date: 12/21/17
Project Name: Remarks:
Boring: A3-17-1 A3-17-1 A3-17-1 A3-17-2 A3-17-2 A3-17-2
Sample:
Depth, ft: 31-31.5 51-51.5 81-81.5 6-6.5 71-71.5 100.5-101
Visual
Description:

Actual      Gs

Assumed Gs 2.70 2.70 2.70 2.70 2.70 2.70
Moisture,  % 20.9 20.7 21.4 22.7 17.6 24.4
Wet Unit wt, pcf 130.0 130.2 128.9 127.3 134.0 126.0
Dry Unit wt,  pcf 107.5 107.9 106.2 103.8 114.0 101.3
Dry Bulk Dens.ρb, (g/cc) 1.72 1.73 1.70 1.66 1.83 1.62
Saturation,  % 99.4 99.2 98.3 98.0 98.9 99.1
Total Porosity,   % 36.3 36.0 37.1 38.5 32.4 39.9
Volumetric Water Cont,Өw,% 36.0 35.7 36.4 37.7 32.1 39.6
Volumetric Air Cont., Өa,% 0.2 0.3 0.6 0.8 0.3 0.4
Void Ratio 0.57 0.56 0.59 0.63 0.48 0.66
Series 1 2 3 4 5 6 7 8
Note: All reported parameters are from the as-received sample condition unless otherwise noted.  If an assumed specific gravity (Gs) was used then the saturation, 
porosities, and void ratio should be considered approximate.
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Moisture-Density-Porosity Report
Cooper Testing Labs, Inc. (ASTM D7263b)



Job No.: Project No.: Run By: MD
Client: Date: Checked By: DC

Project: 
Boring: A3-17-1 A3-17-1 A3-17-1 A3-17-1 A3-17-2 A3-17-2

Sample: 
Depth, ft.: 5-6.5 31-31.5 51-51.5 61-61.5 6-6.5 45-47.5
Soil Type: 

Wt of Dish &  Dry Soil,     gm 571.4 607.1 591.4 454.9 666.0 394.7
Weight of Dish,                gm 178.1 174.9 173.4 171.6 324.1 274.1
Weight of Dry Soil,          gm 393.4 432.2 418.0 283.3 341.9 120.6
Wt. Ret. on #4 Sieve,       gm 0.3 27.3 1.9 5.9 1.0 0.6
Wt. Ret. on #200 Sieve,   gm  60.3 216.1 52.9 44.1 48.7 14.3
% Gravel 0.1 6.3 0.4 2.1 0.3 0.5
% Sand 15.2 43.7 12.2 13.5 13.9 11.4
% Silt & Clay 84.7 50.0 87.3 84.4 85.8 88.1

Olive Brown  
CLAY w/ 

Sand  

Olive Brown  
Sandy CLAY 

Bluish Gray  
CLAY   

Olive Gray   
CLAY w/ 

Sand  

Yellowish 
Brown   
CLAY   

Greenish 
Gray   Fat 

CLAY   

1101-17A
1/9/2018

NRLF Phase 4

748-033
A3GEO 

Remarks:  As an added benefit to our clients, the gravel fraction may be included in this report. Whether or not it is 
included is dependent upon both the technician's time available and if there is a significant enough amount of gravel. 
The gravel is always included in the percent retained on the #200 sieve but may not be weighed separately to determine 
the percentage, especially if there is only a trace amount, (5% or less).

#200 Sieve Wash Analysis
ASTM D 1140



Project No.:

Project:

Client:

Cu
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REMARKS:GRAIN SIZE

SOIL DESCRIPTIONPERCENT FINERSIEVEPERCENT FINERSIEVE
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Particle Size Distribution Report
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748-033

NRL3 Phase 3 - 1101-17A

A3GEO

Source: A3-17-1 Elev./Depth: 10-11.6'

63.436.6

inches Olive Brown Sandy CLAY

COOPER TESTING LABORATORY

Source: A3-17-1 Elev./Depth: 20-21.5'

66.326.37.4

Olive Brown Sandy CLAY

Source: A3-17-2 Elev./Depth: 35-36.5'

0.276

5.02

19.339.541.2

Olive Brown Clayey GRAVEL w/ Sand
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Project:

Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: A3-17-2 Elev./Depth: 45-47.5'

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

A3GEO748-033

352358Greenish Gray Fat CLAY

NRL3 Phase 3 - 1101-17A
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Project:

Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: A3-17-1 Elev./Depth: 5-6.5'

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

A3GEO748-034

262046Olive Brown Sandy Lean CLAY

NRLF Phase 4 - 1101-17A

Source: A3-17-1 Elev./Depth: 10-11.5'

72431Olive Brown Sandy SILT

Source: A3-17-1 Elev./Depth: 20-21.5'
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Source: A3-17-2 Elev./Depth: 6-6.5'

262046Olive Gray Sandy Lean CLAY
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Job No.: Boring: Run By: MD
Client: Sample: Reduced: PJ
Project: Depth, ft.: Checked: PJ/DC
Soil Type: Date: 1/4/2018

Assumed Gs 2.8 Initial Final
23.7 23.7
99.8 105.0
0.751 0.665
88.4 100.0

Void Ratio:
% Saturation:

Dry Density, pcf:
 Moisture %:

A3-17-2

45-47.5'1101-17A
A3Geo
748-033

Greenish Gray Fat CLAY
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Remarks: 



Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

16.3 27.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.0
72.95 Maximum past (Pacheco Silva) 6.9

105.95 Maximum past (Work method) 7.3
208.1
1.964 Disturbance
122.6 Δe / eo   (%) 3.4

2.68 Sample quality (Lunne, 1997)

0.745
100.3      Project: NRLF 4 Test: CRS1 at 16 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Axial strain v. log (vertical effective stress) Figure: 1.1
at UCB Geotech labs

Moist density, ρ (g/cm3)

Atterberg Limits
 Description USCS
 stiff sandy clay
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Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

16.3 27.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.0
72.95 Maximum past (Pacheco Silva) 6.9

105.95 Maximum past (Work method) 7.3
208.1
1.964 Disturbance
122.6 Δe / eo   (%) 3.4
2.68 Sample quality (Lunne, 1997)

0.745
100.3      Project: NRLF 4 Test: CRS1 at 16 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Void ratio v. log (vertical effective stress) Figure: 1.2
at UCB Geotech labs

Total unit weight (pcf)

Initial Specimen Properties

Atterberg Limits
 Description USCS
 stiff sandy clay

Height (mm)
Diameter (mm)
Volume (cm3)
Moist mass (g)

Moist density, ρ (g/cm3)

GoodGs (assumed)
Void Ratio e  

Saturation
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Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

16.3 27.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.0
72.95 Maximum past (Pacheco Silva) 6.9

105.95 Maximum past (Work method) 7.3
208.1
1.964 Disturbance
122.6 Δe / eo   (%) 3.4
2.68 Sample quality (Lunne, 1997)

0.745
100.3      Project: NRLF 4 Test: CRS1 at 16 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Cumulative work v. vertical effective stress Figure: 1.3
at UCB Geotech labs   (Becker Method)

Total unit weight (pcf)

Initial Specimen Properties

Atterberg Limits
 Description USCS
 stiff sandy clay

Height (mm)
Diameter (mm)
Volume (cm3)
Moist mass (g)

Moist density, ρ (g/cm3)
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Void Ratio e  

Saturation

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 5 10 15 20 25

C
um

m
ul

at
iv

e 
W

or
k 

Pe
rf

or
m

ed
 

Corrected Vertical Effective Stress (ksf) 



Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

16.3 27.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.0
72.95 Maximum past (Pacheco Silva) 6.9

105.95 Maximum past (Work method) 7.3
208.1
1.964 Disturbance
122.6 Δe / eo   (%) 3.4
2.68 Sample quality (Lunne, 1997)

0.745
100.3      Project: NRLF 4 Test: CRS1 at 16 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Coeff.of Consol v. log(effective stress) Figure: 1.4
at UCB Geotech labs

Total unit weight (pcf)

Initial Specimen Properties

Atterberg Limits
 Description USCS
 stiff sandy clay

Height (mm)
Diameter (mm)
Volume (cm3)
Moist mass (g)

Moist density, ρ (g/cm3)

GoodGs (assumed)
Void Ratio e  

Saturation
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Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

26.7 33.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.6
72.95 Maximum past (Pacheco Silva) 6.2

105.95 Maximum past (Work method) 6.2
200

1.888 Disturbance
117.8 Δe / eo   (%) 4.7

2.68 Sample quality (Lunne, 1997)

0.901
100.9      Project: NRLF 4 Test: CRS2 at 26 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Axial strain v. log (vertical effective stress) Figure: 2.1
at UCB Geotech labs

Good to Fair

Saturation

Total unit weight (pcf)
Gs (assumed)
Void Ratio e  

Moist density, ρ (g/cm3)

Atterberg Limits
 Description USCS
 stiff sandy clay

Initial Specimen Properties
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Moist mass (g)
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Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

26.7 33.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.6
72.95 Maximum past (Pacheco Silva) 6.2

105.95 Maximum past (Work method) 6.2
200

1.888 Disturbance
117.8 Δe / eo   (%) 4.7
2.68 Sample quality (Lunne, 1997)

0.901
100.9      Project: NRLF 4 Test: CRS2 at 26 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Void ratio v. log (vertical effective stress) Figure: 2.2
at UCB Geotech labs

Good to FairGs (assumed)
Void Ratio e  

Saturation

Total unit weight (pcf)

Initial Specimen Properties

Atterberg Limits
 Description USCS
 stiff sandy clay

Height (mm)
Diameter (mm)
Volume (cm3)
Moist mass (g)

Moist density, ρ (g/cm3)
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Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

26.7 33.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.6
72.95 Maximum past (Pacheco Silva) 6.2

105.95 Maximum past (Work method) 6.2
200

1.888 Disturbance
117.8 Δe / eo   (%) 4.7
2.68 Sample quality (Lunne, 1997)

0.901
100.9      Project: NRLF 4 Test: CRS2 at 26 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Cumulative work v. vertical effective stress Figure: 2.3
at UCB Geotech labs   (Becker Method)

Good to FairGs (assumed)
Void Ratio e  

Saturation

Total unit weight (pcf)

Initial Specimen Properties

Atterberg Limits
 Description USCS
 stiff sandy clay

Height (mm)
Diameter (mm)
Volume (cm3)
Moist mass (g)

Moist density, ρ (g/cm3)
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Constant Rate of Strain Consolidation Test
ASTM D4186

Specimen Depth  W.C. Fines content
(ft) (%) LL PL PI (%)

26.7 33.9

   Stresses (ksf)
25.35 Estimated vertical field effective 2.6
72.95 Maximum past (Pacheco Silva) 6.2

105.95 Maximum past (Work method) 6.2
200

1.888 Disturbance
117.8 Δe / eo   (%) 4.7
2.68 Sample quality (Lunne, 1997)

0.901
100.9      Project: NRLF 4 Test: CRS2 at 26 ft

     Location:  Richmond, California
     Project Number:  

Performed by:  M. Riemer Coeff.of Consol v. log(effective stress) Figure: 2.4
at UCB Geotech labs

Good to FairGs (assumed)
Void Ratio e  

Saturation

Total unit weight (pcf)

Initial Specimen Properties

Atterberg Limits
 Description USCS
 stiff sandy clay

Height (mm)
Diameter (mm)
Volume (cm3)
Moist mass (g)

Moist density, ρ (g/cm3)
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Tested By: BH

Olive brown lean CLAY with some sand 43 15 28

Olive brown fat CLAY with some sand 51 16 35

1101-7A A3Geo

MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

B. HILLEBRANDT SOILS TESTING, INC.
+1 510-409-2816

SoilTesting@aol.com Figure

Source: A3-17-2 Depth: 16.0' Sample No.: CRS-1 - Trimmings

Source of Sample: A3-17-2 Depth: 27.0' Sample Number: Shelby Tube
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B. Hillebrandt Soils Testing, Inc.

LIQUID AND PLASTIC LIMIT TEST DATA 12/28/2017

Client: A3Geo
Project: Northern Regional Library Facility Phase 4
Project Number: 1101-7A
Location: A3-17-2
Depth: 16.0' Sample Number: CRS-1 - Trimmings
Material Description: Olive brown lean CLAY with some sand
Tested by: BH

Liquid Limit Data

1
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B. Hillebrandt Soils Testing, Inc.

LIQUID AND PLASTIC LIMIT TEST DATA 12/28/2017

Client: A3Geo
Project: Northern Regional Library Facility Phase 4
Project Number: 1101-7A
Location: A3-17-2
Depth: 27.0' Sample Number: Shelby Tube
Material Description: Olive brown fat CLAY with some sand
Tested by: BH

Liquid Limit Data

1
28.47
22.82
11.30

32
49.0

2
27.74
22.21
11.21

26
50.3

3
26.73
21.38
11.26

18
52.9

4 5 6Run No.
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Plastic Limit= 16

Plasticity Index= 35

Plastic Limit Data

1
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11.23
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2
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16.44
11.33
15.9

3 4Run No.
Wet+Tare
Dry+Tare

Tare
Moisture



Tested By: BH

B. HILLEBRANDT SOILS TESTING, INC.

+1 510-409-2816

SoilTesting@aol.com

Client:

Project:

Project No.: Figure

A3Geo

Northern Regional Library Facility Phase 4

1101-7A

SYMBOL SOURCE
SAMPLE DEPTH

Material Description USCS
NO. (ft.)

SOIL DATA
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Particle Size Distribution Report

A3-17-2 CRS-1 -

Specimen

16.0' Olive brown sandy CLAY

A3-17-2 CRS-2 -

Specimen

26.5' Olive brown CLAY with sand



B. Hillebrandt Soils Testing, Inc.

GRAIN SIZE DISTRIBUTION TEST DATA 12/28/2017

Client: A3Geo
Project: Northern Regional Library Facility Phase 4
Project Number: 1101-7A
Location: A3-17-2
Depth: 16.0' Sample Number: CRS-1 - Specimen
Material Description: Olive brown sandy CLAY
Tested by: BH

Sieve Test Data

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

195.90 34.30 0.00 3" 0.00 100.0

#4 0.00 100.0

#40 11.56 92.8

#200 60.41 62.6

Fractional Components

Cobbles

0.0

Gravel

Coarse

0.0

Fine

0.0

Total

0.0

Sand

Coarse

1.8

Medium

5.4

Fine

30.2

Total

37.4

Fines

Silt Clay Total

62.6

D5 D10 D15 D20 D30 D40 D50 D60 D80

0.1811

D85

0.2420

D90

0.3380

D95

0.7245

Fineness
Modulus

0.46



B. Hillebrandt Soils Testing, Inc.

GRAIN SIZE DISTRIBUTION TEST DATA 12/28/2017

Client: A3Geo
Project: Northern Regional Library Facility Phase 4
Project Number: 1101-7A
Location: A3-17-2
Depth: 26.5' Sample Number: CRS-2 - Specimen
Material Description: Olive brown CLAY with sand
Tested by: BH

Sieve Test Data

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

181.90 33.50 0.00 3" 0.00 100.0

#4 0.00 100.0

#40 4.19 97.2

#200 36.12 75.7

Fractional Components

Cobbles

0.0

Gravel

Coarse

0.0

Fine

0.0

Total

0.0

Sand

Coarse

0.7

Medium

2.1

Fine

21.5

Total

24.3

Fines

Silt Clay Total

75.7

D5 D10 D15 D20 D30 D40 D50 D60 D80

0.1006

D85

0.1427

D90

0.2088

D95

0.3292

Fineness
Modulus

0.24
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Laboratory Job Number 294805
ANALYTICAL REPORT

A3GEO Inc.                      Project  : 1101-17A                         
Location : NRLF Phase 4                     
Level    : II                               

Sample ID Lab ID
A3-17-1-15       294805-001
A3-17-1-40       294805-002

This data package has been reviewed for technical correctness and completeness.
Release of this data has been authorized by the Laboratory Manager or the
Manager's designee, as verified by the following signature. The results
contained in this report meet all requirements of NELAP and pertain only to
those samples which were submitted for analysis. This report may be reproduced
only in its entirety.

Signature:                          Date:  12/14/2017 
Will Rice

Project Manager
will.rice@enthalpy.com

(510) 204-2221 Ext 13102

CA ELAP# 2896, NELAP# 4044-001                                                 
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CASE NARRATIVE

Laboratory number:        294805
Client:                   A3GEO Inc.
Project:                  1101-17A
Location:                 NRLF Phase 4
Request Date:             11/27/17
Samples Received:         11/27/17

This data package contains sample and QC results for two soil samples,
requested for the above referenced project on 11/27/17. The samples were
received cold and intact.

Volatile Organics by GC/MS (EPA 8260B):
No analytical problems were encountered.

Page 1 of 1
7.0
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Detections Summary for 294805

Results for any subcontracted analyses are not included in this summary.

Client   : A3GEO Inc.                                                            
Project  : 1101-17A                                                              
Location : NRLF Phase 4                                                          

Client Sample ID : A3-17-1-15          Laboratory Sample ID :         294805-001 

No Detections                                                                 

Client Sample ID : A3-17-1-40          Laboratory Sample ID :         294805-002 

No Detections                                                                 

Page 1 of 1                                                                                                                       9.0
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Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-1-15                    Diln Fac:        0.7042                        
Lab ID:          294805-001                    Batch#:          254213                        
Matrix:          Soil                          Sampled:         11/27/17                      
Units:           ug/Kg                         Received:        11/27/17                      
Basis:           as received                   Analyzed:        11/30/17                      

Analyte                   Result                RL         
Freon 12                           ND                        7.0       
Chloromethane                      ND                        7.0       
Vinyl Chloride                     ND                        7.0       
Bromomethane                       ND                        7.0       
Chloroethane                       ND                        7.0       
Trichlorofluoromethane             ND                        3.5       
Acetone                            ND                       14         
Freon 113                          ND                        3.5       
1,1-Dichloroethene                 ND                        3.5       
Methylene Chloride                 ND                       14         
Carbon Disulfide                   ND                        3.5       
MTBE                               ND                        3.5       
trans-1,2-Dichloroethene           ND                        3.5       
Vinyl Acetate                      ND                       35         
1,1-Dichloroethane                 ND                        3.5       
2-Butanone                         ND                        7.0       
cis-1,2-Dichloroethene             ND                        3.5       
2,2-Dichloropropane                ND                        3.5       
Chloroform                         ND                        3.5       
Bromochloromethane                 ND                        3.5       
1,1,1-Trichloroethane              ND                        3.5       
1,1-Dichloropropene                ND                        3.5       
Carbon Tetrachloride               ND                        3.5       
1,2-Dichloroethane                 ND                        3.5       
Benzene                            ND                        3.5       
Trichloroethene                    ND                        3.5       
1,2-Dichloropropane                ND                        3.5       
Bromodichloromethane               ND                        3.5       
Dibromomethane                     ND                        3.5       
4-Methyl-2-Pentanone               ND                        7.0       
cis-1,3-Dichloropropene            ND                        3.5       
Toluene                            ND                        3.5       
trans-1,3-Dichloropropene          ND                        3.5       
1,1,2-Trichloroethane              ND                        3.5       
2-Hexanone                         ND                        7.0       
1,3-Dichloropropane                ND                        3.5       
Tetrachloroethene                  ND                        3.5       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                       2.0
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Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-1-15                    Diln Fac:        0.7042                        
Lab ID:          294805-001                    Batch#:          254213                        
Matrix:          Soil                          Sampled:         11/27/17                      
Units:           ug/Kg                         Received:        11/27/17                      
Basis:           as received                   Analyzed:        11/30/17                      

Analyte                   Result                RL         
Dibromochloromethane               ND                        3.5       
1,2-Dibromoethane                  ND                        3.5       
Chlorobenzene                      ND                        3.5       
1,1,1,2-Tetrachloroethane          ND                        3.5       
Ethylbenzene                       ND                        3.5       
m,p-Xylenes                        ND                        3.5       
o-Xylene                           ND                        3.5       
Styrene                            ND                        3.5       
Bromoform                          ND                        3.5       
Isopropylbenzene                   ND                        3.5       
1,1,2,2-Tetrachloroethane          ND                        3.5       
1,2,3-Trichloropropane             ND                        3.5       
Propylbenzene                      ND                        3.5       
Bromobenzene                       ND                        3.5       
1,3,5-Trimethylbenzene             ND                        3.5       
2-Chlorotoluene                    ND                        3.5       
4-Chlorotoluene                    ND                        3.5       
tert-Butylbenzene                  ND                        3.5       
1,2,4-Trimethylbenzene             ND                        3.5       
sec-Butylbenzene                   ND                        3.5       
para-Isopropyl Toluene             ND                        3.5       
1,3-Dichlorobenzene                ND                        3.5       
1,4-Dichlorobenzene                ND                        3.5       
n-Butylbenzene                     ND                        3.5       
1,2-Dichlorobenzene                ND                        3.5       
1,2-Dibromo-3-Chloropropane        ND                        3.5       
1,2,4-Trichlorobenzene             ND                        3.5       
Hexachlorobutadiene                ND                        3.5       
Naphthalene                        ND                        3.5       
1,2,3-Trichlorobenzene             ND                        3.5       

Surrogate             %REC  Limits 
Dibromofluoromethane           100    76-132  
1,2-Dichloroethane-d4          94     74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             107    78-134  

ND= Not Detected
RL= Reporting Limit
Page 2 of 2                                                                                                                       2.0
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Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-1-40                    Diln Fac:        0.7257                        
Lab ID:          294805-002                    Batch#:          254213                        
Matrix:          Soil                          Sampled:         11/27/17                      
Units:           ug/Kg                         Received:        11/27/17                      
Basis:           as received                   Analyzed:        11/30/17                      

Analyte                   Result                RL         
Freon 12                           ND                        7.3       
Chloromethane                      ND                        7.3       
Vinyl Chloride                     ND                        7.3       
Bromomethane                       ND                        7.3       
Chloroethane                       ND                        7.3       
Trichlorofluoromethane             ND                        3.6       
Acetone                            ND                       15         
Freon 113                          ND                        3.6       
1,1-Dichloroethene                 ND                        3.6       
Methylene Chloride                 ND                       15         
Carbon Disulfide                   ND                        3.6       
MTBE                               ND                        3.6       
trans-1,2-Dichloroethene           ND                        3.6       
Vinyl Acetate                      ND                       36         
1,1-Dichloroethane                 ND                        3.6       
2-Butanone                         ND                        7.3       
cis-1,2-Dichloroethene             ND                        3.6       
2,2-Dichloropropane                ND                        3.6       
Chloroform                         ND                        3.6       
Bromochloromethane                 ND                        3.6       
1,1,1-Trichloroethane              ND                        3.6       
1,1-Dichloropropene                ND                        3.6       
Carbon Tetrachloride               ND                        3.6       
1,2-Dichloroethane                 ND                        3.6       
Benzene                            ND                        3.6       
Trichloroethene                    ND                        3.6       
1,2-Dichloropropane                ND                        3.6       
Bromodichloromethane               ND                        3.6       
Dibromomethane                     ND                        3.6       
4-Methyl-2-Pentanone               ND                        7.3       
cis-1,3-Dichloropropene            ND                        3.6       
Toluene                            ND                        3.6       
trans-1,3-Dichloropropene          ND                        3.6       
1,1,2-Trichloroethane              ND                        3.6       
2-Hexanone                         ND                        7.3       
1,3-Dichloropropane                ND                        3.6       
Tetrachloroethene                  ND                        3.6       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                       3.0
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Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-1-40                    Diln Fac:        0.7257                        
Lab ID:          294805-002                    Batch#:          254213                        
Matrix:          Soil                          Sampled:         11/27/17                      
Units:           ug/Kg                         Received:        11/27/17                      
Basis:           as received                   Analyzed:        11/30/17                      

Analyte                   Result                RL         
Dibromochloromethane               ND                        3.6       
1,2-Dibromoethane                  ND                        3.6       
Chlorobenzene                      ND                        3.6       
1,1,1,2-Tetrachloroethane          ND                        3.6       
Ethylbenzene                       ND                        3.6       
m,p-Xylenes                        ND                        3.6       
o-Xylene                           ND                        3.6       
Styrene                            ND                        3.6       
Bromoform                          ND                        3.6       
Isopropylbenzene                   ND                        3.6       
1,1,2,2-Tetrachloroethane          ND                        3.6       
1,2,3-Trichloropropane             ND                        3.6       
Propylbenzene                      ND                        3.6       
Bromobenzene                       ND                        3.6       
1,3,5-Trimethylbenzene             ND                        3.6       
2-Chlorotoluene                    ND                        3.6       
4-Chlorotoluene                    ND                        3.6       
tert-Butylbenzene                  ND                        3.6       
1,2,4-Trimethylbenzene             ND                        3.6       
sec-Butylbenzene                   ND                        3.6       
para-Isopropyl Toluene             ND                        3.6       
1,3-Dichlorobenzene                ND                        3.6       
1,4-Dichlorobenzene                ND                        3.6       
n-Butylbenzene                     ND                        3.6       
1,2-Dichlorobenzene                ND                        3.6       
1,2-Dibromo-3-Chloropropane        ND                        3.6       
1,2,4-Trichlorobenzene             ND                        3.6       
Hexachlorobutadiene                ND                        3.6       
Naphthalene                        ND                        3.6       
1,2,3-Trichlorobenzene             ND                        3.6       

Surrogate             %REC  Limits 
Dibromofluoromethane           108    76-132  
1,2-Dichloroethane-d4          103    74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             97     78-134  

ND= Not Detected
RL= Reporting Limit
Page 2 of 2                                                                                                                       3.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Matrix:          Soil                          Batch#:          254213                        
Units:           ug/Kg                         Analyzed:        11/30/17                      
Diln Fac:        1.000                                                                        

Type:            BS                             Lab ID:          QC910924                       

Analyte                   Spiked              Result         %REC  Limits 
1,1-Dichloroethene                      25.00               25.27      101    68-132  
Benzene                                 25.00               23.95      96     75-123  
Trichloroethene                         25.00               22.95      92     75-120  
Toluene                                 25.00               22.98      92     76-120  
Chlorobenzene                           25.00               23.45      94     80-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           103    76-132  
1,2-Dichloroethane-d4          94     74-149  
Toluene-d8                     99     80-120  
Bromofluorobenzene             98     78-134  

Type:            BSD                            Lab ID:          QC910925                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
1,1-Dichloroethene                      25.00               24.79      99     68-132  2   28  
Benzene                                 25.00               24.04      96     75-123  0   25  
Trichloroethene                         25.00               22.38      90     75-120  3   23  
Toluene                                 25.00               22.73      91     76-120  1   24  
Chlorobenzene                           25.00               23.41      94     80-120  0   21  

Surrogate             %REC  Limits 
Dibromofluoromethane           102    76-132  
1,2-Dichloroethane-d4          93     74-149  
Toluene-d8                     99     80-120  
Bromofluorobenzene             101    78-134  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                       4.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC910926                      Batch#:          254213                        
Matrix:          Soil                          Analyzed:        11/30/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Freon 12                           ND                       10         
Chloromethane                      ND                       10         
Vinyl Chloride                     ND                       10         
Bromomethane                       ND                       10         
Chloroethane                       ND                       10         
Trichlorofluoromethane             ND                        5.0       
Acetone                            ND                       20         
Freon 113                          ND                        5.0       
1,1-Dichloroethene                 ND                        5.0       
Methylene Chloride                 ND                       20         
Carbon Disulfide                   ND                        5.0       
MTBE                               ND                        5.0       
trans-1,2-Dichloroethene           ND                        5.0       
Vinyl Acetate                      ND                       50         
1,1-Dichloroethane                 ND                        5.0       
2-Butanone                         ND                       10         
cis-1,2-Dichloroethene             ND                        5.0       
2,2-Dichloropropane                ND                        5.0       
Chloroform                         ND                        5.0       
Bromochloromethane                 ND                        5.0       
1,1,1-Trichloroethane              ND                        5.0       
1,1-Dichloropropene                ND                        5.0       
Carbon Tetrachloride               ND                        5.0       
1,2-Dichloroethane                 ND                        5.0       
Benzene                            ND                        5.0       
Trichloroethene                    ND                        5.0       
1,2-Dichloropropane                ND                        5.0       
Bromodichloromethane               ND                        5.0       
Dibromomethane                     ND                        5.0       
4-Methyl-2-Pentanone               ND                       10         
cis-1,3-Dichloropropene            ND                        5.0       
Toluene                            ND                        5.0       
trans-1,3-Dichloropropene          ND                        5.0       
1,1,2-Trichloroethane              ND                        5.0       
2-Hexanone                         ND                       10         
1,3-Dichloropropane                ND                        5.0       
Tetrachloroethene                  ND                        5.0       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                       5.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC910926                      Batch#:          254213                        
Matrix:          Soil                          Analyzed:        11/30/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Dibromochloromethane               ND                        5.0       
1,2-Dibromoethane                  ND                        5.0       
Chlorobenzene                      ND                        5.0       
1,1,1,2-Tetrachloroethane          ND                        5.0       
Ethylbenzene                       ND                        5.0       
m,p-Xylenes                        ND                        5.0       
o-Xylene                           ND                        5.0       
Styrene                            ND                        5.0       
Bromoform                          ND                        5.0       
Isopropylbenzene                   ND                        5.0       
1,1,2,2-Tetrachloroethane          ND                        5.0       
1,2,3-Trichloropropane             ND                        5.0       
Propylbenzene                      ND                        5.0       
Bromobenzene                       ND                        5.0       
1,3,5-Trimethylbenzene             ND                        5.0       
2-Chlorotoluene                    ND                        5.0       
4-Chlorotoluene                    ND                        5.0       
tert-Butylbenzene                  ND                        5.0       
1,2,4-Trimethylbenzene             ND                        5.0       
sec-Butylbenzene                   ND                        5.0       
para-Isopropyl Toluene             ND                        5.0       
1,3-Dichlorobenzene                ND                        5.0       
1,4-Dichlorobenzene                ND                        5.0       
n-Butylbenzene                     ND                        5.0       
1,2-Dichlorobenzene                ND                        5.0       
1,2-Dibromo-3-Chloropropane        ND                        5.0       
1,2,4-Trichlorobenzene             ND                        5.0       
Hexachlorobutadiene                ND                        5.0       
Naphthalene                        ND                        5.0       
1,2,3-Trichlorobenzene             ND                        5.0       

Surrogate             %REC  Limits 
Dibromofluoromethane           100    76-132  
1,2-Dichloroethane-d4          91     74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             105    78-134  

ND= Not Detected
RL= Reporting Limit
Page 2 of 2                                                                                                                       5.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294805                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254213                        
MSS Lab ID:      294953-001                    Sampled:         11/30/17                      
Matrix:          Miscell.                      Received:        11/30/17                      
Units:           ug/Kg                         Analyzed:        12/01/17                      
Basis:           as received                                                                  

Type:            MS                             Diln Fac:        0.9823                         
Lab ID:          QC911050                                                                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
1,1-Dichloroethene                  <0.5664          49.12            60.87     124    64-131  
Benzene                             <0.5054          49.12            52.97     108    66-122  
Trichloroethene                     <0.6108          49.12            51.16     104    57-133  
Toluene                             <0.5432          49.12            48.36     98     61-120  
Chlorobenzene                       <0.3408          49.12            44.45     91     56-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           113    76-132  
1,2-Dichloroethane-d4          104    74-149  
Toluene-d8                     98     80-120  
Bromofluorobenzene             101    78-134  

Type:            MSD                            Diln Fac:        0.9560                         
Lab ID:          QC911051                                                                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
1,1-Dichloroethene                      47.80               53.40      112    64-131  10  32  
Benzene                                 47.80               48.27      101    66-122  7   32  
Trichloroethene                         47.80               46.30      97     57-133  7   34  
Toluene                                 47.80               44.01      92     61-120  7   32  
Chlorobenzene                           47.80               41.16      86     56-120  5   33  

Surrogate             %REC  Limits 
Dibromofluoromethane           108    76-132  
1,2-Dichloroethane-d4          98     74-149  
Toluene-d8                     98     80-120  
Bromofluorobenzene             101    78-134  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                       6.0
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Laboratory Job Number 294849
ANALYTICAL REPORT

A3GEO Inc.                      Project  : 1101-17A                         
Location : NRLF Phase 4                     
Level    : II                               

Sample ID Lab ID
IDW-A3-17-1-SOILD        294849-001
IDW-A3-17-1-LIQUID       294849-002
A3-17-2-15               294849-003

This data package has been reviewed for technical correctness and completeness.
Release of this data has been authorized by the Laboratory Manager or the
Manager's designee, as verified by the following signature. The results
contained in this report meet all requirements of NELAP and pertain only to
those samples which were submitted for analysis. This report may be reproduced
only in its entirety.

Signature:                          Date:  12/13/2017 
Will Rice

Project Manager
will.rice@enthalpy.com

(510) 204-2221 Ext 13102

CA ELAP# 2896, NELAP# 4044-001                                                 
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CASE NARRATIVE

Laboratory number:        294849
Client:                   A3GEO Inc.
Project:                  1101-17A
Location:                 NRLF Phase 4
Request Date:             11/28/17
Samples Received:         11/28/17

This data package contains sample and QC results for two soil samples and one
water sample, requested for the above referenced project on 11/28/17. The
samples were received cold and intact.

TPH-Purgeables and/or BTXE by GC (EPA 8015B):
No analytical problems were encountered.

TPH-Extractables by GC (EPA 8015B):
No analytical problems were encountered.

Volatile Organics by GC/MS (EPA 8260B) Soil:
Matrix spikes were not performed for this analysis in batch 254261 due to
limited sample volume or interferences from the solvent in sample dilutions.
No other analytical problems were encountered.

Volatile Organics by GC/MS (EPA 8260B) Miscell.:
Low recoveries were observed for isopropyl ether (DIPE) in the MS/MSD for
batch 254470; the parent sample was not a project sample, and the associated
RPD was within limits. No other analytical problems were encountered.

Semivolatile Organics by GC/MS SIM (EPA 8270C-SIM) Water:
IDW-A3-17-1-LIQUID (lab # 294849-002) was diluted due to high non-target
analytes. No other analytical problems were encountered.

Semivolatile Organics by GC/MS SIM (EPA 8270C-SIM) Soil:
No analytical problems were encountered.

PCBs (EPA 8082) Water:
All samples underwent sulfuric acid cleanup using EPA Method 3665A.  All
samples underwent sulfur cleanup using the copper option in EPA Method 3660B.
No analytical problems were encountered.

PCBs (EPA 8082) Soil:
All samples underwent sulfuric acid cleanup using EPA Method 3665A.  All
samples underwent sulfur cleanup using the copper option in EPA Method 3660B.
Matrix spikes were not performed for this analysis in batch 254593 due to
insufficient sample amount. No other analytical problems were encountered.

Metals (EPA 6010B and EPA 7471A) Soil:
No analytical problems were encountered.

Page 1 of 2
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CASE NARRATIVE

Laboratory number:        294849
Client:                   A3GEO Inc.
Project:                  1101-17A
Location:                 NRLF Phase 4
Request Date:             11/28/17
Samples Received:         11/28/17

Metals (EPA 6010B and EPA 7471A) Miscell.:
No analytical problems were encountered.

Page 2 of 2
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Detections Summary for 294849

Results for any subcontracted analyses are not included in this summary.

Client   : A3GEO Inc.                                                            
Project  : 1101-17A                                                              
Location : NRLF Phase 4                                                          

Client Sample ID : IDW-A3-17-1-SOILD      Laboratory Sample ID :      294849-001 

Analyte        Result    Flags     RL      Units    Basis    IDF     Method   Prep Method 
Diesel C10-C24       1.3    Y         1.0     mg/Kg   As Recd   1.000  EPA 8015B  EPA 3550C   
Arsenic              9.5              1.5     mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Barium             200                0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Beryllium            0.48             0.10    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Cadmium              0.38             0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Chromium            49                0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Cobalt              19                0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Copper              25                0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Lead                 7.6              1.0     mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Mercury              0.10             0.017   mg/Kg   As Recd   1.000  EPA 7471A  METHOD      
Molybdenum           0.72             0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Nickel              59                0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Vanadium            43                0.25    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Zinc                48                1.0     mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   

Client Sample ID : IDW-A3-17-1-LIQUID      Laboratory Sample ID :     294849-002 

Analyte     Result   Flags   RL    Units  Basis   IDF   Method   Prep Method
Arsenic         2.1            0.65  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Barium         48              0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Beryllium       0.16           0.11  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Chromium       22              0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Cobalt          4.3            0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Copper          6.0            0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Lead            2.0            0.54  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Mercury         0.020          0.018 mg/Kg As Recd 1.000 EPA 7471A METHOD     
Molybdenum      0.30           0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Nickel         28              0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Vanadium       13              0.27  mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  
Zinc           12              1.1   mg/Kg As Recd 1.000 EPA 6010B EPA 3050B  

Client Sample ID : A3-17-2-15          Laboratory Sample ID :         294849-003 

No Detections                                                                 

Y = Sample exhibits chromatographic pattern which does not resemble standard
Page 1 of 1                                                                                                                      44.0
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Total Volatile Hydrocarbons

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        IDW-A3-17-1-SOILD             Diln Fac:        1.000                         
Matrix:          Soil                          Batch#:          254183                        
Units:           mg/Kg                         Sampled:         11/28/17                      
Basis:           as received                   Received:        11/28/17                      

Type:            SAMPLE                         Analyzed:        11/30/17                       
Lab ID:          294849-001                                                                     

Analyte                   Result                RL         
Gasoline C7-C12                    ND                        1.1       

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       88     65-136  

Type:            BLANK                          Analyzed:        11/29/17                       
Lab ID:          QC910797                                                                       

Analyte                   Result                RL         
Gasoline C7-C12                    ND                        1.0       

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       82     65-136  

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      10.0
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Batch QC Report

Total Volatile Hydrocarbons

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC910792                      Batch#:          254183                        
Matrix:          Soil                          Analyzed:        11/29/17                      
Units:           mg/Kg                                                                        

Analyte                   Spiked              Result         %REC  Limits 
Gasoline C7-C12                          1.000               1.074     107    80-121  

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       107    65-136  

Page 1 of 1                                                                                                                      11.0
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Batch QC Report

Total Volatile Hydrocarbons

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        ZZZZZZZZZZ                    Diln Fac:        1.000                         
MSS Lab ID:      294890-001                    Batch#:          254183                        
Matrix:          Soil                          Sampled:         11/27/17                      
Units:           mg/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        11/29/17                      

Type:            MS                             Lab ID:          QC910795                       

Analyte              MSS Result          Spiked           Result       %REC  Limits
Gasoline C7-C12                      0.2195           9.434            6.462    66     52-120 

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       84     65-136  

Type:            MSD                            Lab ID:          QC910796                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Gasoline C7-C12                          9.346               5.318     55     52-120  19  25  

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       85     65-136  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      12.0
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Total Extractable Hydrocarbons

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        IDW-A3-17-1-SOILD             Batch#:          254275                        
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           mg/Kg                         Received:        11/28/17                      
Basis:           as received                   Prepared:        12/01/17                      
Diln Fac:        1.000                         Analyzed:        12/04/17                      

Type:            SAMPLE                         Lab ID:          294849-001                     

Analyte                   Result                RL         
Diesel C10-C24                           1.3 Y               1.0       
Motor Oil C24-C36                  ND                        5.0       

Surrogate             %REC  Limits 
o-Terphenyl                    92     55-133  

Type:            BLANK                          Lab ID:          QC911179                       

Analyte                   Result                RL         
Diesel C10-C24                     ND                        1.0       
Motor Oil C24-C36                  ND                        5.0       

Surrogate             %REC  Limits 
o-Terphenyl                    91     55-133  

Y= Sample exhibits chromatographic pattern which does not resemble standard
ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      27.0
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Batch QC Report

Total Extractable Hydrocarbons

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC911180                      Batch#:          254275                        
Matrix:          Soil                          Prepared:        12/01/17                      
Units:           mg/Kg                         Analyzed:        12/04/17                      

Analyte                   Spiked              Result         %REC  Limits 
Diesel C10-C24                          49.99               49.53      99     51-137  

Surrogate             %REC  Limits 
o-Terphenyl                    98     55-133  

Page 1 of 1                                                                                                                      28.0
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Batch QC Report

Total Extractable Hydrocarbons

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        IDW-A3-17-1-SOILD             Batch#:          254275                        
MSS Lab ID:      294849-001                    Sampled:         11/28/17                      
Matrix:          Soil                          Received:        11/28/17                      
Units:           mg/Kg                         Prepared:        12/01/17                      
Basis:           as received                   Analyzed:        12/04/17                      
Diln Fac:        1.000                                                                        

Type:            MS                             Lab ID:          QC911181                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Diesel C10-C24                      1.325           50.29            43.07     83     36-143  

Surrogate             %REC  Limits 
o-Terphenyl                    85     55-133  

Type:            MSD                            Lab ID:          QC911182                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Diesel C10-C24                          50.26               48.70      94     36-143  12  55  

Surrogate             %REC  Limits 
o-Terphenyl                    97     55-133  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      29.0
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Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-2-15                    Diln Fac:        0.7184                        
Lab ID:          294849-003                    Batch#:          254261                        
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           ug/Kg                         Received:        11/28/17                      
Basis:           as received                   Analyzed:        12/01/17                      

Analyte                   Result                RL         
Freon 12                           ND                        7.2       
Chloromethane                      ND                        7.2       
Vinyl Chloride                     ND                        7.2       
Bromomethane                       ND                        7.2       
Chloroethane                       ND                        7.2       
Trichlorofluoromethane             ND                        3.6       
Acetone                            ND                       14         
Freon 113                          ND                        3.6       
1,1-Dichloroethene                 ND                        3.6       
Methylene Chloride                 ND                       14         
Carbon Disulfide                   ND                        3.6       
MTBE                               ND                        3.6       
trans-1,2-Dichloroethene           ND                        3.6       
Vinyl Acetate                      ND                       36         
1,1-Dichloroethane                 ND                        3.6       
2-Butanone                         ND                        7.2       
cis-1,2-Dichloroethene             ND                        3.6       
2,2-Dichloropropane                ND                        3.6       
Chloroform                         ND                        3.6       
Bromochloromethane                 ND                        3.6       
1,1,1-Trichloroethane              ND                        3.6       
1,1-Dichloropropene                ND                        3.6       
Carbon Tetrachloride               ND                        3.6       
1,2-Dichloroethane                 ND                        3.6       
Benzene                            ND                        3.6       
Trichloroethene                    ND                        3.6       
1,2-Dichloropropane                ND                        3.6       
Bromodichloromethane               ND                        3.6       
Dibromomethane                     ND                        3.6       
4-Methyl-2-Pentanone               ND                        7.2       
cis-1,3-Dichloropropene            ND                        3.6       
Toluene                            ND                        3.6       
trans-1,3-Dichloropropene          ND                        3.6       
1,1,2-Trichloroethane              ND                        3.6       
2-Hexanone                         ND                        7.2       
1,3-Dichloropropane                ND                        3.6       
Tetrachloroethene                  ND                        3.6       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                      17.0
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Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-2-15                    Diln Fac:        0.7184                        
Lab ID:          294849-003                    Batch#:          254261                        
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           ug/Kg                         Received:        11/28/17                      
Basis:           as received                   Analyzed:        12/01/17                      

Analyte                   Result                RL         
Dibromochloromethane               ND                        3.6       
1,2-Dibromoethane                  ND                        3.6       
Chlorobenzene                      ND                        3.6       
1,1,1,2-Tetrachloroethane          ND                        3.6       
Ethylbenzene                       ND                        3.6       
m,p-Xylenes                        ND                        3.6       
o-Xylene                           ND                        3.6       
Styrene                            ND                        3.6       
Bromoform                          ND                        3.6       
Isopropylbenzene                   ND                        3.6       
1,1,2,2-Tetrachloroethane          ND                        3.6       
1,2,3-Trichloropropane             ND                        3.6       
Propylbenzene                      ND                        3.6       
Bromobenzene                       ND                        3.6       
1,3,5-Trimethylbenzene             ND                        3.6       
2-Chlorotoluene                    ND                        3.6       
4-Chlorotoluene                    ND                        3.6       
tert-Butylbenzene                  ND                        3.6       
1,2,4-Trimethylbenzene             ND                        3.6       
sec-Butylbenzene                   ND                        3.6       
para-Isopropyl Toluene             ND                        3.6       
1,3-Dichlorobenzene                ND                        3.6       
1,4-Dichlorobenzene                ND                        3.6       
n-Butylbenzene                     ND                        3.6       
1,2-Dichlorobenzene                ND                        3.6       
1,2-Dibromo-3-Chloropropane        ND                        3.6       
1,2,4-Trichlorobenzene             ND                        3.6       
Hexachlorobutadiene                ND                        3.6       
Naphthalene                        ND                        3.6       
1,2,3-Trichlorobenzene             ND                        3.6       

Surrogate             %REC  Limits 
Dibromofluoromethane           106    76-132  
1,2-Dichloroethane-d4          109    74-149  
Toluene-d8                     95     80-120  
Bromofluorobenzene             104    78-134  

ND= Not Detected
RL= Reporting Limit
Page 2 of 2                                                                                                                      17.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911106                      Batch#:          254261                        
Matrix:          Soil                          Analyzed:        12/01/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Freon 12                           ND                       10         
Chloromethane                      ND                       10         
Vinyl Chloride                     ND                       10         
Bromomethane                       ND                       10         
Chloroethane                       ND                       10         
Trichlorofluoromethane             ND                        5.0       
Acetone                            ND                       20         
Freon 113                          ND                        5.0       
1,1-Dichloroethene                 ND                        5.0       
Methylene Chloride                 ND                       20         
Carbon Disulfide                   ND                        5.0       
MTBE                               ND                        5.0       
trans-1,2-Dichloroethene           ND                        5.0       
Vinyl Acetate                      ND                       50         
1,1-Dichloroethane                 ND                        5.0       
2-Butanone                         ND                       10         
cis-1,2-Dichloroethene             ND                        5.0       
2,2-Dichloropropane                ND                        5.0       
Chloroform                         ND                        5.0       
Bromochloromethane                 ND                        5.0       
1,1,1-Trichloroethane              ND                        5.0       
1,1-Dichloropropene                ND                        5.0       
Carbon Tetrachloride               ND                        5.0       
1,2-Dichloroethane                 ND                        5.0       
Benzene                            ND                        5.0       
Trichloroethene                    ND                        5.0       
1,2-Dichloropropane                ND                        5.0       
Bromodichloromethane               ND                        5.0       
Dibromomethane                     ND                        5.0       
4-Methyl-2-Pentanone               ND                       10         
cis-1,3-Dichloropropene            ND                        5.0       
Toluene                            ND                        5.0       
trans-1,3-Dichloropropene          ND                        5.0       
1,1,2-Trichloroethane              ND                        5.0       
2-Hexanone                         ND                       10         
1,3-Dichloropropane                ND                        5.0       
Tetrachloroethene                  ND                        5.0       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                      18.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911106                      Batch#:          254261                        
Matrix:          Soil                          Analyzed:        12/01/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Dibromochloromethane               ND                        5.0       
1,2-Dibromoethane                  ND                        5.0       
Chlorobenzene                      ND                        5.0       
1,1,1,2-Tetrachloroethane          ND                        5.0       
Ethylbenzene                       ND                        5.0       
m,p-Xylenes                        ND                        5.0       
o-Xylene                           ND                        5.0       
Styrene                            ND                        5.0       
Bromoform                          ND                        5.0       
Isopropylbenzene                   ND                        5.0       
1,1,2,2-Tetrachloroethane          ND                        5.0       
1,2,3-Trichloropropane             ND                        5.0       
Propylbenzene                      ND                        5.0       
Bromobenzene                       ND                        5.0       
1,3,5-Trimethylbenzene             ND                        5.0       
2-Chlorotoluene                    ND                        5.0       
4-Chlorotoluene                    ND                        5.0       
tert-Butylbenzene                  ND                        5.0       
1,2,4-Trimethylbenzene             ND                        5.0       
sec-Butylbenzene                   ND                        5.0       
para-Isopropyl Toluene             ND                        5.0       
1,3-Dichlorobenzene                ND                        5.0       
1,4-Dichlorobenzene                ND                        5.0       
n-Butylbenzene                     ND                        5.0       
1,2-Dichlorobenzene                ND                        5.0       
1,2-Dibromo-3-Chloropropane        ND                        5.0       
1,2,4-Trichlorobenzene             ND                        5.0       
Hexachlorobutadiene                ND                        5.0       
Naphthalene                        ND                        5.0       
1,2,3-Trichlorobenzene             ND                        5.0       

Surrogate             %REC  Limits 
Dibromofluoromethane           103    76-132  
1,2-Dichloroethane-d4          101    74-149  
Toluene-d8                     96     80-120  
Bromofluorobenzene             105    78-134  

ND= Not Detected
RL= Reporting Limit
Page 2 of 2                                                                                                                      18.0
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Matrix:          Soil                          Batch#:          254261                        
Units:           ug/Kg                         Analyzed:        12/01/17                      
Diln Fac:        1.000                                                                        

Type:            BS                             Lab ID:          QC911107                       

Analyte                   Spiked              Result         %REC  Limits 
1,1-Dichloroethene                      25.00               29.04      116    68-132  
Benzene                                 25.00               22.96      92     75-123  
Trichloroethene                         25.00               23.01      92     75-120  
Toluene                                 25.00               22.54      90     76-120  
Chlorobenzene                           25.00               22.86      91     80-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           99     76-132  
1,2-Dichloroethane-d4          95     74-149  
Toluene-d8                     99     80-120  
Bromofluorobenzene             101    78-134  

Type:            BSD                            Lab ID:          QC911108                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
1,1-Dichloroethene                      25.00               32.08      128    68-132  10  28  
Benzene                                 25.00               24.62      98     75-123  7   25  
Trichloroethene                         25.00               25.20      101    75-120  9   23  
Toluene                                 25.00               24.18      97     76-120  7   24  
Chlorobenzene                           25.00               24.85      99     80-120  8   21  

Surrogate             %REC  Limits 
Dibromofluoromethane           101    76-132  
1,2-Dichloroethane-d4          97     74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             105    78-134  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      19.0
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Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        IDW-A3-17-1-LIQUID            Diln Fac:        0.9579                        
Lab ID:          294849-002                    Batch#:          254470                        
Matrix:          Miscell.                      Sampled:         11/28/17                      
Units:           ug/Kg                         Received:        11/28/17                      
Basis:           as received                   Analyzed:        12/07/17                      

Analyte                   Result                RL         
Freon 12                           ND                        9.6       
tert-Butyl Alcohol (TBA)           ND                       96         
Chloromethane                      ND                        9.6       
Isopropyl Ether (DIPE)             ND                        4.8       
Vinyl Chloride                     ND                        9.6       
Bromomethane                       ND                        9.6       
Ethyl tert-Butyl Ether (ETBE)      ND                        4.8       
Chloroethane                       ND                        9.6       
Methyl tert-Amyl Ether (TAME)      ND                        4.8       
Trichlorofluoromethane             ND                        4.8       
Acetone                            ND                       19         
Freon 113                          ND                        4.8       
1,1-Dichloroethene                 ND                        4.8       
Methylene Chloride                 ND                       19         
Carbon Disulfide                   ND                        4.8       
MTBE                               ND                        4.8       
trans-1,2-Dichloroethene           ND                        4.8       
Vinyl Acetate                      ND                       48         
1,1-Dichloroethane                 ND                        4.8       
2-Butanone                         ND                        9.6       
cis-1,2-Dichloroethene             ND                        4.8       
2,2-Dichloropropane                ND                        4.8       
Chloroform                         ND                        4.8       
Bromochloromethane                 ND                        4.8       
1,1,1-Trichloroethane              ND                        4.8       
1,1-Dichloropropene                ND                        4.8       
Carbon Tetrachloride               ND                        4.8       
1,2-Dichloroethane                 ND                        4.8       
Benzene                            ND                        4.8       
Trichloroethene                    ND                        4.8       
1,2-Dichloropropane                ND                        4.8       
Bromodichloromethane               ND                        4.8       
Dibromomethane                     ND                        4.8       
4-Methyl-2-Pentanone               ND                        9.6       
cis-1,3-Dichloropropene            ND                        4.8       
Toluene                            ND                        4.8       
trans-1,3-Dichloropropene          ND                        4.8       
1,1,2-Trichloroethane              ND                        4.8       
2-Hexanone                         ND                        9.6       
1,3-Dichloropropane                ND                        4.8       
Tetrachloroethene                  ND                        4.8       
Dibromochloromethane               ND                        4.8       
1,2-Dibromoethane                  ND                        4.8       
Chlorobenzene                      ND                        4.8       
1,1,1,2-Tetrachloroethane          ND                        4.8       
Ethylbenzene                       ND                        4.8       
m,p-Xylenes                        ND                        4.8       
o-Xylene                           ND                        4.8       
Styrene                            ND                        4.8       
Bromoform                          ND                        4.8       
Isopropylbenzene                   ND                        4.8       
1,1,2,2-Tetrachloroethane          ND                        4.8       
1,2,3-Trichloropropane             ND                        4.8       
Propylbenzene                      ND                        4.8       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                      36.0
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Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        IDW-A3-17-1-LIQUID            Diln Fac:        0.9579                        
Lab ID:          294849-002                    Batch#:          254470                        
Matrix:          Miscell.                      Sampled:         11/28/17                      
Units:           ug/Kg                         Received:        11/28/17                      
Basis:           as received                   Analyzed:        12/07/17                      

Analyte                   Result                RL         
Bromobenzene                       ND                        4.8       
1,3,5-Trimethylbenzene             ND                        4.8       
2-Chlorotoluene                    ND                        4.8       
4-Chlorotoluene                    ND                        4.8       
tert-Butylbenzene                  ND                        4.8       
1,2,4-Trimethylbenzene             ND                        4.8       
sec-Butylbenzene                   ND                        4.8       
para-Isopropyl Toluene             ND                        4.8       
1,3-Dichlorobenzene                ND                        4.8       
1,4-Dichlorobenzene                ND                        4.8       
n-Butylbenzene                     ND                        4.8       
1,2-Dichlorobenzene                ND                        4.8       
1,2-Dibromo-3-Chloropropane        ND                        4.8       
1,2,4-Trichlorobenzene             ND                        4.8       
Hexachlorobutadiene                ND                        4.8       
Naphthalene                        ND                        4.8       
1,2,3-Trichlorobenzene             ND                        4.8       

Surrogate             %REC  Limits 
Dibromofluoromethane           95     76-132  
1,2-Dichloroethane-d4          116    74-149  
Toluene-d8                     94     80-120  
Bromofluorobenzene             93     78-134  

ND= Not Detected
RL= Reporting Limit
Page 2 of 2                                                                                                                      36.0

23 of 52



Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254470                        
MSS Lab ID:      295025-001                    Sampled:         12/01/17                      
Matrix:          Soil                          Received:        12/01/17                      
Units:           ug/Kg                         Analyzed:        12/07/17                      
Basis:           as received                                                                  

Type:            MS                             Diln Fac:        0.9398                         
Lab ID:          QC911968                                                                       

Analyte                MSS Result        Spiked          Result      %REC  Limits 
tert-Butyl Alcohol (TBA)              <7.704          235.0           154.8     66    57-155  
Isopropyl Ether (DIPE)                <0.5028          46.99           22.26    47 *  56-137  
Ethyl tert-Butyl Ether (ETBE)         <0.5063          46.99           32.38    69    60-137  
Methyl tert-Amyl Ether (TAME)         <0.4319          46.99           40.62    86    60-129  
1,1-Dichloroethene                    <0.5326          46.99           31.92    68    64-131  
Benzene                               <0.6205          46.99           32.04    68    66-122  
Trichloroethene                       <0.6463          46.99           39.33    84    57-133  
Toluene                               <0.6797          46.99           33.14    71    61-120  
Chlorobenzene                         <0.5572          46.99           34.14    73    56-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           82     76-132  
1,2-Dichloroethane-d4          124    74-149  
Toluene-d8                     94     80-120  
Bromofluorobenzene             95     78-134  

Type:            MSD                            Diln Fac:        0.9615                         
Lab ID:          QC911969                                                                       

Analyte                   Spiked              Result         %REC  Limits  RPD  Lim
tert-Butyl Alcohol (TBA)               240.4               167.6       70     57-155  6    41  
Isopropyl Ether (DIPE)                  48.08               25.56      53 *   56-137  11   28  
Ethyl tert-Butyl Ether (ETBE)           48.08               35.93      75     60-137  8    31  
Methyl tert-Amyl Ether (TAME)           48.08               44.17      92     60-129  6    30  
1,1-Dichloroethene                      48.08               35.50      74     64-131  8    32  
Benzene                                 48.08               33.59      70     66-122  2    32  
Trichloroethene                         48.08               42.79      89     57-133  6    34  
Toluene                                 48.08               35.77      74     61-120  5    32  
Chlorobenzene                           48.08               36.43      76     56-120  4    33  

Surrogate             %REC  Limits 
Dibromofluoromethane           86     76-132  
1,2-Dichloroethane-d4          125    74-149  
Toluene-d8                     94     80-120  
Bromofluorobenzene             94     78-134  

*= Value outside of QC limits; see narrative
RPD= Relative Percent Difference
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911970                      Batch#:          254470                        
Matrix:          Soil                          Analyzed:        12/07/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Freon 12                           ND                       10         
tert-Butyl Alcohol (TBA)           ND                      100         
Chloromethane                      ND                       10         
Isopropyl Ether (DIPE)             ND                        5.0       
Vinyl Chloride                     ND                       10         
Bromomethane                       ND                       10         
Ethyl tert-Butyl Ether (ETBE)      ND                        5.0       
Chloroethane                       ND                       10         
Methyl tert-Amyl Ether (TAME)      ND                        5.0       
Trichlorofluoromethane             ND                        5.0       
Acetone                            ND                       20         
Freon 113                          ND                        5.0       
1,1-Dichloroethene                 ND                        5.0       
Methylene Chloride                 ND                       20         
Carbon Disulfide                   ND                        5.0       
MTBE                               ND                        5.0       
trans-1,2-Dichloroethene           ND                        5.0       
Vinyl Acetate                      ND                       50         
1,1-Dichloroethane                 ND                        5.0       
2-Butanone                         ND                       10         
cis-1,2-Dichloroethene             ND                        5.0       
2,2-Dichloropropane                ND                        5.0       
Chloroform                         ND                        5.0       
Bromochloromethane                 ND                        5.0       
1,1,1-Trichloroethane              ND                        5.0       
1,1-Dichloropropene                ND                        5.0       
Carbon Tetrachloride               ND                        5.0       
1,2-Dichloroethane                 ND                        5.0       
Benzene                            ND                        5.0       
Trichloroethene                    ND                        5.0       
1,2-Dichloropropane                ND                        5.0       
Bromodichloromethane               ND                        5.0       
Dibromomethane                     ND                        5.0       
4-Methyl-2-Pentanone               ND                       10         
cis-1,3-Dichloropropene            ND                        5.0       
Toluene                            ND                        5.0       
trans-1,3-Dichloropropene          ND                        5.0       
1,1,2-Trichloroethane              ND                        5.0       
2-Hexanone                         ND                       10         
1,3-Dichloropropane                ND                        5.0       
Tetrachloroethene                  ND                        5.0       
Dibromochloromethane               ND                        5.0       
1,2-Dibromoethane                  ND                        5.0       
Chlorobenzene                      ND                        5.0       
1,1,1,2-Tetrachloroethane          ND                        5.0       
Ethylbenzene                       ND                        5.0       
m,p-Xylenes                        ND                        5.0       
o-Xylene                           ND                        5.0       
Styrene                            ND                        5.0       
Bromoform                          ND                        5.0       
Isopropylbenzene                   ND                        5.0       
1,1,2,2-Tetrachloroethane          ND                        5.0       
1,2,3-Trichloropropane             ND                        5.0       
Propylbenzene                      ND                        5.0       

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911970                      Batch#:          254470                        
Matrix:          Soil                          Analyzed:        12/07/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Bromobenzene                       ND                        5.0       
1,3,5-Trimethylbenzene             ND                        5.0       
2-Chlorotoluene                    ND                        5.0       
4-Chlorotoluene                    ND                        5.0       
tert-Butylbenzene                  ND                        5.0       
1,2,4-Trimethylbenzene             ND                        5.0       
sec-Butylbenzene                   ND                        5.0       
para-Isopropyl Toluene             ND                        5.0       
1,3-Dichlorobenzene                ND                        5.0       
1,4-Dichlorobenzene                ND                        5.0       
n-Butylbenzene                     ND                        5.0       
1,2-Dichlorobenzene                ND                        5.0       
1,2-Dibromo-3-Chloropropane        ND                        5.0       
1,2,4-Trichlorobenzene             ND                        5.0       
Hexachlorobutadiene                ND                        5.0       
Naphthalene                        ND                        5.0       
1,2,3-Trichlorobenzene             ND                        5.0       

Surrogate             %REC  Limits 
Dibromofluoromethane           91     76-132  
1,2-Dichloroethane-d4          113    74-149  
Toluene-d8                     98     80-120  
Bromofluorobenzene             105    78-134  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC912020                      Batch#:          254470                        
Matrix:          Soil                          Analyzed:        12/07/17                      
Units:           ug/Kg                                                                        

Analyte                   Spiked              Result         %REC  Limits 
tert-Butyl Alcohol (TBA)               125.0               111.3       89     54-155  
Isopropyl Ether (DIPE)                  25.00               18.16      73     55-134  
Ethyl tert-Butyl Ether (ETBE)           25.00               20.70      83     59-134  
Methyl tert-Amyl Ether (TAME)           25.00               22.56      90     63-126  
1,1-Dichloroethene                      25.00               23.94      96     68-132  
Benzene                                 25.00               22.65      91     75-123  
Trichloroethene                         25.00               26.48      106    75-120  
Toluene                                 25.00               24.25      97     76-120  
Chlorobenzene                           25.00               24.16      97     80-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           91     76-132  
1,2-Dichloroethane-d4          115    74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             104    78-134  
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Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Field ID:        IDW-A3-17-1-LIQUID            Batch#:          254344                        
Lab ID:          294849-002                    Sampled:         11/28/17                      
Matrix:          Water                         Received:        11/28/17                      
Units:           ug/L                          Prepared:        12/04/17                      
Diln Fac:        20.00                         Analyzed:        12/05/17                      

Analyte                   Result                RL         
Naphthalene                        ND                       20         
Acenaphthylene                     ND                       20         
Acenaphthene                       ND                       20         
Fluorene                           ND                       20         
Phenanthrene                       ND                       20         
Anthracene                         ND                       20         
Fluoranthene                       ND                       20         
Pyrene                             ND                       20         
Benzo(a)anthracene                 ND                       20         
Chrysene                           ND                       20         
Benzo(b)fluoranthene               ND                       20         
Benzo(k)fluoranthene               ND                       20         
Benzo(a)pyrene                     ND                       20         
Indeno(1,2,3-cd)pyrene             ND                       20         
Dibenz(a,h)anthracene              ND                       20         
Benzo(g,h,i)perylene               ND                       20         

Surrogate             %REC  Limits 
Nitrobenzene-d5                DO     44-139  
2-Fluorobiphenyl               DO     47-120  
Terphenyl-d14                  DO     25-123  

DO= Diluted Out
ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      33.1
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911432                      Batch#:          254344                        
Matrix:          Water                         Prepared:        12/04/17                      
Units:           ug/L                          Analyzed:        12/05/17                      

Analyte                   Result                RL         
Naphthalene                        ND                        0.1       
Acenaphthylene                     ND                        0.1       
Acenaphthene                       ND                        0.1       
Fluorene                           ND                        0.1       
Phenanthrene                       ND                        0.1       
Anthracene                         ND                        0.1       
Fluoranthene                       ND                        0.1       
Pyrene                             ND                        0.1       
Benzo(a)anthracene                 ND                        0.1       
Chrysene                           ND                        0.1       
Benzo(b)fluoranthene               ND                        0.1       
Benzo(k)fluoranthene               ND                        0.1       
Benzo(a)pyrene                     ND                        0.1       
Indeno(1,2,3-cd)pyrene             ND                        0.1       
Dibenz(a,h)anthracene              ND                        0.1       
Benzo(g,h,i)perylene               ND                        0.1       

Surrogate             %REC  Limits 
Nitrobenzene-d5                84     44-139  
2-Fluorobiphenyl               80     47-120  
Terphenyl-d14                  77     25-123  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Matrix:          Water                         Batch#:          254344                        
Units:           ug/L                          Prepared:        12/04/17                      
Diln Fac:        1.000                         Analyzed:        12/05/17                      

Type:            BS                             Lab ID:          QC911433                       

Analyte                   Spiked              Result         %REC  Limits 
Acenaphthene                             1.000               0.8212    82     54-120  
Pyrene                                   1.000               0.7632    76     50-120  

Surrogate             %REC  Limits 
Nitrobenzene-d5                92     44-139  
2-Fluorobiphenyl               87     47-120  
Terphenyl-d14                  79     25-123  

Type:            BSD                            Lab ID:          QC911434                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Acenaphthene                             1.000               0.7304    73     54-120  12  36  
Pyrene                                   1.000               0.6605    66     50-120  14  37  

Surrogate             %REC  Limits 
Nitrobenzene-d5                81     44-139  
2-Fluorobiphenyl               75     47-120  
Terphenyl-d14                  68     25-123  

RPD= Relative Percent Difference
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Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Field ID:        IDW-A3-17-1-SOILD             Batch#:          254190                        
Lab ID:          294849-001                    Sampled:         11/28/17                      
Matrix:          Soil                          Received:        11/28/17                      
Units:           ug/Kg                         Prepared:        11/29/17                      
Basis:           as received                   Analyzed:        11/30/17                      
Diln Fac:        1.000                                                                        

Analyte                   Result                RL         
Naphthalene                        ND                        5.0       
Acenaphthylene                     ND                        5.0       
Acenaphthene                       ND                        5.0       
Fluorene                           ND                        5.0       
Phenanthrene                       ND                        5.0       
Anthracene                         ND                        5.0       
Fluoranthene                       ND                        5.0       
Pyrene                             ND                        5.0       
Benzo(a)anthracene                 ND                        5.0       
Chrysene                           ND                        5.0       
Benzo(b)fluoranthene               ND                        5.0       
Benzo(k)fluoranthene               ND                        5.0       
Benzo(a)pyrene                     ND                        5.0       
Indeno(1,2,3-cd)pyrene             ND                        5.0       
Dibenz(a,h)anthracene              ND                        5.0       
Benzo(g,h,i)perylene               ND                        5.0       

Surrogate             %REC  Limits 
Nitrobenzene-d5                93     46-126  
2-Fluorobiphenyl               75     50-120  
Terphenyl-d14                  69     53-123  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC910819                      Batch#:          254190                        
Matrix:          Soil                          Prepared:        11/29/17                      
Units:           ug/Kg                         Analyzed:        11/30/17                      

Analyte                   Result                RL         
Naphthalene                        ND                        5.0       
Acenaphthylene                     ND                        5.0       
Acenaphthene                       ND                        5.0       
Fluorene                           ND                        5.0       
Phenanthrene                       ND                        5.0       
Anthracene                         ND                        5.0       
Fluoranthene                       ND                        5.0       
Pyrene                             ND                        5.0       
Benzo(a)anthracene                 ND                        5.0       
Chrysene                           ND                        5.0       
Benzo(b)fluoranthene               ND                        5.0       
Benzo(k)fluoranthene               ND                        5.0       
Benzo(a)pyrene                     ND                        5.0       
Indeno(1,2,3-cd)pyrene             ND                        5.0       
Dibenz(a,h)anthracene              ND                        5.0       
Benzo(g,h,i)perylene               ND                        5.0       

Surrogate             %REC  Limits 
Nitrobenzene-d5                98     46-126  
2-Fluorobiphenyl               92     50-120  
Terphenyl-d14                  97     53-123  

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      14.0
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC910820                      Batch#:          254190                        
Matrix:          Soil                          Prepared:        11/29/17                      
Units:           ug/Kg                         Analyzed:        11/30/17                      

Analyte                   Spiked              Result         %REC  Limits 
Acenaphthene                            33.33               31.56      95     62-120  
Pyrene                                  33.33               33.72      101    56-130  

Surrogate             %REC  Limits 
Nitrobenzene-d5                123    46-126  
2-Fluorobiphenyl               96     50-120  
Terphenyl-d14                  103    53-123  
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Field ID:        IDW-A3-17-1-SOILD             Batch#:          254190                        
MSS Lab ID:      294849-001                    Sampled:         11/28/17                      
Matrix:          Soil                          Received:        11/28/17                      
Units:           ug/Kg                         Prepared:        11/29/17                      
Basis:           as received                   Analyzed:        11/30/17                      
Diln Fac:        1.000                                                                        

Type:            MS                             Lab ID:          QC910821                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Acenaphthene                       <1.004           33.33            23.62     71     54-120  
Pyrene                             <1.004           33.33            22.80     68     35-143  

Surrogate             %REC  Limits 
Nitrobenzene-d5                92     46-126  
2-Fluorobiphenyl               75     50-120  
Terphenyl-d14                  66     53-123  

Type:            MSD                            Lab ID:          QC910822                       

Analyte                   Spiked              Result         %REC  Limits  RPD  Lim
Acenaphthene                            33.33               21.82      65     54-120  8    35  
Pyrene                                  33.33               21.25      64     35-143  7    58  

Surrogate             %REC  Limits 
Nitrobenzene-d5                83     46-126  
2-Fluorobiphenyl               70     50-120  
Terphenyl-d14                  60     53-123  

RPD= Relative Percent Difference
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Polychlorinated Biphenyls (PCBs)

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Field ID:        IDW-A3-17-1-LIQUID            Batch#:          254212                        
Matrix:          Water                         Sampled:         11/28/17                      
Units:           ug/L                          Received:        11/28/17                      
Diln Fac:        1.000                                                                        

Type:            SAMPLE                         Prepared:        12/01/17                       
Lab ID:          294849-002                     Analyzed:        12/04/17                       

Analyte                   Result                RL         
Aroclor-1016                       ND                        1.2       
Aroclor-1221                       ND                        2.8       
Aroclor-1232                       ND                        1.2       
Aroclor-1242                       ND                        1.2       
Aroclor-1248                       ND                        1.6       
Aroclor-1254                       ND                        1.2       
Aroclor-1260                       ND                        1.2       

Surrogate             %REC  Limits 
Decachlorobiphenyl             50     22-139  

Type:            BLANK                          Prepared:        11/30/17                       
Lab ID:          QC910921                       Analyzed:        12/01/17                       

Analyte                   Result                RL         
Aroclor-1016                       ND                        0.20      
Aroclor-1221                       ND                        0.40      
Aroclor-1232                       ND                        0.20      
Aroclor-1242                       ND                        0.20      
Aroclor-1248                       ND                        0.20      
Aroclor-1254                       ND                        0.20      
Aroclor-1260                       ND                        0.20      

Surrogate             %REC  Limits 
Decachlorobiphenyl             119    22-139  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Polychlorinated Biphenyls (PCBs)

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Matrix:          Water                         Batch#:          254212                        
Units:           ug/L                          Prepared:        11/30/17                      
Diln Fac:        1.000                         Analyzed:        12/01/17                      

Type:            BS                             Lab ID:          QC910922                       

Analyte                   Spiked              Result         %REC  Limits 
Aroclor-1016                             2.500               1.966     79     59-134  
Aroclor-1260                             2.500               2.041     82     54-144  

Surrogate             %REC  Limits 
Decachlorobiphenyl             92     22-139  

Type:            BSD                            Lab ID:          QC910923                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Aroclor-1016                             2.500               2.579     103    59-134  27  33  
Aroclor-1260                             2.500               2.614     105    54-144  25  44  

Surrogate             %REC  Limits 
Decachlorobiphenyl             96     22-139  

RPD= Relative Percent Difference
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Polychlorinated Biphenyls (PCBs)

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3540C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Field ID:        IDW-A3-17-1-SOILD             Batch#:          254593                        
Units:           ug/Kg                         Sampled:         11/28/17                      
Basis:           as received                   Received:        11/28/17                      
Diln Fac:        1.000                         Prepared:        12/11/17                      

Type:            SAMPLE                         Matrix:          Soil                           
Lab ID:          294849-001                     Analyzed:        12/13/17                       

Analyte                   Result                RL         
Aroclor-1016                       ND                       84         
Aroclor-1221                       ND                      170         
Aroclor-1232                       ND                       84         
Aroclor-1242                       ND                       84         
Aroclor-1248                       ND                       84         
Aroclor-1254                       ND                       84         
Aroclor-1260                       ND                       84         

Surrogate             %REC  Limits 
Decachlorobiphenyl             89     26-153  

Type:            BLANK                          Matrix:          Miscell.                       
Lab ID:          QC912438                       Analyzed:        12/12/17                       

Analyte                   Result                RL         
Aroclor-1016                       ND                        9.6       
Aroclor-1221                       ND                       19         
Aroclor-1232                       ND                        9.6       
Aroclor-1242                       ND                        9.6       
Aroclor-1248                       ND                        9.6       
Aroclor-1254                       ND                        9.6       
Aroclor-1260                       ND                        9.6       

Surrogate             %REC  Limits 
Decachlorobiphenyl             113    26-153  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Polychlorinated Biphenyls (PCBs)

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3540C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Matrix:          Miscell.                      Batch#:          254593                        
Units:           ug/Kg                         Prepared:        12/11/17                      
Diln Fac:        1.000                         Analyzed:        12/12/17                      

Type:            BS                             Lab ID:          QC912439                       

Analyte                   Spiked              Result         %REC  Limits 
Aroclor-1016                           166.7               203.4       122    56-152  
Aroclor-1260                           166.7               199.5       120    52-165  

Surrogate             %REC  Limits 
Decachlorobiphenyl             116    26-153  

Type:            BSD                            Lab ID:          QC912440                       

Analyte                   Spiked              Result         %REC  Limits  RPD  Lim
Aroclor-1016                           166.7               178.2       107    56-152  13   48  
Aroclor-1260                           166.7               182.4       109    52-165  9    39  

Surrogate             %REC  Limits 
Decachlorobiphenyl             107    26-153  

RPD= Relative Percent Difference
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California Title 22 Metals

Lab #:           294849                        Project#:        1101-17A                      
Client:          A3GEO Inc.                    Location:        NRLF Phase 4                  
Field ID:        IDW-A3-17-1-SOILD             Basis:           as received                   
Lab ID:          294849-001                    Diln Fac:        1.000                         
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           mg/Kg                         Received:        11/28/17                      

Analyte         Result        RL     Batch# Prepared Analyzed      Prep       Analysis   
Antimony          ND              2.0    254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Arsenic                 9.5       1.5    254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Barium                200         0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Beryllium               0.48      0.10   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Cadmium                 0.38      0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Chromium               49         0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Cobalt                 19         0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Copper                 25         0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Lead                    7.6       1.0    254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Mercury                 0.10      0.017  254349 12/04/17 12/04/17  METHOD       EPA 7471A     
Molybdenum              0.72      0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Nickel                 59         0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Selenium          ND              2.0    254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Silver            ND              0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Thallium          ND              0.50   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Vanadium               43         0.25   254195 11/29/17 11/29/17  EPA 3050B    EPA 6010B     
Zinc                   48         1.0    254195 11/29/17 11/30/17  EPA 3050B    EPA 6010B     

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC910835                      Batch#:          254195                        
Matrix:          Soil                          Prepared:        11/29/17                      
Units:           mg/Kg                         Analyzed:        11/29/17                      

Analyte                   Result                RL         
Antimony                           ND                        2.0       
Arsenic                            ND                        1.5       
Barium                             ND                        0.26      
Beryllium                          ND                        0.10      
Cadmium                            ND                        0.26      
Chromium                           ND                        0.26      
Cobalt                             ND                        0.26      
Copper                             ND                        0.26      
Lead                               ND                        1.0       
Molybdenum                         ND                        0.26      
Nickel                             ND                        0.26      
Selenium                           ND                        2.0       
Silver                             ND                        0.26      
Thallium                           ND                        0.52      
Vanadium                           ND                        0.26      
Zinc                               ND                        1.0       

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Matrix:          Soil                          Batch#:          254195                        
Units:           mg/Kg                         Prepared:        11/29/17                      
Diln Fac:        1.000                         Analyzed:        11/29/17                      

Type:            BS                             Lab ID:          QC910836                       

Analyte                   Spiked              Result         %REC  Limits 
Antimony                                49.02               47.67      97     80-120  
Arsenic                                 49.02               48.71      99     80-120  
Barium                                  49.02               50.57      103    80-120  
Beryllium                               24.51               24.41      100    80-120  
Cadmium                                 49.02               50.36      103    80-120  
Chromium                                49.02               53.18      108    80-120  
Cobalt                                  49.02               51.43      105    80-120  
Copper                                  49.02               47.50      97     80-120  
Lead                                    49.02               47.94      98     80-120  
Molybdenum                              49.02               47.84      98     80-120  
Nickel                                  49.02               47.78      97     80-120  
Selenium                                49.02               52.68      107    80-120  
Silver                                   4.902               4.325     88     80-120  
Thallium                                49.02               49.05      100    80-120  
Vanadium                                49.02               50.21      102    80-120  
Zinc                                    49.02               51.31      105    80-120  

Type:            BSD                            Lab ID:          QC910837                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                                50.00               49.49      99     80-120  2   20  
Arsenic                                 50.00               52.94      106    80-120  6   20  
Barium                                  50.00               51.67      103    80-120  0   20  
Beryllium                               25.00               24.94      100    80-120  0   20  
Cadmium                                 50.00               50.29      101    80-120  2   20  
Chromium                                50.00               53.28      107    80-120  2   20  
Cobalt                                  50.00               51.76      104    80-120  1   20  
Copper                                  50.00               51.16      102    80-120  5   20  
Lead                                    50.00               49.00      98     80-120  0   20  
Molybdenum                              50.00               48.78      98     80-120  0   20  
Nickel                                  50.00               48.52      97     80-120  0   20  
Selenium                                50.00               52.26      105    80-120  3   20  
Silver                                   5.000               4.392     88     80-120  0   22  
Thallium                                50.00               53.52      107    80-120  7   20  
Vanadium                                50.00               53.53      107    80-120  4   20  
Zinc                                    50.00               52.05      104    80-120  1   20  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254195                        
MSS Lab ID:      294876-001                    Sampled:         11/29/17                      
Matrix:          Soil                          Received:        11/29/17                      
Units:           mg/Kg                         Prepared:        11/29/17                      
Basis:           as received                   Analyzed:        11/29/17                      
Diln Fac:        1.000                                                                        

Type:            MS                             Lab ID:          QC910838                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Antimony                            0.7755          50.51            17.51     33     1-120   
Arsenic                             6.627           50.51            58.63     103    71-123  
Barium                            141.7             50.51           194.6      105    48-155  
Beryllium                           0.3951          25.25            24.70     96     80-120  
Cadmium                             0.2563          50.51            51.94     102    78-120  
Chromium                           39.94            50.51            83.02     85     64-135  
Cobalt                              8.689           50.51            55.81     93     65-120  
Copper                             20.46            50.51            79.70     117    75-132  
Lead                               22.25            50.51            69.58     94     53-128  
Molybdenum                          0.8214          50.51            44.44     86     68-120  
Nickel                             33.61            50.51            77.48     87     56-128  
Selenium                           <0.2365          50.51            52.78     104    59-120  
Silver                             <0.05263          5.051            4.721    93     36-123  
Thallium                           <0.1585          50.51            45.70     90     55-120  
Vanadium                           34.61            50.51            90.73     111    73-129  
Zinc                               67.76            50.51           114.4      92     49-138  

Type:            MSD                            Lab ID:          QC910839                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                                49.50               15.82      30     1-120   8   50  
Arsenic                                 49.50               55.81      99     71-123  3   27  
Barium                                  49.50              183.2       84     48-155  5   41  
Beryllium                               24.75               23.27      92     80-120  4   20  
Cadmium                                 49.50               48.78      98     78-120  4   21  
Chromium                                49.50               78.16      77     64-135  5   37  
Cobalt                                  49.50               52.27      88     65-120  5   32  
Copper                                  49.50               70.98      102    75-132  10  33  
Lead                                    49.50               68.19      93     53-128  1   48  
Molybdenum                              49.50               41.65      82     68-120  5   23  
Nickel                                  49.50               74.02      82     56-128  3   38  
Selenium                                49.50               49.82      101    59-120  4   30  
Silver                                   4.950               4.502     91     36-123  3   47  
Thallium                                49.50               42.92      87     55-120  4   22  
Vanadium                                49.50               84.95      102    73-129  5   27  
Zinc                                    49.50              111.0       87     49-138  2   39  

RPD= Relative Percent Difference
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42 of 52



Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Type:            BLANK                         Batch#:          254349                        
Lab ID:          QC911459                      Prepared:        12/04/17                      
Matrix:          Soil                          Analyzed:        12/04/17                      
Units:           mg/Kg                                                                        

Result                RL         
ND                        0.016     

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      20.0
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Batch#:          254349                        
Matrix:          Soil                          Prepared:        12/04/17                      
Units:           mg/Kg                         Analyzed:        12/04/17                      
Diln Fac:        1.000                                                                        

Type    Lab ID         Spiked              Result         %REC  Limits  RPD  Lim
BS     QC911460             0.2155              0.2040    95     80-126           
BSD    QC911461             0.2119              0.1912    90     80-126  5    45  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Field ID:        ZZZZZZZZZZ                    Batch#:          254349                        
MSS Lab ID:      294564-001                    Sampled:         11/15/17                      
Matrix:          Soil                          Received:        11/15/17                      
Units:           mg/Kg                         Prepared:        12/04/17                      
Basis:           as received                   Analyzed:        12/04/17                      

Type    Lab ID      MSS Result          Spiked           Result       %REC  Limits  RPD  Lim
MS     QC911462           0.01261           0.1923           0.1969   96     61-157           
MSD    QC911463                             0.2083           0.1991   89     61-157  6    57  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      22.0
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California Title 22 Metals

Lab #:           294849                        Project#:        1101-17A                      
Client:          A3GEO Inc.                    Location:        NRLF Phase 4                  
Field ID:        IDW-A3-17-1-LIQUID            Basis:           as received                   
Lab ID:          294849-002                    Diln Fac:        1.000                         
Matrix:          Miscell.                      Sampled:         11/28/17                      
Units:           mg/Kg                         Received:        11/28/17                      

Analyte         Result        RL     Batch# Prepared  Analyzed     Prep       Analysis  
Antimony          ND              2.0    254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Arsenic                 2.1       0.65   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Barium                 48         0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Beryllium               0.16      0.11   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Cadmium           ND              0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Chromium               22         0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Cobalt                  4.3       0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Copper                  6.0       0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Lead                    2.0       0.54   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Mercury                 0.020     0.018  254350 12/04/17  12/04/17 METHOD       EPA 7471A    
Molybdenum              0.30      0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Nickel                 28         0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Selenium          ND              2.0    254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Silver            ND              0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Thallium          ND              0.54   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Vanadium               13         0.27   254195 11/29/17  11/29/17 EPA 3050B    EPA 6010B    
Zinc                   12         1.1    254195 11/29/17  11/30/17 EPA 3050B    EPA 6010B    

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC910835                      Batch#:          254195                        
Matrix:          Soil                          Prepared:        11/29/17                      
Units:           mg/Kg                         Analyzed:        11/29/17                      

Analyte                   Result                RL         
Antimony                           ND                        2.0       
Arsenic                            ND                        0.63      
Barium                             ND                        0.26      
Beryllium                          ND                        0.10      
Cadmium                            ND                        0.26      
Chromium                           ND                        0.26      
Cobalt                             ND                        0.26      
Copper                             ND                        0.26      
Lead                               ND                        0.52      
Molybdenum                         ND                        0.26      
Nickel                             ND                        0.26      
Selenium                           ND                        2.0       
Silver                             ND                        0.26      
Thallium                           ND                        0.52      
Vanadium                           ND                        0.26      
Zinc                               ND                        1.0       

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                       3.0
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Matrix:          Soil                          Batch#:          254195                        
Units:           mg/Kg                         Prepared:        11/29/17                      
Diln Fac:        1.000                         Analyzed:        11/29/17                      

Type:            BS                             Lab ID:          QC910836                       

Analyte                   Spiked              Result         %REC  Limits 
Antimony                                49.02               47.67      97     80-120  
Arsenic                                 49.02               48.71      99     80-120  
Barium                                  49.02               50.57      103    80-120  
Beryllium                               24.51               24.41      100    80-120  
Cadmium                                 49.02               50.36      103    80-120  
Chromium                                49.02               53.18      108    80-120  
Cobalt                                  49.02               51.43      105    80-120  
Copper                                  49.02               47.50      97     80-120  
Lead                                    49.02               47.94      98     80-120  
Molybdenum                              49.02               47.84      98     80-120  
Nickel                                  49.02               47.78      97     80-120  
Selenium                                49.02               52.68      107    80-120  
Silver                                   4.902               4.325     88     80-120  
Thallium                                49.02               49.05      100    80-120  
Vanadium                                49.02               50.21      102    80-120  
Zinc                                    49.02               51.31      105    80-120  

Type:            BSD                            Lab ID:          QC910837                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                                50.00               49.49      99     80-120  2   20  
Arsenic                                 50.00               52.94      106    80-120  6   20  
Barium                                  50.00               51.67      103    80-120  0   20  
Beryllium                               25.00               24.94      100    80-120  0   20  
Cadmium                                 50.00               50.29      101    80-120  2   20  
Chromium                                50.00               53.28      107    80-120  2   20  
Cobalt                                  50.00               51.76      104    80-120  1   20  
Copper                                  50.00               51.16      102    80-120  5   20  
Lead                                    50.00               49.00      98     80-120  0   20  
Molybdenum                              50.00               48.78      98     80-120  0   20  
Nickel                                  50.00               48.52      97     80-120  0   20  
Selenium                                50.00               52.26      105    80-120  3   20  
Silver                                   5.000               4.392     88     80-120  0   22  
Thallium                                50.00               53.52      107    80-120  7   20  
Vanadium                                50.00               53.53      107    80-120  4   20  
Zinc                                    50.00               52.05      104    80-120  1   20  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254195                        
MSS Lab ID:      294876-001                    Sampled:         11/29/17                      
Matrix:          Soil                          Received:        11/29/17                      
Units:           mg/Kg                         Prepared:        11/29/17                      
Basis:           as received                   Analyzed:        11/29/17                      
Diln Fac:        1.000                                                                        

Type:            MS                             Lab ID:          QC910838                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Antimony                            0.7755          50.51            17.51     33     1-120   
Arsenic                             6.627           50.51            58.63     103    71-123  
Barium                            141.7             50.51           194.6      105    48-155  
Beryllium                           0.3951          25.25            24.70     96     80-120  
Cadmium                             0.2563          50.51            51.94     102    78-120  
Chromium                           39.94            50.51            83.02     85     64-135  
Cobalt                              8.689           50.51            55.81     93     65-120  
Copper                             20.46            50.51            79.70     117    75-132  
Lead                               22.25            50.51            69.58     94     53-128  
Molybdenum                          0.8214          50.51            44.44     86     68-120  
Nickel                             33.61            50.51            77.48     87     56-128  
Selenium                           <0.2365          50.51            52.78     104    59-120  
Silver                             <0.05263          5.051            4.721    93     36-123  
Thallium                           <0.1585          50.51            45.70     90     55-120  
Vanadium                           34.61            50.51            90.73     111    73-129  
Zinc                               67.76            50.51           114.4      92     49-138  

Type:            MSD                            Lab ID:          QC910839                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                                49.50               15.82      30     1-120   8   50  
Arsenic                                 49.50               55.81      99     71-123  3   27  
Barium                                  49.50              183.2       84     48-155  5   41  
Beryllium                               24.75               23.27      92     80-120  4   20  
Cadmium                                 49.50               48.78      98     78-120  4   21  
Chromium                                49.50               78.16      77     64-135  5   37  
Cobalt                                  49.50               52.27      88     65-120  5   32  
Copper                                  49.50               70.98      102    75-132  10  33  
Lead                                    49.50               68.19      93     53-128  1   48  
Molybdenum                              49.50               41.65      82     68-120  5   23  
Nickel                                  49.50               74.02      82     56-128  3   38  
Selenium                                49.50               49.82      101    59-120  4   30  
Silver                                   4.950               4.502     91     36-123  3   47  
Thallium                                49.50               42.92      87     55-120  4   22  
Vanadium                                49.50               84.95      102    73-129  5   27  
Zinc                                    49.50              111.0       87     49-138  2   39  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Type:            BLANK                         Batch#:          254350                        
Lab ID:          QC911465                      Prepared:        12/04/17                      
Matrix:          Soil                          Analyzed:        12/04/17                      
Units:           mg/Kg                                                                        

Result                RL         
ND                        0.017     

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      23.0
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Batch#:          254350                        
Matrix:          Soil                          Prepared:        12/04/17                      
Units:           mg/Kg                         Analyzed:        12/04/17                      
Diln Fac:        1.000                                                                        

Type    Lab ID         Spiked              Result         %REC  Limits  RPD  Lim
BS     QC911466             0.2193              0.2101    96     80-126           
BSD    QC911467             0.2016              0.2009    100    80-126  4    45  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      24.0
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Batch QC Report

California Title 22 Metals

Lab #:           294849                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Field ID:        ZZZZZZZZZZ                    Batch#:          254350                        
MSS Lab ID:      294590-014                    Sampled:         11/17/17                      
Matrix:          Soil                          Received:        11/17/17                      
Units:           mg/Kg                         Prepared:        12/04/17                      
Basis:           as received                   Analyzed:        12/04/17                      

Type    Lab ID      MSS Result          Spiked           Result       %REC  Limits  RPD  Lim
MS     QC911468           0.03410           0.1923           0.2414   108    61-157           
MSD    QC911469                             0.1953           0.2152   93     61-157  13   57  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      25.0
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Laboratory Job Number 294938
ANALYTICAL REPORT

A3GEO Inc.                      Project  : 1101-17A                         
Location : NRLF Phase 4                     
Level    : II                               

Sample ID Lab ID
IDW-A3-17-1-LIQUID       294938-001
IDW-A3-17-2-SOLID        294938-002
IDW-A3-17-2-LIQUID       294938-003
A3-17-2-40               294938-004

This data package has been reviewed for technical correctness and completeness.
Release of this data has been authorized by the Laboratory Manager or the
Manager's designee, as verified by the following signature. The results
contained in this report meet all requirements of NELAP and pertain only to
those samples which were submitted for analysis. This report may be reproduced
only in its entirety.

Signature:                          Date:  12/13/2017 
Patrick McCarthy
Project Manager

patrick.mccarthy@enthalpy.com
(510) 204-2236

CA ELAP# 2896, NELAP# 4044-001                                                 
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CASE NARRATIVE

Laboratory number:        294938
Client:                   A3GEO Inc.
Project:                  1101-17A
Location:                 NRLF Phase 4
Request Date:             11/30/17
Samples Received:         11/29/17

This data package contains sample and QC results for two soil samples and two
water samples, requested for the above referenced project on 11/30/17. The
samples were received cold and intact.

TPH-Purgeables and/or BTXE by GC (EPA 8015B) Soil:
No analytical problems were encountered.

TPH-Purgeables and/or BTXE by GC (EPA 8015B) Miscell.:
No analytical problems were encountered.

TPH-Extractables by GC (EPA 8015B) Water:
No analytical problems were encountered.

TPH-Extractables by GC (EPA 8015B) Soil:
No analytical problems were encountered.

Volatile Organics by GC/MS (EPA 8260B) Soil:
High recoveries were observed for benzene and 1,1-dichloroethene in the MSD
for batch 254562; the parent sample was not a project sample, the LCS was
within limits, the associated RPDs were within limits, and these analytes
were not detected at or above the RL in the associated sample. No other
analytical problems were encountered.

Volatile Organics by GC/MS (EPA 8260B) Miscell.:
No analytical problems were encountered.

Semivolatile Organics by GC/MS SIM (EPA 8270C-SIM) Water:
IDW-A3-17-2-LIQUID (lab # 294938-003) was diluted due to high non-target
analytes. No other analytical problems were encountered.

Semivolatile Organics by GC/MS SIM (EPA 8270C-SIM) Soil:
No analytical problems were encountered.

PCBs (EPA 8082) Water:
No analytical problems were encountered.

PCBs (EPA 8082) Soil:
All samples underwent sulfuric acid cleanup using EPA Method 3665A.  All
samples underwent sulfur cleanup using the copper option in EPA Method 3660B.
Matrix spikes were not performed for this analysis in batch 254593 due to
insufficient sample amount. No other analytical problems were encountered.
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CASE NARRATIVE

Laboratory number:        294938
Client:                   A3GEO Inc.
Project:                  1101-17A
Location:                 NRLF Phase 4
Request Date:             11/30/17
Samples Received:         11/29/17

Metals (EPA 6010B and EPA 7470A) Water:
No analytical problems were encountered.

Metals (EPA 6010B and EPA 7471A) Soil:
High recovery was observed for lead in the MSD for batch 254268; the parent
sample was not a project sample, the BS/BSD were within limits, and the
associated RPD was within limits. No other analytical problems were
encountered.

*** Missing Items *** 

The following items are valid in the narrative, but for some reason didn't
end up in the above report:

Item 2 (PCBS/Miscell.): All samples underwent sulfuric acid cleanup using EPA Method 3665A. 

Item 5 (PCBS/Miscell.): All samples underwent sulfur cleanup using the copper option in EPA Method 3660B.

You can invalidate these items, or adjust rgroup/matrix/method ([C] button)
for each until they appear in the main body of the report. See the operations
manager or LIMS staff for assistance if necessary.
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Detections Summary for 294938

Results for any subcontracted analyses are not included in this summary.

Client   : A3GEO Inc.                                                            
Project  : 1101-17A                                                              
Location : NRLF Phase 4                                                          

Client Sample ID : IDW-A3-17-1-LIQUID      Laboratory Sample ID :     294938-001 

Analyte        Result    Flags     RL     Units   Basis    IDF     Method   Prep Method 
Diesel C10-C24        3,500   Y          250   ug/L    As Recd  1.000  EPA 8015B  EPA 3520C   
Motor Oil C24-C36    11,000            1,500   ug/L    As Recd  1.000  EPA 8015B  EPA 3520C   

Client Sample ID : IDW-A3-17-2-SOLID      Laboratory Sample ID :      294938-002 

Analyte      Result     Flags       RL       Units    Basis    IDF     Method   Prep Method 
Arsenic           3.5                 1.5     mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Barium          120                   0.26    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Beryllium         0.39                0.10    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Chromium         48                   0.26    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Cobalt           11                   0.26    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Copper           20                   0.26    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Lead              5.0                 1.0     mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Mercury           0.12                0.017   mg/Kg   As Recd   1.000  EPA 7471A  METHOD      
Nickel           59                   0.26    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Vanadium         32                   0.26    mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   
Zinc             44                   1.0     mg/Kg   As Recd   1.000  EPA 6010B  EPA 3050B   

Client Sample ID : IDW-A3-17-2-LIQUID      Laboratory Sample ID :     294938-003 

Analyte         Result   Flags      RL     Units   Basis    IDF     Method   Prep Method 
Diesel C10-C24       2,300    Y         250     ug/L   As Recd  1.000  EPA 8015B  EPA 3520C   
Motor Oil C24-C36    6,100            1,500     ug/L   As Recd  1.000  EPA 8015B  EPA 3520C   
Antimony               160              100     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Arsenic              3,100               54     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Barium              61,000               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Beryllium              150               20     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Cadmium                 85               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Chromium            17,000               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Cobalt               3,700               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Copper               7,100               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Lead                 2,200               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Mercury                  4.6              0.20  ug/L   TOTAL    1.000  EPA 7470A  METHOD      
Molybdenum             150               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Nickel              19,000               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Selenium               120              100     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Silver                 130               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Vanadium            15,000               50     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
Zinc                14,000              200     ug/L   TOTAL    1.000  EPA 6010B  EPA 3010A   
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Client Sample ID : A3-17-2-40          Laboratory Sample ID :         294938-004 

No Detections                                                                 

Y = Sample exhibits chromatographic pattern which does not resemble standard
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Total Volatile Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        IDW-A3-17-2-SOLID             Batch#:          254345                        
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           mg/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        12/04/17                      
Diln Fac:        1.000                                                                        

Type:            SAMPLE                         Lab ID:          294938-002                     

Analyte                   Result                RL         
Gasoline C7-C12                    ND                        1.0       

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       89     65-136  

Type:            BLANK                          Lab ID:          QC911440                       

Analyte                   Result                RL         
Gasoline C7-C12                    ND                        1.0       

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       82     65-136  

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                       9.0
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Batch QC Report

Total Volatile Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC911435                      Batch#:          254345                        
Matrix:          Soil                          Analyzed:        12/04/17                      
Units:           mg/Kg                                                                        

Analyte                   Spiked              Result         %REC  Limits 
Gasoline C7-C12                          1.000               0.8714    87     80-121  

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       81     65-136  
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Batch QC Report

Total Volatile Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        ZZZZZZZZZZ                    Diln Fac:        1.000                         
MSS Lab ID:      295010-001                    Batch#:          254345                        
Matrix:          Soil                          Sampled:         12/01/17                      
Units:           mg/Kg                         Received:        12/01/17                      
Basis:           as received                   Analyzed:        12/05/17                      

Type:            MS                             Lab ID:          QC911438                       

Analyte              MSS Result          Spiked           Result       %REC  Limits
Gasoline C7-C12                     0.07254          10.31             6.592    63     52-120 

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       94     65-136  

Type:            MSD                            Lab ID:          QC911439                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Gasoline C7-C12                          9.259               5.541     59     52-120  7   25  

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       94     65-136  

RPD= Relative Percent Difference
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Total Volatile Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        IDW-A3-17-2-LIQUID            Batch#:          254345                        
Units:           mg/Kg                         Sampled:         11/29/17                      
Basis:           as received                   Received:        11/29/17                      
Diln Fac:        1.000                         Analyzed:        12/04/17                      

Type:            SAMPLE                         Matrix:          Miscell.                       
Lab ID:          294938-003                                                                     

Analyte                   Result                RL         
Gasoline C7-C12                    ND                        0.95      

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       94     65-136  

Type:            BLANK                          Matrix:          Soil                           
Lab ID:          QC911440                                                                       

Analyte                   Result                RL         
Gasoline C7-C12                    ND                        1.0       

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       82     65-136  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Total Volatile Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC911435                      Batch#:          254345                        
Matrix:          Soil                          Analyzed:        12/04/17                      
Units:           mg/Kg                                                                        

Analyte                   Spiked              Result         %REC  Limits 
Gasoline C7-C12                          1.000               0.8714    87     80-121  

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       81     65-136  
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Batch QC Report

Total Volatile Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        ZZZZZZZZZZ                    Diln Fac:        1.000                         
MSS Lab ID:      295010-001                    Batch#:          254345                        
Matrix:          Soil                          Sampled:         12/01/17                      
Units:           mg/Kg                         Received:        12/01/17                      
Basis:           as received                   Analyzed:        12/05/17                      

Type:            MS                             Lab ID:          QC911438                       

Analyte              MSS Result          Spiked           Result       %REC  Limits
Gasoline C7-C12                     0.07254          10.31             6.592    63     52-120 

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       94     65-136  

Type:            MSD                            Lab ID:          QC911439                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Gasoline C7-C12                          9.259               5.541     59     52-120  7   25  

Surrogate             %REC  Limits 
Bromofluorobenzene (FID)       94     65-136  

RPD= Relative Percent Difference
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Total Extractable Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Matrix:          Water                         Sampled:         11/29/17                      
Units:           ug/L                          Received:        11/29/17                      
Diln Fac:        1.000                         Prepared:        12/05/17                      
Batch#:          254395                        Analyzed:        12/06/17                      

Field ID:        IDW-A3-17-1-LIQUID             Lab ID:          294938-001                     
Type:            SAMPLE                                                                         

Analyte                   Result                RL         
Diesel C10-C24                       3,500 Y               250         
Motor Oil C24-C36                   11,000               1,500         

Surrogate             %REC  Limits 
o-Terphenyl                    88     51-134  

Field ID:        IDW-A3-17-2-LIQUID             Lab ID:          294938-003                     
Type:            SAMPLE                                                                         

Analyte                   Result                RL         
Diesel C10-C24                       2,300 Y               250         
Motor Oil C24-C36                    6,100               1,500         

Surrogate             %REC  Limits 
o-Terphenyl                    89     51-134  

Type:            BLANK                          Lab ID:          QC911638                       

Analyte                   Result                RL         
Diesel C10-C24                     ND                       50         
Motor Oil C24-C36                  ND                      300         

Surrogate             %REC  Limits 
o-Terphenyl                    90     51-134  

Y= Sample exhibits chromatographic pattern which does not resemble standard
ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      34.1
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Batch QC Report

Total Extractable Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Matrix:          Water                         Batch#:          254395                        
Units:           ug/L                          Prepared:        12/05/17                      
Diln Fac:        1.000                         Analyzed:        12/06/17                      

Type:            BS                             Lab ID:          QC911639                       

Analyte                   Spiked              Result         %REC  Limits 
Diesel C10-C24                       2,500               2,283         91     50-123  

Surrogate             %REC  Limits 
o-Terphenyl                    93     51-134  

Type:            BSD                            Lab ID:          QC911640                       

Analyte                   Spiked              Result         %REC  Limits  RPD  Lim
Diesel C10-C24                       2,500               2,096         84     50-123  9    34  

Surrogate             %REC  Limits 
o-Terphenyl                    86     51-134  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      35.0
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Total Extractable Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        IDW-A3-17-2-SOLID             Batch#:          254376                        
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           mg/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        12/06/17                      
Diln Fac:        1.000                                                                        

Type:            SAMPLE                         Prepared:        12/06/17                       
Lab ID:          294938-002                                                                     

Analyte                   Result                RL         
Diesel C10-C24                     ND                        1.0       
Motor Oil C24-C36                  ND                        5.0       

Surrogate             %REC  Limits 
o-Terphenyl                    101    55-133  

Type:            BLANK                          Prepared:        12/05/17                       
Lab ID:          QC911595                                                                       

Analyte                   Result                RL         
Diesel C10-C24                     ND                        1.0       
Motor Oil C24-C36                  ND                        5.0       

Surrogate             %REC  Limits 
o-Terphenyl                    93     55-133  

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      31.0

22 of 60



Batch QC Report

Total Extractable Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC911596                      Batch#:          254376                        
Matrix:          Soil                          Prepared:        12/05/17                      
Units:           mg/Kg                         Analyzed:        12/06/17                      

Analyte                   Spiked              Result         %REC  Limits 
Diesel C10-C24                          49.99               46.95      94     51-137  

Surrogate             %REC  Limits 
o-Terphenyl                    94     55-133  

Page 1 of 1                                                                                                                      32.0
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Batch QC Report

Total Extractable Hydrocarbons

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8015B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254376                        
MSS Lab ID:      295079-003                    Sampled:         12/04/17                      
Matrix:          Soil                          Received:        12/04/17                      
Units:           mg/Kg                         Prepared:        12/05/17                      
Basis:           as received                   Analyzed:        12/06/17                      
Diln Fac:        2.000                                                                        

Type:            MS                             Lab ID:          QC911597                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Diesel C10-C24                      4.070           49.72            53.91     100    36-143  

Surrogate             %REC  Limits 
o-Terphenyl                    94     55-133  

Type:            MSD                            Lab ID:          QC911598                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Diesel C10-C24                          49.79               51.78      96     36-143  4   55  

Surrogate             %REC  Limits 
o-Terphenyl                    87     55-133  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      33.0
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Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-2-40                    Diln Fac:        0.7788                        
Lab ID:          294938-004                    Batch#:          254562                        
Matrix:          Soil                          Sampled:         11/29/17                      
Units:           ug/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        12/10/17                      

Analyte                   Result                RL         
Freon 12                           ND                        7.8       
Chloromethane                      ND                        7.8       
Vinyl Chloride                     ND                        7.8       
Bromomethane                       ND                        7.8       
Chloroethane                       ND                        7.8       
Trichlorofluoromethane             ND                        3.9       
Acetone                            ND                       16         
Freon 113                          ND                        3.9       
1,1-Dichloroethene                 ND                        3.9       
Methylene Chloride                 ND                       16         
Carbon Disulfide                   ND                        3.9       
MTBE                               ND                        3.9       
trans-1,2-Dichloroethene           ND                        3.9       
Vinyl Acetate                      ND                       39         
1,1-Dichloroethane                 ND                        3.9       
2-Butanone                         ND                        7.8       
cis-1,2-Dichloroethene             ND                        3.9       
2,2-Dichloropropane                ND                        3.9       
Chloroform                         ND                        3.9       
Bromochloromethane                 ND                        3.9       
1,1,1-Trichloroethane              ND                        3.9       
1,1-Dichloropropene                ND                        3.9       
Carbon Tetrachloride               ND                        3.9       
1,2-Dichloroethane                 ND                        3.9       
Benzene                            ND                        3.9       
Trichloroethene                    ND                        3.9       
1,2-Dichloropropane                ND                        3.9       
Bromodichloromethane               ND                        3.9       
Dibromomethane                     ND                        3.9       
4-Methyl-2-Pentanone               ND                        7.8       
cis-1,3-Dichloropropene            ND                        3.9       
Toluene                            ND                        3.9       
trans-1,3-Dichloropropene          ND                        3.9       
1,1,2-Trichloroethane              ND                        3.9       
2-Hexanone                         ND                        7.8       
1,3-Dichloropropane                ND                        3.9       
Tetrachloroethene                  ND                        3.9       

ND= Not Detected
RL= Reporting Limit
Page 1 of 2                                                                                                                      45.0
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Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        A3-17-2-40                    Diln Fac:        0.7788                        
Lab ID:          294938-004                    Batch#:          254562                        
Matrix:          Soil                          Sampled:         11/29/17                      
Units:           ug/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        12/10/17                      

Analyte                   Result                RL         
Dibromochloromethane               ND                        3.9       
1,2-Dibromoethane                  ND                        3.9       
Chlorobenzene                      ND                        3.9       
1,1,1,2-Tetrachloroethane          ND                        3.9       
Ethylbenzene                       ND                        3.9       
m,p-Xylenes                        ND                        3.9       
o-Xylene                           ND                        3.9       
Styrene                            ND                        3.9       
Bromoform                          ND                        3.9       
Isopropylbenzene                   ND                        3.9       
1,1,2,2-Tetrachloroethane          ND                        3.9       
1,2,3-Trichloropropane             ND                        3.9       
Propylbenzene                      ND                        3.9       
Bromobenzene                       ND                        3.9       
1,3,5-Trimethylbenzene             ND                        3.9       
2-Chlorotoluene                    ND                        3.9       
4-Chlorotoluene                    ND                        3.9       
tert-Butylbenzene                  ND                        3.9       
1,2,4-Trimethylbenzene             ND                        3.9       
sec-Butylbenzene                   ND                        3.9       
para-Isopropyl Toluene             ND                        3.9       
1,3-Dichlorobenzene                ND                        3.9       
1,4-Dichlorobenzene                ND                        3.9       
n-Butylbenzene                     ND                        3.9       
1,2-Dichlorobenzene                ND                        3.9       
1,2-Dibromo-3-Chloropropane        ND                        3.9       
1,2,4-Trichlorobenzene             ND                        3.9       
Hexachlorobutadiene                ND                        3.9       
Naphthalene                        ND                        3.9       
1,2,3-Trichlorobenzene             ND                        3.9       

Surrogate             %REC  Limits 
Dibromofluoromethane           119    76-132  
1,2-Dichloroethane-d4          114    74-149  
Toluene-d8                     99     80-120  
Bromofluorobenzene             108    78-134  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC912331                      Batch#:          254562                        
Matrix:          Soil                          Analyzed:        12/10/17                      
Units:           ug/Kg                                                                        

Analyte                   Spiked              Result         %REC  Limits 
1,1-Dichloroethene                      25.00               28.72      115    68-132  
Benzene                                 25.00               27.77      111    75-123  
Trichloroethene                         25.00               26.49      106    75-120  
Toluene                                 25.00               26.43      106    76-120  
Chlorobenzene                           25.00               27.97      112    80-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           105    76-132  
1,2-Dichloroethane-d4          97     74-149  
Toluene-d8                     97     80-120  
Bromofluorobenzene             97     78-134  
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC912332                      Batch#:          254562                        
Matrix:          Soil                          Analyzed:        12/10/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Freon 12                           ND                       10         
Chloromethane                      ND                       10         
Vinyl Chloride                     ND                       10         
Bromomethane                       ND                       10         
Chloroethane                       ND                       10         
Trichlorofluoromethane             ND                        5.0       
Acetone                            ND                       20         
Freon 113                          ND                        5.0       
1,1-Dichloroethene                 ND                        5.0       
Methylene Chloride                 ND                       20         
Carbon Disulfide                   ND                        5.0       
MTBE                               ND                        5.0       
trans-1,2-Dichloroethene           ND                        5.0       
Vinyl Acetate                      ND                       50         
1,1-Dichloroethane                 ND                        5.0       
2-Butanone                         ND                       10         
cis-1,2-Dichloroethene             ND                        5.0       
2,2-Dichloropropane                ND                        5.0       
Chloroform                         ND                        5.0       
Bromochloromethane                 ND                        5.0       
1,1,1-Trichloroethane              ND                        5.0       
1,1-Dichloropropene                ND                        5.0       
Carbon Tetrachloride               ND                        5.0       
1,2-Dichloroethane                 ND                        5.0       
Benzene                            ND                        5.0       
Trichloroethene                    ND                        5.0       
1,2-Dichloropropane                ND                        5.0       
Bromodichloromethane               ND                        5.0       
Dibromomethane                     ND                        5.0       
4-Methyl-2-Pentanone               ND                       10         
cis-1,3-Dichloropropene            ND                        5.0       
Toluene                            ND                        5.0       
trans-1,3-Dichloropropene          ND                        5.0       
1,1,2-Trichloroethane              ND                        5.0       
2-Hexanone                         ND                       10         
1,3-Dichloropropane                ND                        5.0       
Tetrachloroethene                  ND                        5.0       

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5035                      
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC912332                      Batch#:          254562                        
Matrix:          Soil                          Analyzed:        12/10/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Dibromochloromethane               ND                        5.0       
1,2-Dibromoethane                  ND                        5.0       
Chlorobenzene                      ND                        5.0       
1,1,1,2-Tetrachloroethane          ND                        5.0       
Ethylbenzene                       ND                        5.0       
m,p-Xylenes                        ND                        5.0       
o-Xylene                           ND                        5.0       
Styrene                            ND                        5.0       
Bromoform                          ND                        5.0       
Isopropylbenzene                   ND                        5.0       
1,1,2,2-Tetrachloroethane          ND                        5.0       
1,2,3-Trichloropropane             ND                        5.0       
Propylbenzene                      ND                        5.0       
Bromobenzene                       ND                        5.0       
1,3,5-Trimethylbenzene             ND                        5.0       
2-Chlorotoluene                    ND                        5.0       
4-Chlorotoluene                    ND                        5.0       
tert-Butylbenzene                  ND                        5.0       
1,2,4-Trimethylbenzene             ND                        5.0       
sec-Butylbenzene                   ND                        5.0       
para-Isopropyl Toluene             ND                        5.0       
1,3-Dichlorobenzene                ND                        5.0       
1,4-Dichlorobenzene                ND                        5.0       
n-Butylbenzene                     ND                        5.0       
1,2-Dichlorobenzene                ND                        5.0       
1,2-Dibromo-3-Chloropropane        ND                        5.0       
1,2,4-Trichlorobenzene             ND                        5.0       
Hexachlorobutadiene                ND                        5.0       
Naphthalene                        ND                        5.0       
1,2,3-Trichlorobenzene             ND                        5.0       

Surrogate             %REC  Limits 
Dibromofluoromethane           106    76-132  
1,2-Dichloroethane-d4          96     74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             107    78-134  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254562                        
MSS Lab ID:      295205-009                    Sampled:         12/07/17                      
Matrix:          Soil                          Received:        12/07/17                      
Units:           ug/Kg                         Analyzed:        12/10/17                      
Basis:           as received                                                                  

Type:            MS                             Diln Fac:        0.8532                         
Lab ID:          QC912354                                                                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
1,1-Dichloroethene                  <0.5525          42.66            52.71     124    64-131  
Benzene                             <0.4930          42.66            46.80     110    66-122  
Trichloroethene                     <0.5958          42.66            45.43     106    57-133  
Toluene                             <0.5299          42.66            41.68     98     61-120  
Chlorobenzene                       <0.3324          42.66            40.91     96     56-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           116    76-132  
1,2-Dichloroethane-d4          115    74-149  
Toluene-d8                     96     80-120  
Bromofluorobenzene             99     78-134  

Type:            MSD                            Diln Fac:        0.9690                         
Lab ID:          QC912355                                                                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
1,1-Dichloroethene                      48.45               72.43      149 *  64-131  19  32  
Benzene                                 48.45               63.28      131 *  66-122  17  32  
Trichloroethene                         48.45               63.54      131    57-133  21  34  
Toluene                                 48.45               58.37      120    61-120  21  32  
Chlorobenzene                           48.45               56.73      117    56-120  20  33  

Surrogate             %REC  Limits 
Dibromofluoromethane           108    76-132  
1,2-Dichloroethane-d4          104    74-149  
Toluene-d8                     97     80-120  
Bromofluorobenzene             98     78-134  

*= Value outside of QC limits; see narrative
RPD= Relative Percent Difference
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Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        IDW-A3-17-2-LIQUID            Diln Fac:        0.9294                        
Lab ID:          294938-003                    Batch#:          254488                        
Matrix:          Miscell.                      Sampled:         11/29/17                      
Units:           ug/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        12/07/17                      

Analyte                   Result                RL         
Freon 12                           ND                        9.3       
Chloromethane                      ND                        9.3       
Vinyl Chloride                     ND                        9.3       
Bromomethane                       ND                        9.3       
Chloroethane                       ND                        9.3       
Trichlorofluoromethane             ND                        4.6       
Acetone                            ND                       19         
Freon 113                          ND                        4.6       
1,1-Dichloroethene                 ND                        4.6       
Methylene Chloride                 ND                       19         
Carbon Disulfide                   ND                        4.6       
MTBE                               ND                        4.6       
trans-1,2-Dichloroethene           ND                        4.6       
Vinyl Acetate                      ND                       46         
1,1-Dichloroethane                 ND                        4.6       
2-Butanone                         ND                        9.3       
cis-1,2-Dichloroethene             ND                        4.6       
2,2-Dichloropropane                ND                        4.6       
Chloroform                         ND                        4.6       
Bromochloromethane                 ND                        4.6       
1,1,1-Trichloroethane              ND                        4.6       
1,1-Dichloropropene                ND                        4.6       
Carbon Tetrachloride               ND                        4.6       
1,2-Dichloroethane                 ND                        4.6       
Benzene                            ND                        4.6       
Trichloroethene                    ND                        4.6       
1,2-Dichloropropane                ND                        4.6       
Bromodichloromethane               ND                        4.6       
Dibromomethane                     ND                        4.6       
4-Methyl-2-Pentanone               ND                        9.3       
cis-1,3-Dichloropropene            ND                        4.6       
Toluene                            ND                        4.6       
trans-1,3-Dichloropropene          ND                        4.6       
1,1,2-Trichloroethane              ND                        4.6       
2-Hexanone                         ND                        9.3       
1,3-Dichloropropane                ND                        4.6       
Tetrachloroethene                  ND                        4.6       

ND= Not Detected
RL= Reporting Limit
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Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Field ID:        IDW-A3-17-2-LIQUID            Diln Fac:        0.9294                        
Lab ID:          294938-003                    Batch#:          254488                        
Matrix:          Miscell.                      Sampled:         11/29/17                      
Units:           ug/Kg                         Received:        11/29/17                      
Basis:           as received                   Analyzed:        12/07/17                      

Analyte                   Result                RL         
Dibromochloromethane               ND                        4.6       
1,2-Dibromoethane                  ND                        4.6       
Chlorobenzene                      ND                        4.6       
1,1,1,2-Tetrachloroethane          ND                        4.6       
Ethylbenzene                       ND                        4.6       
m,p-Xylenes                        ND                        4.6       
o-Xylene                           ND                        4.6       
Styrene                            ND                        4.6       
Bromoform                          ND                        4.6       
Isopropylbenzene                   ND                        4.6       
1,1,2,2-Tetrachloroethane          ND                        4.6       
1,2,3-Trichloropropane             ND                        4.6       
Propylbenzene                      ND                        4.6       
Bromobenzene                       ND                        4.6       
1,3,5-Trimethylbenzene             ND                        4.6       
2-Chlorotoluene                    ND                        4.6       
4-Chlorotoluene                    ND                        4.6       
tert-Butylbenzene                  ND                        4.6       
1,2,4-Trimethylbenzene             ND                        4.6       
sec-Butylbenzene                   ND                        4.6       
para-Isopropyl Toluene             ND                        4.6       
1,3-Dichlorobenzene                ND                        4.6       
1,4-Dichlorobenzene                ND                        4.6       
n-Butylbenzene                     ND                        4.6       
1,2-Dichlorobenzene                ND                        4.6       
1,2-Dibromo-3-Chloropropane        ND                        4.6       
1,2,4-Trichlorobenzene             ND                        4.6       
Hexachlorobutadiene                ND                        4.6       
Naphthalene                        ND                        4.6       
1,2,3-Trichlorobenzene             ND                        4.6       

Surrogate             %REC  Limits 
Dibromofluoromethane           104    76-132  
1,2-Dichloroethane-d4          125    74-149  
Toluene-d8                     101    80-120  
Bromofluorobenzene             120    78-134  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Matrix:          Soil                          Batch#:          254488                        
Units:           ug/Kg                         Analyzed:        12/07/17                      
Diln Fac:        1.000                                                                        

Type:            BS                             Lab ID:          QC912055                       

Analyte                   Spiked              Result         %REC  Limits 
1,1-Dichloroethene                      25.00               22.06      88     68-132  
Benzene                                 25.00               23.88      96     75-123  
Trichloroethene                         25.00               24.96      100    75-120  
Toluene                                 25.00               24.91      100    76-120  
Chlorobenzene                           25.00               25.47      102    80-120  

Surrogate             %REC  Limits 
Dibromofluoromethane           100    76-132  
1,2-Dichloroethane-d4          120    74-149  
Toluene-d8                     100    80-120  
Bromofluorobenzene             101    78-134  

Type:            BSD                            Lab ID:          QC912056                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
1,1-Dichloroethene                      25.00               22.68      91     68-132  3   28  
Benzene                                 25.00               24.39      98     75-123  2   25  
Trichloroethene                         25.00               25.46      102    75-120  2   23  
Toluene                                 25.00               25.74      103    76-120  3   24  
Chlorobenzene                           25.00               26.29      105    80-120  3   21  

Surrogate             %REC  Limits 
Dibromofluoromethane           99     76-132  
1,2-Dichloroethane-d4          118    74-149  
Toluene-d8                     102    80-120  
Bromofluorobenzene             97     78-134  

RPD= Relative Percent Difference
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC912057                      Batch#:          254488                        
Matrix:          Soil                          Analyzed:        12/07/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Freon 12                           ND                       10         
Chloromethane                      ND                       10         
Vinyl Chloride                     ND                       10         
Bromomethane                       ND                       10         
Chloroethane                       ND                       10         
Trichlorofluoromethane             ND                        5.0       
Acetone                            ND                       20         
Freon 113                          ND                        5.0       
1,1-Dichloroethene                 ND                        5.0       
Methylene Chloride                 ND                       20         
Carbon Disulfide                   ND                        5.0       
MTBE                               ND                        5.0       
trans-1,2-Dichloroethene           ND                        5.0       
Vinyl Acetate                      ND                       50         
1,1-Dichloroethane                 ND                        5.0       
2-Butanone                         ND                       10         
cis-1,2-Dichloroethene             ND                        5.0       
2,2-Dichloropropane                ND                        5.0       
Chloroform                         ND                        5.0       
Bromochloromethane                 ND                        5.0       
1,1,1-Trichloroethane              ND                        5.0       
1,1-Dichloropropene                ND                        5.0       
Carbon Tetrachloride               ND                        5.0       
1,2-Dichloroethane                 ND                        5.0       
Benzene                            ND                        5.0       
Trichloroethene                    ND                        5.0       
1,2-Dichloropropane                ND                        5.0       
Bromodichloromethane               ND                        5.0       
Dibromomethane                     ND                        5.0       
4-Methyl-2-Pentanone               ND                       10         
cis-1,3-Dichloropropene            ND                        5.0       
Toluene                            ND                        5.0       
trans-1,3-Dichloropropene          ND                        5.0       
1,1,2-Trichloroethane              ND                        5.0       
2-Hexanone                         ND                       10         
1,3-Dichloropropane                ND                        5.0       
Tetrachloroethene                  ND                        5.0       

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Purgeable Organics by GC/MS

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 5030B                     
Project#:        1101-17A                      Analysis:        EPA 8260B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC912057                      Batch#:          254488                        
Matrix:          Soil                          Analyzed:        12/07/17                      
Units:           ug/Kg                                                                        

Analyte                   Result                RL         
Dibromochloromethane               ND                        5.0       
1,2-Dibromoethane                  ND                        5.0       
Chlorobenzene                      ND                        5.0       
1,1,1,2-Tetrachloroethane          ND                        5.0       
Ethylbenzene                       ND                        5.0       
m,p-Xylenes                        ND                        5.0       
o-Xylene                           ND                        5.0       
Styrene                            ND                        5.0       
Bromoform                          ND                        5.0       
Isopropylbenzene                   ND                        5.0       
1,1,2,2-Tetrachloroethane          ND                        5.0       
1,2,3-Trichloropropane             ND                        5.0       
Propylbenzene                      ND                        5.0       
Bromobenzene                       ND                        5.0       
1,3,5-Trimethylbenzene             ND                        5.0       
2-Chlorotoluene                    ND                        5.0       
4-Chlorotoluene                    ND                        5.0       
tert-Butylbenzene                  ND                        5.0       
1,2,4-Trimethylbenzene             ND                        5.0       
sec-Butylbenzene                   ND                        5.0       
para-Isopropyl Toluene             ND                        5.0       
1,3-Dichlorobenzene                ND                        5.0       
1,4-Dichlorobenzene                ND                        5.0       
n-Butylbenzene                     ND                        5.0       
1,2-Dichlorobenzene                ND                        5.0       
1,2-Dibromo-3-Chloropropane        ND                        5.0       
1,2,4-Trichlorobenzene             ND                        5.0       
Hexachlorobutadiene                ND                        5.0       
Naphthalene                        ND                        5.0       
1,2,3-Trichlorobenzene             ND                        5.0       

Surrogate             %REC  Limits 
Dibromofluoromethane           104    76-132  
1,2-Dichloroethane-d4          119    74-149  
Toluene-d8                     105    80-120  
Bromofluorobenzene             129    78-134  

ND= Not Detected
RL= Reporting Limit
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Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Field ID:        IDW-A3-17-2-LIQUID            Batch#:          254344                        
Lab ID:          294938-003                    Sampled:         11/29/17                      
Matrix:          Water                         Received:        11/29/17                      
Units:           ug/L                          Prepared:        12/04/17                      
Diln Fac:        3.000                         Analyzed:        12/05/17                      

Analyte                   Result                RL         
Naphthalene                        ND                        3.0       
Acenaphthylene                     ND                        3.0       
Acenaphthene                       ND                        3.0       
Fluorene                           ND                        3.0       
Phenanthrene                       ND                        3.0       
Anthracene                         ND                        3.0       
Fluoranthene                       ND                        3.0       
Pyrene                             ND                        3.0       
Benzo(a)anthracene                 ND                        3.0       
Chrysene                           ND                        3.0       
Benzo(b)fluoranthene               ND                        3.0       
Benzo(k)fluoranthene               ND                        3.0       
Benzo(a)pyrene                     ND                        3.0       
Indeno(1,2,3-cd)pyrene             ND                        3.0       
Dibenz(a,h)anthracene              ND                        3.0       
Benzo(g,h,i)perylene               ND                        3.0       

Surrogate             %REC  Limits 
Nitrobenzene-d5                69     44-139  
2-Fluorobiphenyl               76     47-120  
Terphenyl-d14                  26     25-123  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911432                      Batch#:          254344                        
Matrix:          Water                         Prepared:        12/04/17                      
Units:           ug/L                          Analyzed:        12/05/17                      

Analyte                   Result                RL         
Naphthalene                        ND                        0.1       
Acenaphthylene                     ND                        0.1       
Acenaphthene                       ND                        0.1       
Fluorene                           ND                        0.1       
Phenanthrene                       ND                        0.1       
Anthracene                         ND                        0.1       
Fluoranthene                       ND                        0.1       
Pyrene                             ND                        0.1       
Benzo(a)anthracene                 ND                        0.1       
Chrysene                           ND                        0.1       
Benzo(b)fluoranthene               ND                        0.1       
Benzo(k)fluoranthene               ND                        0.1       
Benzo(a)pyrene                     ND                        0.1       
Indeno(1,2,3-cd)pyrene             ND                        0.1       
Dibenz(a,h)anthracene              ND                        0.1       
Benzo(g,h,i)perylene               ND                        0.1       

Surrogate             %REC  Limits 
Nitrobenzene-d5                84     44-139  
2-Fluorobiphenyl               80     47-120  
Terphenyl-d14                  77     25-123  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Matrix:          Water                         Batch#:          254344                        
Units:           ug/L                          Prepared:        12/04/17                      
Diln Fac:        1.000                         Analyzed:        12/05/17                      

Type:            BS                             Lab ID:          QC911433                       

Analyte                   Spiked              Result         %REC  Limits 
Acenaphthene                             1.000               0.8212    82     54-120  
Pyrene                                   1.000               0.7632    76     50-120  

Surrogate             %REC  Limits 
Nitrobenzene-d5                92     44-139  
2-Fluorobiphenyl               87     47-120  
Terphenyl-d14                  79     25-123  

Type:            BSD                            Lab ID:          QC911434                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Acenaphthene                             1.000               0.7304    73     54-120  12  36  
Pyrene                                   1.000               0.6605    66     50-120  14  37  

Surrogate             %REC  Limits 
Nitrobenzene-d5                81     44-139  
2-Fluorobiphenyl               75     47-120  
Terphenyl-d14                  68     25-123  

RPD= Relative Percent Difference
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Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Field ID:        IDW-A3-17-2-SOLID             Batch#:          254323                        
Lab ID:          294938-002                    Sampled:         11/28/17                      
Matrix:          Soil                          Received:        11/29/17                      
Units:           ug/Kg                         Prepared:        12/04/17                      
Basis:           as received                   Analyzed:        12/04/17                      
Diln Fac:        1.000                                                                        

Analyte                   Result                RL         
Naphthalene                        ND                        5.1       
Acenaphthylene                     ND                        5.1       
Acenaphthene                       ND                        5.1       
Fluorene                           ND                        5.1       
Phenanthrene                       ND                        5.1       
Anthracene                         ND                        5.1       
Fluoranthene                       ND                        5.1       
Pyrene                             ND                        5.1       
Benzo(a)anthracene                 ND                        5.1       
Chrysene                           ND                        5.1       
Benzo(b)fluoranthene               ND                        5.1       
Benzo(k)fluoranthene               ND                        5.1       
Benzo(a)pyrene                     ND                        5.1       
Indeno(1,2,3-cd)pyrene             ND                        5.1       
Dibenz(a,h)anthracene              ND                        5.1       
Benzo(g,h,i)perylene               ND                        5.1       

Surrogate             %REC  Limits 
Nitrobenzene-d5                100    46-126  
2-Fluorobiphenyl               87     50-120  
Terphenyl-d14                  89     53-123  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911339                      Batch#:          254323                        
Matrix:          Soil                          Prepared:        12/04/17                      
Units:           ug/Kg                         Analyzed:        12/04/17                      

Analyte                   Result                RL         
Naphthalene                        ND                        5.0       
Acenaphthylene                     ND                        5.0       
Acenaphthene                       ND                        5.0       
Fluorene                           ND                        5.0       
Phenanthrene                       ND                        5.0       
Anthracene                         ND                        5.0       
Fluoranthene                       ND                        5.0       
Pyrene                             ND                        5.0       
Benzo(a)anthracene                 ND                        5.0       
Chrysene                           ND                        5.0       
Benzo(b)fluoranthene               ND                        5.0       
Benzo(k)fluoranthene               ND                        5.0       
Benzo(a)pyrene                     ND                        5.0       
Indeno(1,2,3-cd)pyrene             ND                        5.0       
Dibenz(a,h)anthracene              ND                        5.0       
Benzo(g,h,i)perylene               ND                        5.0       

Surrogate             %REC  Limits 
Nitrobenzene-d5                97     46-126  
2-Fluorobiphenyl               89     50-120  
Terphenyl-d14                  88     53-123  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Type:            LCS                           Diln Fac:        1.000                         
Lab ID:          QC911340                      Batch#:          254323                        
Matrix:          Soil                          Prepared:        12/04/17                      
Units:           ug/Kg                         Analyzed:        12/04/17                      

Analyte                   Spiked              Result         %REC  Limits 
Acenaphthene                            33.52               30.36      91     62-120  
Pyrene                                  33.52               28.80      86     56-130  

Surrogate             %REC  Limits 
Nitrobenzene-d5                101    46-126  
2-Fluorobiphenyl               94     50-120  
Terphenyl-d14                  90     53-123  
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Batch QC Report

Semivolatile Organics by GC/MS SIM

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3550C                     
Project#:        1101-17A                      Analysis:        EPA 8270C-SIM                 
Field ID:        ZZZZZZZZZZ                    Batch#:          254323                        
MSS Lab ID:      294936-001                    Sampled:         11/28/17                      
Matrix:          Soil                          Received:        11/30/17                      
Units:           ug/Kg                         Prepared:        12/04/17                      
Basis:           as received                   Analyzed:        12/04/17                      
Diln Fac:        1.000                                                                        

Type:            MS                             Lab ID:          QC911341                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Acenaphthene                       <1.010           33.70            29.47     87     54-120  
Pyrene                             <1.010           33.70            28.63     85     35-143  

Surrogate             %REC  Limits 
Nitrobenzene-d5                103    46-126  
2-Fluorobiphenyl               90     50-120  
Terphenyl-d14                  86     53-123  

Type:            MSD                            Lab ID:          QC911342                       

Analyte                   Spiked              Result         %REC  Limits  RPD  Lim
Acenaphthene                            33.42               30.01      90     54-120  3    35  
Pyrene                                  33.42               29.15      87     35-143  3    58  

Surrogate             %REC  Limits 
Nitrobenzene-d5                99     46-126  
2-Fluorobiphenyl               87     50-120  
Terphenyl-d14                  89     53-123  

RPD= Relative Percent Difference
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Polychlorinated Biphenyls (PCBs)

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Field ID:        IDW-A3-17-2-LIQUID            Batch#:          254212                        
Matrix:          Water                         Sampled:         11/29/17                      
Units:           ug/L                          Received:        11/29/17                      
Diln Fac:        1.000                         Prepared:        11/30/17                      

Type:            SAMPLE                         Analyzed:        12/02/17                       
Lab ID:          294938-003                                                                     

Analyte                   Result                RL         
Aroclor-1016                       ND                        1.2       
Aroclor-1221                       ND                        2.8       
Aroclor-1232                       ND                        1.2       
Aroclor-1242                       ND                        1.2       
Aroclor-1248                       ND                        1.6       
Aroclor-1254                       ND                        1.2       
Aroclor-1260                       ND                        1.2       
Aroclor-1268                       ND                        1.0       

Surrogate             %REC  Limits 
Decachlorobiphenyl             56     22-139  

Type:            BLANK                          Analyzed:        12/01/17                       
Lab ID:          QC910921                                                                       

Analyte                   Result                RL         
Aroclor-1016                       ND                        0.20      
Aroclor-1221                       ND                        0.40      
Aroclor-1232                       ND                        0.20      
Aroclor-1242                       ND                        0.20      
Aroclor-1248                       ND                        0.20      
Aroclor-1254                       ND                        0.20      
Aroclor-1260                       ND                        0.20      
Aroclor-1268                       ND                        0.20      

Surrogate             %REC  Limits 
Decachlorobiphenyl             119    22-139  

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

Polychlorinated Biphenyls (PCBs)

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3520C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Matrix:          Water                         Batch#:          254212                        
Units:           ug/L                          Prepared:        11/30/17                      
Diln Fac:        1.000                         Analyzed:        12/01/17                      

Type:            BS                             Lab ID:          QC910922                       

Analyte                   Spiked              Result         %REC  Limits 
Aroclor-1016                             2.500               1.966     79     59-134  
Aroclor-1260                             2.500               2.041     82     54-144  

Surrogate             %REC  Limits 
Decachlorobiphenyl             92     22-139  

Type:            BSD                            Lab ID:          QC910923                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Aroclor-1016                             2.500               2.579     103    59-134  27  33  
Aroclor-1260                             2.500               2.614     105    54-144  25  44  

Surrogate             %REC  Limits 
Decachlorobiphenyl             96     22-139  

RPD= Relative Percent Difference
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Polychlorinated Biphenyls (PCBs)

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3540C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Field ID:        IDW-A3-17-2-SOLID             Batch#:          254593                        
Units:           ug/Kg                         Sampled:         11/28/17                      
Basis:           as received                   Received:        11/29/17                      
Diln Fac:        1.000                         Prepared:        12/11/17                      

Type:            SAMPLE                         Matrix:          Soil                           
Lab ID:          294938-002                     Analyzed:        12/13/17                       

Analyte                   Result                RL         
Aroclor-1016                       ND                      110         
Aroclor-1221                       ND                      220         
Aroclor-1232                       ND                      110         
Aroclor-1242                       ND                      110         
Aroclor-1248                       ND                      110         
Aroclor-1254                       ND                      110         
Aroclor-1260                       ND                      110         

Surrogate             %REC  Limits 
Decachlorobiphenyl             89     26-153  

Type:            BLANK                          Matrix:          Miscell.                       
Lab ID:          QC912438                       Analyzed:        12/12/17                       

Analyte                   Result                RL         
Aroclor-1016                       ND                        9.6       
Aroclor-1221                       ND                       19         
Aroclor-1232                       ND                        9.6       
Aroclor-1242                       ND                        9.6       
Aroclor-1248                       ND                        9.6       
Aroclor-1254                       ND                        9.6       
Aroclor-1260                       ND                        9.6       

Surrogate             %REC  Limits 
Decachlorobiphenyl             113    26-153  

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      49.0
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Batch QC Report

Polychlorinated Biphenyls (PCBs)

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3540C                     
Project#:        1101-17A                      Analysis:        EPA 8082                      
Matrix:          Miscell.                      Batch#:          254593                        
Units:           ug/Kg                         Prepared:        12/11/17                      
Diln Fac:        1.000                         Analyzed:        12/12/17                      

Type:            BS                             Lab ID:          QC912439                       

Analyte                   Spiked              Result         %REC  Limits 
Aroclor-1016                           166.7               203.4       122    56-152  
Aroclor-1260                           166.7               199.5       120    52-165  

Surrogate             %REC  Limits 
Decachlorobiphenyl             116    26-153  

Type:            BSD                            Lab ID:          QC912440                       

Analyte                   Spiked              Result         %REC  Limits  RPD  Lim
Aroclor-1016                           166.7               178.2       107    56-152  13   48  
Aroclor-1260                           166.7               182.4       109    52-165  9    39  

Surrogate             %REC  Limits 
Decachlorobiphenyl             107    26-153  

RPD= Relative Percent Difference
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California Title 22 Metals

Lab #:           294938                        Project#:        1101-17A                      
Client:          A3GEO Inc.                    Location:        NRLF Phase 4                  
Field ID:        IDW-A3-17-2-LIQUID            Diln Fac:        1.000                         
Lab ID:          294938-003                    Sampled:         11/29/17                      
Matrix:          Water                         Received:        11/29/17                      
Units:           ug/L                                                                         

Analyte         Result        RL      Batch# Prepared Analyzed     Prep       Analysis   
Antimony              160        100      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Arsenic             3,100         54      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Barium             61,000         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Beryllium             150         20      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Cadmium                85         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Chromium           17,000         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Cobalt              3,700         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Copper              7,100         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Lead                2,200         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Mercury                 4.6        0.20   254444 12/06/17 12/06/17 METHOD       EPA 7470A     
Molybdenum            150         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Nickel             19,000         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Selenium              120        100      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Silver                130         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Thallium          ND             100      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Vanadium           15,000         50      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     
Zinc               14,000        200      254321 12/04/17 12/05/17 EPA 3010A    EPA 6010B     

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3010A                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911328                      Batch#:          254321                        
Matrix:          Water                         Prepared:        12/04/17                      
Units:           ug/L                          Analyzed:        12/05/17                      

Analyte                   Result                RL         
Antimony                           ND                       10         
Arsenic                            ND                       10         
Barium                             ND                        5.0       
Beryllium                          ND                        2.0       
Cadmium                            ND                        5.0       
Chromium                           ND                        5.0       
Cobalt                             ND                        5.0       
Copper                             ND                        5.0       
Lead                               ND                        5.0       
Molybdenum                         ND                        5.0       
Nickel                             ND                        5.0       
Selenium                           ND                       10         
Silver                             ND                        5.0       
Thallium                           ND                       10         
Vanadium                           ND                        5.0       
Zinc                               ND                       20         

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3010A                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Matrix:          Water                         Batch#:          254321                        
Units:           ug/L                          Prepared:        12/04/17                      
Diln Fac:        1.000                         Analyzed:        12/05/17                      

Type:            BS                             Lab ID:          QC911329                       

Analyte                   Spiked              Result         %REC  Limits 
Antimony                               100.0                95.32      95     68-120  
Arsenic                                100.0                98.61      99     76-120  
Barium                                 100.0                98.81      99     80-120  
Beryllium                              100.0               100.3       100    80-120  
Cadmium                                100.0                96.19      96     80-120  
Chromium                               100.0                98.78      99     80-120  
Cobalt                                 100.0                97.51      98     80-120  
Copper                                 100.0                99.72      100    80-120  
Lead                                   100.0               101.0       101    80-120  
Molybdenum                             100.0                99.00      99     80-120  
Nickel                                 100.0               101.2       101    80-120  
Selenium                               100.0                98.91      99     76-120  
Silver                                 100.0                89.54      90     80-120  
Thallium                                50.00               50.51      101    80-127  
Vanadium                               100.0               107.5       107    80-120  
Zinc                                   100.0               112.3       112    77-120  

Type:            BSD                            Lab ID:          QC911330                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                               100.0               101.3       101    68-120  6   20  
Arsenic                                100.0               103.1       103    76-120  4   20  
Barium                                 100.0               100.3       100    80-120  2   20  
Beryllium                              100.0                97.76      98     80-120  3   20  
Cadmium                                100.0                97.80      98     80-120  2   20  
Chromium                               100.0               100.8       101    80-120  2   20  
Cobalt                                 100.0                98.77      99     80-120  1   20  
Copper                                 100.0               102.5       102    80-120  3   20  
Lead                                   100.0               105.8       106    80-120  5   20  
Molybdenum                             100.0               104.9       105    80-120  6   20  
Nickel                                 100.0                94.94      95     80-120  6   20  
Selenium                               100.0               102.6       103    76-120  4   20  
Silver                                 100.0                91.55      92     80-120  2   21  
Thallium                                50.00               51.30      103    80-127  2   20  
Vanadium                               100.0               111.6       112    80-120  4   20  
Zinc                                   100.0               104.9       105    77-120  7   23  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3010A                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254321                        
MSS Lab ID:      294979-002                    Sampled:         11/30/17                      
Matrix:          Water                         Received:        11/30/17                      
Units:           ug/L                          Prepared:        12/04/17                      
Diln Fac:        1.000                         Analyzed:        12/05/17                      

Type:            MS                             Lab ID:          QC911331                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Antimony                           <2.832          100.0            102.9      103    42-130  
Arsenic                            11.44           100.0            121.4      110    53-139  
Barium                             12.13           100.0            113.2      101    71-123  
Beryllium                          <0.5336         100.0             92.91     93     80-120  
Cadmium                            18.09           100.0            128.7      111    80-124  
Chromium                           <0.5602         100.0             91.35     91     76-124  
Cobalt                              1.617          100.0             96.06     94     75-122  
Copper                              9.312          100.0            108.2      99     69-125  
Lead                               <1.185          100.0             72.04     72     59-127  
Molybdenum                          3.042          100.0             97.90     95     78-122  
Nickel                             95.94           100.0            192.9      97     70-123  
Selenium                           <2.791          100.0            107.1      107    50-144  
Silver                             14.84           100.0            110.9      96     66-125  
Thallium                           <1.934           50.00            39.96     80     65-130  
Vanadium                           41.86           100.0            141.8      100    77-124  
Zinc                               11.42           100.0            108.3      97     66-130  

Type:            MSD                            Lab ID:          QC911332                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                               100.0               103.8       104    42-130  1   58  
Arsenic                                100.0               122.7       111    53-139  1   48  
Barium                                 100.0               113.2       101    71-123  0   28  
Beryllium                              100.0                95.07      95     80-120  2   20  
Cadmium                                100.0               130.3       112    80-124  1   20  
Chromium                               100.0                92.75      93     76-124  2   25  
Cobalt                                 100.0                97.34      96     75-122  1   20  
Copper                                 100.0               111.6       102    69-125  3   27  
Lead                                   100.0                74.25      74     59-127  3   32  
Molybdenum                             100.0                98.84      96     78-122  1   24  
Nickel                                 100.0               192.8       97     70-123  0   26  
Selenium                               100.0               107.1       107    50-144  0   52  
Silver                                 100.0               113.2       98     66-125  2   29  
Thallium                                50.00               39.04      78     65-130  2   30  
Vanadium                               100.0               146.4       105    77-124  3   23  
Zinc                                   100.0               109.7       98     66-130  1   22  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7470A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Type:            BLANK                         Batch#:          254444                        
Lab ID:          QC911863                      Prepared:        12/06/17                      
Matrix:          Water                         Analyzed:        12/06/17                      
Units:           ug/L                                                                         

Result                RL         
ND                        0.20      

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      28.0
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7470A                     
Analyte:         Mercury                       Batch#:          254444                        
Matrix:          Water                         Prepared:        12/06/17                      
Units:           ug/L                          Analyzed:        12/06/17                      
Diln Fac:        1.000                                                                        

Type    Lab ID         Spiked              Result         %REC  Limits  RPD  Lim
BS     QC911864             2.500               2.579     103    80-120           
BSD    QC911865             2.500               2.546     102    80-120  1    20  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7470A                     
Analyte:         Mercury                       Batch#:          254444                        
Field ID:        ZZZZZZZZZZ                    Sampled:         11/30/17                      
MSS Lab ID:      294964-001                    Received:        11/30/17                      
Matrix:          Water                         Prepared:        12/06/17                      
Units:           ug/L                          Analyzed:        12/06/17                      
Diln Fac:        1.000                                                                        

Type    Lab ID      MSS Result          Spiked           Result       %REC  Limits  RPD  Lim
MS     QC911866          <0.04000           2.500            2.539    102    63-120           
MSD    QC911867                             2.500            2.507    100    63-120  1    36  

RPD= Relative Percent Difference
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California Title 22 Metals

Lab #:           294938                        Project#:        1101-17A                      
Client:          A3GEO Inc.                    Location:        NRLF Phase 4                  
Field ID:        IDW-A3-17-2-SOLID             Basis:           as received                   
Lab ID:          294938-002                    Diln Fac:        1.000                         
Matrix:          Soil                          Sampled:         11/28/17                      
Units:           mg/Kg                         Received:        11/29/17                      

Analyte         Result        RL     Batch# Prepared Analyzed      Prep       Analysis   
Antimony          ND              2.0    254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Arsenic                 3.5       1.5    254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Barium                120         0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Beryllium               0.39      0.10   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Cadmium           ND              0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Chromium               48         0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Cobalt                 11         0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Copper                 20         0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Lead                    5.0       1.0    254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Mercury                 0.12      0.017  254393 12/05/17 12/05/17  METHOD       EPA 7471A     
Molybdenum        ND              0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Nickel                 59         0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Selenium          ND              2.0    254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Silver            ND              0.26   254268 12/01/17 12/02/17  EPA 3050B    EPA 6010B     
Thallium          ND              0.52   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Vanadium               32         0.26   254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     
Zinc                   44         1.0    254268 12/01/17 12/01/17  EPA 3050B    EPA 6010B     

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Type:            BLANK                         Diln Fac:        1.000                         
Lab ID:          QC911129                      Batch#:          254268                        
Matrix:          Soil                          Prepared:        12/01/17                      
Units:           mg/Kg                         Analyzed:        12/01/17                      

Analyte                   Result                RL         
Antimony                           ND                        1.9       
Arsenic                            ND                        1.4       
Barium                             ND                        0.23      
Beryllium                          ND                        0.093     
Cadmium                            ND                        0.23      
Chromium                           ND                        0.23      
Cobalt                             ND                        0.23      
Copper                             ND                        0.23      
Lead                               ND                        0.93      
Molybdenum                         ND                        0.23      
Nickel                             ND                        0.23      
Selenium                           ND                        1.9       
Silver                             ND                        0.23      
Thallium                           ND                        0.47      
Vanadium                           ND                        0.23      
Zinc                               ND                        0.93      

ND= Not Detected
RL= Reporting Limit
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Matrix:          Soil                          Batch#:          254268                        
Units:           mg/Kg                         Prepared:        12/01/17                      
Diln Fac:        1.000                         Analyzed:        12/01/17                      

Type:            BS                             Lab ID:          QC911130                       

Analyte                   Spiked              Result         %REC  Limits 
Antimony                                46.73               47.20      101    80-120  
Arsenic                                 46.73               47.02      101    80-120  
Barium                                  46.73               46.50      100    80-120  
Beryllium                               23.36               22.95      98     80-120  
Cadmium                                 46.73               45.05      96     80-120  
Chromium                                46.73               48.27      103    80-120  
Cobalt                                  46.73               46.20      99     80-120  
Copper                                  46.73               45.94      98     80-120  
Lead                                    46.73               48.26      103    80-120  
Molybdenum                              46.73               44.55      95     80-120  
Nickel                                  46.73               43.35      93     80-120  
Selenium                                46.73               45.85      98     80-120  
Silver                                   4.673               4.118     88     80-120  
Thallium                                46.73               47.95      103    80-120  
Vanadium                                46.73               48.53      104    80-120  
Zinc                                    46.73               46.44      99     80-120  

Type:            BSD                            Lab ID:          QC911131                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                                49.02               50.78      104    80-120  3   20  
Arsenic                                 49.02               50.37      103    80-120  2   20  
Barium                                  49.02               50.35      103    80-120  3   20  
Beryllium                               24.51               24.45      100    80-120  2   20  
Cadmium                                 49.02               48.36      99     80-120  2   20  
Chromium                                49.02               51.78      106    80-120  2   20  
Cobalt                                  49.02               49.48      101    80-120  2   20  
Copper                                  49.02               49.35      101    80-120  2   20  
Lead                                    49.02               47.57      97     80-120  6   20  
Molybdenum                              49.02               47.85      98     80-120  2   20  
Nickel                                  49.02               46.61      95     80-120  2   20  
Selenium                                49.02               49.22      100    80-120  2   20  
Silver                                   4.902               4.368     89     80-120  1   22  
Thallium                                49.02               51.57      105    80-120  2   20  
Vanadium                                49.02               52.16      106    80-120  2   20  
Zinc                                    49.02               50.10      102    80-120  3   20  

RPD= Relative Percent Difference
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            EPA 3050B                     
Project#:        1101-17A                      Analysis:        EPA 6010B                     
Field ID:        ZZZZZZZZZZ                    Batch#:          254268                        
MSS Lab ID:      294932-002                    Sampled:         11/29/17                      
Matrix:          Soil                          Received:        11/29/17                      
Units:           mg/Kg                         Prepared:        12/01/17                      
Basis:           as received                   Analyzed:        12/01/17                      
Diln Fac:        1.000                                                                        

Type:            MS                             Lab ID:          QC911132                       

Analyte              MSS Result          Spiked           Result       %REC  Limits 
Antimony                            0.3105          50.00            17.31     34     1-120   
Arsenic                             4.503           50.00            50.51     92     71-123  
Barium                            106.9             50.00           146.1      79     48-155  
Beryllium                           0.4015          25.00            22.98     90     80-120  
Cadmium                             0.2828          50.00            46.93     93     78-120  
Chromium                           36.84            50.00            89.97     106    64-135  
Cobalt                              9.175           50.00            50.17     82     65-120  
Copper                             20.14            50.00            69.14     98     75-132  
Lead                               61.54            50.00           105.8      88     53-128  
Molybdenum                          0.4218          50.00            41.26     82     68-120  
Nickel                             30.60            50.00            74.61     88     56-128  
Selenium                           <0.2160          50.00            45.86     92     59-120  
Silver                             <0.04808          5.000            4.154    83     36-123  
Thallium                           <0.1448          50.00            41.67     83     55-120  
Vanadium                           32.64            50.00            80.59     96     73-129  
Zinc                               60.93            50.00           117.1      112    49-138  

Type:            MSD                            Lab ID:          QC911133                       

Analyte                   Spiked              Result         %REC  Limits  RPD Lim
Antimony                                45.45               14.20      31     1-120   10  50  
Arsenic                                 45.45               45.19      90     71-123  2   27  
Barium                                  45.45              140.5       74     48-155  1   41  
Beryllium                               22.73               20.61      89     80-120  2   20  
Cadmium                                 45.45               41.99      92     78-120  2   21  
Chromium                                45.45               87.60      112    64-135  3   37  
Cobalt                                  45.45               44.41      78     65-120  4   32  
Copper                                  45.45               63.58      96     75-132  2   33  
Lead                                    45.45              141.3       175 *  53-128  33  48  
Molybdenum                              45.45               36.67      80     68-120  2   23  
Nickel                                  45.45               69.90      86     56-128  1   38  
Selenium                                45.45               41.18      91     59-120  1   30  
Silver                                   4.545               3.686     81     36-123  2   47  
Thallium                                45.45               37.84      83     55-120  0   22  
Vanadium                                45.45               71.26      85     73-129  7   27  
Zinc                                    45.45              111.8       112    49-138  0   39  

*= Value outside of QC limits; see narrative
RPD= Relative Percent Difference
Page 1 of 1                                                                                                                       5.0
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Type:            BLANK                         Batch#:          254393                        
Lab ID:          QC911627                      Prepared:        12/05/17                      
Matrix:          Soil                          Analyzed:        12/05/17                      
Units:           mg/Kg                                                                        

Result                RL         
ND                        0.017     

ND= Not Detected
RL= Reporting Limit
Page 1 of 1                                                                                                                      17.0
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Batch#:          254393                        
Matrix:          Soil                          Prepared:        12/05/17                      
Units:           mg/Kg                         Analyzed:        12/05/17                      
Diln Fac:        1.000                                                                        

Type    Lab ID         Spiked              Result         %REC  Limits  RPD  Lim
BS     QC911628             0.1953              0.1758    90     80-126           
BSD    QC911629             0.2016              0.1858    92     80-126  2    45  

RPD= Relative Percent Difference
Page 1 of 1                                                                                                                      18.0
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Batch QC Report

California Title 22 Metals

Lab #:           294938                        Location:        NRLF Phase 4                  
Client:          A3GEO Inc.                    Prep:            METHOD                        
Project#:        1101-17A                      Analysis:        EPA 7471A                     
Analyte:         Mercury                       Diln Fac:        1.000                         
Field ID:        ZZZZZZZZZZ                    Batch#:          254393                        
MSS Lab ID:      294996-001                    Sampled:         11/30/17                      
Matrix:          Soil                          Received:        12/01/17                      
Units:           mg/Kg                         Prepared:        12/05/17                      
Basis:           as received                   Analyzed:        12/05/17                      

Type    Lab ID      MSS Result          Spiked           Result       %REC  Limits  RPD  Lim
MS     QC911630          <0.003033          0.1923           0.1873   97     61-157           
MSD    QC911631                             0.2119           0.2078   98     61-157  1    57  

RPD= Relative Percent Difference
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APPENDIX F

NRLF Phase 3 –
Lime Treatment Plan





APPENDIX G

Groundwater Data by Others



Table 2:  Groundwater Elevation Data
2016 Groundwater Sampling Results, Technical Memorandum
University of California, Berkeley, Richmond Field Station Site

Piezometer 
Name Sample Date

TOC Elevation 
(feet NGVD)

Depth to Water 
(feet below TOC)

Groundwater 
Elevation 

(feet NGVD)
GEO 11/1/10 16.37 10.79 5.58
GEO 2/10/11 16.37 9.04 7.33
GEO 4/2/11 16.37 8.35 8.02
GEO 4/11/11 16.37 9.74 6.63
GEO 10/3/11 16.37 10.42 5.95
GEO 10/1/12 16.37 10.71 5.66
GEO 4/1/13 16.37 9.76 6.61
GEO 10/7/13 16.37 11.92 4.45
GEO 3/28/14 16.37 9.84 6.53
GEO 10/1/14 16.37 11.21 5.16
GEO 4/1/15 16.37 9.93 6.44
GEO 10/5/15 16.37 11.45 4.92
GEO 4/4/16 16.37 8.40 7.97
MFA 11/1/10 8.23 4.55 3.68
MFA 2/10/11 8.23 3.59 4.64
MFA 4/11/11 8.23 2.67 5.56
MFA 10/3/11 8.23 4.41 3.82
MFA 4/2/12 8.23 1.98 6.25
MFA 10/1/12 8.23 4.57 3.66
MFA 4/2/13 8.23 3.70 4.53
MFA 10/7/13 8.23 4.85 3.38
MFA 3/28/14 8.23 3.68 4.55
MFA 10/1/14 8.23 3.68 4.55
MFA 4/1/15 8.23 4.71 3.52
MFA 10/5/15 8.23 4.91 3.32
MFA 4/4/16 8.23 3.08 5.15
NRLF 11/1/10 22.62 16.11 6.51
NRLF 2/10/11 22.62 13.45 9.17
NRLF 4/11/11 22.62 11.99 10.63
NRLF 10/3/11 22.62 15.83 6.79
NRLF 4/2/12 22.62 12.96 9.66
NRLF 10/1/12 22.62 16.30 6.32
NRLF 4/1/13 22.62 13.70 8.92
NRLF 10/7/13 22.62 NA NA
NRLF 3/28/14 22.62 14.16 8.46
NRLF 10/1/14 22.62 17.06 5.56
NRLF 4/1/15 22.62 14.21 8.41
NRLF 10/5/15 22.62 17.42 5.20
NRLF 4/4/16 22.62 12.75 9.87

2016 Groundwater Sampling Results 
UC Berkeley, Richmond Field Station Site Page 16 of 19
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FIGURE 11
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2016 Groundwater Sampling Results
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FIGURE 12
SHALLOW GROUNDWATER

ELEVATION CONTOURS,
OCTOBER 1, 2014
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FIGURE 13
SHALLOW GROUNDWATER
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2016 Groundwater Sampling Results
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Appendix H – Summary of Settle 3D Analysis 
 
OBJECTIVE 
 
The objectives of the settlement analysis were to: 

• Evaluate total settlement of the mat under various loading scenarios1 and configurations; 
• Evaluate differential settlement of the mat in both the longitudinal and transverse direction, under 

various loading scenarios and configurations.   
• Compare the results of the differential settlement analysis to the ultra-flat slab performance criteria to 

determine whether a mat slab is a feasible foundation system for the proposed structure given the 
performance requirements; and 

• Optimize the amount of over-excavation and replacement below the mat, and the type of backfill 
material, considering future building settlement performance, constructability, cost, and other factors. 

APPROACH AND EVALUATION CRITERIA 
 
A3GEO performed a three-dimensional settlement analysis for the proposed mat using the computer software 
program Settle3D, a three-dimensional program for the analysis of vertical consolidation and settlement under 
foundations by Rocscience, Inc.  The program allows the user to model soil settlement response under three 
dimensional loading, but does not take into account the stiffness of the mat or hardened cellular concrete fill 
(soil-structure interaction effects), and thus presents a simplified model of soil response. In our simplified 
analyses, we assumed that the stiffness of the mat would be sufficient to distribute the load of the closely-
spaced shelving units such that an average distributed bearing pressure could be used to model sustained live 
loads. 

Analysis Steps 
 
Generally, the analysis consisted of the following steps: 

• Communicating with the Project design team to understand the magnitude and timing of the proposed 
loads; 

• Developing three, parametric over-excavation and replacement scenarios, corresponding to varying 
depths of over-excavation and replacement and varying types of backfill; 

• Developing representative subsurface stratigraphy based on the conditions observed in boreholes A3-
17-1 and A3-17-2; 

• Developing representative soil properties for the model using the results of geotechnical laboratory 
testing and visual observations from test borings A3-17-1 and A3-17-2; 

• Calibrating the soil properties and model for NRLF Phase 4 based on data from NRLF Phase 3; 
• Performing the Settle 3D analysis first assuming uniform post-construction book/shelf loading over 

100% of the mat area, and subsequently with uniform post-construction book/shelf loading over limited 
(less than 50%) portions of the mat area; 

• Preparing a set of output graphs showing the total settlement and instantaneous slope on the mat at 
transects across the mat in the transverse and longitudinal directions, for each of the scenarios. 

                                                      
1 The loading scenarios analyzed included full-weight earth fill below the mat as well as two alternate scenarios 
utilizing lightweight cellular concrete fill. Cellular concrete is an engineered flowable fill material that, when set, 
is lighter, stronger and more rigid than soil. 
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Evaluation Criteria 
 
Based on discussions with the project team, we understand that the ultra-flat slab performance requirement is 
tied to differential settlement across the wheel axles in both the longitudinal and transverse directions.  
Specifically, the criteria are as follows: 

• Longitudinal Criterion: +/- 0.084 inch over 60 inches (0.0168 inch/foot) 
• Transverse Criterion: +/- 0.071 inch over 45 inches (0.01893 inch/foot) 

To observe visually where the slope of the mat slab exceeds the ultra-flat slab criteria based on the model, 
A3GEO plotted both the total settlement along longitudinal and transverse transects for various scenarios, and 
instantaneous slope along each transect, and compared this to the relevant criterion.   

Parametric Loading Scenarios 
 
A3GEO developed three loading scenarios for the parametric settlement analysis.  A description of each of the 
three scenarios is as follows: 
 

Scenario 1 – Scenario 1 involves the over-excavation and replacement of the top six (6) feet below the 
building footprint, and replacement with Non-Expansive Fill.  Non-Expansive Fill is assumed to have a 
unit weight of 135 pounds per cubic foot (pcf), while the in-situ (excavated) material is assumed to have 
a unit weight of 120 pcf.  In addition to the over-excavation and replacement, a uniform 3-foot grade 
raise, constructed from Non-Expansive Fill, is assumed across the building footprint.   
 
Scenario 2 – Scenario 2 involves the over-excavation and replacement of the top three (3) feet below 
the building footprint, and replacement with lightweight cellular concrete.  Cellular concrete is assumed 
to have a unit weight of 35 pcf, while the in-situ (excavated) material is assumed to have a unit weight 
of 120 pcf.  In addition to the over-excavation and replacement, a uniform 3-foot grade raise, 
constructed from cellular concrete, is assumed across the building footprint.   
 
Scenario 3 – Scenario 3 involves the over-excavation and replacement of the top six (6) feet below the 
building footprint, and replacement with lightweight cellular concrete.  Cellular concrete is assumed to 
have a unit weight of 35 pcf, while the in-situ (excavated) material is assumed to have a unit weight of 
120 pcf.  In addition to the over-excavation and replacement, a uniform 3-foot grade raise, constructed 
from cellular concrete, is assumed across the building footprint. 

Loading 
 
Based on conversations with the structural engineer and an analysis of loads generated from loading/unloading 
associated with Scenarios 1 through 3 outlined above, the following loading sources were identified, with 
magnitudes and anticipated timing of load application: 
 

 Initial Load 
Post-

Construction 
Load 

 

Loading 
Scenario 

Building 
Slabs 

Building 
Dead Load 

Grade 
Raise 

Excavation and 
Replacement 

Books and 
Shelving 

Total Initial 
Load 

Total Post-
Construction 

Load 
Total Load 

(psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) 
Scenario 1 325 80 405 90 675 900 675 1575 
Scenario 2 325 80 105 -255 675 255 675 930 
Scenario 3 325 80 105 -510 675 0 675 675 
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Loading Configuration Cases 
 
Each of the loading scenarios outlined above was analyzed for each of the loading configuration cases 
described below, and shown on Figure 2: 
 

Scenarios 1A, 2A, 3A – Scenarios 1A, 2A, and 3A modeled 100% of the uniform initial load (900 psf, 
255 psf, and 0 psf, respectively) over the entire mat footprint, followed by 100% of the post-construction 
load (675 psf) over the entire mat footprint.  The purpose of the “A” scenarios was to understand 
settlement/slope behavior assuming post-construction book loads were applied uniformly.  “A” 
scenarios were used to generate both transverse and longitudinal cross sections across the mat.   
 
Scenarios 1X, 2X, 3X – Scenarios 1X, 2X, and 3X modeled 100% of the uniform initial load over the 
entire mat footprint, followed by 100% of the post-construction load (675 psf) over the south portion of 
the proposed stack area.  The purpose of the “X” scenarios was to understand settlement/slope 
behavior assuming post-construction book loads are distributed over a limited portion of the mat.  “X” 
scenarios were used to generate longitudinal cross sections across the mat.   
 
Scenarios 1Y, 2Y, 3Y – Scenarios 1Y, 2Y, and 3Y modeled 100% of the uniform initial load over the 
entire mat footprint, followed by 100% of the post-construction load (675) over the west portion of the 
proposed stack area.  The purpose of the “Y” scenarios was to understand settlement/slope behavior 
assuming post-construction book loads are distributed over a limited portion of the mat.  “Y” scenarios 
were used to generate transverse cross sections across the mat. 
 

Loading was applied in the Settle3D model using the Boussinesq stress computation method.  

Subsurface Stratigraphic Model 
 
Each scenario, 1A through 3Y, was analyzed twice – once using idealized stratigraphic conditions based on 
geology observed in test boring A3-17-1, and once using geology observed in A3-17-2.  The geologic 
assumptions incorporated into the model are described further in the section below.        
 
SITE AND SUBSURFACE CONDITIONS 
 
Recent A3GEO test borings A3-17-1 and A3-17-2 were used to model subsurface conditions.  Where 
determined necessary, information from historic test borings by others from previous NRLF investigations was 
incorporated into the model.  Observed conditions were generalized into “idealized” stratigraphic layers, each 
assigned soil properties as described in the table below.   

Soil Properties 
 
Soil properties were estimated based primarily on laboratory test results while considering the soil descriptions 
and Standard Penetration Test (SPT) N-values.  Consolidation indices were estimated based on the results of 
recent consolidation testing performed on samples from borings A3-17-1 and A3-17-2, and historic samples 
performed on borings from earlier phases from the NRLF development.   
 
Settle3D allows the designer to analyze various types of settlement for each soil layer, including immediate 
settlement and primary consolidation settlement.  Immediate settlement, or distortion, is the “rearrangement of 
grains due to changing stress, resulting in a reduction in void ratio and instant settlement” (RocScience, 2018).  
Immediately settlement is estimated using elastic theory.  Primary consolidation occurs as the soil particles 
respond to loading by rearranging into a tighter packing configuration, which leads a decrease in soil void ratio 
as water is expelled (Coduto, 1999; Rocscience, 2018).   
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In accordance with guidance documents provided by the developers of Settle3D (RocScience, 2018), our model 
utilized the following methods: 
 

Material Name Immediate Primary Consolidation 
Granular Materials x  
Unsaturated Clays x  

Saturated Clays  x 
 
Material properties used in the Settle3D analysis are summarized in the table below: 
 

 
Immediate 
Settlement 

Primary Consolidation  

Material 
Unit Weight 

(pcf) 
Poisson’s 

Ratio 

Equivalent 
Modulus of 

Elasticity (ksf) 

Compression 
Ratio, Cce 

Recompression 
Ratio, Cre 

OCR, top 
of stratum 

OCR, 
bottom of 
stratum 

Non-Expansive Fill 135 0.4 2820 -- -- -- -- 
Cellular Concrete 120 0.12 -- -- -- -- -- 
Clay 1 – Unsat. 120 0.3 600 -- -- -- -- 
Clay 2 – Unsat. 120 0.3 730 -- -- -- -- 
Clay 2 – Sat. 125 0.49 -- 0.54 0.015 4 2 
Clay 3 – Sat. 125 0.49 -- 0.54 0.02 2 2 
Clay 4 – Sat. 125 0.49 -- 0.54 0.02 2 2 
Sand/Gravel 1 135 0.3 1200 -- -- -- -- 
Sand/Gravel 2 135 0.35 1600 -- -- -- -- 

NOTES: 
1. Unsat. = Unsaturated; Sat. = Saturated 
2. Cellular concrete was modeled as 120 pcf to match the unit weight of the existing soil to be excavated.  The unload due to switching to 
the 35 pcf cellular concrete as backfill was accounted for in the applied initial load instead.  The cellular concrete was modeled as vertically 
incompressible. 
3. OCR = overconsolidation ratio. 
4. All clays were modeled as overconsolidated and with new loading, remained in recompression.  As such, the compression ratio was not 
actually used in model computations.   

Groundwater 
 
Groundwater was assumed at 13 feet below ground surface. 
 
SETTLEMENT ANALYSIS RESULTS 
 
A3GEO analyzed settlement for each of the loading cases described above, each at borehole location A3-17-1 
and A3-17-2.  For initial loading, only primary consolidation settlement was considered.  Immediate settlement 
was ignored for initial loading because any immediate settlement caused by load application due to grade raise, 
slab placement, and building dead load, will presumably be complete by the time the final topping slab is 
prepared.  Minor differential settlement present in the mat surface can be corrected during topping slab 
construction.  For post-construction loading (book loads and shelves), both immediate and primary 
consolidation settlements were considered.   
 
A summary of settlement for various loading scenarios is provided on Table H1.  Data in the table is broken 
down into the following types of settlement: 

• Settlement due to initial loading – primary consolidation settlement; 
• Settlement due to post-construction loading – immediate settlement; and 
• Settlement due to post-construction loading – primary consolidation settlement. 
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The table also presents the total settlement for both the initial loading and post-construction loading phases, 
which is assumed to be the sum of the three sources of settlement shown above.  This is a conservative 
assumption, as some of the consolidation settlement caused by initial loading will have been complete by the 
time the topping slab is constructed, and the book loads are added.  However, because we do not know how 
quickly consolidation settlement will occur and how long construction will take, we have conservatively assumed 
that none of the consolidation settlement due to the initial load will have taken place before completion of 
building construction.   
 
Uniform Book Loading Over 100% of Mat Footprint 
 
Uniform book loading over the entire mat footprint was modeled in Scenarios 1A through 3A.  Total settlement 
was at a maximum in the center of the mat footprint, and ranged from approximately 1.6 to 2 inches for 
Scenario 1A, 1.15 to 1.4 inches for Scenario 2A, and 0.9 to 1.05 inches for Scenario 3A.   
 
Plots of instantaneous slope for Scenarios 1A through 3A indicate the slope exceeds the transverse and 
longitudinal slope criteria on the edges of the mat for each of the three loading scenarios.   

• Scenario 1A exceeds the transverse and longitudinal slope criteria for a distance of up to 
approximately 15 and 18 feet from the edge of the wall, respectively.   

• Scenario 2A exceeds the transverse and longitudinal slope criteria for a distance of approximately 10 
feet and 11 ft from the inside edge of the wall, respectively.   

• Scenario 3A exceeds the transverse and longitudinal slope criteria for a distance of approximately 5 
and 7 ft from the inside edge of the wall, respectively.  

Uniform Book Loading Over Partial Mat Footprint  

X Scenarios  
 
Uniform book loading over the partial mat area (split in the north-south direction) was modeled in Scenarios 1X, 
2X, and 3X.  Total settlement was at a maximum below the south portion of the mat and ranged from 
approximately 1.5 to 1.9 inches for Scenario 1X, 1.05 to 1.2 inches for Scenario 2X, and 0.8 to 0.9 inches for 
Scenario 3X. 
 
Plots of instantaneous slope for Scenarios 1X through 3X indicate the slope exceeds the longitudinal slope 
criterion for the south edge of the mat at each of the three loading scenarios.   

• Scenario 1X exceeds the longitudinal slope criterion at a distance of up to approximately 17 feet from 
the edge of the wall. 

• Scenario 2X exceeds the longitudinal slope criterion at a distance of up to approximately 10 feet from 
the edge of the wall. 

• Scenario 3X exceeds the longitudinal slope criterion at a distance of up to approximately 7 feet from 
the edge of the wall.   

Additionally, Scenarios 1X through 3X exceed the longitudinal criterion in the center portion of the mat, at the 
transition from 100% book loading to no book loading.  Scenario 1X also exceeds the longitudinal criterion at 
the north edge of the mat.    

Y Scenarios 
 
Uniform book loading over the partial mat area (split in the east-west direction) was modeled in Scenarios 1Y, 
2Y, and 3Y.  Total settlement was at a maximum in the west portion of the mat and ranged from approximately 
1.4 to 2 inches for Scenario 1Y, 0.95 to 1.1 inches for Scenario 2Y, and 0.7 to 0.8 inches for Scenario 3Y.   
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Plots of instantaneous slope for Scenarios 1Y through 3Y indicate the slope exceeds the transverse slope 
criterion for the west edge of the mat at each of the three loading scenarios. 

• Scenario 1Y exceeds the transverse slope criterion at a distance of up to approximately 11 feet from 
the edge of the wall. 

• Scenario 2Y exceeds the transverse slope criterion at a distance of up to approximately 6 feet from the 
edge of the wall. 

• Scenario 3Y exceeds the transverse slope criterion at a distance of up to approximately 3 feet from the 
edge of the wall. 

Additionally, Scenarios 1Y through 3Y exceed the transverse criterion at the center portion of the mat, at the 
transition from 100% book loading to no book loading.  Scenario 1Y also exceeds the transverse criterion at the 
east edge of the mat.   
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NRLF Phase 3:
Floor Level Survey & Transect Plots
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Table H1 – Summary of Settle 3D Analysis
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TABLE H1: SUMMARY OF SETTLE 3D ANALYSIS

GEOTECHNICAL INVESTIGATION - NRLF PHASE 4 EXPANSION

UNIVERSITY OF CALIFORNIA - BERKELEY

RICHMOND, CALIFORNIA

1101-17A

Initial Load - 

Consol 

Settlement (in)

Post-Construction 

Load - Immediate 

Settlement 

(in)

Post-

Construction 

Load - Consol. 

Settlement 

(in)

Total Post-

Construction 

Settlement 

(in)

Total 

Settlement - 

All Phases (in)

Initial Load - 

Consol 

Settlement 

(in)

Post-Construction 

Load - Immediate 

Settlement 

(in)

Post-Construction 

Load - Consol. 

Settlement 

(in)

Total Post-

Construction 

Settlement 

(in)

Total 

Settlement - 

All Phases (in)

Scenario 1A 900 675 1575 0.82 0.28 0.51 0.79 1.61 1.13 0.18 0.72 0.90 2.03

Scenario 2A 255 675 930 0.25 0.30 0.60 0.90 1.15 0.35 0.20 0.82 1.02 1.37

Scenario 3A 0 675 675 0 0.27 0.64 0.91 0.91 0 0.17 0.87 1.04 1.04

Scenario 1X 900 675 900 / 1575 0.82 0.23 0.45 0.68 1.50 1.13 0.16 0.58 0.74 1.87

Scenario 2X 255 675 255 / 930 0.25 0.26 0.54 0.80 1.05 0.35 0.19 0.69 0.88 1.23

Scenario 3X 0 675 0 / 675 0 0.23 0.59 0.82 0.82 0 0.16 0.76 0.92 0.92

Scenario 1Y 900 675 900 / 1575 0.82 0.20 0.36 0.56 1.38 1.13 0.39 0.47 0.86 1.99

Scenario 2Y 255 675 255 / 930 0.25 0.23 0.46 0.69 0.94 0.34 0.17 0.59 0.76 1.10

Scenario 3Y 0 675 0 / 675 0 0.20 0.50 0.70 0.70 0 0.14 0.64 0.78 0.78

A3-17-2

Scenario ID
Initial Load

(psf)

Post-

Construction 

Load 

(psf)

Total Load (psf)

A3-17-1

A3GEO, Inc.

\\A3geo\a3geo\A3GEO Projects\1101 - UCB\1101-17A_NRLF Phase 4 Investigation\6_Working Files\Calculations\Settlement\2018_0205_A3GEO_NRLF 4 Settlement Analysis Summary

Printed On:

10:34 AM  2/15/2018
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Settlement Plots:
Scenarios 1A, 2A, 3A – A3-17-1
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Settlement Plots:
Scenarios 1A, 2A, 3A – A3-17-2
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Settlement Plots:
Scenarios 1X, 1Y, 2X, 2Y, 3X, 3Y – A3-17-1
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Settlement Plots:
Scenarios 1X, 1Y, 2X, 2Y, 3X, 3Y – A3-17-2
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USGS Ground Motion Reports



2/9/2018 Design Maps Summary Report

https://earthquake.usgs.gov/cn2/designmaps/us/summary.php?template=minimal&latitude=37.917381&longitude=-122.335967&siteclass=3&riskcateg… 1/1

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

Risk Category

Design Maps Summary Report
User–Specified Input

NRLF Phase 4
Fri February 9, 2018 20:23:36 UTC

ASCE 7-10 Standard
(which utilizes USGS hazard data available in 2008)

37.91738°N, 122.33597°W

Site Class D – “Stiff Soil”

I/II/III

USGS–Provided Output

SS = 2.012 g SMS = 2.012 g SDS = 1.341 g

S1 = 0.820 g SM1 = 1.230 g SD1 = 0.820 g

For information on how the SS and S1 values above have been calculated from probabilistic (risk-targeted) and
deterministic ground motions in the direction of maximum horizontal response, please return to the application and
select the “2009 NEHRP” building code reference document.

 

For PGAM, TL, CRS, and CR1 values, please view the detailed report.

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge.

https://www.usgs.gov/
https://earthquake.usgs.gov/cn2/designmaps/us/report.php?template=minimal&latitude=37.917381&longitude=-122.335967&siteclass=3&riskcategory=0&edition=asce-2010&variant=0&pe50=&resultid=single.5a7e03480b4509.32737934&reportTitle=NRLF+Phase+4


2/9/2018 Design Maps Detailed Report

https://earthquake.usgs.gov/cn2/designmaps/us/report.php?template=minimal&latitude=37.917381&longitude=-122.335967&siteclass=3&riskcategory… 1/6

From Figure 22-1 [1]

From Figure 22-2 [2]

Design Maps Detailed Report
ASCE 7-10 Standard (37.91738°N, 122.33597°W)

Site Class D – “Stiff Soil”, Risk Category I/II/III

Section 11.4.1 — Mapped Acceleration Parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain SS) and
1.3 (to obtain S1). Maps in the 2010 ASCE-7 Standard are provided for Site Class B.
Adjustments for other Site Classes are made, as needed, in Section 11.4.3.

SS = 2.012 g

S1 = 0.820 g

Section 11.4.2 — Site Class

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or
the default has classified the site as Site Class D, based on the site soil properties in
accordance with Chapter 20.

Table 20.3–1 Site Classification

Site Class vS N or Nch su

A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Soil 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf

E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the
characteristics:

Plasticity index PI > 20,
Moisture content w ≥ 40%, and
Undrained shear strength su < 500 psf

F. Soils requiring site response
analysis in accordance with Section
21.1

See Section 20.3.1

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m²

https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-1.pdf
https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-2.pdf
https://www.usgs.gov/
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Section 11.4.3 — Site Coefficients and Risk–Targeted Maximum Considered Earthquake (MCER)
Spectral Response Acceleration Parameters

Table 11.4–1: Site Coefficient Fa

Site Class Mapped MCE R Spectral Response Acceleration Parameter at Short Period

SS ≤ 0.25 SS = 0.50 SS = 0.75 SS = 1.00 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = D and SS = 2.012 g, Fa = 1.000

Table 11.4–2: Site Coefficient Fv

Site Class Mapped MCE R Spectral Response Acceleration Parameter at 1–s Period

S1 ≤ 0.10 S1 = 0.20 S1 = 0.30 S1 = 0.40 S1 ≥ 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = D and S1 = 0.820 g, Fv = 1.500
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Equation (11.4–1):

Equation (11.4–2):

Equation (11.4–3):

Equation (11.4–4):

From Figure 22-12 [3]

SMS = FaSS = 1.000 x 2.012 = 2.012 g

SM1 = FvS1 = 1.500 x 0.820 = 1.230 g

Section 11.4.4 — Design Spectral Acceleration Parameters

SDS = ⅔ SMS = ⅔ x 2.012 = 1.341 g

SD1 = ⅔ SM1 = ⅔ x 1.230 = 0.820 g

Section 11.4.5 — Design Response Spectrum

TL = 8 seconds

Figure 11.4–1: Design Response Spectrum

https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-12.pdf
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Section 11.4.6 — Risk-Targeted Maximum Considered Earthquake (MCER) Response Spectrum

The MCER Response Spectrum is determined by multiplying the design response spectrum above by
1.5.
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From Figure 22-7 [4]

Equation (11.8–1):

From Figure 22-17 [5]

From Figure 22-18 [6]

Section 11.8.3 — Additional Geotechnical Investigation Report Requirements for Seismic Design
Categories D through F

PGA = 0.774

PGAM = FPGAPGA = 1.000 x 0.774 = 0.774 g

Table 11.8–1: Site Coefficient FPGA

Site
Class

Mapped MCE Geometric Mean Peak Ground Acceleration, PGA

PGA ≤
0.10

PGA =
0.20

PGA =
0.30

PGA =
0.40

PGA ≥
0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of PGA

For Site Class = D and PGA = 0.774 g, FPGA = 1.000

Section 21.2.1.1 — Method 1 (from Chapter 21 – Site-Specific Ground Motion Procedures for
Seismic Design)

CRS = 1.010

CR1 = 0.990

https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-7.pdf
https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-17.pdf
https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-18.pdf
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Section 11.6 — Seismic Design Category

Table 11.6-1 Seismic Design Category Based on Short Period Response Acceleration Parameter

VALUE OF SDS

RISK CATEGORY

I or II III IV

SDS < 0.167g A A A

0.167g ≤ SDS < 0.33g B B C

0.33g ≤ SDS < 0.50g C C D

0.50g ≤ SDS D D D

For Risk Category = I and SDS = 1.341 g, Seismic Design Category = D

Table 11.6-2 Seismic Design Category Based on 1-S Period Response Acceleration Parameter

VALUE OF SD1

RISK CATEGORY

I or II III IV

SD1 < 0.067g A A A

0.067g ≤ SD1 < 0.133g B B C

0.133g ≤ SD1 < 0.20g C C D

0.20g ≤ SD1 D D D

For Risk Category = I and SD1 = 0.820 g, Seismic Design Category = D

Note: When S1 is greater than or equal to 0.75g, the Seismic Design Category is E for
buildings in Risk Categories I, II, and III, and F for those in Risk Category IV, irrespective
of the above.

Seismic Design Category ≡ “the more severe design category in accordance with
Table 11.6-1 or 11.6-2” = E

Note: See Section 11.6 for alternative approaches to calculating Seismic Design Category.
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