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Remainder Parcel of Parcel Map As Per Book 186 P 79-82 
Approximately 65 Acres 
East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue 
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References: Reports by Irvine Geotechnical, Inc.: 

Phase I - Geotechnical Engineering Exploration, Nu-way Live Oak Landfill, East of 605 
Freeway, West and South Live Oak Lane, And North of Live Oak Avenue, Irwindale, 
California, dated March 31, 2008; 
Phase II - Geotechnical Engineering Exploration, Evaluation of Nu-Way Live Oak Landfill, 
Remainder Parcel of Parcel Map As Per Book 186 P 79-82, Approximately 65 Acres, 
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California, dated December 8, 2008; 
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East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue, Irwindale, 
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Geotechnical Engineering Exploration Update, and Remedial Grading 
Recommendations, Proposed Commercial/retail Development, Nu-way Live Oak Landfill, 
East of 605 Freeway, West and South Live Oak Lane, and North of Live Oak Avenue, 
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Report by Advanced Earth Sciences: 

Technical Memorandum on Settlement Analysis, dated November, 2010 

Dear Mr. Mnoian; 

Irvine Geotechnical has prepared this report to summarize our geotechnical investigation of the 

site and to discuss the geotechnical evolution of the Nu-Way pit. Irvine Geotechnical began 

investigating the Nu-Way pit in 2007, originally for a buy-sell team that was trying to facilitate 

the sale of the property to a commercial developer, and then directly for the property owner. 

Apparently during the due-diligence period, the geotechnical consultant for a particular buyer 

discovered numerous technical and reporting issues relating to pit backfilling, which was 

deemed to be problematic from permitting and foundation performance standpoints. Our role 

evolved from third party review and consultation to include physical testing of the Nu-Way pit 

with the goal of obtaining permits from the Building Department to develop the property with 

a commercial/retail project. 

Fill sites, where the fills are intended for support of structures, are subject to specific quality 

control measures. For the Nu-Way Pit, a 1990 Agreement between the Owner and the City of 

Irwindale and a 1994 Conditional Use Permit(CUP) provided specific criteria forfillingofthe pit. 

During the filling process, the 1990 Agreement and the 1994 CUP required quality control 

testing and reporting to ensure that the filled pit would be suitable for development. The quality 

control testing and reporting were to be performed by the Geotechnical Engineer of Record . 
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Zeiser-Geotechnical (later became Zeiser-Kling Consultants, Inc. and referred to herein as 

"Zeiser") was hired in 1990 to perform a preliminary geotechnical engineering investigation of 

the Nu-Way pit. This included documenting and testing the engineering properties of the earth 

materials exposed at the bottom of the pit (approximately 120 to 130 feet below the original 

ground surface). By drilling borings from within the base of the pit, Zeiser sampled and tested 

the engineering properties of: native alluvial deposits, hydraulically placed silt and older fill 

associated with historical mining activities. Zeiser found that all of the deposits exposed at the 

bottom of the pit were suitable for supporting engineered fill. Specific recommendations were 

provided for placing the engineered fill so that the resulting fill would be suitable for supporting 

commercial buildings and infrastructure. Zeiser provided specific recommendations for: 

preparing the ground surface to receive fill, processing and placing the fill, disposingofoversize 

materials and fragments, and testing the fill to ensure quality control. The Zeiser 

recommendations were in conformance with the Building Code in place at the time filling began. 

The main Zeiser recommendations also became part of the 1994 CUP, specifically: 1) all fill 

should be placed to at least 90 percent of the maximum dry density and 2) oversize materials 

(greater than 12 inches) shall be reduced to a smaller size (crushed) or disposed of in 

windrows. The use of windrows was furthermore restricted in the CUP by requiring 

documentation as to the location and depth and prior approval by the City in writing for their 

use. 

It is clear from the requirements and stated intent of the reports and the Agreement and the 7 
CUP, that the Nu-Way gravel pit was to be filled with engineered fill intended for support V 
buildings and infrastructure. The approved purpose was not a "landfill" to fill in the former pit 

with non-structural fill. 

145 N. Sierra Madre Blvd, Suite 12 • Pasadena • California • 91107 • 626-844-6641/Fax: 626-604--0394 

0916.0004 

G1-4



( 

I 

April 4, 2011 
IC 07034-1 
Page 4 

For a typical grading operation that results in permits for construction, the quality control testing 

and reporting are essential. The CUP required geotechnical progress reports to the City at least 

once per year or for every 5-foot vertical fill thickness, whichever comes first. Initially, Zeiser 

was performing frequent site observations and testing of the grading and filling processes. The 

frequency of the inspections, testing and reporting became less frequent in the late 1990's to 

and essentially nonexistent by the early 2000's. 

At the end of the filling process, the Geotechnical Engineer of Record prepares a "Final 

Compaction Report," which contains the results of the compaction testing. The Geotechnical 

Engineer of Record also prepares the Engineer's Certificate of Compliance, which states that 

the "fill was placed in a controlled and engineered manner and is suitable for supporting 

engineered structures, slabs and infrastructure." The compaction report will also contain 

recommendations for design of foundations and slabs as well as allowable bearing pressures. 

For the Nu-Way pit, Zeiser did not prepare a Final Compaction Report, a Certificate of 

Compliance or certify the fill for engineering support of structures. The Zeiser reporting was 

inadequate and less than specified in the 1994 CUP. The daily field reports indicated that the 

fill was being placed in lifts that were too thick and contained too many oversize materials. It 

is for these reasons that a previous buyer's geotechnical engineer raised serious questions 

about the adequacy/ability of the Nu-Way fill to support structures. 

Irvine Geotechnical was retained in 2007 to perform a geotechnical engineering exploration of 

the Nu-Way pit to verify whether the engineering conditions of the as-placed fill were adequate 

to support engineered structures. The Nu-Way pit is an inert rubble fill that contains a high 

percentage of oversize materials, which poses challenges to geotechnical investigations not 
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present in compacted earth fills. Mostly, it is difficult to impossible to drill and obtain samples (} ' 11 
using conventional geotechnical sampling methods. In general, the Zeiser daily field notices 

0 
~ Vilr , 

(and later confirmed by the pits) indicated the test Nu Way fill was placed asa series of 3to 12- (/f'f 
foot thick "lifts" of rubble (heterogeneous mixture of concrete, brick, glass, metal and other inert .. ~ 
debris), which was covered with a thin soil layer and then "compacted." Subsequent rubble lifts r k 
and soil layers were placed through time until the fill was 12 to 15 feet below the finished 

ground surface. A "clean" 12 to 15-foot thick, earth fill cap was placed to finish grade. The 

clean fill cap was compacted to at least 90 percent of the relative compaction under a new 

geotechnical consultant, Hushmand and Associates. 

In a conventional compacted earth fill, in-situ soil samples can easily be obtained and tested 

in the laboratory for percent compaction, strength or consolidation potential. Since the rubble 

debris is mostly oversize concrete fragments larger than 8 inches in diameter, "in-situ" samples 

cannot be obtained. Furthermore, typical geotechnical drilling and testing devices such as: 

bucket augers, hollow-stem augers, mud-rotary or CPT rigs cannot be used. Large scale bulk­

density tests were considered the only method for determining the in place density and 

compaction of the debris fill. However, this method is not economically practical to depths 

greater than 50 to 70 feet due to the large open excavations required and the volumes of earth 

moved. We concluded early on that it was not going to be possible to measure the relative 

compaction of most of the fill placed in the Nu-Way pit. 

Our Phase I geotechnical investigation was intended to use indirect methods (blow counts and 

geophysical surveys) to determine the extent and depth of the fill and to try different techniques 

to measure the engineering properties of the fill. Becker-Hammer borings were chosen because 

it was believed the rig was strong enough to penetrate the fill and that "blow counts per foot" 
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could be correlated to conventional engineering properties. Becker-Hammer borings and drilling 

techniques were developed to sample and test sand and gravel deposits. Research, mostly 

from Canada, has correlated Becker-Hammer blow counts to SPT blow counts and then to 

engineering properties of "sand." Research and case histories of Becker-Hammer borings used 

in rubble fills was not found except for a summary report prepared by the City of Irwindale 

Landfill Committee. It was hoped that a Becker-Hammer "signature" from a controlled fill at the 

Vulcan pit in northern Irwindale could be used to compare Becker-Hammer "signatures" from 

the Nu-Way pit. 

In addition to Becker-Hammer borings, geophysical testing was employed to estimate the 

physical properties of the Nu-Way fill. Seismic reflection lines were intended to image the base 

of the fill. Downhole shear wave velocity profiling was intended to measure the shear wave 

velocities for use in seismic modeling. Surface wave testing was intended to determine the fill 

stratigraphy, uniformity and average shear wave velocities. It was hoped that average bulk 

densities of the fill and/or loose zones and large voids could be quantified from the shear wave 

velocity testing. 

Our initial Phase I findings and interpretations were optimistic. The Becker-Hammer blow count 

data seemed to become higher (interpreted as more compact) at depths of 40 to 50 feet. The 

shear and compression wave velocity data generated from the geophysical testing was much 

higher than assumed. Based upon our indirect testing of the rubble fill, it appeared that the fill 

deposit was generally good below 40 to 50 feet. Removal and recompaction of the upper 40 

to 50 feet of fill was opined as a likely method to create building pads for support of the 

proposed development. 
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Our Phase II testing program intended to expose and directlytestthe upper 50feet of the in-situ 

fill. Two large test pits were excavated through existing inert debris fill between August 4, 2008 

and October 27, 2008. The first objective of the test pits was to expose wide and deep sections 

of the pit to observe the fill quality, including lift thicknesses, the presence of voids and nesting 

of oversize debris. The second objective was to perform bulk density and gradation testing of 

the in-situ fill materials. 

Both test pits were planned to extend to 50 feet below the ground surface to perform the 

relative compaction, bulk density and gradation testing. Because inferior debris fill was found 

to the total depths, the deepest portions of the pits were deepened an additional 25 ± feet (to 

75 feet) in October of 2008. The deeper portions of the test pits were not considered safe to 

enter to perform in-place density testing, but were geologically logged and photographed. 

Eight bulk density tests were performed at depths of 10 to 50 feet below the ground surface. 

Four of the tests had a relative compaction greater than 90 percent and four were less than 90 

percent. The compaction standard for the Nu-Way Pit was that all fill was to be compacted to 

at least 90 percent of the maximum density. Testing of the matrix soil within the interstices (soil 

infilling between the rubble fragments) of the rubble revealed even lower relative compaction 

results (73 to 94 percent relative compaction with only 1 of the 8 tests greater than 90 

percent). 

It was clear from the two deep test trenches that the upper 70 to 75 feet of the fill is of v_ariable 

quality. Large voids, nesting of oversize materials, thick lifts, and lack of processing were 

ubiquitous. In addition to personnel from Irvine Geotechnical, the pits were logged and/or 

observed by personnel of Hushmand and Associates, the City of Irwindale, Geo-Logic 
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(geotechnical consultant to the City of Irwindale), Dr. Jonathon Bray (Professor at UC Berkeley 

and consultant to the City of Irwindale), and members of the Irwindale Landfill Committee. 

There was a consensus that the fill exposed in the pits was not properly processed and 

compacted to support a commercial development. It was also clear that the fill was not 

consistent with the 1994 CUP. 

Another conclusion of the Phase II exploration was that the high shear wave velocities 

measured in the fill as part of the Phase I testing did not correlate with relative compaction. It 

is clear that the high percentage of oversize concrete fragments is masking the presence of low 

velocity voids and dictating the shear wave velocity. 

The fill exposed in the lower portions of the pits contained less oversized materials and concrete 

with reinforcing bars. It was considered feasible to drill a large diameter boring from within the 

lower portion of Test Pit 2. The findings of our Phase Ill investigation are that processed an;;-} 

better compacted fill is present at a depth of 92 to 95 feet below grade (elevation 310 to 31~ 

feet). The depth and elevation correlate well with the historical field testing and documentation 

by Zeiser and a time horizon of the late 1990's. 

Detailed descriptions of the testing and engineering analysis contained in our Phase I through 

Phase Ill investigations are contained in our November 23, 2010 update report. In addition to 

the technical reports, Irvine Geotechnical has documented the condition of the fill through 

photographs and videos. All available media has been copied and made available in an 

electronic format. 
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The main technical issue for the poorly processed and compacted fill is settlement, especially 

dynamic (earthquake) settlement. The potential of an earth material to settle under gravity, 

weight of structures, fluctuations in groundwater levels and strong shaking is represented by 

the void ratio (ratio of the volume of voids to the volume of solids). Depending on the 

distribution and size of the constituents and level of compaction, every material has a 

"minimum" void ratio. Thus, the settlement potential is represented by the void ratio of a 

deposit in the current condition relative to the minimum void ratio. The purpose of the original 

Zeiser recommendations and the conditions of the CUP for processing and compacting the 

rubble materials was to create a fill that would be suitable for future development. Advanced 

Earth Sciences (AES) was hired by the owner to model settlement potential of the site. 

AES concluded that the settlement potential of the existing, as-placed condition of the fill was 

5 to more than 14 inches. This amount of settlement exceeds State and County standards and 

is not acceptable for supporting buildings, slabs and utilities. Uniform settlement can be 

accommodated through design and siting. Differential settlements are very damaging to 

structures and infrastructures. The amount of differential settlement that is acceptable from 

a building code standpoint is generally 1 inch in 30 feet, which has been the standard for at 

least 30 years. Modeling performed by AES showed that by partially removing and replacing 

properly processed and compacted fill over the existing fill decreases the total and differential 

settlements. According to modeling performed by AES, a properly processed and compacted 

70-foot thick cap decreases the differential settlement to 1 inch in 30 feet. 

Based on our Phase I, II and Ill explorations and analyses by AES of the settlement potential, 

the Nu-Way fill is not suitable for supporting structures, slabs and infrastructure that would be 

part of a commercial/industrial development. Our November, 2010 report, which has been 

0 
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submitted to the County Los Angeles Geotechnical and Materials Engineering Division (GMED), 

shows that removing, processing and recompactingthe upper 70 feet offill materials will result 

in a suitable building site. The resulting fill and building sites will conform to Building Code 

standards with respect to performance and settlement and considered "CUP compliant. " Peer 

review and comments from GMED are pending. It is possible that the ultimate removals will be 

made deeper depending on GMED's comments and requirements. 

It is also the finding of Irvine Geotechnical that if the conditions of the 1990 Agreement and the 

1994 CUP had been complied with, fill placed in the Nu-Way pit would have been suitable for 

supporting commercial/industrial development with no additional mitigation or special 

foundation design. 

The following sections may be added depending on peer-review comments from the County of 

Los Angeles, Geotechnical and Materials Engineering Division and/or to rebut opinions from 

experts working for Waste-Management. 

Comments/Additional Analysis- County of Los Angeles Technical Review of 11/23/2011 

Rebuttals/Comments - Opinions from Plaintiffs' Experts 
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Irvine Geotechnical appreciates the opportunity to provide our service on this project. Any 
questions concerning the data or interpretation of this or the referenced and appended reports 
should be directed to the undersigned. 

Respectful 
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INTRODUCTION 

This report has been prepared per our agreement and summarizes findings of Irvine 

Geotechnical's geotechnical engineering exploration performed on the site. The purpose of this 

_ study is to evaluate the nature, distribution and engineering properties of the earth materials 
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underlying the site to develop remedial grading recommendations for preparing the site for a 

mixed-use retail and warehouse-store building development. 

INTENT 

It is the intent of this report to assist in the design and completion of the proposed project. The 

recommendations are intended to reduce geotechnical risks affecting the project. The 

professional opinions and advice presented in this report are based upon commonly accepted 

standards and are subject to the general conditions described in the NOTICE section of this 

report. 

PROPOSED PROJECT 

Information concerning the proposed project was provided bythe client. Formal plans have not 

been prepared and await the conclusions and recommendations of this report. Conceptually, 

it is planned to develop the property as a mixed-use retail and warehouse store development. 

The design concept envisions one or two large warehouse stores surrounded by small retail and 

restaurant buildings and parking lots. The structures would be planned at or near existing 

grade. Structural loads are anticipated to be light to moderate. Remedial grading will be 

employed to create building pads suitable for the proposed buildings, parking lots and 

infrastructure. 

RESEARCH - PREVIOUS WORK 

Irvine Geotechnical first started working on this project in March of 2007. Work performed to 

date bylrvineGeotechnical and its subcontractors have included researching public and private 

records, reviewing historical topographic maps and aerial photographs, performing subsurface 
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exploration, performing geophysical testing and performing field and laboratory testing of the 

earth materials. The results of our historical work are contained in the following reports: 

Phase I - Geotechnical Engineering Exploration, Nu-way Live Oak Landfill, East of 605 
Freeway, West and South Live Oak Lane, And North of Live Oak Avenue, Irwindale, 
California, dated March 31, 2008; 

Phase II- Geotechnical Engineering Exploration, Evaluation of Nu-Way Live Oak Landfill, 
Remainder Parcel of Parcel Map As Per Book 186 P 79-82, Approximately 65 Acres, 
East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue, Irwindale, 
California, dated December 8, 2008; and 

Phase Ill- Geotechnica/ Engineering Exploration, Evaluation of Nu-Way Live Oak Landfill, 
Remainder Parcel of Parcel Map As Per Book 186 P 79-82, Approximately 65 Acres, 
East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue, Irwindale, 
California, dated April 27, 2010. 

Copies of the Phases I through Ill reports are included in Appendix IV, Historical Reports By 

Irvine Geotechnical. Generally, the Phase I report contains the results of research, borings, and 

geophysical studies. Phase II contains the results ofdeeptesttrenchesand bulkdensitytesting 

and Phase Ill presents information from a deep boring within the westerly test trench. 

As part of our investigation, records and documents on file at the City of Irwindale and provided 

by the client were reviewed. The documents were scanned into an Adobe Acrobat (PDF) format 

and indexed for quick reference. It is our understanding that a copy of the scanned documents 

has been provided to the City of Irwindale on a Compact Disk. 

Most of the documents were generated after 1991 by Zeiser-Kling and Associates and were 

associated with geotechnical observations and testing during backfilling of the Nuway gravel 

quarry. Historical topographic maps and aerial photographs before, during and after mining and 

filling were reviewed. Most of the historical photographs were provided by Kent McMillan, who 

had been reviewing the mining and filling histories at the Nu-Way and nearby United Rock 
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Products site for the City of Irwindale. Some of the photographs were scanned and scaled to 

match topographic maps and property boundaries to facilitate interpretation. Mr. McMillan also 

provided a hydrograph that includes yearly groundwater elevations at the site extending back 

to 1932. The hydrograph was used to estimate the elevation of groundwater "lakes" visible in 

some of the air photos. 

EXPLORATION 

The site was explored by Irvine Geotechnical in three Phases, I through Ill between October 15, 

2007 and September 10, 2009 and included performing two seismic reflection line surveys, 

advancing six Becker Hammer borings, performing one down hole seismic shear wave survey, 

performing an active/passive surface wave survey, excavating two large test trenches and 

drilling one large diameter boring. The locations of the borings, trenches and geophysical lines 

are shown in the Geologic Map. Subsurface distribution of the earth materials, projected 

geologic structure, and the proposed project are shown on Sections A through C. 

Becker Hammer-Borings 

The Becker Hammer borings were advanced by Great Western Drilling of Fontana using a AP 

1000 Becker Hammer rig. Between October 15 and 24, 2007 borings were advanced to depths 

of 120 to 190 feet using the "closed bit" method. Blow counts per foot and diesel combustion 

chamber pressure were recorded by staff of Irvine Geotechnical. The Becker Hammer borings 

are graphically logged on the enclosed Log of Borings. Because of the nature of the soils 

encountered in the borings, in-situ samples of the fill and alluvium were not obtained in this 

phase. 
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The locations of the borings are shown on the Geologic Map. Borings 2 and 3 were terminated 

just below the 1991, "pre landfill backfilling surface" and settlement monuments were installed. 

Boring 6 was advanced to near the base of the fill and a settlement monument was installed 

at a depth of 149 feet. A multi-stage gas vapor well was also installed in Boring 6 under the 

direction of Environmental Applications for future monitoring. A solid 3" diameter PVC casing 

was installed to the total depth of Boring 4, with the annular space filled with clean medium 

sand. The boring was used for the down hole shear wave survey. 

The settlement monuments consist of 1 inch diameter, steel pipes that are connected by 

threaded pipe couplings. The base of the monument is secured in five feet of cement. C & M 

Duraflex, PVC centralizers were used to keep the pipe within the center of the boring. The 

centralizers were spaced about 12 to 15 feet apart from top to bottom. The lower 50 feet of 

the annular space was filled with clean, medium sand. The remainder of the annular space was 

filled with bentonite pellets up to the ground surface. The monuments were constructed from 

within the drill stem of the Becker Hammer rig and backfilled as the stem was removed to 

ensure that caving did not occur. The tops of the monuments are protected by 12 inch thick, 

cast-in-place concrete pads. Four inch diameter PVC sleeves extend through the pads to ensure 

that the pads can move (settle) independently of the monument pipes. 

Geophysical - Seismic Reflection 

The seismic reflection lines and down hole shear wave survey were performed by Terra Physics, 

with interpretation assistance from Wilson Geosciences. The locations of the seismic reflection 

profiles are shown on the Geologic Map. The PVC casing installed in Boring 4 was used for the 

downhole shear wave survey. The procedures and results of the seismic reflection and 

down hole survey are contained in the Terra Physics report, "Seismic Reflection and Borehole 

Seismic Velocity Surveys to Delineate Subsurface Backfill Material and Underlying Native Soil 
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Boundaries Nu-way Reclaimed Aggregate Mine Landfill - Irwindale, California," which is 

appended to our Phase I report. Additional interpretation of the geophysical study and 

correlation between borings and geologic stratigraphy was performed by Wilson Geosciences 

(Technical Report: Seismic Reflection and Borehole Seismic Investigation: Nu-way Live Oak 

Landfill Reclamation, Northeast of the Interstate 605 Freeway and Live Oak Avenue 

Intersection, Irwindale, California) and is appended to our Phase I report. 

Geophysical - Shear Wave Velocity Profiles 

Geo Vision performed surface wave soundings and created shear wave velocity profiles through 

three areas of the landfill. The results of the surface wave study are contained in the Geo Vision 

report, "Geotechnical Investigation, Nu-Way Reclaimed Aggregate Mine, Irwindale, California," 

dated February 25, 2008. The surface wave study included collecting 1-D surface wave 

soundings at 230 foot intervals along three profiles totaling about 3,700 linear feet. The 

purpose of the surface wave soundings is to provide 2-D shear wave velocity models of the 

upper 200 to 300 feet along each profile. Both active (spectral analysis of surface waves 

[SASW] or multi-channel analysis of surface waves [MASW]) and passive (array or ReMi) were 

used. The active techniques were able to image the S-wave velocity of the upper 100 to 130 

feet, while passive techniques extended the depth of investigation past300feet. The 2-Dshear 

wave profiles are in the shape of a large triangle as shown on the Geologic Map. 

Large Test Pits 

Two large test pits were excavated through existing inert debris fill between August 4, 2008and 

October 27, 2008. The first objective of the test pits was to expose wide and deep sections of 

the pit to observe the fill quality, including lift thicknesses, the presence of voids and nesting 
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of oversize debris. The second objective was to perform bulk density and gradation testing of 

the in-situ fill materials. 

The northerly pit, (Test Pit 1) was chosen to coincide with Boring 5 and the intersection of Shear 

Wave Velocity Profiles A and B. The westerly pit (Test Pit 2) was chosen to coincide with Boring 

3 and the intersection of Shear Wave Velocity Profiles Band C. Test Pits 1 and 2 are shown on 

the Geologic Map. The corners of the pits were located by Geo-Logic Associates using a Trimble 

GeoXH 2005 series GPS receiver, which is a mapping grade GPS device that is generally 

accurate to within 12 inches. 

Both pits were planned to extend to 50 feet below the ground surface, and were then ultimately 

deepened to 70 to 75 feet. The initial footprint of the pits was based upon a 50-foot high, 1:1 

slope on 3 sides of the pit and an entry ramp to four benches. Four level benches (benches 1-

4) were created in both pits at approximately 12 foot vertical increments. The approximate 

corners of the benches and elevations were determined by Geo-Logic using the GPS mapping 

device and plotted onto the Geologic Map. The benches and elevations are shown on the Test 

Pits Map appended to this report. 

Excavation of the trenches began on August 4, 2008 using excavators, doze rs and loaders. Fill 

soils removed from the pits were segregated by depth and stockpiled outside of the pits. The 

stockpiles were later used as source material to create Maximum Achievable Density(MAD)test 

pads. Excavation and testing of the test pits and 8 benches had been completed by September 

3, 2008. 

The deepest portions of the pits were deepened an additional 25 ± feet between October 21 

through 27, 2008 with an excavator. The deeper portions of the test pits were not considered 

safe to enter to perform physical testing. The deeper portions of the test pits were logged, 
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photographed and videotaped by the engineering geologist and soils engineer. Profiles through 

the test pits are shown on Section A and the shec:ir wave Velocity Profile plates. 

Excavation of the trenches and stockpiling were performed under the observation of the project 

engineer and geologist, who also photo-documented and videotaped the process. Periodic 

observations of the excavation process were also performed by personnel of Hushmand and 

Associates and the City of Irwindale. 

Large Diameter Boring 

Between September 1 and 10, 2009 a three -foot diameter boring was drilled to a depth of 70 

feet below the drill pad (to approximate elevation 300) from within Test Pit 2 (westerly of the 

two pits). The boring is situated along the downhill side of Bench 3 and was drilled from an 

elevation of approximately 370feet. Because of abundant rebar, large concrete fragments and 

caving conditions, drilling was difficult. The geologist was onsite during the drilling to log the 

drilling spoils as they were removed from the boring. Depths were determined using a weighted 

tape measure. The completed boring was deemed unsafe for manual down hole logging. The 

boring was video-logged on September 10, 2009. 

A description of the earth materials encountered in the boring is contained on the Log of Boring. 

The location of the boring is shown on the Boring Map. 

SITE DESCRIPTION - HISTORY 

The study area is located in the western portion of the City of Irwindale, California (117.976W; 

34.110N) and consists of approximately 65 acres of a mostly level, former gravel pit that has 

been filled and is known as the "Nu-Way Live Oak Landfill." The Nu-Way site is located just 
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south of Arrow Highway, southeast of the Santa Fe Flood Control Basin, west of the San Gabriel 

River channel and north of Live Oak Avenue. Nu-Way is bounded by the 605 Freeway on the 

west and Live Oak Lane and industrial properties on the east and north, respectively. 

Elevations range from about 408 to 410 feet along the eastern portions of the property to 375 

feet in a basin along the western edge of the pad and within the Southern California Edison 

easement. 

Geomorphically, this area of Irwindale is characterized as a gently, south-southwest sloping 

alluvial fan that emanates from San Gabriel Canyon. The alluvial fan is comprised of sand and 

gravel deposits that have been historically mined for construction aggregate. The depositional 

source has been blocked by the Santa Fe Flood Control Basin. 

Min ing within the study area started in the late 1950's by the Owl Rock Company. Owl Rock did 

not own the entire Nu-Way site and the boundary between the Owl Rock (east) and Blue 

Diamond (west) properties trended north-south and nearly bisected the study area. The 

majority of the Blue Diamond property extended westerly, beyond what was to become the 605 

Freeway, to near the intersection of Arrow Highway and Live Oak Avenue. Mining was 

performed solely on the Owl Rock property (eastern portion of Nu-Way) until 1962. In 1962, 

mining commenced in the western portion of the Nu-Way pit, with material moved by conveyor 

belts westerly toward the Blue Diamond processing area. The Owl Rock and Blue Diamond 

properties were mined independently until the mid-1960's, when the pits merged. 

From 1957 to the mid-19601s, waste material (silt) from the Owl Rock operation appears to 

have been disposed of offsite and north of the limits of the Nu-Way pit. Waste material 

generated from mining on the Nu-Way site by Blue Diamond appears to have been disposed of 

in silt ponds near the intersection of Arrow Highway and Live Oak Avenue. After the mid-1960's, 

all waste materials from mining appear to have been disposed of within and north of the Nu­

Way site. The 605 Freeway had been graded in 1970, formally separating the Blue Diamond 
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and Owl Rock properties. However, access beneath the freeway between the two pits was 

preserved. In the mid-1970's, permission was granted to dispose of liquid waste material (silt) 

within the Nu-Way pit. Mining within the Nu-Way site was mostly complete by the mid to late-

1980's. A Liquid Waste Permit was obtained from the Water Quality Control Board in 1985 to 

allow the placement of imported silt in the pit. The "waste" silt was reportedly dredged from 

active pits on the west side of the 605 Freeway and transported as a slurry beneath the freeway 

and placed into the pit, predominantly in the southern portion of the study area. Reportedly, 

800,000 cubic yards ofsiltslurrywas accepted atthesite, mostly within the southwestern half. 

The waste permit was amended in 1990 to include inert materials such as: concrete, bricks, 

rocks, asphalt, ceramics, sand and non-contaminated soils. Drywall was originally accepted 

within the landfill and later rejected; although, drywall recycling and processing was apparently 

conducted onsite until a much later date. A geotechnical study was performed by Zeiser 

Geotechnical (later became Zeiser-Kling Consultants, Inc. and referred to herein as "Zeiser") 

t o provide recommendations for placing and compacting fill into the pit. Zeiser reported 5 to 

40 feet of existing fill throughout the base of the pit, which was around elevation 280 to 285 

feet (120 to 130 feet below existing grade). Borings were not drilled in the southern portion of 

the "silt pond," which was present in the southwestern corner of the pit. The locations of the 

Zeiser 1991 borings are shown on the Geologic Map and copies of their boring logs are 

appended to this report. Zeiser provided specific recommendations for the placement of 

engineered fill and measures to ensure quality control. 

Along with active filling, additional mining was performed in the early 1990's. Primarily, the 

mining consisted of "pushing" the slopes toward Live Oak Lane, Live Oak Avenue and the 605 

Freeway. Starting at the pit boundaries, slopes were trimmed down ata 1:1 (horizontal:vertical) 

or steeper gradient. The lower 10 to 20 feet of the trim was made vertically. 
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Backfilling of the pit with inert debris fill was to comply initially with an Agreement dated January 

25, 1990 between the City of Irwindale and Nu-Way Industries, Inc. (Quarry Rehabilitation Plan) 

and later with the Conditional Use Permit (CUP) dated December 15, 1994 granted by the City 

of Irwindale to Sanifill (the property owner). The key fill placement requirements specified in 

these documents called for the following: 

• Provide, place and compact to 90 percent density clean earth and inorganic solid fill 

materials ( e .. g, broken concrete and A.C.). No organic materials will be imported to the 

site. 

• The oversize materials (greater than 12 inches in size) shall be either crushed or placed 

in windrows in accordance with the standard windrow detail provided by Zeiser (this is 

L.A. County's Standard Windrow Detail in their Grading Code). The operations shall be 

such that nesting of oversize material does not occur and that the oversize material is 

completely surrounded by compacted and densified fill. The locations, materials and 

disposal methods for oversize had to be approved by the City. 

• Owner/Applicant shall submit to the City the geotechnical progress reports at least once 

per year or for every 5 feet vertical fill thickness, whichever comes first. 

Between 1991 and 2005, Zeiser performed periodic geotechnical observations and testing. 

The results of the compaction testing and a description of the grading observed at the time of 

the site inspections are contained in numerous Zeiser field notices and file documents, which 

are contained on the CD. 

The records indicate that Hushmand and Associates replaced Zeiser-Kling as the geotechnical 

engineer of record in 2005 for the placement of the "clean" compacted fill cap. Fill placed from 
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2005 to present was performed under the geotechnical supervision of Hushmand. The results 

of compaction testing by Hushmand are contained in their report, Construction Quality 

Assurance Services Nu-Way Live-Oak Landfill, Irwindale, Los Angeles County, California, dated 

March, 2007. 

Groundwater lakes are visible on the historical photographs. It is our understanding that active 

mining operations would extend to and stop at the groundwater table. Relative low groundwater 

years would allow for deeper mining. The limits of the groundwater lakes, combined with the 

hydrograph data, was used to estimate the approximate maximum depths of mining. During 

the mining period, relative groundwater elevation lows occurred in 1964-1965 (210 feet) and 

1978 (205 feet). Groundwater was encountered in this exploration in Boring 4 at an elevation 

of about 242 feet (165 feet below ground surface). 

A comprehensive analysis of the Zeiser inspections and the filling operations was also 

performed by Advanced Earth Sciences (AES) and their findings are discussed in detail in their 

Technical Memorandum included in Appendix I. The key highlights of backfilling history 

including fill placement methods and field inspection and testing frequencies are presented 

below. results appended to this report. 

1. In general, the inert debris fill consisted primarily of concrete with abundant rebar, floor 

tile, cement and asphalt shingles, bricks, soil and crushed glass. In the early stages of fill 

placement drywall was reportedly accepted as backfill material and the drywall areas were 

moisture conditioned to break up the material and mix with the soil. 

2. The rubble-soil mixture ratio reportedly varied through the pit backfilling history 

depending upon composition of incoming loads. Observations of the two large test pits revealed 

presence of significant (approximately 15 to 20 percent) oversize, larger than 12 inches. Of the 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0027 
G1-27



( 

( 
( 

November 23, 2010 
IC 07034-1 
Page 13 

oversize fraction, steel-reinforced concrete fragments, foundation elements, columns and other 

construction demolition debris with dimensions ranging from 24 inches to more than 20 feet 

were present in the fill. 

3. During the earlier parts of backfill placement, a mobile crusher was reportedly used to 

crush material larger than 12 inches prior to placement in the fill. However, the regularity of 

crusher operations was not well documented. The Zeiser daily field reports indicate that the 

crusher was working during most of their field visits through 1990s. Beyond late 1990s, 

crusher was reportedly inoperable. 

4. The patterns of fill placement and lift thicknesses did not follow the CUP requirements. 

The fill lifts were reportedly 3 to 4 feet thick during earlier stages of fill placement and were 

routinely in excess of 5 feet during the late 1990s through 2005. Also, the oversize material 

and thick lifts were placed in "blanket type" pattern, with 5-to 8-foot thick lift of debris fill placed 

by end dumping and topped with a 6-to 12-inch thick soil layer/blanket. The testing performed 

by Zeiser was always in the soil fill material or matrix, either within the soil blanket or in the 

bulk fill layer where the soil component was significant. On numerous occasions, the Zeiser 

daily reports indicate that the fill was not suitable for testing, i.e., oversize fraction was too 

excessive for any of the conventional field density test methods (nuclear or sand cone) to be 

of any meaningful value. 

5. The lift thicknesses from late 1990s through 2005 were frequently greater than 7 to 8 

feet and the oversize material was never placed in windrows, as called for in the CUP. A typical 

description of rubble fill and soil blanket layers, as provided by Geo Logic Associates (GLA) in 

their log of the test excavations to a depth of about 65 feet, is provided in AES' Technical 

Memorandum. 
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6. Because of the large pieces of concrete/rubble and placement in thick layers, "nesting" 

of large fragments and presence of voids in the fill were a common phenomenon. These have 

frequently been reported in Zeiser field reports and were observed in the test trenches 

excavated during Phase 2 investigation. The CUP had clearly specified that oversize material 

be either crushed or placed in windrows, surrounded by soil and that the voids between the 

oversize fragments be filled with granular material and densified by flooding. This was not 

followed in actual filling practice. 

Fm Inspection/Testing Frequencies 

1. Between 1991 and 1993, the average frequency of Zeiser field inspection visits was 

about once per week and the fill density test frequency varied from 1 test per 4,300 cu. yds. in 

1991 to about 1 test per 2,600 cu. yds. in 1992 and 1993. The lower frequency of testing per 

fill volume in 1991 may be related to a large volume of initial filling comprising thick rock/debris 

blanket over the existing uncertified fill (including saturated silts) to stabilize the pit bottom. 

This blanket fill apparently did not have to be and could not be tested. 

2. In 1994, the frequency of Zeiser field visits averaged about 1 visit every 2 weeks. 

However, testing frequency by volume remained consistent as in 1992 and 1993 and averaged 

approximately 1 test per 2,800 cu. yds. 

3. From 1995 through 1998, the frequency offield visits decreased to an average of 1 visit 

per month and fill testing frequency progressively decreased, ranging from 1 test per 5,800 cu. 

yds. in 1995 to about 1 test per 9,500 cu. yds. in 1996 and 1997, and to about 1 test per 

14,000 cu. yds. in 1998. The frequency by number of inspection visits ranged from about 1 

visit for every 25,000 cu. yds. in 1995 to about 1 visit per 55,000 cu. yds. in 1998. 
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4. Between 1999 and 2002, the frequency of visits and testing reduced to a level that 

would be characterized as almost "no supervision/oversight." There were 4 visits in 1999, 

representing 1 visit per approximately 175,000 cu. yds., 1 visit in Year 2000 when over 

700,000 cu. yds. of fill was placed, 5 visits in 2001 representing 1 visit for approximately 

156,000 cu. yds. of fill, and 6 visits in 2002 representing 1 visit per approximately 100,000 cu. 

yds. of fill placement. 

5. In 2003 and 2004, the frequency of visits average 1 per month to 1 every 2 months 

representing 50,000 to 100,000 cu. yds. of fill placed between visits. 

6. In 2005, visits increased to an average of 1 visit per week representing 1 visit every 

25,000 cu. yds. However, excessive fill lift thicknesses ranging between 8 feet and 12 feet 

were still consistently reported throughout the year. 

7. In 2006, much of the fill placement activity was for the upper 10-to 15-foot thick soil 

cap that received full-time supervision and testing by HAI with an average test frequency of 1 

test per 1,400 cu. yds. 

LIMITS AND THICKNESS OF FILL 

The thickness and distribution of earth materials within and around the Nuway pit was 

accomplished using: the seismic reflection surveys; Becker-Hammer borings; Zeiser-Kling's 

1991 borings; historical topographic maps; historical photographs and home videos; and the 

surface wave profiling. The interpreted geologic profile across three areas of the Nu-Way pit are 

shown on Sections A, B, and C. The maximum depth of fill appears to be around 180 to 185 

feet below ground surface as shown on the cross sections. 
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The March 1984 topographic survey by Hekimian - Van Dorpe Associates, which was used by 

Zeiser-Kling as the basis for their 1991 Geologic Map, was assumed to roughly represent the 

pre-controlled fill conditions in the pit. Fill deposits (silt waste, soil and rubble) and with 

elevations lower than the contours shown on the Zeiser-Kling Geologic Map, are certainly 

"uncontrolled fill" or "unpermitted fill." It should be noted that this topographic map, predates 

the 800,000 cubic yards of silt that were accepted at the site in 1987 /1988. Also, based upon 

aerial photographs, some additional mining (on the south) and "dumping" of fill (on the north) 

appears to have been on going up until 1990. The Zeiser boring logs contain elevations of the 

top of the boring. It is presumed that the elevations for the top of borings were checked against 

a known datum elevation. 

Home videos between 1990and 1993showsignificantslopetrimsalongtheeastern, southern, 

and western margins of the pit. Processing and exporting of aggregate were occurring in early 

stages of controlled filling. Slope trims shown on Section Band C were estimated based upon 

the video evidence. 

The aerial photos that showed "groundwater lakes" were used in determining limits and 

minimum depths of mining. The approximate elevations of the lakes were estimated from the 

hydrograph. The limits of the lake with a corresponding elevation were then plotted onto the 

base topographic survey, with the composite used to define the minimum depths and extent 

of mining. 

Surface wave soundings and resulting shear wave velocity models found a velocity inversion 

beneath the central to north-central portion of the pit. The thickness and distribution of the 

lower velocity layer appears to correlate with the lower, "uncontrolled fill" found by Zeiser. The 

contrasts between the deeper low-velocity and shallow high-velocity materials are enhanced by 

normalizing the shear wave velocities to a constant over-burden. 
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ENGINEERING PROPERTIES OF THE FILL 

The engineering properties of the earth materials were determined both in the field by 

personnel of Irvine Geotechnical and in the soils laboratory of Soil Labworks LLC. 

Bulk Density Tests 

One Bulk Density (BD) test was performed on each of the benches exposed in the two deep test 

pits, with the approximate locations shown on the Test Pits plate and the Geologic Map. By 

design, no testing was performed of clean, compacted fill cap that overlies the rubble fill. The 

tests were performed in conformance with ASTM 5030-04 and the City of Irwindale guidelines 

(Guidelines for Above-Water Backfilling of Open-Pit Mines, Irwindale, California in Technical 

Guidelines for Open-Pit Mines, City of Irwindale, 2005). A large, ¾-inch thick steel plate with 

a 6-foot diameter hole in the center, was used as a template. It was decided to level the 

template on the bench in lieu of providing a raised lip because of cost and timing constraints. 

The bulk density test holes were excavated to depths of 4 to 5 feet using a small backhoe and 

hand labor. Material excavated from the BD tests was transferred to a roll-off bin via a loader. 

Care was taken to minimize the loss of soil via spillage by using tarps and using care. Re-bar 

and other non-soil and concrete debris protruding into the BD test holes were cut flush with the 

sides of the hole. The holes were excavated as close to vertical as possible and cleaned by 

hand. The bottom of the excavation was also cleaned to a smooth surface by hand. Upon 

completion, the BD test hole was photographed, measured and logged by the project 

engineering geologist. 

Earth materials from the BD density test holes were stored in the roll-off bins and covered with 

tarps to prevent moisture and fines loss due to evaporation and wind. The moisture content 

of the in-situ soils removed from the BD test was also measured and recorded. The bins were 
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carried by truck to the Nu-Way recycling center in Monrovia for weighing and then transferred 

back to the site for Bulk Gradation testing. 

The volumes of the BD tests were determined using "water-replacement" by accurately 

measuring the volume of water required to exactly fill the BD test pit to the bottom edge of the 

template. An in line water meter (Blue-White Industries RT-200MI-GPM3) connected to a water 

truck via a fire hose was used to fill the BD test pits. The meter is accurate with flow rates 

between 10 and 100 gpm and was calibrated on August 1, 2008. PVC pipe transitions were 

placed on either side if the in-line valve to ensure laminar flow past the venturi. 

Prior to filling the pits with water, two layers of visqueen were placed to form a water-tight 

container. Two layers were considered necessary due to the sharp concrete, glass and re-bar 

debris exposed in the sides and bottoms of the BD pits. From within the hole, the engineer 

verified that the plastic liner was in firm contact with the underlying soils and not stretched 

across voids. 

Upon filling the hole and metering of the volume, the liners were perforated and removed. The 

time required for the holes to drain were recorded by the staff engineer and project geologist. 

The measured volume was also compared to the mathematical volume based upon the actual 

dimensions of the BD test pits. 

The moist bulk density is the ratio of the weight removed from the pit to the volume of the pit. 

The dry bulk density is the corrected weightaftersubtractingthewatercontentfrom the fraction 

of the mass finer than ¾ inch. Material coarser than ¾ inch consists of steel, brick and 

concrete fragments, which generally do not contain appreciable moisture. The moisture content 

relative to the dry density was plotted on the Moisture-Density Relationship chart. 
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Using soil and inert debris retrieved from the pits, Maximum Achievable Density (MAD) pads 

were created following Irwindale Guidelines. Bulk density tests and gradation tests were also 

performed in the MAD pads. A clustering of dry densities near 133.0 pcf with a moisture 

content of 11 percent for the MAD pads is believed to represent the maximum dry density. 

Bulk Gradations 

All of the material from the BD tests were sieved to determine the distribution of material sizes. 

A rack containing screen sizes 12x12, 8x8, 6x3, 3x3, and 1x1 inch grids was manufactured by 

the client and placed near the entrance to the Nu-Way pit. Materials collected on the screens 

were sorted in bins and weighed. The sorting and weighing were performed in a paved portion 

of the site, which facilitated weighing of bins and large samples and in controlling spillage. A 

representative sample of the materials passing the 1 inch sieve was transferred to the soils 

laboratory to determine the additional fractions through the sand-size range and the percentage 

offines (percent passing the #200 sieve). The gradations and weighing were performed by the 

project geologist and staff engineer of Irvine Geotechnical. The results of the gradation testing 

are shown on the Grain Size Distribution graphs. 

The following table summarizes the results of the bulk density testing. Refer to the Geologic 

Map and Test Pit Map plate for the locations of the benches, depths and individual tests. 
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SUMMARY OF BULK DENSITY TESTING 

WET DRY VOID MAX 
SAMPLE TYPE DENSITY DENSITY RATIO DENSITY 

(PCF) (PCF) (%) (PCF) 

TP1 - Bench 1 Bulk Density - In situ 79.7 57.0 1.100 133.0 
TP1 - Bench 2 Bulk Density - In situ 133.2 125.6 0.280 133.0 
TP1 - Bench 2 Bulk Density- Test Pad 142.0 131.5 0.179 133.0 

TP1 - Bench 3 Bulk Density - In situ 114.9 109.6 0.473 133.0 
TP1 - Bench 3 Bulk Density - Test Pad 142.6 132.4 0.249 133.0 
TP1 - Bench 4 Bulk Density - In situ 91 .0 86.1 1.100 133.0 

TP1 - Bench 4 Bulk Density - Test Pad 142.1 132.5 0.181 133.0 
TP2 - Bench 1 Bulk Density - In situ 127.8 121.1 0.334 133.0 

TP2 - Bench 2 Bulk Density - In situ 133.6 126.4 0.260 133.0 

TP2 - Bench 2 Bulk Density - Test Pad 139.6 129.7 0.211 133.0 
TP2 -Bench 3 Bulk Density - In situ 129.2 120.2 0.319 133.0 

TP2 - Bench 3 Bulk Density- Test Pad 137.1 127.3 0.235 133.0 

TP2 - Bench 4 Bulk Density - In situ 126.5 117.3 0.329 133.0 
TP2 -Bench 4 Bulk Density - Test Pad 136.1 126.5 0.239 133.0 
TP2 -Bench 4 Bulk Density - Test Pad2 135.6 127.3 0.250 133.0 

Sand Cone Density Tests 

RELATIVE 

COMPACTION 
(%) 

42.9 

94.4 
98.9 

82.4 

99.5 

64.7 

99.6 

91.1 

95.0 

97.5 

90.4 

95.7 

88.2 

95.1 
95.7 

A sand cone conforming to ASTM 1556 was used to determine the in-situ moisture and density 

of the soil exposed at the surface elevation of each of the benches. Bulk samples of the soils 

at the locations of the soil samples were also obtained and transferred to the soils laboratory 

for maximum density testing (ASTM 1557). The sand cone tests were performed by the soils 

technician. 

The results of the sand cone testing are shown on the following table. Refer to the Test Pits 

plate for the locations of the individual tests. 
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SUMMARY OF SAND CONE DENSITY TESTING 

WET DRY VOID MAX. RELATIVE 
SAMPLE TYPE DENSITY DENSITY RATIO DENSITY COMPACTION 

(PCF) (PCF) (%) (PCF) (%) 

TP1 - Bench 1 Sand Cone - In situ 119.4 116.1 -- 123.5 94.0 
TP~ - Bench 2 Sand Cone - In situ 105.9 96.7 -- 122.5 78.9 
TP1 - Bench 3 Sand Cone - In situ 112.3 102.4 ... 115.5 88.7 
TP1 - Bench 4 Sand Cone - In situ 98.9 90.6 -- 125.0 72.5 
TP2 - Bench 1 Sand Cone - In situ 116.4 107.5 - 129.5 83.0 

TP2 - Bench 2 Sand Cone - In situ 107.2 98.1 --- 130.5 75.2 
TP2 - Bench 3 Sand Cone - In situ 109.9 97.4 -- 132.0 73.8 
TP2 - Bench 4 Sand Cone - In situ 124.8 107.5 -- 131.5 81.7 

Visual Observations 

Visual observations and mapping performed of the test pit walls, bulk density tests and 

stockpiles reveal that landfill deposit is highly variable. Significant (approximately 15 to 20 

percent of the landfill deposit) oversize (larger than 12 inch) fragments are present within the 

fill. Of the oversize fraction, steel-reinforced concrete fragments, foundation elements, columns 

and other construction demolition debris are present with dimensions that range from 24 

inches to more than 20 feet. One reinforced beam exposed in Test Pit 1 near bench 3 was 6 

feet wide, 3 feet deep and more than 40 feet long (the ends were not exposed as the beam is 

longer than the width of the test pit). For many of the fragments, numerous and large 

reinforcing bars protrude from the concrete. In addition to concrete, drywall, roofing materials, 

wood, glass, steel beams, asphalt, water-filtration cake, a gas pump, a tire and other debris 

were observed and photo-documented. The amount, distribution and content of debris within 

the fill appears to be similar between the two pits. 
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Fill lifts are clearly visible in the walls of the test pits. In general, the tops of the rubble lifts are 

identified by a level to gently sloping soil caps. Lifts thicknesses are visible that vary from a few 

feet thick to more than 8 feet. The lifts also reveal little processing and spreading. Individual 

piles of debris that were apparently "end-dumped" in the landfill are surrounded by other end­

dumped piles (tipping face) and in turn buried by additional lifts. The thick rubble fill lifts do not 

appear to have been processed, sorted or moisture conditioned. Nesting and bridging were 

primarily observed adjacent to very large oversize fragments and where oversize fragments 

were concentrated. Nesting and bridging also occurred where layers of drywall covered 

concrete fragments. 

GROUNDWATER 

Seeps and perched layers of water were encountered in the borings and deep pits. 

Groundwater was encountered in Boring 4 and a depth of 165 feet (elevation 242). At the 

subject property, historically high groundwater has been estimated to range between elevation 

325 feet on the south and 328 feet on the north (Figure 10-3 - Estimated Historic High 

Groundwater Contours in Technical Guidelines for Open-Pit Mines, City of Irwindale. 2005). The 

equates to depths of 72 to 75 feet. This is shallower than the depth of 110 feet shown on 

(Plate 1.2, Historically Highest Groundwater Contours and Borehole Log Data Locations, 

Baldwin Park 7½ Minute Quadrangle in Seismic Hazard Zone Report for the Azusa Quadrangle, 

SHZR-022). Historical records indicate that the deepest groundwater elevation was 

approximately 200 feet. 

GENERAL SEISMIC CONSIDERATIONS 

Southern California is located in an active seismic region and numerous known and 

undiscovered earthquake faults are present in the region. Hazards associated with fault 
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rupture and earthquakes include direct affects such as strong ground shaking and ground 

rupture, as well as secondary affects such as liquefaction, landsliding and lurching. The United 

States Geological Survey (USGS), California Geologic Survey (CGS), Southern California 

Earthquake Center (SCEC), private consultants and universities have been studying 

earthquakes in southern California for several decades. Early studies were directed toward 

earthquake prediction and earlywarningofstrongground shaking. Research and practice have 

shown that earthquake prediction is not practical or sufficiently accurate to benefit the general 

public. Also, several recent and damaging earthquakes have occurred on faults that were 

unknown prior to rupture. Current standards and the California Building Code call for 

earthquake resistant design of structures as opposed to prediction. 

Alquist-Priolo Fault Rupture Hazard Study Zone 

California faults are classified as active, potentially active or inactive. Faults from past geologic 

periods of mountain building, but do not display any evidence of recent offset are considered 

"inactive" or "potentially active." Faults that have historically produced earthquakes or show 

evidence of movement within the Holocene (past _11,000 years) are considered "active faults." 

Active faults that are capable of causing large earthquakes may also cause ground rupture. The 

Alquist-PrioloActof 1971 was enacted to protect structures from hazards associated with fault 

ground rupture. No known active faults cross the subject property and the site is not located 

within an Alquist-Priolo Fault Rupture Hazard Study Zone. The ground rupture hazard at the site 

is considered nil. 

Building Code Seismic Coefficients 

Seismic design parameters within the Building Code include amplification of the seismic forces 

on the structure depending on the soil type, distance to seismic source and intensity of shaking. 
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The purpose of the code seismic design parameters isto prevent collapse of structures and loss 

of life during strong ground shaking. Cosmetic damage should be expected. 

The site is located within two kilometers of a known seismic source (Santa Monica fault). The 

following table lists the applicable seismic coefficients for the 2007 Building Code. 

SEISMIC COEFFICIENTS (2007 California Building Code) 

Latitude= 34.110°N 
Short Period (0.2s) One-Second Period 

Longitude= 117.976°W 

Earth Materials and Site Class Compacted Fill - S0 from Table 1613.5.2 and Section 1613.5.2 

Seismic Design Category D 
from Table 1613.5(1) and 1613.5(2) 

Spectral Accelerations s = 1.957 (g) S1= 0.692 (g) 
from Figures 1613.5(3) and 1613.5(4) s 

Site Coefficients F = 1.0 Fv = 1.5 
from Tables 1613.5.3 (1) and 1613.5.3 (2) A 

Spectral Response Accelerations SMS = 1.96 (g) SM1 = 1.04 (g) 
from Equations 16-37 and 16-38 

Design Accelerations 
Sos = 1.30 (g) S01 = 0.69 (g) 

from Equations 16-39 and 16-40 

Seismic Hazards 

The principal seismic hazard to the subject property and proposed project is strong ground 

shaking from earthquakes produced by local faults. Modern, well-constructed buildings are 

designed to resist ground shaking through the use of shear panels, moment-resisting frames 

and reinforcement. Additional precautions may be taken to protect personal property and 
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reduce the chance of injury, including securing equipment and racks. It is likely that the subject 

property will be shaken by future earthquakes produced in southern California. 

Seismic Hazard Zones 

The California State Legislature enacted the Seismic Hazards Mapping Act of 1990, which was 

prompted by damaging earthquakes in California, and was intended to protect public safety 

from the effects of strong ground shaking, liquefaction, landslides, and other 

earthquake-related hazards. The Seismic Hazards MappingAct requires thatthe State Geologist 

delineate various "seismic hazards zones." The maps depicting the zones are released by the 

California Geological Survey. 

The Seismic Hazards Mapping Act requires a site investigation by a certified engineering 

geologist and/or civil engineer with expertise in gE:otechnical engineering, for projects sited 

within a hazard zone. The investigation is to include recommendations for a "minimum level of 

mitigation" that should reduce the risk of ground failure during an earthquake to a level that 

does not cause the collapse of buildings for human occupancy. The Seismic Hazards Mapping 

Act does not require mitigation to a level of no ground failure and/or no structural damage. 

Seismic Hazard Zone delineations are based on correlation of a combination of factors, 

including: surface distribution of soil deposits; physical relief; depth to historic high 

groundwater; shear strength of the soils; and occurrence of past seismic deformation. The 

subject property is located within the United States Geologic Survey, Baldwin Park Quadrangle. 

Seismic hazards within the Baldwin Park Quadrangle were evaluated by the CGS in their report, 

"Seismic Hazard Zone Report for the Baldwin Park 7.5-minute Quadrangle, Los Angeles County, 

California, Seismic Hazard Zone Report 022." 
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According to the Seismic Hazard Zones Map, the subject property is not within an area that has 

been subject to, or may be subject to liquefaction. The steep walls of the former pit are shown 

to have a potential earthquake induced ground deformation. 

SETTLEMENT ANALYSIS- RESULTS OF STUDY BY ADVANCED EARTH SCIENCES 

Advanced Earth Sciences, Inc. (AES) of Irvine, California was retained by the owner to perform 

a settlement analysis of the landfill. The result of their study are contained in Technical 

Memorandum on Settlement Analysis dated November, 2010, which is appended to this report. 

Soil Profile 

The soil profile for settlement analysis was based on the reported filling methods and 

stratigraphy of the debris fill as revealed during the pre-filling geotechnical investigations by 

Zeiser and post-filling investigations performed by Irvine Geotechnical. This idealized profile is 

illustrated in Figure 3-1 from the AES, which included on the following page. 
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Settlement Analyses -General 

Static and seismic settlement analysis models should reflect the actual fill conditions and 

placement practices. Conventional methods of settlement analysis, particularly for unsaturated 

materials under seismic loading conditions, are based primarily on laboratory cyclic shear 

studies on homogeneous sands. There are no industry-accepted standards to predict 

settlements of inert debris fill that contain significant oversize fragments and significant open 

voids as is the case at the Nu-Way pit. Also, there is no database on observed settlements of 

such debris filled pits in the area or vicinity. Settlement models to be used for predicting 

seismic and static settlement must take into account the lack of uniformity and control in fill 

placement operations, and the layered sequence of actual fill placement reported and observed 

for this site. Due to these reasons, there will be a significant degree of uncertainty associated 

with settlement predictions. The approach taken by AES was to provide a range of anticipated 

settlements supported by a rational settlement model, reasonable assumptions and parametric 

analysis. 

The settlement model developed for the Nu-way pit considered the layered nature of much of 

the debris fills, particularly above the 1998/1999 horizon (approximate elev. 310-330), 

consisting of a succession of loose, voided and nested rubble lifts, typically 5 to 8 feet thick and 

capped by a 6 to 12 inch thick layer of loose to medium dense sands. 

Seismic Settlements 

Under seismic shaking, mechanisms contributing to settlement include the densification of the 

loose sand layers between the rubble layers, densification of the rubble layers, and the filling 

of open voids within the rubble layers due to a combination of sand migration into open voids 

and collapse of the nested clasts. The cumulative thickness of the sand layers and rubble 
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layers, and the depth interval over which the succession of thin sand layers over thick rubble 

layers with open voids occur, were estimated at each of the six Becker Borehole locations by 

evaluating the respective blow count profiles. The volume of open voids in the rubble layers 

was calculated based on the results of large-diameter bulk density tests in the rubble fill, sand 

cone density tests in the infill soils and on the particle size distribution tests in the rubble fill 

materials excavated from the large-diameter bulk density test holes. 

The seismic settlement caused by densification of the sand layers was estimated using the 

conventional Tokimatsu & Seed (1987) procedure, using the measured Becker hammer blow 

counts as input. The seismic settlement caused by densification of the rubble layers was 

estimated also using the Tokimatsu & Seed procedure, using as input the measured seismic 

shear wave velocity profile and the measured blow counts in the rubble fill. Althougb the 

applicability of the Tokimatsu &Seed (1987) procedureforthe seismic settlement of the rubble 

layer and the reliability of the predictions are questionable, it was used, nevertheless, to obtain 

a rough order of magnitude estimate. The third, more dominant, component of seismic 

settlement is caused by the partial filling of open voids in the rubble fill by a combination of 

fines migrating from overlying sand layers into the voids and collapse of the nested rubble 

clasts. The average volume of open voids (as a percentage of total volume) in the rubble layer 

was estimated to be 6. 7 percent. Not all of the open voids will be filled as a result of seismic 

shaking. The proportion of open voids that get filled will depend on the amplitude, frequency 

and duration of shaking, but is not known in the absence of specific physical ·laboratory 

modeling. As an initial estimate, it was assumed that approximately 20% of the open voids are 

filled due to seismic shaking. Subsequently, sensitivity analyses were performed by varying this 

percentage. The total seismic settlements were evaluated at each of the six Becker hammer 

borehole locations. Based on these assumptions, the total seismic settlement of the in-place 

debris fill is estimated to range from 5.6 inches to 14.4 inches with an average of 11.2 inches. 

Considering that the total thickness of the debris fill contributing to the settlements is 
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approximately 110 feet, the average settlement of 11.2 inches is roughly equivalent to 0.85 

percent of fill thickness. This estimate compares well with some well documented case 

histories of settlement of dry compacted sandy fills in southern California which settled 

approximately 0.6 to 0.9 percent of fill thickness during the 1971 San Fernando and 1994 

Northridge earthquakes, under ground accelerations comparable to the design ground 

accelerations for the Nu-Way pit. However, considering that the rubble fill consists of 

uncompacted fill with significant voids, the actual settlement could be even higher. 

One of the remedial measuresforcontrollingseismicsettlementatthesitewill consist of partial 

removal and replacement of the existing debris fill with a properly processed and compacted 

fill cap. With increasing depth of removal and replacement of the existing fill, the remaining fill 

thickness vulnerable to seismic settlements would decrease, thereby resulting in lower seismic 

settlement potential. The presence of the cap will also serve to attenuate the total and 

differential settlement taking place at depth as it manifests at the surface of the fill cap. The 

non-linear finite difference Computer Program FLAC was used to model the impact of cap 

thickness on surface manifestation of total and differential settlements. The analysis 

considered the surface manifestation of differential settlement at a specific location (caused 

by an isolated large void) and the surface manifestation of randomly varying settlements 

applied at the base of the fill cap, for increasing thicknesses of fill cap. The results, presented 

as plots of surficial total and differential settlements versus thickness offill cap (for a range of 

assumed values of percentage open voids filled by migration of fines and collapse), show 

decreasing values of surficial settlement with increasing fill cap thickness. For example, the 

results show that for a 40-foot thick fill cap the maximum total settlements are on the order of 

4 to 10 inches, while the maximum surficial differential settlements range from 1 to 3.5 inches 

over a 30-foot length. If the fill cap thickness is increased to 70 feet, the total surficial 

settlements are less than 3.7 inches and differential surficial settlements are less than 1 inch 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0045 

G1-45



( 

( 

November 23, 2010 
ICO7034-I 
Page 31 

over a 30-foot length, the latter satisfying the regulatory requirements for a site that can be 

developed with engineered structures. 

Static Settlements 

Under static loading, the components of settlement include the settlement of the debris fill 

under its self weight, long-term primary and secondary settlement of the of the silt deposits 

underlying the debris fill, and settlement caused byfilling of open voids due to migration offines 

(sands) and collapse as a result of fluctuations in the groundwater levels. Of these, the 

settlement of the debris fill due to self weight is anticipated to occur during and immediately 

following completion offilling. The majority of the long-term settlement of the silt deposits due 

to the debris fill loads is estimated to have been complete over the 4+ years that have elapsed 

since completion of filling operations. 

Historical groundwater data indicate that the groundwater levels fluctuate, with an estimated 

high groundwater level at elevation 330feet. The placement history (1991-2006) suggests that 

the fills placed above approximate elevation 290 feet may not have been subjected to 

saturation due to groundwater fluctuations during the pit filling period. The estimated total 

settlement caused by groundwater fluctuations will depend on the percentage of open voids 

that get filled to due to migration of fines and collapse. Assuming that 20 to 40 percent of the 

open voids in the rubble fills get filled due to fines migration and collapse caused by 

groundwater fluctuations during the pit filling period, the resulting total settlements are 

estimated to range from 3.2 to 6.4 inches. These settlements occur at a depth of 80 feet below 

the finish ground surface. The corresponding differential settlements at the ground surface are 

estimated to be less than 1 inch over 30 feet. 
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Because the same mechanism (migration of sands into open voids and collapse) control both 

seismic settlement and settlement due to groundwater fluctuations, the two components of 

settlement are not considered to be cumulative, and the maximum differential settlement due 

to both components may still be less than 1 inch in 30 feet. 

CONCLUSIONS AND RECOMMENDATIONS 

General Findings 

The conclusions and recommendations of this exploration are based upon subsurface 

exploration, field geologic mapping, research of available records, consultation, and years of 

experience observing similar properties in similar settings and review of the development plans. 

It is the finding of Irvine Geotechnical that construction of the proposed project is feasible from 

a geotechnical engineering standpoint provided the advice and recommendations contained 

in this report are included in the plans and are implemented during construction. 

The site is underlain by up to 180 feet of fill, which is of variable composition, density and 

quality. However, it is clear that the upper 65 to 75 feet of the fill consists of highly 

uncontrolled fill placed in excessively thick lifts and with minimal oversight and contains voids 

and nesting of oversized material. Settlement analyses performed by AES (Appendix I) indicates 

that the fill deposit in the current condition has a potential for static settlement of about 3.2 

inches. For the maximum considered earthquake, the dynamic settlement potential of the 

existing fill ranges from 5.6 to 14.4 inches. The corresponding differential settlement at the 

surface will be well in excess of 1 inch in 30 feet. 

It is not considered feasible to remove and recompact the entire Nu-Way landfill. Nor is it 

considered feasible to penetrate the fill deposit with deep foundations that derive support in 
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the native alluvial deposits below the fill. It is proposed to create a compacted fill cap to 

support the proposed structures. Static settlement of the fill or induced settlement of the fill 

under structural building loading is not considered an issue. It is desired to limit differential 

settlements under static and dynamic loading to less than 1 inch in 30 feet. 

AES modeled engineered compacted fill caps of varying thicknesses (40 feet, 60 feet and 80 

feet). A compacted fill cap as thick as 80 feet resulted in very little seismically induced 

settlement. For a 70-foot thick fill cap, total dynamic surficial settlement is reduced to 1.4 to 

3.7 inches, with an average of 2.5 inches. For a 70-foot thick cap, differential surficial 

settlement is reduced to a range of 0.30 inches in 30 feet to just under 1.0 inches in 30 feet. 

It is recommended thatthe upper 70 feet offill be removed, processed (crushed to a maximum 

particle no greater than 12 inches) and recompacted for structural support of buildings, slabs, 

paving and infrastructure. Conventional foundations and slabs will be appropriate after the 

recommended remedial grading. 

Geotechnical Issues 

Geotechnical issues affecting the site include deep over-excavation, a high volume of oversize 

material and debris, and a potential for differential settlement around the margins of the pit 

that is not to be mitigated. Special detailing and design will be required where utility lines and 

pipes enter and exit the property. The lines will need to be flexible to accommodate the 

potential differential settlement. The transition area between the native and fill soils should be 

over-excavated five feet and recompacted. The cap and over-excavation should extend 10 feet 

into native soils beyond the transition. For the transition zone, two layers of geogrid are 

recommended to minimize ground cracking resulting from differential settlement. The lower 

and upper layers should be placed at depths of 4 and 2 feet below the ground surface, 
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respectively. The geogrid reinforcement should extend 10 feet to either side of the transition 

contact. 

Code Section 111 

Relative to Code Section 111, provided that the recommendations contained in this report are 

included in the design and implemented in the field, the proposed development will not be 

subject to geologic and geotechnical hazards associated with settlement, slippage, landsliding, 

expansive soils, liquefaction or chemical attack. Also, construction of the project will not have 

an adverse effect on the offsite properties and the public right-of-way. 

REMEDIAL GRADING RECOMMENDATIONS - SITE PREPARATION 

Surficial materials consisting of poorly processed and compacted fill are present on the site. 

Remedial grading is recommended to improve site conditions. The earth materials should be 

processed and the fill placed in conformance with City of Irwindale guidelines (Guidelines for 

Above-Water Backfilling of Open-Pit Mines, Irwindale, California in Technical Guidelines for 

Open-Pit Mines. City of Irwindale. 2005). 

General Grading Specifications 

The following guidelines may be used in preparation of the grading plan and job specifications. 

Irvine Geotechnical would appreciate the opportunity of reviewing the plans to insure that these 

recommendations are included. The grading contractor should be provided with a copy of this 

report. 

A. The site should be prepared to receive compacted fill by removing all vegetation, 
debris and upper 70 feet of existing fill. The exposed excavated area should be 
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observed by the soils engineer prior to placing compacted fill. The exposed grade 
should be scarified to a depth of six inches, moistened to optimum moisture 
content, and recompacted to 93 percent of the maximum achievable density. 

B. Fill, consisting of soil approved by the soils engineer and in conformance with the 
City of Irwindale standards, shall be placed in horizontal lifts and compacted in 
maximum 12-inch thick, loose layers with suitable compaction equipment. Upon 
processing, including crushing and/or screening to remove oversize materials and 
other organic debris, the excavated onsite materials are considered satisfactory 
for reuse in the controlled fills. Any imported fill shall be observed by the soils 
engineer prior to use in fill areas. Rocks and concrete/rubble fragments larger 
than 12 inches in largest dimension shall not be used in the fill. 

C. The fill shall be compacted to at least 93 percent of the maximum achievable 
density for the material used. The fill should be placed at a moisture content that 
is at or within 3 percent over optimum. The maximum density and optimum 
moisture content shall be determined by following the City's · backfilling and 
compaction standards, which are appended to this report. 

D. Field observation and testing shall be performed by the soils engineer during 
grading to assist the contractor in obtaining the required degree of compaction 
and the proper moisture content. Where compaction is less than required, 
additional compactive effort shall be made with adjustment of the moisture 
content, as necessary, until 93 percent compaction is obtained. The type and 
frequency of testing should conform to City's Above-water Backfilling Guidelines, 
which are appended to this report. 

Excavation Characteristics 

The test pits did encounter large reinforced concrete piles, piers and beams and other 

construction debris. Significant processing of the fill will be required for re-use in the structural 

fill. 
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FOUNDATION DESIGN 

General Conditions 

The following foundation recommendations are minimum requirements. The structural 

engineer may require footings that are deeper, wider, or larger in diameter, depending on the 

final loads. Mat foundations are not anticipated. 

Spread Footings 

Continuous and/or pad footings may be used to support the proposed structures provided they 

are founded in approved compacted fill. Continuous footings should be a minimum of 12 

inches in width. Pad and column footings should be a minimum of 24 inches square. The 

following chart contains the recommended design parameters. 

Minimum 
Passive Maximum 

Bearing 
Embedment Vertical 

Coefficient Earth Earth 
Depth of Bearing 

Material of Friction Pressure Pressure 
Footing (psf) 

(pcf) (psf) 
(Inches) 

Approved 
Compacted 18 2,000 0.40 250 4,000 

Fill 

Increases in the bearing value are allowable at a rate of 400 pounds per square foot for each 

additional foot of footing width or depth to a maximum of 4,000 pounds per square foot. For 

bearing calculations, the weight of the concrete in the footing may be neglected. 
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The bearing value shown above is for the total of dead and frequently applied live loads and 

may be increased by one third for short duration loading, which includes the effects of wind or 

seismic forces. When combining passive and friction for lateral resistance, the passive 

component should be reduced by one third. 

The on-site soils are non-expansive. All continuous footings should be reinforced following the 

recommendations of the structural engineer. As a minimum, it is recommended that 

continuous footings be reinforced with four#4steel bars; two placed near the top and two near 

the bottom of the footings. Footings should be cleaned of all loose soil, moistened, free of 

shrinkage cracks and approved by the geotechnical engineer prior to placing forms, steel or 

concrete. 

( Foundation Settlement 

Settlement of the foundation system is expected to occur on initial application of loading. A 

settlement of¼ to ½ inch may be anticipated under the normal building loads. Differential 

settlement should not exceed ½ inch in 30 feet. 

Differential settlement of the ground surface is predicted for the maximum considered 

earthquake. Based upon the analyses by AES, the differential settlement is expected to be less 

than 1 inch in 30 feet. 
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RETAINING WALLS 

General Design 

Significant retaining walls are not anticipated for the site and the proposed project. Retaining 

walls will mostly be restricted to loading docks, ramps and planters. Cantilevered retaining 

walls up to 6 feet high that support approved retaining wall backfill, may be designed for an 

equivalentfluid pressure of 35 pounds percubicfoot. Select granular backfill approved by the 

geotechnical engineer is recommended. 

Retaining walls should be provided with a subdrain or weepholes covered with a minimum of 

12 inches of¾ inch crushed gravel. 

Backfill 

Retaining wall backfill should be compacted to a minimum of 90 percent of the maximum 

density as determined by ASTM D 1557-09. Where access between the retaining wall and the 

temporary excavation prevents the use of compaction equipment, retaining walls should be 

backfilled with ¾ inch crushed gravel to within 2 feet of the ground surface. Where the area 

between the wall and the excavation exceeds 18 inches, the gravel must be vibrated or wheel­

rolled, and tested for compaction. The upper 2 feet of backfill above the gravel should consist 

of a compacted fill blanket to the surface. Retaining wall backfill should be capped with a 

paved surface drain or a concrete slab. 
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TEMPORARY EXCAVATIONS 

Temporary excavations will be required to remove and recompact the upper 70 feet of fill. 

Where not surcharged by existing footings or structures, the fill is capable of maintaining 

vertical excavations up to 5 feet. Where vertical excavations in the fill exceed 5 feet in height, 

the upper portion should be trimmed to 1:1 (45 degrees). Temporary 1:1 excavations in the 

rubble fill are considered stable up to 70 feet high. 

A representative of the geotechnical engineer or geologist should be present during grading to 

see temporary slopes. All excavations should be stabilized within 30 days of initial excavation. 

Water should not be allowed to pond on top of the excavations nor to flow toward them. No 

vehicular surcharge should be allowed within three feet of the top of the cut. 

CORROSION 

The compaction report should contain the results of chemical testing for fill placed within 5 feet 

of finished grade. Soils with high sulfate concentrations should not be imported to the site. 

FLOOR SLABS, CONCRETE DECKING AND PAVING 

Floor slabs and concrete decking should be cast over the approved compacted fill cap. Slabs 

should be at least 5 inches thick and reinforced with a minimum of #4 bars on 16 inch centers, 

each way. Care should be taken to cast the reinforcement near the center of the slab. Slabs 

which will be provided with a floor covering should be protected by a polyethylene plastic vapor 

barrier. The barrier should be covered with a thin layer of sand, about two inches, to prevent 

punctures and aid in the concrete cure. 
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Decking that caps a retaining wall should be provided with a flexible joint to allow for the normal 

one to two percent deflection of the retaining wall. Decking that does not cap a retaining wall 

should not be tied to the wall. The space between the wall and the deck will require periodic 

caulking to prevent moisture intrusion into the retaining wall backfill. 

It should be noted that cracking of concrete floor slabs is very common during curing. The 

cracking occurs because concrete shrinks as it dries. Crack control joints which are commonly 

used in exterior decking to control such cracking are normally not used in interior slabs. The 

reinforcement recommended above is intended to reduce cracking and its proper placement 

is critical to the slab's performance. The minor shrinkage cracks which often form in interior 

slabs generally do not present a problem when carpeting, linoleum, or wood floor coverings are 

used. The slab cracks can, however, lead to surface cracks in brittle floor coverings such as 

ceramic tile. A mortar bed or slip sheet is recommended between the slab and tile to limit, the 

potential for cracking. 

Slabs should be protected with a polyethylene plastic vapor barrier placed beneath the slab. 

This barrier is intended to prevent the upward migration of moisture from the subgrade soils 

through the porous concrete slab. It should be noted that vapor barriers are penetrated by any 

number of elements including water lines, drain lines, and footings. These barriers are therefore 

not completely watertight. It is recommended that a surface seal be placed on slabs which will 

receive a wood floor. The floor installer should be consulted regarding an adequate product. 

The paving section should be cast over approved compacted fill. R-values of the near surface 

soils should obtained for representative soils near finished grade. The paving section may be 

fine-tuned or modified depending on the as-graded conditions of the site. The following table 

contains preliminary paving sections assuming a minimum R-value of 50. It should be noted 

that the onsite materials have been historically used to produce commercial CMB. 
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Trench backfill below paving, should be compacted to 93 percent of the maximum dry density. 

Irrigation water should be prevented from migrating under paving. The following table shows 

the recommended pavement sections: 

Service Pavement Thickness Base Course 
(Inches) (Inches) 

Traffic Index= 4 3 0 

Traffic Index= 5 4 0 

Traffic Index= 6 4/5 3/0 

Base course should be compacted to at least 95 percent of the maximum dry density. 

DRAINAGE 

Control of site drainage is important for the performance of the proposed project. Pad and roof 

drainage should be collected and transferred to the street or approved location in non-erosive 

drainage devices. Drainage should not be allowed to pond on the pad. The 2007 California 

Building Code specifies that the grade within 10 feet of the foundation be sloped to drain at a 

5 percent gradient away from the building. Drainage control devices require periodic cleaning, 

testing and maintenance to remain effective. 

PLAN REVIEW 

Formal plans ready for submittal to the Building Department should be reviewed by Irvine 

Geotechnical. Any change in scope of the project may require additional work. 
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SITE OBSERVATIONS DURING CONSTRUCTION 

Please advise Irvine Geotechnical at least 24 hours prior to any required site visit. The agency 

approved plans and permits should be at the jobsite and available to our representative. The 

project consultant will perform the observation and post a notice at the jobsite of his visit and 

findings. This notice should be given to the agency inspector. 

During construction, a number of reviews by this office are recommended to verify site 

geotechnical conditions and conformance with the intent of the recommendations for 

construction. Although not all possible geotechnical observation and testing services are 

required by the reviewing agency, the more site reviews requested, the lower the risk of future 

problems. It is recommended that all grading, foundation, and drainage excavations be seen 

by a representative of the geotechnical engineer PRIOR to placing fill, forms, pipe, concrete, or 

steel. Any fill which is placed should be approved, tested, and verified if used for engineering 

purposes. Temporary excavations should be observed by a representative of the Geotechnical 

Engineer. 

The following site reviews are advised or required. Should the observations reveal any 

unforeseen hazards, the geologist/engineer will recommend treatment. 

Pre-construction meeting 
Temporary excavations 
Bottom excavation for removals 
Compaction of fill 
Foundation excavations 
Slab subgrade moisture barrier membrane 
Slab subgrade rock placement 
Slab steel placement 
Subdrain and rock placement behind retaining walls 
Compaction of retaining wall backfill 
Compaction of utility trench backfill 

Advised 
Required 
Required 
Required 
Required 
Advised 
Advised 
Advised 
Required 
Required 
Advised 
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Irvine Geotechnical requires at least a 24 hour notice prior to any required site visits. The 

approved plans and building/grading permits should be on the job and available to the project 

consultant. 

FINAL INSPECTION 

Many projects are required by the agency to have final geologic and soils engineering reports 

upon completion of the grading. 

CONSTRUCTION SITE MAINTENANCE 

It is the responsibility of the contractor to maintain a safe construction site. When excavations 

exist on a site, the area should be fenced and warning signs posted. Soil generated by 

foundation and subgrade excavations should be either removed from the site or properly placed 

as a certified compacted fill. Soil must not be spilled over any descending slope. Workers 

should not be allowed to enter any unshared trench excavations over five feet deep. 

GENERAL CONDITIONS 

This report and the exploration are subject to the following NOTICE. Please read the NOTICE 

carefully, it limits our liability. 

NOTICE 

In the event of any changes in the design or location of any structure, as outlined in this report, 
the conclusions and recommendations contained herein may not be considered valid unless 
the changes are reviewed by us and the conclusions and recommendations are modified or 
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reaffirmed after such review. 

The subsurface conditions, excavation characteristics, and geologic structure described herein 
and shown on the enclosed cross sections have been projected from excavations on the site 
as indicated and should in no way be construed to reflect any variations that may occur 
between these excavations or that may result from changes in subsurface conditions. 

Fluctuations in the level of groundwater may occur due to variations in rainfall, temperature, 
irrigation, and other factors not evident at the time of the measurements reported herein. 
Fluctuations also may occur across the site. High groundwater levels can be extremely 
hazardous. Saturation of earth materials can cause subsidence or slippage of the site. 

If cond itions encountered during construction appear to differ from those disclosed herein, 
notify us immediately so we may consider the need for modifications. Compliance with the 
design concepts, specifications or recommendations during construction requires the review 
of the engineering geologist and geotechnical engineer during the course of construction. 

THE EXPLORATION WAS PERFORMED ONLY ON A PORTION OF THE SITE, AND CANNOT BE 
CONSIDERED AS INDICATIVE OF THE PORTIONS OF THE SITE NOT EXPLORED. 

This report is issued and made for the sole use and benefit of the client, is not transferable and 
is as of the exploration date. Any liability in connection herewith shall not exceed the fee for the 
exploration. No warranty, expressed or implied, is made or intended in connection with the 
above exploration or by the furnishing of this report or by any other oral or written statement. 

THIS REPORT WAS PREPARED ON THE BASIS OF THE PRELIMINARY DEVELOPMENT PLAN 
FURNISHED. FINAL PLANS SHOULD BE REVIEWED BY THIS OFFICE AS ADDITIONAL 
GEOTECHNICAL WORK MAY BE REQUIRED. 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0059 

G1-59



( 

( 

( 

( 

November 23, 2010 
IC 07034-1 
Page45 

Irvine Geotechnical appreciates the opportunity to provide our service on this project. Any 
questions concerning the data or interpretation of this or the referenced and appended reports 
should be directed to the undersigned. 

Moisture-Density Relationship 
Grain Size Distribution (14 plates) 
Vicinity Map 
Log of Borings - Becker Hammer Borings by Irvine (6 pages) 
Log of Large Diameter Boring (4 sheets) 
Log of Borings - Rotary Wash Borings by Zeiser (9 sheets) 
Blow Count Comparison Charts (6 sheets) 
NAVFAC Density Charts (2) 
Test Pit Map 
Velocity Profiles (6) 
APPENDIX I - Report by Advance Earth Sciences 
APPENDIX II - Excepts from City of Irwindale Grading Requirements 
APPENDIX Ill - Report by GeoVision 
APPENDIX IV - Phase I, 11, & Ill reports by Irvine Geotechnical 

In pocket: Geologic Maps and Sections A, Band C 

xc: (10)Addressee 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0060 
G1-60



( 

( 

November 23, 2010 
IC 07034-1 
Page 46 

REFERENCES 

ASCE, 1994, Settlement Analysis, Technical Engineering and Design Guides as Adapted from 
the United States Army Corps of Engineers, No, 9 

__ , 2005, Minimum Design Loads for Buildings and Other Structures, ASCE Standard 
ASCE/SEI 7-07, 

ASTM Standards, 2009. Section Four, Construction. Volumes 4.08 and 4.09, Soil and Rock 

Boore, D. M. and Atkinson, G. M., 2008, Ground-Motion Prediction Equations for the Average 
Horizontal Components of PGA, PGV, and S%-Damped PSA at Spectral Periods between 0.01 
sand 10.0 s, Earthquake Spectra, Vol. 24, No. 1, pp. 99-138, February 2008 

Bray, J. D. and Travasarou, T., 2007, Simplified Procedure for Estimating Earthquake-Induced 
Deviatoric Slope Displacement, Journal of Geotechnical and Geoenvironmental Engineering, 
ASCE, Vol. 133, No.4, pgs. 381-392 

Bray,J. D. and Rathje, E. M., 1998, Earthquake-Induced Displacements of Solid Waste Landfills, 
Journal of Geotechnical and Geoenvironmental Engineering, ASCE, Vol. 124, No.3, pgs. 
242-253 

California Building Standards Commission and International Conference of Building Officials, 
2007, 2007 California Building Code 

California Department of Transportation (CalTrans), July 2006, Highway Design Manual. 

California Geologic Survey, 1998, Seismic Hazard Zone Report for the Baldwin Park 7.5-minute 
Quadrangle, Los Angeles County, California, Seismic Hazard Zone Report 022 

__ , 2008, Guidelines for Evaluating and Mitigating Seismic Hazards in California, 2008 

City of Irwindale, 1990, Agreement by and between City of Irwindale, a municipal corporation 
ofthestateofCalifornia and Nu-Way Industries, a California Corporation, 54E. Huntington Drive, 
Arcadia, California, 91006 818/446-7127; Principals: Earl Garret and Jim Mnoian, dated 
January 25,1990 

__ 1994, Resolution No. 94-55-1381, A Resolution of the City Council of the City of Irwindale 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California • 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0061 
G1-61



( 

( 

November 23, 2010 
IC 07034-1 
Page 47 

(i) Certifying a Final Environmental Impact Report and_(ii) Approving a Conditional Use Permit, 
Including Findings in Support Thereof and a Statement of Overriding Considerations Regarding 
Unavoidable Significant Environmental Impacts, All Related to the Nu-Way Live Oak Inert 
Landfill, Dated December 15, 1994 

__ , 2004, Backfill Operations in Nu-Way Pit, Irwindale [Letter Signed by City Engineer], Dated 
May 7, 2004 

__ , 2005, Nu-Way Landfill Geotechnical Observations Report [Letter Signed by City Engineer], 
Dated January 25, 2005 

__ ,2005, Guidelines for Above-Water Backfilling of Open-Pit Mines, Irwindale, California in 
Technical Guidelines for Open-Pit Mines. City of Irwindale, 2005. 

County of Los Angeles, 2010, Manual for Preparation of Geotechnical Reports, Prepared by 
Department of Public Works, July 2010. 

Evans, M.D. and Fragaszy, R.J., 1995, Static and Dynamic Properties of Gravelly Soils, 
Geotechnical Special Publication No. 56, ASCE 

Geomatrix, 2007, Documentation of Becker Penetration Tests, Reliance Landfill Improvement, 
Vulcan Materials Company, Irwindale and Azusa, California, Prepared for Vulcan Materials 
Company, Geomatrix Project No. 10168.007.0, November 27, 2007 

GeoVision, Inc., 2008, Geotechnical Investigation, Nu-Way Reclaimed Aggregate Mine, Irwindale, 
California, dated February 25, 2008 

Harder, L. F. Jr., 1997, Application of the Becker Penetration Test for Evaluating the 
Liquefaction Potential of Gravelly Soils, Proceeding of the NCEER Workshop onEvaluation of 
Liquefaction Resistance of Soils, Technical Report NCEER-97-0022 

Harder, L. F. Jr. and Seed, H. B. 1986, Determination of Penetration Resistance for 
Coarse-Grained Soils Using the Becker Hammer Drill, Earthquake Engineering Research Center, 
Report No. UCB/EERC-86/06, University of California, Berkeley, May 1986 

Hushmand Associates, Inc., 2006, Construction Quality Assurance Services (CQA), Nu Way- Live 
Oak, Irwindale, Los Angeles County, California, Prepared for USA Waste of California, dated 
March 29, 2006 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0062 
G1-62



( 

( 

November 23, 2010 
IC 07034-1 
Page 48 

__ , 2007, Geotechnical Evaluation of Existing Inert Debris Fill, Nu Way Arrow Pit, Irwindale, 
Los Angeles County, California, Prepared for USA Waste of California,dated March 13, 2007. 

--~2010, PreliminaryGeotechnical Investigation, Nu-Way Arrow Pit, 1270Arrow Highway, 
Irwindale, California, dated October 15, 2010 

Idriss, I. M. and Boulanger, R. W., 2008, Soil Liquefaction During Earthquakes, Earthquake 
Engineering Research Institute," MN0-12. 

Irvine Geotechnical, Inc,, 2008, Phase I - Geotechnical Engineering Exploration, Nu-way Live 
Oak Landfill, East of 605 Freeway, West and South Live Oak Lane, And North of Live Oak 
Avenue, Irwindale, California, dated March 31, 2008 

2008, Phase II - Geotechnical Engineering Exploration, Evaluation of Nu-Way Live Oak 
Landfill, Remainder Parcel of Parcel Map As Per Book 186 P 79-82, Approximately 65 
Acres, East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue, 
Irwindale, California, dated December 8, 2008 

2010, Phase Ill - Geotechnical Engineering Exploration, Evaluation of Nu-Way Live Oak 
Landfill, Remainder Parcel of Parcel Map As Per Book 186 P 79-82, Approximately 65 
Acres, East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue, 
Irwindale, California, dated April 27, 2010. 

Kramer, 1996, Geotechnical Earthquake Engineering, Prentis Hall 

Lin, P-S, Chang, C-W, and Chang, W-J, 2001, Characterization of Liquefaction Resistance in 
Gravelly Soil: Large Hammer Penetration Test and Shear Wave Velocity Approach, National 
Science Council of the ROC. 

Louie, J.N. and Abbott, R.E., 1996, Refraction Microtremor and Optimization Methods as 
Alternatives to Boreholes and Site Strength and Earthquake Hazard Assessments 

Miller, S.L. and Stewart, 1992, The Relationship Between Elastic-wave Velocities and Densities 
in Sedimentary Rocks: A proposal 

Pradel, D., 1998, Procedure to Evaluate Earthquake-Induced Settlements in Dry Sandy Soils, 
Journal of Geotechnical and Geoenvironmental Engineering, ASCE, Vol. 124, No.4, pgs. 
364-368. 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0063 
G1-63



( 

( 

November 23, 2010 
IC 07034-1 
Page 49 

Pyke, R., Chan, C.K., and Seed, H.B., 1975, Settlement of Sands under Multidirectional Shaking, 
Journal of Geotechnical Engineering Division, ASCE, 101(4), pp. 379-398. 

Seed, H. B., and Idriss, I. M., 1970, Soil Moduli and Damping Factors for Dynamic Response 
Analyses, Report No. EERC 70-10, Earthquake Engineering Research Center, University of 
California, Berkeley, California 

Silver, M.L., and Seed, H.B., 1971, Volume changes in sands during cyclic loading, Journal of 
Soil Mechanics and Foundation Division, ASCE, 97(9), pp. 1171-1182 

Stewart, J.P., Bray, J.D., McMahon, D.J., Smith, P.M., and Kropp, A.L., 2001, Seismic 
performance of hillside fills, Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 
127(11), pp. 905-919 

Stewart, J.P., Smith, P.M., Whang, D.H., and Bray, J.D 2004, Seismic compression of two 
compacted earth fills shaken by the 1994 North ridge Earthquake, Journal of Geotechnical and 
Geoenvironmental Engineering, ASCE, 130(05), pp. 461-4 76 

Sy, A. and Campanella, R.G., 1993, Dynamic Performance of the Becker Hammer Drill and 
Penetration Test, Canadian Geotechnical Journal, Vol. 30, No. 4, 

Terra Physics, 2008, Seismic Reflection and Borehole Seismic Velocity Surveys To Delineate 
Subsurface Backfill Material and Underlying Native Soil Boundaries Nu-Way Reclaimed 
Aggregate Mine Landfill- Irwindale, California, Prepared for Wilson Geosciences, Dated January 
7 2008. 

Tokimatsu, K. and Seed, H. B., 1984, Simplified Procedures for the Evaluation of Settlements 
in Sands Due to Earthquake Shaking, Earthquake Research Center, Report No. UCB/EERC-
84/16, National Science Foundation, October 1984 

__ , 1987, Evaluation of Settlements in Sands Due to Earthquake Shaking, Journal of 
Geotechnical Engineering, ASCE, Vol. 113, No.8, pgs. 861-878. 

Whang, D.H., Stewart,J.P., and Bray,J.D.; 2004, Effect of Compaction Conditions on the Seismic 
Compression of Compacted Fill Soils, Geotechnical Testing Journal, Vol. 27, No.4 

United States Department of Defense, 1997, MIL-HD, Soil Dynamics and Special Design 
Aspects 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California• 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0064 
G1-64



( 

( 

November 23, 2010 
IC 07034-1 
Page 50 

United States Department of the Navy, 1982, Soil Mechanics, Design Manual 7.1 
__ , 1982, Foundations and Earth Structures, Design Manual 7.2 

Wilson Geosciences, 2008, Technical Report: Seismic Reflection and Borehole Seismic 
Investigation: Nu-way Live Oak Landfill Reclamation, Northeast of the Interstate 605 Freeway 
and Live Oak Avenue Intersection, Irwindale, California 

Youd, T. L. and Idriss, I. M., et al. (1997), Proceedings of the NCEER Workshop on Evaluation 
of Liquefaction Resistance of Soils, National Center for Earthquake Engineering Research, 
Technical Report NCEER -97-0022, January 5, 6, 1996. 

Youd, T. L., Idriss, I. M., et al. (2001), Liquefaction Resistance of Soils: Summary Report from 
the 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance 
of Soils, ASCE Journal of Geotechnical and Geoenvironmental Engineering, Vol. 127, No. 10, 
October 2001. 

Youd, T. L., Hanson C. M., and Bartlett, S. F., 2002, Revised Multi Linear Regression Equations 
for Predicting Lateral Spread Displacement, Journal of Geotechnical and Geoenvironmental 
Engineering, ASCE, Vol. 128, No. 12, pgs. 1007-1017 

Zeccos, D., 2005, Evaluation of Static and Dynamic Properties of Municipal Solid Waste, Ph.D. 
Disse1tation for University of California, Berkeley 

Zeccos, D, et., al., 2005, Framework for the Estimation of Municipal Solid Waste Unit Weight 
Profile, presentation at Tenth International Waste Management and Landfill Symposium, 
October 2005 

Zeiser Geotechnical, Inc, 1991, Preliminary Geotechnical Investigation, Owl Rock Quarry Site, 
Irwindale, California, Prepared for Nu-Way Industries, Dated February 4, 1991. 

__ , 2005, Change of Consultant Notification: United Rock Products Corporation Pit 1, SW the 
Intersection of Arrow Highway and 605 Freeway, Irwindale, California, Project No. 05008-00, 
dated September 19, 2005. 

__ , 2005, Geotechnical Report No.1, Fill Placement Monitoring, United Rock Products 
Corporation Pit 1, SW the Intersection of Arrow Highway and 605 Freeway, Irwindale, California, 
Project No. 05008-00, dated September 19, 2005 

145 N. Sierra Madre Blvd., Suite 12 • Pasadena • California • 91107 • Phone: 626-844-6641/Fax: 626-604-0394 

0916.0065 
G1-65



( 

( 

0916.0066 

G1-66



( 

( 

118.00000° W 

z 
0 
M 
M 
M 
M 
..; 
,.:'--~--'~~ 
M • 

z 
0 
0 
0 
0 
0 

,.: 
M 

118.00000° W 

TNf/MN 
v13¼e 

TOPO ! map printed on 01/22/08 from "LA.tpo" and "Untitled.tpg" 
117.98333° W WGS84 117.96667° W 

: :;, 
.-.,_'-, 

z 
0 
M 
M 

!,_-....;:~:::,r~ 

. -: 

..; 

,.: 
M 

z 
0 

" "' "' ..; 
..; 

,.: 
M 

'\~., -~1- ' .. . ✓.4~ .. ---··.' :'.°p···,.____ 
\,.., 

1000 FU:T · i O I 590'..n l-±E±H 

Prin;ed ~rem TOPO! ~j9~ WJ!dllow.r P~duciio~ (~!;po c~rn) 

1/2 

z 
0 
0 
0 
0 =-=="'=="'s==-~-r.>;-1 0 
..; 

,.: 
M 

0916.0067 

G1-67



( 
-
R ff r E 

LOG OF BORINGS 

PROJECT IC 07034-1 NU-WAY 
r DRILL DATE 10/15/2007 

LOG DATE 10/15/2007 

LOGGED BY JAi 
GEOTEGHNICAL fnc DRILL TYPE BECKER HAMMER - CLOSED BIT 

DIAMETER 8 INCHES 

SURFACE ELEVATION 405 feet 

DRILLING CONTRACTOR GREAT WEST DRILLING 

SURFACE CONDITIONS Level dirt surface 

BORING 1 Page 1 of 1 

CORRECTED BLOW COUNTS (blows/ft) BOUNCE PRESSURE (psi) 
0 50 100 150 200 10 30 

0 

~ ~ . 20 

~ -

~ 

--- --
I .. 

-!i-~ ...___ 
-

40 
~ 

s - --
- - - - - - - - -• 

---·--· P - - - - - -

( 60 
.. -r-6... 

,1/C_ ...... - -· 
- ,,. - -·-_, ____ 

-· -· - - -· - •-- ------ --- ..a::-'": - ---~ ~ 
80 

- ~ 
I --- - -· - -
I .., -a, 

~ a, 
::. 

•~ ::c 
I-
Q. 100 
UJ ·~- - - - - --- - - - -· 0 

--- - - --=, -~ -- - ·- . 

- - ·-•- .. 

120 -1 .. _... ..._I - -

.::!!•- - - -BASE OF FILL 199 )URF !\CE 
~ --·--

-- . - -- - -----

140 
-· -- - - ---- - -__ ,.,._ _ 

. -·- ---- --- -- - -- -- ----

- - ----- ---- -· - ·- - .. 
- ·~ - -- -- -- - - - I 

160 
-- -- -- - -

- ... --
- - ----- --- ------ - - --- -

- -- .. -- -- ------ -·------

180 
---- --- -

( I - ---····- - ---

0916.0068 

G1-68



( 

-.::: -VI 
3: 
0 
:E -

( 
0 
<O z 

en 
I-z 
::> 
0 
(.) 

3: 
0 
..J 
cc 
I-
a.. 
en 
I-z 
w 
..J 

~ 
::> 
0 
w 

( 

BLOW COUNT COMPARISON 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH# 1 

MEASURED AND INTERPRETED BLOW COUNTS 

300 ~--- -------,------------,----------,---- --------, 

-i1:- Boring 1 - Becker 

- Boring 1 - Vs 

250 -l-----========i===---------1----------+----- ~ 

200 

150 

100 

50 

0 50 100 

DEPTH (feet) 

150 200 

0916.0069 
G1-69



( E 
LOG OF BORINGS 

PROJECT IC 07034-1 NU-WAY 
I DRILL DATE 10/16/2007 

LOG DATE 10/16/2007 

LOGGED BY JAi 
GEOTECHNICAL Inc DRILL TYPE BECKER HAMMER - CLOSED BIT 

DIAMETER 8 INCHES 

SURFACE ELEVATION 405 feet 

DRILLING CONTRACTOR GREAT WEST DRILLING 

SURFACE CONDITIONS Level dirt surface 

BORING 2 Page 1 of 1 

CORRECTED BLOW COUNTS (blows/ft) BOUNCE PRESSURE (psi) 
0 so 100 150 200 10 30 

0 

20 

40 ._ 
I 

( 60 

80 
-;--
Qj 
Qj 

-- - - ~ 

!!:. 
::c 
I- 100 Q. 
w 
0 

1991 SURFACE 

120 

140 

160 

180 

I 

0916.0070 

G1-70



( 

( 

IR . INE BLOW COUNT COMPARISON 

-;t: -Ill ;: 
0 
:E -C 

(0 

z 
en 
I-z 
=> 
0 u 
3: 
0 
...J 
ca 
I-a. 
en 
I-z 
w 
...J 

~ 
=> 
0 w 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH# 2 

MEASURED AND INTERPRETED BLOW COUNTS 

300 ~----~- -------- -------~ 

- Boring 2 - Becker 

- Boring 2 - Vs 

250 -------+----------+------------+---------< 

200 

150 

100 

50 

0 50 100 

DEPTH (feet) 

150 200 

0916.0071 
G1-71



( 

( 

( 

LOG OF BORINGS 

SURFACE ELEVATION 398 feet 

PROJECT 

DRILL DATE 

LOG DATE 

LOGGED BY 
DRILL TYPE 

DIAMETER 

DRILLING CONTRACTOR GREAT WEST DRILLING 

SURFACE CONDITIONS Level dirt surface 

IC 07034-1 NU-WAY 

10/17/2007 

10/17/2007 

JAi 

BECKER HAMMER - CLOSED BIT 

8 INCHES 

BORING 3 Page 1 of 1 

... 
Ql 

~ 
::c 

0 

20 

40 

60 

80 

Ii: 100 
w 
0 

120 

140 

160 

180 

0 
CORRECTED BLOW COUNTS (blows/ft) BOUNCE PRESSURE (psi) 
so 100 150 200 10 30 

1 91 S..U.RFACE_ . 

0916.0072 

G1-72



( 

-= -1// 
3: 
0 
.c -( Q 

U) 

z 
en 
I-
z 
::> 
0 
(.) 

3: 
0 
...J 
al 
I-
a. en 
I-
z 
w 
...J 

~ 
::> 
0 w 

( 

BLOW COUNT COMPARISON 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GEOTECHN!.CAL fn c GRAPH# 3 

MEASURED AND INTERPRETED BLOW COUNTS 

300 ---.------------.-------- ---,---------.---- ------, 

- Boring 3 • Becker 

- Boring 3 • Vs 

250 +---------+--------+-- - - - ---+---- ----; 

200 

150 

100 

50 

0 50 100 

DEPTH (feet) 

150 200 

0916.0073 

G1-73



( 
~ LOG OF BORINGS 

i R ·v N E " 

, PROJECT IC 07034-1 NU-WAY , 
I DRILL DATE 10/18/2007 

LOG DATE 10/18/2007 

LOGGED BY JAi 
GEOTECHNICAL Inc DRILL TYPE BECKER HAMMER - CLOSED BIT 

DIAMETER 8 INCHES 

SURFACE ELEVATION 405 feet 

DRILLING CONTRACTOR GREAT WEST DRILLING 

SURFACE CONDITIONS Level dirt surface 

BORING 4 Page 1 of 1 

CORRECTED BLOW COUNTS (blows/ft) BOUNCE PRESSURE (psi) 
0 so 100 150 200 10 30 

0 

~ .. ~ ---

-- ---· · -- 7· --

20 
< ..-.,-. ..::---

- - -- .. --· 

" ~ -- " -- --

" -- -- ---• 
40 

C: 

__.r -- --

( 
-~ - - -

- -- -- ,:.. 1 
--- - • 60 

l = ~ ---
- ---- -- -

- . 
-- .... " - --

~ 

80 -
- - - -- ---... 

<IJ - -- - ---
<IJ ::. 

~ 
-

:c: - - --
I-

. 
c.. 100 
w ~- -- --- -- ---0 

~ . --- - " -- --, --... 
. -- • --- --- ---• -- --··· --- -- -- -- --

120 
~ 

--- 991.SU.REACE - --
· ··- - --- -- --

- - ---

. -- --- ---
140 

---· -- - . - -- -~· ----
-- -- - ------ --- -

160 
. - ··- -- - - ~ --r - -- - ··---- -- - -

- . - - ---- - -- - -- -- ------
-- - - - --- -----·-· 

180 
-1 -

~ -
- - -- - -- -- -

-- ··- --- ---- -- ---- -- ---------

( -

0916.0074 

G1-74



( 

( I 

( 

~RVI \JE BLOW COUNT COMPARISON 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH# 4 

MEASURED AND INTERPRETED BLOW COUNTS 

300 

- Boring 4 - Becker 

- Boring 4 - Vs 

250 

-,t: -II) ;: 
200 0 

J:l -0 
<I:> 

z 
(,/) 
I-
z 
=> 150 
0 
(.) 

~ 
0 
..J 
CD 
I- 100 a. 
(,/) ~ 
I-
z w 
..J ~ 

~ 

' l.& ~ 
~ 
=> 50 0 w 

- 1-
l 1 ~ t ljr:v "6. 

0 

0 50 

·~ 

~ 

I o 
' J 1£ 

r ·r 
~ 

100 

DEPTH (feet) 

~ 

' 

~ 
~ 
~ 

"" 
IJ 

• ~ 
t ' 

~ 
• 

~A 

I 

150 200 

0916.0075 

G1-75



( 
J LOG OF BORINGS 

I RV E 
., . 

- C 

PROJECT IC 07034-1 NU-WAY 
I DRILL DATE 10/19/2007 

/4TECHNICAL 

LOG DATE 10/19/2007 

LOGGED BY JAi 
inc DRILL TYPE BECKER HAMMER - CLOSED BIT 

DIAMETER 8 INCHES 

SURFACE ELEVATION 405 feet 

DRILLING CONTRACTOR GREAT WEST DRILLING 

SURFACE CONDITIONS Level dirt surface 

BORING 5 Page 1 of 1 

CORRECTED BLOW COUNTS (blows/ft} BOUNCE PRESSURE (psi) 
0 so 100 150 200 10 30 

( 

0 

~ ~ - -
-~ ---

- - -· ·--· -----

- - ~ ~---

20 

-~ 

-~~ - - ;,,.· ···· 

. . . .. .. 
~ -:a-- - -- . --- --

40 
~ -

.s:_- -- -. 
-- - .. -- ---~: ~ -

·• - 4- .. 

~ 
60 ---...... - - ·- - -

- ... ~ ------- - -- -- - --- --

- - - ·---- - - - - - -- . -- - ------- -- - ---------

- -- ------

80 - -~ --.... 
QI 

- ~ - ~ 
QI 
::. --

::c .. ---- -
I- 100 CL ille:'. .... u.J 
0 - -- ---- --- . --

- -- . - - - ~ -

-- -·--- -- -- - ~-~---~-
- -

120 -.,.;____.,_ 
. --- -- 1991SURF, ~CE .... - - -- ··-

- -- - - -· - -
-·-··- -- - - --

- - . . ~- - -- --- - ---

140 

' - - . -- -··· .. .. - -- --- - ----- -- ·- - - - - - . ---

- --
-- - ~ - ... 

-- --
160 

- - -- ~ ---- - - -- --

--· -- - . - - -

------- -- - --- --- -- - - . ----· - --- -·--

180 
- - . - - - -- ---· -

11 
- ·- -- - - -- - - --- --· ------ - --- ---·-· -- -

0916.0076 

G1-76



( 

-= -t/1 
3: 
0 

::c -( C> 

"" z 
en 
I-
z 
::> 
0 
(.) 

3: 
0 
...J 
cc 
I-
C. en 
I-
z 
w 
...J 

~ 
::> 
0 w 

BLOW COUNT COMPARISON 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH# 5 

MEASURED AND INTERPRETED BLOW COUNTS 

300 ~-----~- - ---~-- --- ~-----~ 

-tr- Boring 5 - Becker 

- Boring 5 - Vs 

250 -+---- - -+--------+--- ---+------------l 

200 

150 

100 

50 

0 50 100 

DEPTH (feet) 

150 200 

0916.0077 
G1-77



( I RVI ' E 
LOG OF BORINGS 

PROJECT IC 07034-1 NU-WAY 
I DRILL DATE 10/22/2007 .. 

LOG DATE 10/24/2007 

LOGGED BY JAi 
GEOTECf-{NICAL inc DRILL TYPE BECKER HAMMER - CLOSED BIT 

DIAMETER 8 INCHES 

SURFACE ELEVATION 404 feet 

DRILLING CONTRACTOR GREAT WEST DRILLING 

SURFACE CONDITIONS Level dirt surface 

BORING 6 Page 1 of 1 

CORRECTED BLOW COUNTS (blows/ft} BOUNCE PRESSURE (psi) 
0 50 100 150 200 10 30 

0 

? . -·- 1--·· 
·--·----·· -· 

20 

. 

' .. ···.··· t -. -- . 

.. - - ·- -

40 • L -- . ·- ~ 

~ 
. 

. - - -- . 

( ~ - -1-
. . ... - -- ·- --- .. 

.. -- -·· 

60 
-- ~:-"' ··- . .. - -· -- .. .. ---,_ 

- -----. 
. - ·-· . .. 

80 
~ 

... ~ _ §. QI 
QI . 
::. .. 

::c . . 

~ 100 -c.. 
-- ~ U.I 

-· ···- ~---Cl 
----

I 
- - . - . . -~-----------. - - - -- - -- - -- -~- -- .. -· - - --

120 .. -
- ··--- . 1991..SUR AC ·•··· ·- ~. . . . ·- -

. -- ·-
---- -- ... -

140 -
41b-.,.. ·- .. -·· ·-- - -- --- - .•. ... BA£t -Gf... ILL . ---- - --- .. - ... --

---- - - . --
... -- - .. -- --- ----------- -·-

160 
. - . - -- --- ··-···-··------ . .. 

. -- ·---·- - ------- -----~- -
. - -·--·-------- --------------- ---

- --- -- --- --- --- -- -

180 

I 
- --- --- · -·· ·- ---- --

--· -· ··------ ··--•-·------- ---

0916.0078 

G1-78



( 

( 

( 

IR I BLOW COUNT COMPARISON 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH# 6 

MEASURED AND INTERPRETED BLOW COUNTS 

300 

- Boring 6 - Becker 

- Boring 6 - Vs 

250 

-= -(/j 

3:: 200 0 :c -0 
<&> 

z 
en 
I-
z 
::> 150 
0 u 
:l: 
0 
..J 
CJ 
I- 100 a. 
en 
I-
z 
w 
..J 

~ 
::> 50 a 
w 

'l 

~.~ II \ 
0 

0 50 

• 

' 

' 

I 

I 

~ fl ~· 

100 

DEPTH (feet) 

I ' 

,J I 

~- I 

' 

j 

y 

150 200 

0916.0079 
G1-79



( 

( 

0916.0080 

G1-80



( 

-= -Ill 
3: 
0 

( 
:2i -0 

CJ) 

z 
en 
I-z 
::::> 
0 u 
3: 
0 
...J 
CIJ 
I-
a. 
en 
I-z 
w 
...J 

~ 
::::> 
0 w 

NAVFAC DENSITY 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH# 1 - Borings 1 - 3 

ESTIMATED COMPACTNESS FROM SPT BLOW COUNTS 
MODIFIED FROM NAVFAC FIG.1 7.1-14 

200 -----~-----~-----~----~ 
--l!}- Boring 1 

- soring 2 

180 -.:,- Boring 3 --t-----L__ _ _ ~__r----t----- -----t---------t------------1 

160 +-----------l----- --+----- --+---- -----1 

140 

...., 
120 

~ 
0 
L.f1 

100 

80 

60 

40 

20 

VERY LOOSE 

0 ..... , ---~---~-~-~---~- -~--~~~~~------i 
0.0 2.0 4.0 6.0 8.0 

VERTICAL EFFECTIVE STRESS (tsf) 

0916.0081 

G1-81



( 

( 

0916.0082 

G1-82



( 

( 

( 

0 
tD z 

en 
1-z 
::> 
0 u 
:: 
0 
..J 
ca 
I­
C.. 
en 
1-z 
w 
..J 

~ 
::> a 
w 

NAVFAC DENSITY 

IC: 07034 CONSULT: JAi 
CLIENT: IC 07034-1 NU-WAY 

GRAPH # 1 - Borings 4 - 6 

ESTIMATED COMPACTNESS FROM SPT BLOW COUNTS 
MODIFIED FROM NAVFAC FIG.1 7.1-14 

200 -,--.!1.--8-ori-ng-4--.------ ---,---------.--- --=,-,---~ 

- soring 5 
180 - -;..- Boring 6 ,___,_ _____ --+-__________ __...,,_,__ _ __, 

, - ' 160 +-------+----t--+--- -+-----~--+---t-+-~- ----, 
i +-

~ i 
; I 
LI') I 140 --t-- -------t---T-~_-t------t------i,t------t-----1-tttilt-------t 

VERY [ ENSE , ./ 

120 --t-------+-----t----+-----,1+----;--l--~-• ';(-+-tHU.,:---,I - ~---,.., ~I ... 
/ , 

' 

I~ 

0.0 2.0 4.0 6.0 8.0 

VERTICAL EFFECTIVE STRESS (tsf) 

0916.0083 
G1-83



( 

( 

( 

PROJECT NAHE 
PROJECT NO 
DATE STARTED 
SUBCONTRACTOR 
GROUND \/ATER ELEV 
TYPE OF DRILL RIG 

-

:> 
w 
.J 
w 

- 280-

-

5-

-

- 275-

- -
- -

10-

-

- 270-

- -

15-

- 265-

- -

- -

X 

X 

X 

Nu-W;iy 
90346--00 
W/13/90 

Layne Environmental 

Rotary Wash 

I- C 
~ a 
(l)Q:a: 
30' 
0 a: 
.J 0 
GI Cl> 

3/5 

5/7 

6/8 

0 
H 
XCJ 
Q.O 
([.J 
a: 
CJ .... 

..... 

. . 

.o ... 
, . 

, 
0 

... 
a ... 

.. ., 
" .. ·.o 

.:.-~ :.: 
-.~- . • o 

: ... 
o· .. . . 

.. ' -·' 
~ 0 :: 
•: .. ... 
.. ·•· 
'?.:-:-: 

20- X 6/10 · •. o:-
-

- 260-

-
- -

25-
X 7/10 

-
- 255-

-
- -

... ,. 

:o- ;_ 

: ·Q: 
, -: : ... ,,, 

I-~:_-:: 
: ... _ ' 
. , o' ~---· ~ 

... _ . 
. o .. ·. 
~·:-. ~:: 30-

X 6/10 · -o. 

- 250-

--

SAMPLE TYPES: 

[c) ROCK CORE 

(]] SP LI T SPOON 
([] DR IVE SAHPLE 

I-• - -

. . . 
;, -.:. · .. 
.:, .. -· --- -
. . : 0 
-· .. . .. 

(]] BULK SANPLE 

(II TUBE SAHPLE 

lil::.UTEGHNIGAL BORING LUG SHEET l OF I 

13 
a 
::> 
1-
H 
I­
I­
([ 

DATE FINISHED 
LOGGED BY 
G\I DEPTH (FT) 
DRIVE \IT (LBS) 

<Y')/13/90 
ALB 

140 

BORING DESIG. 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNICALDESCRIPTION 

ARJJEJCIAI Fill <Uncertified> Afu• 
i 0' - 5': Sjlty Sand, tan-gray, dry, loose, fine 

to medi~grained, trace pebbles (up to 1-inch 
diameter), beach type sand • 

i 10': Same as above, moist, firm 

-

w~ 
a: 1-
:::> Z 
1-W 
(I) 1-
HZ 
00 :co 

B-1 

6" 
2820 

12· 

IL>- :rffi 0 
0 I- a:l-1- H Ill 
11.H ([<!IW (!I Ill 

(1) 1wz:c o 1-
>- z ,;;a:~~ .J0 o 
tr W "''I-,.. Ill :z 
00 Cll~ l!I 

SM 

-~1.0 62.7 

al 15': Same as at 10', trace rOtn:led cobbles (up -~.1 ~-1 
to 2-inch diameter) • 

i 20': Same as at 15'. 

al 25': Same as at 20', wet to saturated, 
occasional fine a..ilJ: and cl.ay laminae (up to 
1/16" th{ck), mediun brown, wet, firm. 

Q 30': Same as at 20', moderate n.lt and ill)' -~9.0 90.5 
laminae (up to 1/8" thick), mediun brown, wet, 
soft, laminated surfaces. 

ALLVYJU1 cgal>: 
Q 35': Sjlty sand, light brown, abundant rounded 

cobbles 
Total depth= 40' 
No groundwater encountered 
No caving 

GU WHILE DRILLING 
GU HRS. m CONT ACT 
BEDDING PLANE II] FAULT 
JOINTING [[) SHEAR 

ZEISER 
GEOTECHNICAL,lnc. 

GH 

0916.0084 

G1-84



( 

( 

PROJECT NAME 
PROJECT NO 
OATE STARTED 
SUBCONTRACTOR 

Nu-Way 
90346-00 
09/13/90 

Layne Environmental 
GROONO IJATER ELEV _______ _ 

TYPE OF OR ll l RIG -~R=o=ta=ry.,__W~as=h~-

-
-
- 280-

-

-
5- X 
-
- 275-

-

-
10-

X 
-

270-

-
-

15- X 

265-

-
-

.,_ 0 U 
~ G H 
o,a:a: X C!J 
:Jo' 11. o 
0 a: <[.J 
.J u a: 
m in a 

.. 
- .. 1-----... 
...... ,. 
' ' 

617 .. 

7/8 

9/11 

... ... 

.,_ __ ---
, .... .. .. .. 

--= 

-- -. -- -
'! . . 

.... · . 
' ... 
. ·. ,__ -

20- X 9/12 .:. _; _ 

. 260-

. . 

. 

25- X 

255-

-

-

30- X 
-
- 250-

-
-

35-

-
- 245-

-

-
-

SAMPLE TYPES; 

m ROCK CORE 
I]] SPLIT SPOON 
[QJ DRIVE SAMPLE 

10/15 

11/14 

[[] 
II) 

,,··:'•• 
. : . .. - ... -

-.... .. 
: . : 

. . . . · ... _. 
-----... ' .. 

... ·: .. 

.. .. . 
: •• •• 

-·. . 

..... 
··. :· 

o. ~ 

.·o· ... 

BULK SAMPLE 
TUBE SAMPLE 

GEOTECHNICAL BORING LOG 

Ill 
0 ::, ... 
H ... ... 
<[ 

DATE FINISHED 
LOGGED BY 
GIJ DEPTH (FT) 
DRIVE IJT (LBS) 

09/13/'XJ 
ALB 

140 

BORING DESIG. 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNJCAL DESCRIPTION 

ARTIFICIAi Fill (Uoc:crtjfjed) Afu, 
Q 0' - 5': Silty sand, tan-gray,~. loose to 

firm, fine to lllediua grained, beach type sand, 
trace silt laminae (1/16" thick), mediun brown, 
t00i st, fi nn. 

8-2 

6' 
2820 

12· 

- ~-2 !;)2.5 

~ 
~ 
ill 
QJ 

Q 10': Same as at 5'. 

a 15': Same as at 10' . 

Q 20•: Same as at 15', ~ to moist, loose to 
firm. 

-a 25': Same as at 20' . 

-

@ 37': Minor cobbles. 

GIi \IHILE DRILLING 
GIi HRS. ill CONU.CT ZEISER 
BEDDING PLANE II] FAULT GEOTECHNICAL,lnc. 
JOINTING I]] SHEAR 

SHEET 1 OF 2 

SH 

I 
0916.0085 

G1-85



( 

( 

( 

PROJECT NAME 
PROJECT NO 
DATE STARTED 
SUBCONTRACTOR 
GROOND WATER ELEV 
TYPE OF DRILL RIG 

~ 
Ill 
.J 
Ill 

- 240-

-

45- -

- 235-

- -

SAMPLE TYPES: 

~ ROCK CORE 

X 

m SPLIT SPOON 
II] DRIVE SAMPLE 

Nu-Way 
90346-00 
09/13/90 

Layne Environmental 

Rotary Wash 

t- 0 
~ a 
(1)0: 0: 
30, 
0 0: 
.J 0 m V> 

13/12 

I]] 
[I] 

0 
H 
J:CJ a. 0 
([.J 
0: 
CJ 

... 
. . . . . ..... 

. - . 
. . -

BULK SAMPLE 
TUBE SAMPLE 

GEOTECHNICAL BORING LOG 

~ 

DATE FIN I SHED 
LOGGED BY 
G\I DEPTH (FT) 
DRIVE \IT (LBS) 

09/13/90 
ALB 

140 

BORING DESIG. 
STATION 
DIAMETER 
GSE 
DROP 

0 
:::> 
t­
H 
t­
t­
([ 

GEOTECHNICAL DESCRIPTION 

B-2 

6· 
282,0 
12" 

Q 40': Silty sand, tan-gray, wet to saturated, 
finn, fine to mediua grained, beach type sand . 

29.5 !i>7.5 

:!'. 
f 
ill 
Q] 

-
Al UNIUN caal), 
ol 46': Sj lty sand, light brown, abundant rounded 

cobbles. 

Total depth= 50' 
No groundwater encOU'ltered 
No caving 

G\J I.IHI LE DR ILL ING 
Gil HRS. IT] CONTACT 
BEDDING PLANE [I] FAULT 
JOINTING m SHEAR 

ZEISER 
GEOTECHNICAL,lnc. 

SHEET 20F2 

-
GM 

I 
0916.0086 

G1-86



( 

( 

( 

PROJECT NAME 
PROJECT NO 

Nu-Way 
90346-00 
09/18/90 DATE STARTED 

SUBCONTRACTOR 
GROUND WATER ELEV 
TYPE OF DRILL RIG 

Layne Environmental 

CME750 

::> 
w 
..I w 

- 280-

-

-
275--+--i 

-
- -
- -

10-
2 

210--+--i 

... 0 
\ G 
., o:O: 
30, 
0 0: 
J u 
II fl 

12/15 

10/17 

u 
H 
:CCI 
ILO 
<I..I 
0: 
Cl 

- ;--

-
0. -.--~ 
·P- •• . . ~-: 
-;-Q'...~.: 
:o: :-:~ 
~--:·j: 
.(~~~ 
o . ·; :: 
o·:.~· 

·o . . 
'· o· ~- :-~: 
. . o ·.·. 
o~._,O 
;c·~,/ 

15-
o·.·o:j 
:c ·.' 

3 8/50·2' '>.:·~ .. ~ 
265-+--+--i ·" .. 0 

:·.; ~: 
o • . I 
.'ti:: . ·t,· -~ ..... 
·-: "· 20- D. ·· 

4 32/55 •:o. · 
- 2601-+-+-----i 0 ·~-~ 

- -
25 - 48/45 

- 255 ....,_--+--I 30/44 

-
-

30-
5 21/34 

SAMPLE TYPES: 

m ROCK CORE [ID 

rn SPLIT SPOON rn 
[I] DRIVE SAMPLE 

D.' ?. :: 
.. o .o 
o_ . ;-, 

:~_:.fi.: 
"·' o: . ,,.,. 
~ ... : ( .. 
·O • • 

... . . · • . . 

BULK SAMPLE 
TUBE SAMPLE 

l:it::.U I t:t,;HNlt,;AL 1:iUHINl:i LUl:i SHEET I 01' I 

w 
0 
::> ... 
H ... ... 
([ 

DATE FINISHED 
LOGGED BY 
Gil DEPTH C FT) 
DRIVE WT (LBS) 

09/18/90 
MJH 

140 

BORING DESIG. 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNICAL DESCRIPTION 

ARTIFICIAi FIi I {Uncertified) Afu: 
i O - 2.5': Sandy Clay. light yellow-brown, 

dry/dessicated, shrinlc.age cracks to 81111 x 2.50. 

i 2.5•: Hard drilling (boulder/cobble) to 4.5•. 

&rnNJUf {Gall: 
i 5': Silty aaocf and sandy clay, 1 ight 

yellow·brown and inediU11 brown, dry to slightly 
moist, friable to soft. 

i 5' • 31': Spoil is al1110St entirely coarse 
gravel and small cobbles to 4" diameter, 
we l l - rounded. 

Ill~ 
0: ... 
::>Z 
t-11 ,,. .. 
HZ 
00 
:cu 

B--3 

6" 

2810 
30" 

• 10•: Gravelly HQd, slightly silty, mediU11 -g,4 h17.' 

J: 
~ 
[ID 
III 

orange-brown, slightly 1110ist to moist, loose, 
cohesionless, fine to lllediun grained, gravel to 
2+" di8111eter • 

i 13': Hard drilling to 14'. 

i 15': 211 X 311 clast blocking s~ler, with fine -
to mediun grained,mediUII brown sand. 

- Hard drilling • 

.. 
i 20': Gravelly uod (slightly silty), mediUII -r,.6 h28.t 

brown, fine to rnediun grained, moist, loose to 
mediUII dense, cohesionless, sli>-rounded to 
well ·rounded fine to medil.111 gravel, 111 to 211 

diameter. 

i 25': 

al 26•: 

al 27': 

No recovery. 

No recovery • 

Easy drill ing to 30' . 

-

al 30': Grayellv sand, slightly silty, mediun -~.9 
brown, moist, loose, cohesiooless, cobbles and / 

1 gravel are well-rounded to very well·rounded. 
Total deptn = .)l' 
No groundwater encountered 
No caving 

GIi I/HILE DRILLING 
Gil HRS. m CONTACT 
BEDDING PLANE [I] FAULT 
JOINTING rn SHEAR 

ZEISER 
GE0TECHNICAL,lnc. 

122.7 

Cl 

GP 

SM/CL 

GP 

I 
0916.0087 

G1-87



( 

( 

PROJECT NAME 
PROJECT NO 
DATE STARTED 
SUBCONTRACTOR 
GROUND WATER ELEV 
TYPE OF DRILL RIG 

n 

-
-
-

5- 275 

-
-
-
-

10- 270 
2 

-
-

-
-

15- 265 3 
-
- -

- -
-

20- 260 4 
-
-
- -
- -

25- 255 5 
-
- -

- -

- -

Nu-Way 
90346--00 
09/17/90 

Layne Environmental 

CME750 

I- 0 
~ a 
en a: a: 
30' 
0 a: 
.J 0 
m cn 

1- 12" 

0 
H 
Iel 
ll.O 
([J 
a: 
e, 

: .,.. ... 
:-__ --.;: 

===-....... ,~.-:~ ,_ __ 
...... 
,_ - -....... 
,- - -ti •• -- -­........ 

3/3 .- - -
P• • ••• 

.... - -
t-- - -· 
4· ••• • 

6/7 ,· . -~ 

7/9 

6/16 

. , .. - .. . . . ' ., ..... 
1_ ··: :· 

..... - :· . . .. • 
., • •I• ........ ... .. 
~ .,· .. . ~ -· ... 

... · ·­-· .. 
.. · .... - - -

,- - -

-- --· . .. 

GEOTECHNICAL BORING LUG SHEET 1 OF! 

in 
C 
::> 
1-
H 
I­
I­
([ 

DATE FINISHED 
LOGGED BY 
G\I DEPTH (FT) 
DRIVE WT (LBS) 

ffi/17/90 
MJH 

140 

BORING DESIG . 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNICAL DESCRIPTION 

ARTIFICIAi FILL (Uncectified> Afu· 
i 0' - 30.5': Sjlty clay with Hild, medilJ'tl 

gray-brown, dry to wet, hard to very soft, 
friable where dry, plastic where wet, shrinkage 
cracks to 8111,1 X 3 1D, L4JPennost 611 is dry, very 
well layered with fine laminations. 

w~ 
a:: 1-
::::> Z 
I- Ill 
0) 1-
HZ 
00 
I:O 

6" 
1.80,0 

30• 

IL • I 0 
01-0:I- HUI 
ll.1-4<[CI Clw en wz o .,_ 

z~W .J 0 
>-wenlt:1 °w z 
~C t;<I Cl 

IL 
Ml/CL 

i 5': Cl.a¥, medil.m brown, with .u..Lt, wet, soft, -~0.7 B9.1 
plastic to liquid, with &aa:f, mediun gray, fine 

Cl/ML 

gravel, very mist, mediun dense (in tip) 

i 10': t:llll!' with Hild, as above at 5': clay is 
slightly redder in color, sand and clay are 
interlayered (laminae approximately 111+ 
thickness). 

i 15': ~. mediun brown-gray, 1110ist, loose to -5.9 ~7.1 
moderately dense, fine grained, micaceous. 

i 17': Perched water. 

i 20': Saad, as above at 15' • 

al 25': Cl.a¥ with &aDCI, as above at 10'. - 42.4 176.2 

Cl/SC 

CL/SC 

1--3_0_,--1--_2_5_0~i'="::..:;-,:-.... ,.-... ~-'it""l-n•~""'-4-,-:-~. --·~:--+-------ial 30 1
: t..l.a¥, as above at 10', with sandy gravel ~47.5 175.4 

o·.·:;.11 at tip, wet, fine to medilJ'tl grained, loose with 
well-rounded gravel. 

SAMPLE TYPES: 
(i;] ROCK CORE 

ill SPLIT SPOON 

[[) DRIVE SAMPLE 

[]D BULK SAMPLE 
[I) TUBE SAMPLE 

Al IIJYll.lf 
al 30.5 1 : Sandy gravel. fine to mediLrTI grained, 

wet, loose. 
Total depth= 31 

~ater encountered at 17' 
No caving 

~ GY WHILE DRILLING 
~ GW HRS. (g CONTACT 
00 BEDDING PLAIIE [TI FAULT 
Q] JOINTING III SHEAR 

ZEISER 
GEOTECHNICAL,lnc. 

GP 

0916.0088 

G1-88



( 

( 

PROJECT NAME 
PROJECT NO 

Nu-Way 
90346-00 
09/18/90 DATE STARTED 

SU8COIHRACTOR 
GROUND WATER ELEV 
TYPE OF DRILL RIG 

Layne Environmental 

-
280-

-

CME750 

I- 0 
~ G 
(1)0:a: 
:30' 
0 a: 
.J 0 m ., 

0 
H 
J: Cl 
0..0 
([ .J 
a: 
Cl 

--­.... ~ 

- · -

~--
5- 1 1-1211 .... - -

- 275-1--+--i 

- -
- -
- -

10-
2 

- 270--1--+--i 

- -
- -

15- 3 

SAMPLE TYPES: 

m ROCK CORE 
I]] SPLIT SPOON 
[QJ DRIVE SAMPLE 

1 ·12" 

75-611 

[[] 
[TI 

-· -
t,. ·: t 

.;."-1,·· 
• p • 

.;:.t)· :t, 
: ·o: 
!'. ·o: 

BULK SAMPLE 
TUBE SAMPLE 

GEOTECHNICAL BORING LOG 

::l 
0 ::, 
1-
H ... 
1-
<t 

DATE FINISHED 
LOGGED BY 
GW DEPTH ( FT) 
ORl\le WT (LBS) 

09/18/90 
Mm 

140 

BORING OESIG. 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNICAL DESCRIPTION 

ARTIFICIAi FILL (Uocectifiedl Afy· 

B-5 

6" 
281 O 
30" 

i 5': $.Body Clay to Clayr:y Sand, dark brown, very p2.1 ~9.3 
moist to wet, soft, plastic to liquid 
consistency. 

i 10': Clay. with silt, medil.JII brown, wet, soft, - ~.6 r.6.8 
plastic. 

Al I INJIII <Aal > 
al 12': Harder drilling, gravel in spoil. 

SHEET 1 OF 1 

CL/SC 

Cl/Hl 

GP/SP 

al 15': Sandy aravel to arayclly sand, wet, loose -r,.9 
to moderately dense, lllediun to coarse sand with'/ 
fine to inediU11 gravel, occasional clasts to 311 

~21.~ 

~ 
~ 
Iii 
Q] 

II diameter. 
Total depth= 16' 
No groundwater encOlrltered 
No caving 

Gil llHILE DRILLING 
Gil HRS. [kl CONTACT 
BEDDING PLANE [II FAULT 
JOINTING rn SHEAR • ZEISER 

GEOTECHNICAL,lnc. 
~J 

0916.0089 

G1-89



( 

( 

PROJECT NAHE 
PROJECT NO 
DATE STARTED 
SUBCONTRACTOR 
GROUND WATER ELEV 
TYPE OF DRILL RIG 

- -
- 280-

- -

- -
5-

-
275-

- -
- -

10- 2 
-

- 270-

- -
- -

15-
3 

-
- 265-

- -

-
20-

4 

260-

. 

- . 

25- 5 

------
-

- -

30-
6 

-
- 250-

-

- -
35- -

SAMPLE TYPES: 
[fJ ROCK CORE 
(]] SPLIT SPOON 
(Q] DR IVE SAMPLE 

Nu-Way 
90346-00 
09/18/90 

Layne Environmental 

CME750 

... 0 
~ CJ 
en a: a: 
30, 
0 a: 
.J (J 
m cn 

5/6 

2/3 

1/2 

3/3 

3/3 

24/28 

0 
H 
XCI 
D..O 
C[ .J 
a: 
Cl 

...... .. . 
.. : \. . . . 

... : . 
..... . . 

- .. 

i,-• - -.... . ....... ----·-

1-, -· -·· ·· .:....--
f,,.. - •• 
_.: : ..... 
-·-· . -· -.. ..... 
i----· 
L-. -· - -
-·-

------ - -
o: :o· 
'e, 

.'' ~l> 
o·.: 
_.~ .a 
0 •• ... 

• Q. 

•D 
10 :- :. 
.. ". ,,,_:. 
__ ._'! .. v 
'o . o·: :·a:_.c 

(]] BULK SAMPLE 
(TI TUBE SAMPLE 

l:it:.U I t:.t;HNlt;AL t:SUtUNl:i LUu 

::l 
C 
:::i .. 
H .. 
1-
<r 

DATE FINISllED 
LOGGED BY 
~ DEPTH (FT) 
DRIVE WT (LBS) 

09/18/90 
MJH 

140 

BORING DESIG. 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNICAL DESCRIPTION 

6RllflC141 EILL <Uoc:ectitied) Afu• 
i o• - 20': illlld, light yellow-brown, dry to 

1110ist, loose, very fine to fine grained, very 
clean beach-type sand, ~icaceous • 

6" 
2820 

30• 

i 5': Sand as above. -,_9 90.2 

i 10 ': Sjlty sand, medil.n gray-brown, very moist, -~0.2 li>1.1 
loose to medii.n fine grained, with interlayered 
clayey sjlt laminae, 1/10" thick, micaceous. 

al 15•: No recovery, trace fine sand in &Bll'pler. 

al 20': sjlty clay, medi1.111 brown, very moist to 
wet, soft, plastic. 

-

- ,.4.0 178.2 

al 25': tla¥, as above at 20', with lenses of fine -1+6.2 75.2 
sand, dark gray, micaceous, clean, loose to 
medii.in, very moist. 

Al I lNillt coal} 
cil 27': Harder dri LI ing. 

cil 30': Cobble blocking safll>ler - no recovery. 

-
cil 35': Sand)' gravel/gravelly sand, mediun 

orange-brown, very moist, loose to moderately f 
dense, mediun to coarse sand with fine to 
medi1.111 well-round~ gravel, clasts to 2" 
diameter. 

Total depth~ 36' 
No groundwater encountered 
Un ,..~,.~ · nn 

~ GW WHILE DRILLING 
~ GW HRS. ~ COMTACT 
(ID BEOO I NG PLANE II] FAULT 
QJ JO I NT I NG (]] SHEAR 

ZEISER 
GE0TECHNICAL,Jnc. 

SllEET 1 OF I 

SM 

Cl 

Cl/SC 

GP/SP 

0916.0090 
G1-90



( 

( 

PROJECT MAME 
PROJECT MO 
DATE STARTED 
SUBCONTRACTOR 

Nu-Way 
90346--00 
fl)/18/90 

Layne Environmental 
GROUND WATER ELEV---,-~-=---
TYPE OF DRILL RIG CME750 

-
- -

- -

- 285-

-

5-

-
280-

- -
10-

-
-

275-

- -
15-

. 

. -

. 270-

. -
20-

. 

. 

265-

. 

25-

-
260-

:so-

-
255-

-

3S-

2 

3 

4 

5 

I- 0 (l 
~ CY M 
e,o::O:: :I: Cl 
30 '\. D. O 
0 0:: <:I ...I 
...I (l 0:: 
m G> Cl 

28/50 

4/5 

7/9 

- -­. - ·-
-·.-:-"-____ '":. 

.. 

. o . • 
(1. 

~ ... 

t-. -· 

to-•- · 

. - ·-~ : :.....·. 
-~·.·..: 
.::_.;:...: 

t-. - · 

5/7 . - . -

17/28 

:--_::.:. 
.... . 
'. •_:...·.· .. 

-: ... :· .. •....;.. 

·.· •··•·t 
b . P · .. 

. . ·o 
o· .. :o 

·~ .. :-:-~-
v .· 
.:-..: =.. 
. () . ,· 

6 30/15 _b :_ ~ 

o .. o·• 
~ --. 0 

1 50-4" •;,.· v· 
,' -• . 

SAMPLE TYPES: 

rn ROCK CORE I]] BULK SAMPLE 

rn SPLIT SPOON IT] TUBE SAMPLE 
[[I DRIVE SAMPLE 

lil::OTECHNICAL HUHINLi LULi SHEET 1 OF! 

Ill 
0 
::> 
1-
H 
I­
I­
<l 

B-7 
DATE FINISHED 
LOGGED BY 

W/18/90 
MJH 

BORING DESIG . 
STATIO!I 
DIAMETER 6" 

Gil DEPTH (FT) 
DRIVE Ill (LBS) 140 

GSE 
DROP 

288,0 
30• 

X 
~ 
[jJ 
QJ 

GEOTECHNICAL DESCRIPTION 

ARTIFICIAL FILL (lh;ertified> Ahr 
• O - 25': Sjlty clay to cllll!!Y silt, dark gray 

to black, mist, very plastic, with trace sand. 

wx 
0:: 1-
::> Z 
1-W 
II) 1-
HZ 
00 :cu 

al 5': Silty sand, with gravel, dark red-brown, -~8.0 ~08.t 
slightly mist to 110ist, low plasticity, gravel 
to 1/2", well r~. 

• 10': Clayey Hrd to cllll!!Y sHt, dark 
gray-green, mist, fi1'111, non-plastic. 

al 15•: Sandy silt with clay, dark green-gray, 
moist, finn, non-plastic • 

al 20': SArJdr silt es above et 15'. 

ii) 25': Upper 611 : uodr 1,ilt es above 20'. lower -37.1 84.5 
611

: mediun grained .a.aod, lllediun orange-brown, / 
poorly graded, clean, very moist • 

Al I WILM (Qal) 
al 26': Hard drilling. 

al 30': Gravelly sand, mediun to coarse grained, -~.3 1117.1 
mediun orange-brown, very moist, moderately 
dense, well-rcxrided clasts, with interbedded 
clayey sandy sjlt, very moist, firm, 
wel I-bedded. 

al 35 1 : Cobble blocking sa~ler tip, trace gravel -g1 .o 104.; 
with coarse sand in sa~ler, very moist. / 

Total depth: 36' 
No groundwater encountered 
Mo caving 

GIJ IJH I LE DR I lll NG 
GIJ HRS. m CONTACT 
BEODIMG PLANE m FAULT 
JOINTIMG I]] SHEAR 

ZEISER 
GEOTECHNICAL,lnc. 

Cl/Ml 

SC/Ml 

ML/Cl 

SM 

GP/Hl 

I 
0916.0091 

G1-91



( 

( 

( 

PROJECT NAME 
PROJECT NO 
DATE STARTED 
SUBCONTRACTOR 

Nu-Way 
90346-00 
09/19/90 

Layne Environmental 

GROOHD YATER ELEV --~- ----
TYPE OF DRILL RIG CME7SO 

280-

-

5- -

275-

10- -
270-

-

15-

265-l--+-~1--1 

20- 2 
2601-+-I-----< 

25- 3 
- 25 5 ....... ___......____. 

-
- -

I- 0 0 
~ a H 
aur:tt it g 
30~ ([ .J 
0 0 0:: 
.J (I) -m ... 

- ..... 
d: .· 
-~if 

a,..., 
- - -·;_.-__ 
--:.. 
- . -

:.:..o-: 
07" -:: 
. - () 

3/4 , -

2/2 

21/45 

4/5 

.. -·­- . . 
..:...- .,.. --
0 .- ;_. 

- ()-

0 - -; 

-" ·-
0 . - -

o·-
-- -

- " 30- 4 23/26 ~ :.. 
- 2504---4----1 

SAMPLE TYPES: 
[cJ ROCK CORE 
[]] SPLIT SPOON 
[[] DRIVE SAMPLE 

[[) 

[I] 

0
o::;:o 

·o o: 

BULK SAMPLE 
TUBE SAMPLE 

GEOTECHNICAL t:JUHINli LUli 

Ill 
C 
:::, 
1-
H 
I­
I­
([ 

DATE FINISHED 
LOGGED BY 
G\I DEPTH (FT) 
DRIVE \IT (LBS} 

ffl/19/90 
MJH 

140 

BORING DESIG. 
STATION 
DIAMETER 
GSE 
DROP 

GEOTECHNJCAL DESCRIPTION 

ARTIFICIAL Fill Clkx::ectified> Afu-
a o• - 11': ~ with gravelly cobbles and 

bo11ldecs, crushed concrete and brick with sand, 
.JilU. and trace clay matrix, light gray-tan 
color, dry to slightly 110ist, loose, hard 
drilling. 

a 11': saodi!, silty eo:I gravelly clay, very moist 
to wet, dark brown, soft, plastic. 

a 15': No recovery. 

a 16': Silty sandy clay, dark green-brown, very 
moist to wet, soft, plastic when dried, with 
trace gravel to 1" • 

a 20': 6cavelly cl11¥, dark brown, very moist to 
wet, very soft, plastic when dried, gravel to 
2", very well ·rOl.l'lCled clasts, trace gravel in 
tip. 

B-8 

6" 
281 O 
30• 

-

-

-134.1 as.o 

al 25': &lay with fine saod and trace gcaycl, very -~3.2 ~.7 
moist, soft, plastic. 

SHEET I OF I 

GC 

Ct 

CL/GC 

@ 30 1
: Gravelly clay. as above at 25'. 

·@ 32': Refusal 

-na.3 101. i 

~ 
~ 
[ID 
QJ 

Total depth= 32' 
No groundwater encountered 
No caving 

GIi IJH I LE DRILL! NG 
GI.I HRS. m CONTACT 
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JOINTING []] SHEAR I ZEISER 
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MOISTURE-DENSITY RELATIONSHIP 

IC: 7034 CONSULTANT: JAi 
CLIENT: NU WAY- MNOIAN 

EARTH MATERIAL: 

I --.-~~=t ~-- J 

• 

• 
. --

• 

10 

I I 
-;- - - -·- - -- - - -·l--- ... 

TEST RESULTS 

Maximum Dry Density 133.0 
Optimum Water Content 11.0 
Specific Gravity 2.75 

11~.7_pcf,::= ~_Q % 

-----~~ ---·- - . 

SAND CONE -- . --

15 20 25 30 35 
MOISTURE CONTENT(%) 
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IRVINE 
GRAIN SIZE DISTRIBUTION 

IC: 

CLIENT 

SAMPLE 

07034-1 CONSULT: 
NUWAY - MNOIAN 

TEST PIT 1 - BENCH 1 PLATE 1 

REFERENCE Test Pit 1, Bench 1, Depth= 12 feet (Elev. 397) 
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COBBLES GRAVEL SAND SILT & CLAY 
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IRVINE 
GRAIN SIZE DISTRIBUTION 

IC: 

CLIENT 

SAMPLE 

07034-1 CONSULT: 
NUWAY- MNOIAN 

TEST PIT 1 - BENCH 2 PLATE2 

REFERENCE: Test Pit 1, Bench 2, De th = 24 feet Elev. 386 
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COBBLES GRAVEL SAND SILT & CLAY 
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IRVINE 
GRAIN SIZE DISTRIBUTION 

IC: 

CLIENT 

SAMPLE 

07034-1 CONSULT: 
NUWAY- MNOIAN 

TEST PIT 1 - BENCH 2 PLATE 3 

REFERENCE: Test Pit 1, Bench 2, De th = 24 feet Elev. 386 MAD TEST PAD 
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COBBLES GRAVEL SAND SILT & CLAY 
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GRAIN SIZE DISTRIBUTION 

IC: 

CLIENT 

SAMPLE 

07034-1 CONSULT: 
NUWAY- MNOIAN 

TEST PIT 1 - BENCH 3 PLATE 4 

REFERENCE: Test Pit 1, Bench 3, De th= 32 feet Elev. 376 
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COBBLES GRAVEL SAND SILT & CLAY 
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TEST PIT 1 - BENCH 3 PLATE 5 

REFERENCE: Test Pit 1, Bench 3, De th = 32 feet Elev. 376 MAD TEST PAD 
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07034-1 CONSULT: 
NUWAY-MNOIAN 

TEST PIT 1 - BENCH 4 PLATE 6 

REFERENCE: Test Pit 1, Bench 4, De th = 43 feet Elev. 364 
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07034-1 CONSULT: 
NUWAY-MNOIAN 

TEST PIT 1 - BENCH 4 PLATE 7 

REFERENCE: Test Pit 1, Bench 4, De th = 43 feet Elev. 364 MAD TEST PAD 
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SAMPLE 

07034-1 CONSULT: 

NUWAY- MNOIAN 

TEST PIT 2 - BENCH 1 PLATE 8 

REFERENCE Test Pit 2, Bench 1, Depth = 14 feet (Elev. 391) 
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07034-1 CONSULT: 
NUWAY- MNOIAN 

TEST PIT 2 - BENCH 2 PLATE 9 

REFERENCE: Test Pit 2, Bench 2, De th= 24 feet Elev. 382 MAD TEST PAD 
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07034-1 CONSULT: 
NUWAY-MNOIAN 
TEST PIT 2 - BENCH 3 PLATE 10 

REFERENCE: Test Pit 2, Bench 3, De th = 36 feet Elev. 370 
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07034-1 CONSULT: 

NUWAY-MNOIAN 

TEST PIT 2 - BENCH 3 PLATE 11 

REFERENCE: Test Pit 2, Bench 3, De th= 36 feet Elev. 370 MAD TEST PAD 
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GRAIN SIZE DISTRIBUTION 

IC: 

CLIENT 

SAMPLE 

07034-1 CONSULT: 

NUWAY-MNOIAN 

TEST PIT 2 - BENCH 4 PLATE 12 

REFERENCE Test Pit 2, Bench 4, Depth = 50 feet (Elev. 358) 
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GRAIN SIZE DISTRIBUTION 

IC: 

CLIENT 

SAMPLE 

07034-1 CONSULT: 
NUWAY-MNOIAN 

TEST PIT 2 - BENCH 4 PLATE 13 

REFERENCE: Test Pit 2, Bench 4, De th= 50 feet Elev. 358 MAD TEST PAD 
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GRAIN SIZE DISTRIBUTION 

IC: 07034-1 CONSULT: 

CLIENT NUWAY-MNOIAN 

SAMPLE TEST PIT 2 - BENCH 4 PLATE 14 

REFERENCE: Test Pit 2, Bench 4, De th= 50 feet Elev. 358 MAD TEST PAD B 
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COBBLES GRAVEL SAND SILT & CLAY 
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DRILL DATE 
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DIAMETER 

IC 07034 Mnoian 

9/1/2009 - 9/10/2009 

9/1/2009 - 9/10/2009 
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Auger 
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SURFACE ELEVATION 
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C 
o~ 
~~ 
a'.,~ 

[jj 

370 

369 

368 

367 

366 

365 

364 

363 

362 

361 

360 

359 

358 

357 

356 

355 

354 

353 

352 

351 

350 

.c~ 
15.. Q) 
a, ~ o-

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

LITHOLOGIC DESCRIPTION 

RUBBLE FILL: Rubble Debris and concrete fragments with a Silty Sand matrix 

concrete slab fragments, 4 to 6 inches thick and 12 to 36 inches long, reabar protruding into holP 
Silty Sand Matrix 

abundant rebar, voids and nesting of debris 

rebar and trash debris 

wood and metal debris, voids 

rubble and concrete fragments, nesting, open voids 6 to 12 inches, caving 
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9/1/2009 - 9/10/2009 

LOGGED BY MH/JAI 
DRILL TYPE Auger 

DIAMETER 36 inch 

SURFACE ELEVATION 

DRILLING CONTRACTOR 

SURFACE CONDITIONS 

370 feet 

Malcomb Drilling 

On Bench 3 within Test Pit 2 

C: 

g~ .c ~ 
0. ID 

~g Q) Q) 

iii 
Cl'=-

350 20 

349 21 
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347 23 
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345 25 
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343 27 

342 28 

341 29 

340 30 

339 31 

338 32 

337 33 

336 34 

335 35 

334 36 

333 37 

332 38 

331 39 

330 40 

BORING 1 Pa e 2 of 4 

LITHOLOGIC DESCRIPTION 

concrete fragments with rebar, nesting, open voids 

metal and trash debris and rebar, concrete fragments 18 to 30 inches in dimension, 

steel pipe, slab fragments, voids and nesting of debris, rubble and concrete fragments greater than 
36 inches in dimension, caving 

bricks, wire, rubble, Silty Sand matrix 

rubble and concrete fragments larger than 24 inches, nesting, voids 

conduit with wires 

rebar and concrete fragments larger than 48 inches, nesting, voids, caving 

Water seeping into boring, water is flowing within a rubble layer and is perched ontop 'S] 
of a Clayey layer, heavy seep on 9/3 becoming a trickle on 9/10 
----------------------------------- ---

Sandy Clay, dark brown 
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LOG DATE 9/1/2009 - 9/10/2009 

LOGGED BY MH/JAI 
DRILL TYPE Auger 

DIAMETER 36 inch 

370 feet 

Malcomb Drilling 

On Bench 3 within Test Pit 2 

BORING 1 Pa e 3 of 4 
C: 

g~ ..c:~ c.. o3 
~~ Q) ~ 
Q) - o-
jjj 
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310 60 

LITHOLOGIC DESCRIPTION 

concrete fragments with rebar, nesting, open voids 

metal and wood debris and rebar, concrete fragments 18 to greater than 24 inches in dimension, 
caving, nesting, voids 

Clayey Sand matrix, compact, tight, shearing and breaking of rubble fragments 

concrete rubble with no soil in matrix, fragments larger than 12 inches, caving, voids 

steel pipe, abundant rebar, caving, nesting, abundant voids 

Slab longer than 3 feet, 

Concrete rubble fragments in Silty Sand and Clayey Sand matrix, well graded, drastic reduction in 
rebar and oversize material, dark grey brown 

A/C fragments, rubble lup to 12 inches, weak horizontal layering, no voids, 

Horizontal layering, tight, well graded 
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SURFACE ELEVATION 
DRILLING CONTRACTOR 

SURFACE CONDITIONS 

370 feet 

Malcomb Drilling 

LOG OF BORING 

PROJECT 

DRILL DATE 

LOG DATE 

IC 07034 Mnoian 

9/1/2009 - 9/10/2009 

9/1/2009 - 9/10/2009 

LOGGED BY MH/JAI 
DRILL TYPE Auger 

DIAMETER 36 inch 

On Bench 3 within Test Pit 2 

BORING 1 Pa e 4 of 4 
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LITHOLOGIC DESCRIPTION 

Silty Sand and Clayey Sand matrix, dark grey, moist, tight, weak horizontal layering, well graded 

wire mesh, silty sand with cobbles, 

asphalt fragments, mixed with rubble, silty sand and clayey sand matrix, horizontal layering visible, 
well graded 

END Boring at 70 feet 

0916.0112 
G1-112



( 

430 

410 

390 

370 

350 

330 

310 

( I 290 

270 

250 

230 

210 

190 

170 

150 

130 

~I I 
CJ) 

0 
....lo. 
....lo. 

c..> 

S-WAVE VELOCITY SECTION - LINE A NORMALIZED 

STA 226 STA463 STA 699 B4 STA 935 

-·-- - -- -- -- ZK3 ----

VELOCITY PROFILE 
PROJECT: IC07034 - MNOIAN NU WAY 

CONSULTANT: JAi 

NORTHERLY PIT 

B5 STA 1171 

1100 

SCALE: 1" = 80' 

STA 1340 

l •• •• •• •• •• •• •• •• .;r. ••l •• .. !;!.ISIOR!.CALLC:lW.G80LllilDW~TER~_ggj}...• ••t •• •• • •• •• • O O• • • -t~• -• -• -•-• - • • - • • - •• - •• - • • - •• - • ~ •• - • • - • • - •• - oo - •• - •• - • • - • • - 00 - •• - , _ ., _, _ - -• 

430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

210 

190 

170 

150 

130 
--- __ , __ 

LAYER 
Vs - ft/s Color 

600-733 ii 
733-855 
855-976 

976-1100 
1100-1219 

I 1219-3000 

G1-113



( 

430 

410 
STA 226 

390 

370 

350 

330 

310 

( 290 --1- -- --
270 

250 

230 

210 

190 

170 

150 

130 

( I 0 1 
<D 
....lo. 

CJ) 

0 
....lo. 
....lo. 

~ 

Q_ 

LAYER COLOR 
(Vs - ft/s) 

607 - 929 • 
929 - 1,252 

1,252 - 1,575 

1,575 - 1,897 • 
I 1,897 - 2.220 • 

2,220 - 3,000 • 

S-WAVE VELOCITY SECTION - LINE A 

STA 463 STA 699 84 STA 935 

VELOCITY PROFILE 
PROJECT: IC07034 - MNOIAN NU WAY 

CONSULTANT: JAi 

NORTHERLY PIT 

85 STA 1171 

SCALE: 1" = 80' 

STA 1340 
430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

210 

190 

170 

150 

130 

G1-114



0 
<D 
....lo. 

0) 

0 
....lo. 

....lo. 

c.n 

( I 

430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

210 

190 

170 

150 

130 

STA 226 

--------­·· - ·· - ·· - ·· --

WESTER LY PIT 

STA 463 

S-WAVE VELOCITY SECTION - LINE B NORMALIZED 

STA 699 STA 935 

VELOCITY PROFILE 
PROJECT: IC07034 - MNOIAN NU WAY 

CONSUL TANT: JAi SCALE: 1" = 80' 

NORTH ERLY PIT 
STA 1171 STA 1340 

430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

:±1QQ:) :l r-210 
GnnLJJ.OrnE•J!."'1)--=·---·~-=.---·~-=.-~.~-=t--=---~-=---.~-=.---.~-=---~- ~ ··~lc-=-~.~-=·---·~-=.= ·~-=.---·~-.---·~-

-- ~ - - ---;.=;=-- -=----:::=::::: ~------ - I . . <. . . : -------~ ----------- ---------~------------------j--------------------- ----- -------
------~-- ' --~ - --------~ 

190 

170 

150 

130 

LAYER 
Vs _ ft/s Color 

600-733 11 
733-855 
855-976 

976-1100 
1100-1219 
1219-3000 • 

G1-115



( 

430 

410 I 
390 

370 

350 

330 

310 

290 

( I 270 

250 

230 

210 

190 

170 

150 

130 

0 1 
<D I 
....lo. 

0) 

0 
....lo. 

....lo. 

0) 

VELOCITY PROFILE 
PROJECT: IC07034 - MNOIAN NU WAY 

CONSUL TANT: JAi SCALE: 1" = 80' 

S-WAVE VELOCITY SECTION - LINE B 

WESTERLY PIT NORTHERLY PIT 
STA 226 STA 463 STA 699 STA 935 STA 1171 STA 1340 

83 

430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

210 
~ j_1To ·· ·· ·· ·· ·· ·· ·· ·· :::: ·· ·· ·· ·· -~ -- l:IJSUlEUCA'-:-1:L., ·· ·· .. .::'.~.:." ·· .-:-~.. ·· ·· ·· ·· ·· ·· ·· ·· _ __ _ _ .,.-_--:-.~-:-:-=.-:----:-::::::-:-=::-_--:-::::::c=.-:----:-.-=.::;-:-~""7-~':! -:-_-:-.-=.-:-:l--190 

1 ,2()() --- - ~ --r ---~21 
- ·n ... ~ M'i"'· ·- ;; t170 

_ __ _ __ - - -------~-_;,__: _ _ .:_.;.__. _______ _ _________ .:_ _______ __ , ,!. _ ...:_-___ . ., _________ __ ________ __ •I·:__ _ ,__ - -=- .... --- 150 
- . . . . ---- :Ct . - -

130 

LAYER COLOR 
(Vs -ft/s) 

607 - 929 

929 - 1,252 a 
1,252 - 1,575 

1,575 - 1,897 

1,897 - 2,220 

I 2,220 - 3,ooo • 

G1-116



( 

430 

410 

390 

370 

350 

330 

I 
310 

( 290 

270 

250 

230 

210 

190 

170 

150 

130 

\ 

I gl 
....lo. 

0) 

0 
....lo. 
....lo. 

.....J 

VELOCITY PROFILE 
PROJECT: IC07034 - MNOIAN NU WAY 

iCAL Inc !CONSULTANT: JAi SCALE: 1" = 80' 

S-WAVE VELOCITY SECTION - LINE C NORMALIZED 

STA 226 STA 463 STA 699 STA 935 STA 1171 STA 1340 

------- ---------------------------------~----------------------~----------
1 ~--=>=-= - 1 -- - I ==- ·- - · • - ------==== . ·~£ ~ -'~..:.~-~ - -

- - - - .-=-- :J --. 
·· - .. - ·· - ·· - ·· - ~'¥,.!!JS-TORICAL HIGH_GROUNDWATEF}.(1944) - ·- ·-··- - ·- ·· - ·· -1- · - - · - -- - - ·- ·· -

ZK4 1991 SURFACE 

~1~:::~:!!!1- --~~-~~---J------------=== ------------------- .... -- -- -- -- -- -- - -- --
·· - ·· ------------- -... 

----------- --- -- --

---i- .._-!' .,..1 .... 
........ 

- - -- ........ .,..-,, ----
........ __ .... 

·- =-=---:-:::..::-= .:= =-=---:-:::..=.==-=-=---:-:-=..=-==-~-=---:-:::..= .==-=-=---:-:::..=.== -= 

~ ------------ i ------------: --J-----~ ---. ----~---------------~----------

LAYER 
Vs-fVs Color 

600-733 • 
733-855 
855-976 

976-1100 
1100-1219 
1219-3000 

430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

210 

190 

170 

150 

130 

G1-117



( 

430 

410 

390 

370 

350 

330 

( I 310 

290 

270 

250 

230 

210 

190 

170 

150 

130 

0 1 
<D I 
....lo. 

0) 

0 
....lo. 

....lo. 

CX) 

VELOCITY PROFILE 
PROJECT: IC07034- MNOIAN NU WAY 

c 1CONSULTANT: JAi SCALE: 1" = 80' 

S-WAVE VELOCITY SECTION - LINE C 

STA 226 STA 463 STA 699 STA 935 STA 1171 STA 1340 
430 

410 

390 

370 

350 

330 

310 

290 

270 

250 

230 

210 

190 

170 

150 

130 

------------- - ---------------------------~----------------------~----------
i -= ~ ' ' ,.,~.f-~~~:-"' .. ~~~ F~·· 

1991 SURFACE 

~~ ~ ~ ~====~=====--==~==:-~====---====-~-= 
\. ·..:..!.1,.<;_:c..sso - - - - :..;. ~, 2100 

LAYER COLOR 
(Vs - ft/s) 

607 - 929 • 
929 - 1,252 

1,252 - 1,575 

1,575 - 1,897 • 
1,897 - 2,220 • 

I 2,220 - 3,ooo • 

--~ ...... 
,' , 

----- ,' ,--,,, ----, . 

,' --

G1-118



0 
<D 
....lo. 

0) 

0 
....lo. 

....lo. 

<D 

\ 

( 

( 

TEST PIT 1 

47 
X 379.20 

T-J seep on 

37 
378.70 

49 
376,90 
T- 1 orgo.nic r,o. terio.l [rioist?J 

44 
367.60 

4 test 

T-1 Bench 4 D 
43 

~365.80 
T- J Bench T-1 Bench 4 C 

45 
367.60 

~57.50 
T-1 corner D 

B 

38 
T-1 seepo.ge frori/ test Bench 3 

374.90 
T-1 Bench 3 C 

nch 3 test 

~379"10 *39 
T 1 Bench 3 A 375,20 

T-J Bench 3 D 

33 
JC. f385.60 

:¥'.385.10 T-i Bench 2 C 
2 B 

35 
386.60 ~h 2 test T-J ,~ 

BENCH 
2 

@--- ~ ?fr.~oench 2 D 
ill. .. QI, 

T-J
0

Bench2A 

D 

BENCH 1 

26 
397.00 
T-J Benet-, I A 

ai7.40 ..1 h I t,ls t ~-J Be, ,c 

~9810 127 

MUSO T-1 encn I ~ 
23 H Secce , C '3?81: . , 
T i corner J:s 22 

' 409.60 
T-1 CORNER A 

IRVINE TEST PITS MAP 
PROJECT: IC07034 - MNOIAN NU WAY 

. ~-,, .. ,.- , . .-:..~.--·'.':.~$'.~· 

C-1 

TEST PIT 2 

18 
372.00 
T-2 bench 

BENCH 1 

C-4 

~0630 

2 C- 1 

7 
390.70 
T-2 -10 bench C-3 

Trench 2 corner A 

CONSUL TANT: JAi 

16 
371.80 
T-2 bench 3 C-2 

3 C- 1 

2 corner C 

4 C-1 

SCALE: 1" = 30' 

N 

2 
408.20 
Trench 2 corner B 

G1-119



0916.0120 

G1-120



----------"----· 

ROAD TO 
LANDFlLL ENTRANCE 

13,ASE SlJfWEY Au~'-:'st 9, 1 

0916.0121 

G1-121



0 
<D 
....lo. 

0) 

0 
....lo. 

I'-) 
I'-) 

ALLLNIWJ1 

_5L 

-5/_ 

;:,Ecov:.\rL \'l)Fl ,_'PvllTS JF R:'..iltil[.;l'>l GR.'>.Dli\JC 

SECTION 

SECTION 8 

SECTION C 

- _- ·--~g_f;:Fl'fil,~-CAP_ 

RU381.F f-.L'.... 

G1-122



APPENDIX I 
REPORT BY ADVANCED EARTH SCIENCES 

0916.0123 
G1-123



Technical Memorandum on 
Settlement Analysis 
Nu-Way Live Oak Pit 
Irwindale, California 

Prepared for: 

Mnoian Management, Inc. 

P .0. Box 661238 

Arcadia, California 91066-1238 

Prepared by: 

Advanced Earth Sciences, Inc. 
9307 Research Drive 

Irvine, California 92618 

Project No.: 10-101 
November 2010 

0916.0124 

G1-124



( 

I 

I 

( 

Settlement Analysis at Nu-Way Live Oak Pit 
Hunt Ortmann Palffy Nieves Lubka Darling & Mah, Inc. 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY ........................................................................................................................ 1 
ES. I PURPOSE AND BACKGROUND ...... ............ ................ ...... ......... ............................................ . 1 

ES.2 PIT BACKFILLING HISTORY AND BACKFILL CONDITION ................. ............................ 1 

ES.3 SETTLEMENT ANALYSIS ....................................................................... ................................ .. 2 

ES.4 CONCLUSIONS AND RECOMMENDATIONS ............................................ .......... .. ............... 5 

1.0 INTRODUCTION ........................................................................................................................... 6 
1.1 GENERAL .......................................................... ............... .......... .. ......... ................... .. ......... ........ 6 

1.2 PROJECT BACKGROUND AND SITE CONDITIONS ........................... .......... ..... .. ..... ........ ... 6 

1.3 SCOPE OF ANALYSIS ................. ................... ......... ...... ................. ........... .. .................. ...... ...... 7 

2.0 AVAILABLE DATA ...................................................................................................................... 8 
2.1 GENERAL ..... ...... .. ... ....................... ....... .. ... .. ................... ..... ........... .... ................................... ..... 8 

2.2 PRE-FILLING INVESTIGATION (Zeiser Geotechnical, 1991) ................. ................................ 8 

2.3 BACKFILLING GUIDELINES AND REGULATIONS ....... .......... .. .. ........................................ 9 

2.3.1 Agreement between City oflrwindale and Nu-Way dated January 25, 1990 ......... .............. 9 

2.3.2 Conditional Use Permit (CUP) dated December 15, 1994 .............. ................ ............ .. .. .... lO 

2.3.3 Interpretation of Intent of CUP and January 1990 Agreements .......................................... 11 

2.4 PIT BACKFILLING HISTORY .......... .... .. ... ............. .............. .. .... .... ............... .......................... 11 

2.4.1 Fill Volumes and Inspection/Testing Frequencies .. .............. ........................... .. ................. 11 

2.4.2 Inert Debris Fill Characteristics and Lift Thicknesses ........................................................ 13 

2.4.3 Soil Fill Cap ............... ........... ........ ............ ....... ....... ............ ......... .. ..................................... 16 

2.5 POST-FILLING INVESTIGATIONS ................................................................................. ....... 16 

2.6 SUMMARY OF OVERALL FILL QUALITY AND EVALUATION OF 

CUP COMPLIANCE ................ ................... ....... ............. .. ....... ... ............................................... 19 

2.7 HISTORIC GROUNDWATERLEVELS ........................... ..... .................................................. 21 

3.0 SETTLEMENT ANALYSIS ........................................................................................................ 22 
3.1 GENERAL ........................... ...... ............ ........ ............. ....................... ............................... .. ........ 22 

3.2 CIIARACTERISTICS OF TflE FILL ......................... .......................... .. ................................... 22 

3.2.1 General ....... .................... ............ ...... ... ...... ................................... ....................................... 22 

3.2.2 Rubble Fill Characteristics .............. ... ...... .......... .......... ............... ........................................ 23 

3.3 SETTLEMENT MODEL AND METHODOLOGY ................ .......... .. ...................................... 26 

3.3.1 Methodology for Seismic Settlement.. ................................................................................ 26 

3.3 .2 Methodology for Static Settlement ..................... ........... .. ................................................... 29 

3.4 SEISMIC SETTLEMENT ..... .......... ... .......... .. ................ .............. ....... ....................................... 30 

3 .4.1 Settlement of Sand Layers ............................. .. ... .. ........ .. ..................... .. ................ ............. 31 

3.4.2 Settlement of the Rubble Layers ......................................................................................... 31 

3.4.3 Settlement Caused by Filling of Open Voids (Cumulative Settlement of the 

Sand Layers Due to Fines Migration+ Collapse of Nested Structure) ...... .. ...................... . 31 

P:\10 Projects\10·101 (Nu.Way Pit)\Technical Memorandum\Revised TM on Settlement Analysis.doc 

• 
0916.0125 

G1-125



( 

( 

Settlement Analysis at Nu-Way Live Oak Pit 
Hunt Ortmann Paljfy Nieves Lubka Darling & Mah, Inc. 

3.4.4 Total Seismic Settlements ... ... ..... .. .......... ... ........ .... ... ... ...... ...... ........................ ....... ............ 33 

3.5 STATIC SETTLEMENTS ... .. .. .. .... .. .. ......... ... .. ............ .................... .. ... ..... ...... .. ...... ......... .. ........ 34 

3.6 SURFACE MANIFESTATION OF SETTLEMENT ......... ..... ...................... ..... .............. ....... .. 35 

4.0 CONCLUSIONS AND RECOMMENDED REMEDIAL MEASURES .................................. 38 

4.1 CONCLUSIONS ... .......... .... ... .......... ... ........ .. ... ................................ ... .... .... .... ... ......................... 38 

4.2 RECOMMENDED REMEDIAL MEASURES ........ .................... ... ................ ...... ............ .. ... ... 38 

5.0 LIMITATIONS ............................................................................................................................. 40 

6.0 REFERENCES ................................................. ............................................................................. 41 

Table 2-1 

Table 2-2 

Table 3-1 

Table 3-2 

Figure 1-1 

Figure 2-1 

Figure 2-2 

Figure 3-1 

Figure 3-2 

Figure 3-3 

Figure 3-4 

Figure 3-5 

Figure 3-6 

List of Tables 

Yearly Fill Operations Summary 

Summary of Zeiser Kling (ZK) Progress Reports 

Open Voids Evaluation 

Estimated Seismic Settlements for Existing Conditions 

List of Figures 

Site Location Map 

Pit Backfilling History 

Monitoring and Testing Frequency 

Idealized Soil Profile 

Definition of Open Voids 

Seismic Settlement versus Thickness of Removal and Replacement at Each Borehole 

Location 

Average Seismic Settlement for Various Percentages of Open Voids Filled 

Surface Manifestation of Differential Settlement - Isolated Differential Settlement 

Surface Manifestation of Total and Differential Settlement-Randomly Varying 

Settlements 

List of Appendices 

Appendix A - Test Trench Photographs (from GLA and IGI) 

Appendix B - Becker Hammer Blowcount Profiles (from IGI) 

Appendix C - FLAC Model Analysis 

P:\ 10 Projects\10-101 (Nu-Way Pit)\Technical Memorandum\Revised TM on Settlement Analysis.doc 

11 • 
0916.0126 

G1-126



( 

( 

Settlement Analysis at Nu-Way Live Oak Pit 
Hunt Ortmann Paljfy Nieves Lubka Darling & Mah, Inc. 

EXECUTIVE SUMMARY 

ES.1 PURPOSE AND BACKGROUND 

This technical memorandum (TM) has been prepared to document the nature and quality of inert debris 

fill at the Nu-Way Live Oak Pit (previously known as Owl Rock Quarry) and to present an estimate of 

potential total and differential settlements of the fill due to static and seismic loading. The pit has been 

backfilled with up to I 80 feet of material including 5 to 40 feet of saturated silt at the bottom of the pit, 

and inert debris fill consisting predominantly of concrete, brick, and asphalt fragments mixed with 

varying amounts of soil. The upper 10 to 12 feet consists of soil material compacted in thin lifts under the 

full-time observations of a geotechnical consultant. 

Because the inert debris fill has not been placed and compacted per the City's backfilling requirements 

included in the 1990 Quarry Rehabilitation Plan nor the 1994 Conditional Use Permit (CUP) issued by 

the City of Irwindale (City), it is necessary to either demonstrate that the backfilled pit in the current 

condition can be developed for its intended use (industrial and/or retail development), or to present 

remedial measures to bring it to a condition suitable for such development, i.e., to make it CUP-compliant 

equivalent. 

For a site to be deemed suitable for proposed development, the City, County and the building code have 

maximum settlement requirements that need to be met. These call for a maximum differential settlement 

of 1 inch in 30 feet. A settlement analysis for the backfilled pit under static and seismic loading was 

performed to determine if this criterion can be met in the current condition, and if not, to determine the 

depth of removal and replacement ( or thickness of engineered fill cap) to bring it to these acceptable 

settlement standards (to an equivalent of CUP-compliant condition). 

ES.2 PIT BACKFILLING HISTORY AND BACKFILL CONDITION 

Backfilling began in the late 1980s, and from the late 1980s to 1991 saturated silt was deposited in the 

bottom of the pit, prior to backfilling with inert debris fill . Zeiser Geotechnical (Zeiser) performed a 

subsurface investigation of the pit in 1991. They concluded that silt thickness varied from 5 to 40 feet. 

The total settlement of the silt was estimated at 24 to 36 inches under the weight of proposed 150-foot 

thick inert debris fill , and 90 percent of this settlement was estimated to occur within one year following 

completion of backfilling. The pit reached finish grade in 2006. 

Backfilling with inert debris fill began in January 1991. During much of 1991, a thick blanket of inert 

debris fill was placed over the deposited silt to stabilize the pit bottom. Backfilling was observed and 

tested part time by Zeiser Kling (ZK). From 1991 to 1995, the frequency of ZK site inspection visits was 
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about once a week; from 1995 to 1998/1999 the frequency was once in two weeks to once a month; an~ Pf{~ 
from 1999 to 2005 visits were very infrequent, as infrequent as once in 6 months to one visit per year in · 

2000 and 2001. During 2000 and 2001, up to 500,000 to 700,000 cubic yards of inert debris fill wen · 

unobserved between ZK inspection visits. 

Both the 1990 Quarry Rehabilitation Plan and 1994 CUP from the City required the inert debris fill to be 

placed as engineered fill consisting of minus 12-inch material placed in thin lifts and compacted to 90 

percent relative compaction. Oversize ( + 12-inch material) was to be crushed or placed in windrows 

surrounded by densified/compacted soil backfill. The specified windrow detail was identical to th~t -A. J~ 
adopted by the LA County as standard grading detail for engineered fill sites proposing structure /J 
developments. The locations of windrow placement were required to be approved by the City in advance. 

The actual backfilling procedures reported in ZK inspection reports included placement of inert debris fill 

in thick lifts, typically 5 to 8 feet thick and as much as 10 to 12 feet thick. During the first 5 to 7 years of 

filling, to about 1998, lifts were reportedly less thick (3 to 4 feet) and the plus 12-inch material was 

periodically crushed before placement as fill. Crushing operations were reportedly discontinued 

sometime in early 2000's. The typical placement procedure also included placing a thin 6 to 12-inch cap 

of soil over each thick lift of inert debris, and compacting the surface. In-place density testing of fill was 

probably limited to tests on the soil cap or the soil infill material when the proportion of the infill material 

was significant. 

This_ backfilling practice resulted in a highly non-uniform fill condition, with nesting of oversize materi~j l ~ 
and open voids or voids partially backfilled with loose infill material. Irvine Geotechnical Inc. OGl) 'f,F/ 

performed a post-filling investigation in 2008 and exposed the upper 60 to 65 feet of pit face at twQ 

locations. Their observations and results of large-scale in-place density tests confirmed the presence of 

open voids and loosely infilled material. They concluded that the debris fill above approximate elevation 

of320 feet (corresponding approximately to the 1998/1999 fill elevation) was in poor condition with open 

voids or loosely backfilled infill and exhibited a layered pattern with thick lifts of rubble capped with thin 

layers of soil. These observations mirror the backfilling history that reported excessively thick lifts an:17~ 

inadequate backfilling oversight/ testing by ZK after 1998/1999, and confirm that the inert debris fill 

down to at least Elevation 320 feet is not CUP-compliant . · 

ES.3 SETTLEMENT ANALYSIS 

* Static and seismic settlement analysis models should reflect the actual fill conditions and placement 

practices described above. Conventional methods of settlement analysis, particularly for unsaturated 

materials under seismic loading conditions, are based primarily on laboratory cyclic shear studies on 

homogeneous sands. There are no industry-accepted standards to predict settlements of inert debris fill 

that contain significant oversize :fragments and significant open voids as is the case at the Nu-Way pit. 
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Also, there is no database on observed settlements of such debris filled pits in the area or vicinity. 

Settlement models to be used for predicting seismic and static settlement must take into account the lack 

reported and observed for this site. Due to the above reasons, there will be a significant degree of 

uncertainty associated with settlement predictions. The approach taken for the settlement analysis was to 

provide a range of anticipated settlements supported by a rational settlement model, reasonable 

assumptions and parametric analysis. 

The settlement model developed for the Nu-way pit considered the layered nature of much of the debris 

fills, particularly above the 1998/1999 horizon, consisting of a succession of loose, voided and nested 

rubble lifts, typically 5 to 8 feet thick and capped by a 6 to 12 inch thick layer of loose to medium dense 

sands. 

Seismically Induced Settlements 

Under seismic shaking, mechanisms contributing to settlement include the densification of the loose sand 

layers between the rubble layers, densification of the rubble layers, and the filling of open voids within 

the rubble layers due to a combination of sand migration into open voids and collapse of the nested clasts. 

The cumulative thickness of the sand layers and rubble layers, and the depth interval over which the 

succession of thin sand layers over thick rubble layers with open voids occur, were estimated at each of 

the six Becker Borehole locations (drilled by IGI) by evaluating the respective blowcount profiles. The 

volume of open voids in the rubble layers was calculated based on the results of large-scale density tests 

in the rubble fill, sand cone density tests in the infill soils and on the particle size distribution tests in the 

rubble fill materials performed by IGI. 

The seismic settlement caused by densification of the sand layers was estimated using the conventional 

Tokimatsu & Seed (1987) procedure, using the measured Becker hammer blowcounts as input. The 

seismic settlement caused by densification of the rubble layers was estimated also using the Tokimatsu & 

Seed procedure, using as input the measured seismic shear wave velocity profile and the measured 

blowcounts in the rubble fill. Although the applicability of the Tokimatsu & Seed (1987) procedure for 

the seismic settlement of the rubble layer and the reliability of the predictions are questionable, it was 

d, nevertheless, to obtain a rough order of magnitude estimate. The third, more dominant, component 

of seismic settlement is caused by the partial filling of open voids in the rubble fill by a combination of 

fines migrating from overlying sand layers into the voids and collapse of the nested rubble clasts. The 

average volume of open voids (as a percentage of total volume) in the rubble layer was estimated to be 

6.7 percent. Not all of the open voids will be filled as a result of seismic shaking. The proportion of ope 

· s that get filled will depend on the amplitude, frequency and duration of shaking, but is not known in 

the absence of specific physical laboratory modeling. As an initial estimate, it was assumed that 

approximately 20% of the open voids are filled due to seismic shaking. Subsequently, sensitivity 
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analyses were performed by varying this percentage. The total seismic settlements were evaluated at each 

of the six Becker hammer borehole locations. Based on these assumptions, the total seismic settlement of 

the in-place debris fill is estimated to range from 5.6 inches to 14.4 inches with an average of 11.2 inches. 

Considering that the total thickness of the debris fill contributing to the settlements is approximately 110 

feet, the average settlement of 11.2 inches is roughly equivalent to 0.85 percent of fill thickness. This 

estimate compares well with some well documented case histories of settlement of dry compacted sandy 

fills in southern California which settled approximately 0.6 to 0.9 percent of fill thickness during the 1971 

San Fernando and 1994 Northridge earthquakes, under ground accelerations comparable to the design 

ground accelerations for the Nu-Way pit. However, considering that the rubble fill consists of 

uncompacted fill with significant voids, the actual settlement could be even higher. 

One of the remedial measures for controlling seismic settlement at the site will consist of partial removal 

and replacement of the existing debris fill with a properly processed and compacted fill cap. With 

increasing depth of removal and replacement of the existing fill, the remaining fill thickness vulnerable to 

seismic settlements would decrease, thereby resulting in lower seismic settlement potential. The presence 

of the cap will also serve to attenuate the total and differential settlement taking place at depth as it 

manifes-~urface of the fill cap. The non-linear finite difference Computer Program FLAC was 
/ 

used to model the pact of cap thickness on surface manifestation of total and differential settlements. 

~is cons id red the surface manifestation of differential settlement at a specific location ( caused 

/y an is~lated larg void) and the surface manifestation of randomly varying settlements applied at the 

I ase of the fill ca , for increasing thicknesses of fill cap. The results, presented as plots of surficial total 

d differential ettlements versus thickness of fill cap (for a range of assumed values of percentage open 

vo · . 1 migration of fines and collapse), show decreasing values of surficial settlement with 

creasing fill f ap thickness. For example, the results show that for a 40-foot thick fill cap the maximum 

total settleme ts are on the order of 4 to 10 inches, while the maximum surficial differential settlements 

range from to 3.5 inches over a 30-foot length. If the fill cap thickness is increased to 70 feet, the total 

surficial se lements are less than 3.7 inches and differential surficial settlements are less than 1 inch over 

a 30-foot ength, the latter satisfying the regulatory requirements for a developable site. 

Under static loading, the components of settlement include the settlement of the debris fill under its self 

weight, long-term primary and secondary settlement of the of the silt deposits underlying the debris fill, 

and settlement caused by filling of open voids due to migration of fines (sands) and collapse as a result of 

fluctuations in the groundwater levels. Of these, the settlement of the debris fill due to self weight is 

anticipated to occur during and immediately following completion of filling. The majority of the long­

term settlement of the silt deposits due to the debris fill loads is estimated to have been complete over the 

4+ years that have elapsed since completion of filling operations. 
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Historical groundwater data indicate that the groundwater levels fluctuate, with an estimated high 

groundwater level at elevation 330 feet. The placement history (1991-2006) suggests that the fills placed 

above approximate elevation 290 feet may not have been subjected to saturation due to groundwater 

fluctuations during the pit filling period. The estimated total settlement caused by groundwater 

fluctuations will depend on the percentage of open voids that get filled to due to migration of fines and 

collapse. Assuming that 20 to 40 percent of the open voids in the rubble fills get filled due to fines 

migration and collapse caused by groundwater fluctuations during the pit filling period, the resulting total 

settlements are estimated to range from 3.2 to 6.4 inches. These settlements occur at a depth of 80 feet 

below the finish ground surface. The corresponding differential settlements at the ground surface are 

estimated to be less than 1 inch over 30 feet. 

Because the same mechanism (migration of sands into open voids and collapse) control both seismic 

settlement and settlement due to groundwater fluctuations, the two components of settlement are not 

considered to be cumulative, and the maximum differential settlement due to both components may still 

be less than 1 inch in 30 feet. 

ES.4 CONCLUSIONS AND RECOMMENDATIONS 

The evaluation of fill quality and results of settlement analyses suggest that at least the upper 70 feet of 

existing, predominantly uncontrolled fill should be removed and replaced by a properly processed and 

compacted engineered fill cap, in order to limit the potential for total settlements and limit the differential 

settlements to within tolerable limits (less than 1 inch over 30 feet). 

Additional evaluation of fill to be left under the cap, i.e. below the 70-foot depth, would probably be 

required to confirm or otherwise modify cap thickness recommendation and to satisfy the requirements of 

the LAD PW /City of Irwindale for proposed development for light industrial/retail structures. 
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1.1 GENERAL 
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INTRODUCTION 

This technical memorandum (TM) by Advanced Earth Sciences, Inc. (AES) has been prepared to 

document the nature and quality of inert debris fill at the Nu-Way Live Oak Pit (previously known as the 

Owl Rock Quarry site) and to provide an estimate of potential static and dynamic (seismic) settlements of 

the inert debris fill, based on the available data. The purpose of this analysis is to evaluate the suitability 

of the existing fill in its current condition to support a proposed industrial/retail development at the site 

and to consider suitable remedial options, as appropriate, to bring it to a condition that would permit such 

a development. The Nu-Way Live Oak Pit is located between Live Oak Avenue and Arrow Highway, 

east of Route I-605 freeway and west of San Gabriel River in Irwindale, California. The site location is 

shown on Figure 1-1. 

1.2 PROJECT BACKGROUND AND SITE CONDITIONS 

Based on our review of previous investigations performed by Irvine Geotechnical, Inc. (IGD in 2007 and 

2008, the site occupies a total area of about 65 acres. Finished elevations of the backfilled pit range from 

about 408 to 410 feet along the eastern portions of the property to approximately 375 feet along the 

western edge of the pad and within the Southern California Edison (SCE) easement. The estimated 

maximum depth of the fill appears to be approximately 180 to 185 feet below ground surface (bgs). 

According to the descriptions of the fill materials provided by previous investigators, IGI (2008a, 2008b), 

Zeiser Geotechnical [Zeiser] (1991) and Zeiser Kling [ZK] (1991 through 2006), the types of inert debris 

materials disposed in the pit included "earth materials including gravel, sand and silt size soils, 

construction materials including brick, concrete, some concrete with rebar, asphalt, minor amounts of 

wallboard and porcelain toilet fixtures. " In the southwestern part of the pit, saturated silt from quarry 

operations was reportedly disposed between 1988 and 1991. According to Zeiser (1991), the silt 

thickness varied from 5 feet to 40 feet. Although considered compressible under load, Zeiser (1991) 

concluded that 90 percent of this settlement will be complete within 1 year after completion of grading. 

The inert debris fill in the pit, estimated at approximately 11 million cu. yds., was placed between 1991 

and 2006. The upper 10 to 12 feet of the pit were backfilled with a clean, well compacted soil cap. 
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The scope of work for our analysis included: 

1. Review data on backfilling operations of the pit including daily field reports and in situ density 

test results performed by ZK (1991-2006) and by Hushmand Associates, Inc. (HAI) in 2006 and 

2007. 

2. Review the placement, testing and reporting requirements for inert debris fill as contained in the 

Conditional Use Permit (CUP) issued by the City of Irwindale in December 1994 and in the 

Quarry Rehabilitation Plan agreement dated January 1990, between the Owner and the City of 

Irwindale. 

3. Provide an opinion on the compliance or non-compliance of actual filling operations with the 

requirements of the CUP and Quarry Rehabilitation Plan agreements, on the basis of data 

reported by Zeiser, ZK and IGI investigations. 

4. Perform a settlement evaluation of the fill in its current condition based on the material properties 

as interpreted from the results of ZK inspection and test reports and from IGI investigations. 

5. Evaluate the suitability of the existing fill to support the proposed development and, if not 

suitable, evaluate remedial options in an attempt to bring it to a condition considered acceptable 

for proposed development: 

The results of these evaluations are discussed in the following sections. 
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AVAILABLE DATA 

2.1 GENERAL 

The reports reviewed for our current evaluation are listed in Section 6.0 - References. In summary, the 

principal documents/reports reviewed for the current study i,ncluded: 

2.2 

1. Pre-Filling Investigation by Zeiser performed in 1990 (February 1991 report) 

2. Backfilling Guidelines and Regulations in 1994 CUP and 1990 Agreement re. Quarry 

Rehabilitation Plan 

3. Field Reports of Backfilling Monitoring and Testing by ZK from 1991 through 2006, including 

periodic progress reports 

4. Test data obtained by HAI (2006 and 2007) for upper soil cap 

5. Post-Filling Subsurface Explorations by IGI, Phases 1, 2 and 3 (2008a, 2008b, 2010), including 

logs of two large test pits prepared by GeoLogic Associates (GLA) 

PRE-FILLING INVESTIGATION (Zeiser Geotechnical, 1991) 

Zeiser conducted a subsurface investigation for the site in 1990 and presented their findings and 

geotechnical recommendations for inert debris fill placement for the pit in their report dated February 4, 

1991 (Zeiser, 1991). Their key conclusions/recommendations included the following: 

1. The subsoil encountered in the exploration borings consisted of uncertified artificial fill 5 to 40 

feet in thickness. The settlement is expected to range from 24 inches to 36 inches and may 

require approximately 1 year after completion of grading (±200 feet of fill) to achieve 90 percent 

of total settlement. 

2. The groundwater was recorded at El. 203. Groundwater was not anticipated to be a problem for 

fill placement and also, liquefaction was not likely. 

3. Fill materials shall be placed in near-horizontal layers not exceeding 6 inches in compacted 

thickness (consultant may approve thicker lifts if testing indicates the grading procedures are 

such that adequate compaction is being achieved with lifts of greater thickness). 
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Oversize material defined as rock, or other irreducible material with a maximum dimension 

greater than 12 inches, shall not be buried or placed in fills, unless the location, materials and 

disposal methods are specifically approved by the consultant. Oversized disposal operations 

should be such that nesting of oversized materials does not occur, and such that the oversize 

material is completely surrounded by compacted or densified fill. 

5. Field tests to check the fill moisture and degree of compaction should be performed by the 

consultant. The location and frequency of tests should be at the consultant's discretion. In 

general, the tests will be taken at an interval not exceeding 2 feet in vertical rise and/or 1,000 

cubic yards of embankment. 

The Zeiser report also specified that all earthwork and grading operations should be perfonned in 

accordance with all applicable City of Irwindale and Los Angeles County requirements. The General 

Earthwork Specifications included in Appendix D of their report included typical Windrow Rock 

Disposal Detail and other Grading Details exhibits that are directly obtained from the Los Angeles 

County Grading Code details, for engineered fill sites graded for future development. 

2.3 BACKFILLING GUIDELINES AND REGULATIONS 

2.3.1 Agreement between City of Irwindale and Nu-Way dated January 25, 1990 

This agreement made pursuant to City's Quarry Rehabilitation Plan goal to find useful purposes for the 

City's many abandoned quarry pits, permitted Nu-Way to fill the Owl Rock Pit (Nu-Way Live Oak) with 

imported inert fill in accordance with the geotechnical consultant's recommendations. The Agreement 

required Nu-Way to comply with the following: 

• Provide, place and compact to 90% density clean earth and solid fill material (e.g. , broken A.C. 

and concrete). No organic materials will be imported to the site. 

• Provide proper supervision and control of the project at all times. 

• Constantly monitor the loads to assure that no hazardous, or toxic materials or solvents are 

brought to the site. NU-WAY will provide certification on a monthly basis that only clean, inert 

materials were imported to the site the previous month. 

• The area under the transmission lines (Southern California Edison Company) is to be compacted 

under special and unique circumstances. Inasmuch as no buildings may be allowed, the 

recommendations of the geotechnical consultants will be accepted in terms of compaction and 

certification. 
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Conditional Use Permit (CUP) dated December 15, 1994 

In Resolution No. 94.55-1381, the City Council of the City of Irwindale certified a Final EIR and 

approved a CUP for the Nu-Way Live Oak Inert Landfill. The CUP findings concluded that "the 

proposed use and development are consistent with the City's General Plan, applicable specific plans and 

are permitted within the zone in accordance with the City 's zoning ordinance. " 

The key excerpts of the CUP, as they relate to the quality of the inert fill, placement and compaction 

requirements, and reporting requirements and frequencies, and as defined in Exhibit A-II ONSITE 

DEVELOPMENT CONDITIONS of the CUP, are provided below: 

• Applicant shall provide, place and compact to 90% density clean earth and inorganic solid fill 

materials (e.g., broken concrete and A.C.). No organic materials will be imported to the site. 

• The Applicant will be responsible for monitoring the materials for discharge at the site to insure 

that such materials meet the discharge specifications presented in the project EIR regarding the 

California Regional Water Quality Control Board waste discharge requirements. Any materials 

found in the pit that do not meet the approved discharge specifications shall be removed from the 

site. 

• Oversize materials shall be crushed prior to placement as fill, or set in windrows that meet the 

conditions presented in the Project Geotechnical Report by Zeiser Consultants dated October 15, 

1990 which has been modified by the City Council to read as follows: 

"Oversize material defined as rock, or other irreducible material with a maximum dimension 

greater than I 2 inches, shall not be buried or placed in fills, unless the location, materials 

and disposal methods are specifically approved by the City. The City shall receive notice of 

the intent to windrow oversize materials as approved, 48 hours prior to commencing such 

operations. The applicant/operator shall furnish periodic reports on windrow disposal, to 

the City which information will be provided to the City Council. Oversized disposal 

operations shall be such that nesting of oversized material does not occur, and such that the 

oversize material is completely surrounded by compacted or densified fill (Figure 1). 

Oversize material shall not be placed within 10 feet vertically of finish grade or construction, 

unless specifically approved by the City. " (see Figure 1 at end of Exhibit A.) 

• The area under the transmission lines (Southern California Edison Company) is to be compacted 

under special and unique circumstances. Inasmuch as no buildings may be allowed, the 

recommendations of the geotechnical consultants will be accepted in terms of compaction and 

certification. 
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The Applicant shall, provide to the City of Irwindale, for approval by the City Engineer, 

geotechnical progress reports on each annual anniversary of the date of approval of the 

Resolution, or whenever five feet fill is placed, which ever comes first. This report shall be 

prepared by the Project geotechnical consultant and shall include certification of quality of 

material, compaction of material, test results, and map of test locations. 

2.3.3 Interpretation of Intent of CUP and January 1990 Agreements 

Although the site backfill material is permitted to be inert debris fill (including concrete, brick and other 

inert :fragments), the backfilling specifications in the 1990 Agreement and 1994 CUP are typical of 

engineered fill materials called for in the County Grading Codes for grading the sites for structural 

developments. This is confirmed by: 

• Compaction Standard - minimum 90 percent. 

• No oversize (+12 inches) in fill unless crushed or placed in windrows. The windrow detail in 

Figure 1 of Exhibit A of the CUP is exactly the same as in the Los Angeles County Grading 

Code. 

• Reporting Requirements - geotechnical progress reports prepared annually or for every 5 vertical 

feet of fill, whichever comes first, providing test locations and test results on compaction of 

materials. 

The only difference between conventional engineered fill and the inert debris backfill permitted for the 

subject site is that the source of the coarse fragments may be construction debris material, i.e., broken 

concrete, bricks, etc., as opposed to soil borrow materials that include gravel, cobbles and boulders. The 

CUP and Quarry Rehabilitation Plan Agreement mandate that the pit be backfilled with engineered fill, 

placed and compacted in layers with no nesting of coarse fragments. Material greater than 12-inch size 

was to be placed in windrows surrounded by soil and the voids in the oversize material backfilled with 

material with a sand equivalent (SE) > 30 and densified, all in accordance with Los Angeles County's 

conventional grading requirements. 

2.4 PIT BACKFILLING IDSTORY 

2.4.1 Fill Volumes and Inspection/Testing Frequencies 

The pit was backfilled with inert debris fill between 1991 and 2006. Our observations and opinions 

concerning backfilling materials, filling procedures, and frequency of fill monitoring and testing are based 

on the following data made available to and reviewed by AES: 
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Volume estimates of materials received at the pit between 1991 and 2000 from Operator's records 

and from as-placed material quantity takeoff from aerial photography between 2000 and 2006 

ZK daily reports of field observations and testing of backfills from January 23, 1991 through 

July 21, 2007 

HAI daily reports and test results for backfill in the upper 12- to 15-foot thick soil cap between 

January and December 2006 

These data are illustrated on the calendar (Figure 2-1) from Year 1991 through 2006 and include: dates of 

ZK and HAI site inspections, number of in place density tests taken during their inspection visits and 

reported comments on excessive lift thicknesses observed by ZK technicians (marked in orange with lift 

thickness indicated within the box). The data are also summarized in Table 2-1, on a yearly basis. From 

the total number of site visits and number of tests taken by ZK technicians in a calendar year, an average 

frequency of inspection and testing, expressed as 1 visit per "x" cu. yds. or 1 test taken every "y" cu. yds., 

has been derived and is presented in Table 2-1. The frequencies are then graphically illustrated in Figure 

2-2. These figures (Figures 2-1 and 2-2) and Table 2-1 clearly illustrate the following trends of fill 

monitoring and testing: 

• Between 1991 and 1993, the average frequency of field inspection visits is about once per week 

and the fill density test frequency varies from 1 test per 4,300 cu. yds. in 1991 to about 1 test per 

2,600 cu. yds. in 1992 and 1993. The lower frequency of testing per fill volume in 1991 may be 

related to a large volume of initial filling comprising thick rock/debris blanket over the existing 

uncertified fill (including saturated silts) to stabilize the pit bottom. This blanket fill apparently 

did not have to be and could not be tested. 

• In 1994, the frequency of field visits averaged about 1 visit every 2 weeks. However, testing 

frequency by volume remained consistent as in 1992 and 1993 and averaged approximately 1 test 

per 2,800 cu. yds. 

• From 1995 through 1998, the frequency of field visits decreased to an average of 1 visit per 

month and fill testing frequency progressively decreased, ranging from 1 test per 5,800 cu. yds. in 

1995 to about 1 test per 9,500 cu. yds. in 1996 and 1997, and to about 1 test per 14,000 cu. yds. in 

1998. The frequency by number of inspection visits ranged from about 1 visit for every 25,000 

cu. yds. in 1995 to about 1 visit per 55,000 cu. yds. in 1998. 

• Between 1999 and 2002, the frequency of visits and testing deteriorated to almost "no 

supervision/oversight" level, with 4 visits in 1999, representing 1 visit per approximately 

175,000 cu. yds., 1 visit in Year 2000 when over 700,000 cu. yds. of fill was placed, 5 visits in 
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2001 representing 1 visit for approximately 156,000 cu. yds. of fill, and 6 visits in 2002 

representing 1 visit per approximately 100,000 cu. yds. of fill placement. 

• In 2003 and 2004, the frequency of visits average 1 per month to 1 every 2 months representing 

50,000 to 100,000 cu. yds. of fill placed between visits. 

• In 2005, visits increased to an average of 1 visit per week representing 1 visit every 25,000 cu. 

yds. However, excessive fill lift thicknesses ranging between 8 feet and 12 feet were consistently 

reported throughout the year. 

• In 2006, much of the fill placement activity was for the upper 10- to 15-foot thick soil cap that 

received full-time supervision and testing by HAI with an average test frequency of 1 test per 

1,400 cu. yds. 

It should be noted that the number of tests (844 tests) for the upper 10- to 15-foot thick soil cap, 

representing about 1 million cu. yds. of fill, was about 5 times the total tests taken over a 7-year period 

from 1998 through 2004, when over 5 million cu. yds. of fill was placed. It is clear that about 5 million 

cu. yds. of debris fill representing roughly the upper 70- to 80-foot thickness received little to no 

supervision and received minimal testing. This trend, combined with placement methods/fill 

characteristics discussed below, raises serious concerns with regard to its suitability to support any 

development of industrial/retail structures within allowable settlement tolerances. 

2.4.2 Inert Debris Fill Characteristics and Lift Thicknesses 

In general, the inert debris fill consisted primarily of concrete with abundant rebar, floor tile, cement and 

asphalt shingles, bricks, soil and crushed glass. In the early stages of fill placement drywall was 

reportedly accepted as backfill material and the drywall areas were moisture conditioned to break up the 

material and mix with the soil. 

The rubble-soil mixture ratio reportedly varied through the pit backfilling history depending upon 

composition of incoming loads. According to IGI's Phase 2 Investigation report (IGI, 2008b), significant 

(approximately 15 to 20 percent) oversize, larger than 12 inches was present in the fill. Of the oversize 

fraction, steel-reinforced concrete fragments, foundation elements, columns and other construction 

demolition debris with dimensions ranging from 24 inches to more than 20 feet were present in the fill. 

During the earlier parts of backfill placement, a mobile crusher was reportedly used to crush material 

larger than 12 inches prior to placement in the fill. However, the regularity of crusher operations is not 

well documented. The ZK daily field reports indicate that the crusher was working during most of their 

field visits through 1990s. It should be noted though that the frequency of their field visits was less than 
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once per month from 1997 onwards. There is no record of crusher working in any of their reports beyond 

2002. 

The patterns of fill placement and lift thicknesses were always of concern, particularly after 1993. The 

fill lifts were reportedly 3 to 4 feet thick during earlier stages of fill placement and were routinely in 

excess of 5 feet during the late 1990s through 2005. Also, the oversize material and thick lifts were 

placed in "blanket type" pattern, with 5- to 8-foot thick lift of debris fill placed by end dumping and 

topped with a 6- to 12-inch thick soil layer/blanket. The testing performed by ZK was always in the soil 

fill material or matrix, either within the soil blanket or in the bulk fill layer where the soil component was 

significant. On numerous occasions, the ZK daily reports indicate that the fill was not suitable for testing, 

i.e., oversize fraction was too excessive for any of the conventional field density test methods (nuclear or 

sand cone) to be of any meaningful value. 

The lift thicknesses from late 1990s through 2005 were frequently greater than 7 to 8 feet and the oversize 

material was never placed in windrows, as called for in the CUP. A typical description of rubble fill and 

soil blanket layers, as provided by GLA and as illustrated in a mapped log of the test excavations 

performed by IGI in the in-place debris fill, is provided in the following photographs. This type of 

placement pattern was identified to a depth of at least 65 to 70 feet bgs, the maximum depth of the pit 

excavated during IGI investigations. 

West Trench Facing Northeast 
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West Trench Facing North 

1. Rubble Fill - consisting primarily of concrete with abundant protruding rebar, floor tile, cement and 
asphalt shingles, bricks, soil, crushed glass, and diatomaceous earth filter packing. Many blocks of 
concrete have extreme aspect ratios (ratio of the length to width) with some maximum dimensions in 
excess of fourfeet. Most of the blocks are nested with some loose, dry, dark gray, organic rich, clayey soil 
backfill around the blocks. Extensive rubble zones are voided and have no soil fill. These rubble fill lifts 
or layers appear to be formed by end dumping of debris from trucks into layers four to five feet thick. 
The lifts of layers were then capped by a four to six inch thick layer of silty sand to sandy silt. Areas of 
seepage observed in the excavations consist of what appears to be diatomaceous earth filter packing. 
The material was most likely placed in the fill while saturated and have remained wet due to a capillary 
break resulting from being surrounded by concrete blocks with little or no soil backfill between blocks. 

2. Soil - Tan to brown silty sand to sandy silt with rare dark gray sandy clay containing only minor amounts 
of fine to medium gravel. The layers are found sandwiched between single, thick lifts of rubble fill. 

3. Soil with Rubble - Tan to brown silty sand to sandy silt with abundant coarse gravel to boulder size clast s 
of concrete and asphalt. 

4. Lower Soil Fill - Tan to gray sandy silt to sandy clay contains minor amounts of fine to medium gravel 
composed mostly of rock with minor amounts of concrete. Well compacted and slightly moist during 
excavation. 

5. Upper Soil Fill - Tan silty sand to sandy silt contains minor amounts of fine to medium gravel composed 
mostly of rock. Well compacted and slightly moist to dry during excavation. 
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This placement pattern and lift thicknesses cast a serious doubt on validity of ZK's field test data which 

consistently report relative compaction of greater than 90 percent, since that compaction refers only to 

soil layers or soil rich matrix, and is not representative of the relative compaction of rubble fill. 

Presence of Voids 

Because of the large pieces of concrete/rubble and placement in thick layers, "nesting" of large fragments 

and presence of voids in the fill were a common phenomenon. These have frequently been reported in 

ZK field reports and were observed in the test trenches excavated during IGI's Phase 2 investigation. The 

CUP had clearly required that oversize material be either crushed or placed in windrows, surrounded by 

soil and that the voids between the oversize fragments be filled with granular material and densified by 

flooding. This was not followed in filling practice. 

2.4.3 Soil Fill Cap 

HAI assumed the responsibility for full-time monitoring of soil cap placement and testing for the upper 

12- to 15-foot thick cap of fill to finish grade. The results of their observation and testing between 

January 2006 and April 2007 indicate that the soil cap consisted of silty and clayey sand with gravel and 

was compacted to an average relative compaction of about 94 percent based on ASTM D1557. From 

their description of fill materials and from photographs and logs of test pits, the fill cap is typically free of 

oversize and in a dense, well compacted state. 

2.5 POST-FILLING INVESTIGATIONS 

Following a review of the ZK summary reports listed in Table 2-1, and based on field inspection of filling 

operations conducted by the City of Irwindale (City) staff and their geotechnical consultants, the City 

expressed concern on the fill quality and placement methods. They first conveyed their concern in their 

letter dated May 7, 2004 and again in their letter dated January 25, 2005. Excerpts from the latter 

(January 25, 2005 letter from Kwok Tam to Scott Jenkins of WMI) are provided below: 

The City's geotechnical consultant, GLA & Associates, has reviewed the observation reports (dated 

September 5, I 991 to July 3 I, 2003), prepared by Zeiser Kling Consultants for Waste Management, 

concerning backfilling operations at the Nu-Way Landfill. The reports are generalized, infrequent, 

and do not include data representing fill density testing. The descriptive commentary on general 

conditions and fill placement are, in every case, after the fact that a significant thickness of fill was 

placed unobserved. Apparently, backfilling was accomplished in the absence of fill specifications or 

a quality control plan. No information is presented which could enable an assessment of long-term 

fill performance. Although they may meet the regulatory standards of an inert landfill, the reports 

are well below the standard of practice for grading on geotechnical projects. We conclude, 
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therefore, that these reports are not sufficient to demonstrate that the backfilled pit will be suitable 

for supporting structures. 

In order to facilitate reclamation of the site such that building permits could be issued, the City of 

Irwindale is requesting the following information: 

1. A geotechnical evaluation of the backfilling completed to date and its ability to support the 

proposed end use. This evaluation should include a quantitative assessment of the settlement 

potential in the existing backfill. 

2. If the suitability of the existing backfill cannot be adequately demonstrated, then provide a 

methodology for improving the backfill so that it would be acceptable. 

3. Provide a geotechnical demonstration that the finished site will be suitable for supporting the 

proposed buildings, especially that the potential settlements will be tolerable. 

No action to their letter to demonstrate suitability of the site for supporting structures was taken until the 

site was graded to finish grade in 2007. In late 2007, the Owner initiated investigation by IGI, which was 

conducted in three phases discussed below. 

• Phase 1 Investigation (IGI report dated March 31, 2008) - conducted from October 2007 to 

February 2008 and included six Becker hammer borings through fill, and geophysical surveys 

including two seismic reflection lines, one downhole seismic shear wave survey arid three surface 

wave velocity surveys. 

• Phase 2 Investigation (IGI report dated December 8, 2008) - conducted in August 2008 and 

included excavation of two large test pits to a maximum depth of 70 to 75 feet bgs and 

conducting large size in situ ring density tests in debris fill and sand cone density tests in fine 

grained matrix. 

• Phase 3 Investigation (IGI report dated April 27, 2010) - drilling and vide<;> logging of a 3-foot 

diameter boring drilled below Bench 3 (approximately drill pad EL 370 feet) of Test Pit 2 to a 

depth of70 feet (bottom of hole approximate EL 300 feet) . 

The Phase 1 investigation included evaluation of fill characteristics by indirect methods (Becker hammer 

blowcounts and shear wave velocity), while Phase 2 and Phase 3 investigations results directly reflect the 

nature of inert debris fill materials by direct physical observation of fill materials. Phase 2 and Phase 3 

results were, therefore, predominantly used for interpretation of fill characteristics for site suitability 

evaluation. 
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The results of Phase 2 investigations which included open excavation and logging of the exposed faces to 

a depth of about 65 feet bgs are best illustrated in photographs included in Appendix A. IGI's description 

of the exposed fill conditions is highlighted below: 

"It is clear from visual observations of Test Pits 1 and 2 that the fill exposed in the upper 50 or more 

feet was not processed and the deposits were essentially buried in piles dumped from trucks. Fill lifts 

are clearly visible in the walls of the test pits. In general, the tops of the rubble lifts are identified by 

a level to gently sloping soil caps. Lifts thicknesses are visible that va,y from a few feet thick to more 

than 8 feet thick. The lifts also reveal little processing and spreading. Individual piles of debris that 

were apparently "end-dumped" in the landfill are surrounded by other end-dumped piles and in turn 

buried by additional lifts. Nesting and voids were observed and common. Nesting and bridging were 

primarily observed adjacent to very large oversize fragments and where oversize fragments were 

concentrated. Nesting and bridging also occurred where layers of drywall covered concrete 

fragments. " 

Large-scale ring density tests indicated relative compaction values ranging from 88 to 95 percent at six of 

the 8 locations, and 60 to 64 percent at the other two locations. The high relative compaction values at six 

locations are not indicative of "well compacted" material but are rather misleading and influenced by a 

very large percent of irreducible concrete fragments. The interstitial pore spaces/voids were filled with 

"loose" matrix materials. When sandy material was tested by small-scale tests (6-inch diameter sand 

cone), the relative compaction of the matrix was almost always less than 90 percent (with the exception of 

one of eight tests that showed 94 percent relative compaction), with values ranging from 74 to 88 percent. 

These observations, combined with very fast rate of water percolation and fines migration observed in the 

ring density test holes, confirmed that the voids were either open or loosely filled. 

IGI's Phase 3 investigation that included drilling and video logging of a 70-foot deep, 3-foot diameter 

bucket auger hole from the bench of Pit 2 (surface El. approximately El. 370 feet) revealed that the 

material to a depth of 52 feet below bench elevation (to approximate El. 318 feet) "was very difficult to 

drill due to caving, oversize concrete fragments and rebar. The fill below 52 feet was uniform, mostly 

devoid of oversize rubble fragments and easy to drill. " This elevation roughly coincides with the pit 

backfill surface at Year 1998/99 filling. It is thus interpreted that the inert debris fill placed above the 

1998/99 fill elevation, i.e., above approximate El. 310-320, may represent highly uncontrolled fill 

conditions. These include presence of excessive large size concrete fragments, and presence of open 

voids/loosely backfilled voids, caused by excessively large lift thicknesses, and "blanket type" filling 

process comprising 8- to IO-foot thick layers of end-dumped debris fill capped with a thin lift of soil 

matrix. The behavior of this fill under seismic loading, groundwater fluctuations and potential fines 

migration will likely be "at best" unpredictable and settlements difficult to quantify. This is discussed in 

detail in Section 3.0 of this report. 
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SUMMARY OF OVERALL FILL QUALITY AND EVALUATION OF CUP 
COMPLIANCE 

The 1990 Quarry Rehabilitation Plan and the 1994 CUP laid out geotechnical requirements for backfilling 

Nu-Way Live Oak inert debris pit with engineered fill such that the backfilled site will be suitable for 

future development. Based on the preceding discussions, our comments on the actual material quality, 

filling methods, and frequency of testing and reporting versus the City requirements as laid out in the 

1990 Agreement and 1994 CUP are summarized below. The ZK list of progress reports from 1991 

through 2006 are provided in Table 2-2. 

Material Quality I. Clean earth and Not Sure Frequent reference to disposal of 
and inorganic solid fill organic materials, plasterboard, 

Placement Methods material, no organic partially treated sludge (later 
material reclassified as water treatment 

solids in dail re orts 
2. Oversize material 

(+ 12-inch) to be 
crushed or set in 
windrows 

• City to be notified 48 
hours prior to windrow 
disposal, to approve 
locations and disposal 
methods 

• 90 percent compaction 

• Oversize disposal such 
that nesting does not 
occur and oversize is 
completely surrounded 
by compacted or 
densified fill 

No 

No 

No 
(particularly 
after 1994) 

No 

Crusher operation intermittent, no 
crushing after 2003, oversize 
material placed in horizontal thick 
blanket fills (5' to 8' thickness), 
not in windrows 

Some windrow disposal discussed 
in field reports in early placement 
(1991-1993) but City not notified 

Only matrix material tested for in 
situ density, not appropriate for 
oversize fragments 

Frequent mention of nesting and 
"voids" in the fill in ZK reports 
and in test pits excavated by IGI 
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Supervision and 1. Provide proper No Supervision too infrequent, 
Fill Control supervision and (particularly after 1998), to 

control of project at all properly control material quality 

Geo technical 
Progress Reports 

times (1990 
Reclamation Plan) 

2. Monitor the material to 
ensure that such 
materials meet the 
discharge 
specifications as per 
RWQCB's waste 
discharge requirements 

1. Annual reports or 
whenever 5 feet of fill 
is placed, whichever 
comes first 

Not Sure 

No 

Do not know if daily inspection 
records of incoming loads were 
kept 

Initially through 1994, ZK reports 
submitted on quarterly basis. 
After 1995, frequency of reports 1 
in 2 years or 3 years ( at frequency 
of fill placement ofabout 1 to 2 
million cu. yds. or after 30 to 40 
vertical feet of fill placement). 
See Table 2-2. 

From overall CUP and Quarry Rehabilitation Plan compliance standpoint, the fill placement from l 991 

through 1994, that was inspected and monitored approximately at one visit per week and tested at an 

average frequency of 1 test per 3,000 cu. yds. (Figure 2-2), may be considered as regulatory compliant 

and engineered fill. The fill placed between 1994 and 1998 had monitoring frequency of approximately 

1 visit per month and an average test frequency of about 1 test per 10,000 cu. yds. The supervision is 

considered generally inadequate and fill quality perhaps "marginal." However, some benefit of doubt 

may be granted due to the reported crusher operation and based on IGI's observation of downhole logging 

of3-foot diameter bucket auger boring which indicated that fill below El. 318 feet was relatively easy to 

drill with no large fragments. The fill placed above approximate El. 320 feet, i.e., in upper 70 to 80 feet 

of the pit (with the exception of the upper soil cap) is considered unsuitable to function as engineered fill. 

This interpretation is based on: 

• Actual visual observation of fill in two test pits to a depth of about 70 feet; 

• Infrequent to virtually no monitoring beyond 1999; 

• Placement pattern in 8- to 10-foot thick "blankets"; and 

• Frequent occurrence of open voids or voids with loosely backfilled soil matrix. 
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Historic groundwater levels observed in the groundwater monitoring wells and piezometers in the vicinity 

of the site suggest that the groundwater levels fluctuate at the site and vicinity. The historical 

groundwater high of 330 feet msl at the site (80 feet below finish grade) reportedly occurred in 1944 

(IGI, 2008a). Groundwater data from a well 4218C located northwest of the site indicates that 

fluctuations are common, the groundwater levels fluctuating between EL 200 and 320 feet msl. 
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3.0 SETTLEMENT ANALYSIS 

3.1 GENERAL 

This section presents the static and seismic settlement analysis of the fill based on detailed evaluation of 

existing fill characteristics as interpreted from the review of available data described in Section 2.0. The 

results of the settlement analyses are utilized to arrive at remedial recommendations to render the site 

suitable for proposed development. 

There is a significant degree of uncertainty associated with the settlement estimates at the Nu-Way pit due 

to the following reasons: 

• Uncertainty related to subsurface profile and material characteristics due to the non uniform, 

uncontrolled nature of fill placement and limited subsurface information available 

• Uncertainty regarding the various mechanisms of static and seismic settlement within rubble fills 

and the lack of an industry-accepted settlement calculation procedure for such fills 

• Lack of case histories in such fills with documented performance under seismic loading 

• Lack of settlement monitoring information for this site or other gravel pits in the vicinity 

Due to these reasons, a reliable quantitative estimate of settlement is difficult to provide. The approach 

taken herein is to provide a range of anticipated settlements, supported by a detailed evaluation of fill 

conditions, field test data and placement practices at the site, a rational settlement model, reasonable 

assumptions and parametric analyses. 

3.2 CHARACTERISTICS OF THE FILL 

3.2.1 General 

Based on historic evidence, reports of fill placement and results of previous investigations described in 

Section 2.0 of this report, the fill may be divided into four general vertical zones for purposes of analysis. 

These zones comprise, from top to bottom: 

Zone 1: Compacted soil fill cap extending from the surface to a depth of 10 to 15 feet. The material 

consists predominantly of well compacted sandy materials with minor amounts of gravel. This fill was 

reportedly placed in 2006 under the observation and testing of HAI (2006). 
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Zone 2: Predominantly rubble fill extending down from the bottom of the soil fill cap to approximate 

elevation of 310 to 3 20 feet msl, representing the fill horizon around 1998/1999. This fill was placed 

from 1998/1999 to 2005. Observations in deep test pits and borehole excavated by IGI (2008b, 2010) 

indicate that the fill in this zone appeared to be unprocessed and loosely dumped, with lift thicknesses in 

the range of 5 to 8 feet. Fill placement was very infrequently observed and tested by ZK, and fill 

placement records suggest that the fill in this depth zone was placed with little or no control with respect 

to material processing, lift thickness, maximum particle size or compaction. 

Zone 3: Rubble fill extending down from the bottom of Zone 2 (approximate El. 310 to 320 feet msl) to 

approximate El. 285 feet msl, representing the approximate fill horizon in 1991. Records suggest that this 

fill, placed from 1991 to 1998/1999, to approximate El. 310 to 320 feet was placed under more controlled 

conditions than Zone 2. Field observation and testing was performed by ZK at more frequent intervals 

than in Zone 2. Records indicate that the lift thicknesses were on the order of 3 to 4 feet, and that a 

crusher was used intermittently to process some of the fill materials. 

Zone 4: This zone extends down from approximate El. 285 feet msl (representing the 1991 horizon) to the 

bottom of the pit. The fill consist of saturated silt deposits comprising sands, silts and clays mixed with 

varying amounts of uncontrolled rubble fill. The fill thickness is estimated to range from 5 to 40 feet 

(Zeiser, 1991). 

The elevations of the horizons separating each of the above zones are very approximate. Also, the 

demarcation between Zone 2 and Zone 3 is not well defined, and is interpreted from discontinuous and 

infrequent fill observations by ZK. 

Zone 1 representing compacted engineered soil fill is not considered vulnerable to settlement. The 

Zone 4 materials consisting predominantly of saturated silts are considered vulnerable to long term 

consolidation and creep settlement under the fill loads. However, much of this settlement has already 

occurred during the 15-year filling period and another 4 years since fill was completed to finish grade. 

The characteristics of the Zone 4 soils were previously tested and evaluated by Zeiser (1991). The focus 

of the current evaluation is mostly on the rubble fills of Zones 2 and 3. 

3.2.2 Rubble Fill Characteristics 

Stratigraphy 

Two large test pits excavated to maximum depth of 75 feet (IGI, 2008b) indicated that the rubble fill in 

Zone 2 consists of individual lifts of rubble fills (typically about 5 to more than 8 feet thick), each capped 

by a thin (4 to 6 inches) layer of soil. This pattern appears to be repeated over the full depth of the face 
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exposed in both test pits. The layered nature of the fill is clearly visible in the photographic test pit logs 

for each test pit produced by GLA (Appendix A). 

The rubble lifts consisted primarily of concrete with abundant rebar, floor tile, cement and asphalt 

shingles, bricks, soil, crushed glass and debris. Approximately 15 to 20 percent of the rubble fill was 

estimated to be oversize (larger than 12 inches). Concrete blocks with dimensions ranging from 2 feet to 

more than 20 feet were found. Nesting and voids were common. Most of the blocks were found to be 

nested with loose dry infill. Extensive rubble zones were reported to be voided with no soil fill. It 

appeared that the rubble layers were formed by end dumping debris from trucks into layers 4 to 5 feet 

thick. The lifts revealed little processing or spreading. Each individual lift then appears to have been 

capped by .a thin layer of silty sand or sandy silt (hereafter referred to as "sand layers" for convenience). 

The layered nature of the rubble fill appears to be confirmed by the blowcount patterns from the six 

Becker Hammer borings performed through the fill by IGI (2008a). The corrected Becker Hammer 

blowcounts, and equivalent SPT blowcounts corrected for overburden pressure (Appendix B) show the 

presence of periodic thin layers (no more than a foot thick) with relatively low blow counts, indicating a 

relatively loose to medium dense sand layer, at regular intervals within the profile. The intervals 

generally range from 5 to 15 feet in Zone 2. Considering that some of the sand layers sandwiched 

between successive layers of rubble fill may be too thin to be reflected in the blowcount data (which 

represent blows measured per foot of driving), the repetitive pattern of the low blowcounts appear to 

match the layers of sand seen in the test pit photo-logs. The layered nature of the rubble fill/sand layer is 

very prevalent within Zone 2, and is less prevalent in Zone 3. 

In-between the successive thin layers of sand, the blowcounts fluctuate significantly within the rubble, 

typically between equivalent N1c6o) values of 15 and 30, and periodically spiking up to higher values, 

sometimes in excess of 50 or 60. The spikes are interpreted to represent the presence of oversize 

materials, as the 8-inch diameter closed end Becker Hammer bits displace or break through the larger 

clasts. 

The layered nature of the rubble fill (5 to 8-foot thick voided rubble zones interbedded with thin sand 

layers at regular intervals) as observed in the test pits and interpreted from the blowcounts, would appear 

to influence the mechanisms of settlement, particularly under seismic loading or fluctuations of the water 

level. This is discussed in more detail in subsequent sections. 

Grain Size Distribution 

Bulk gradation tests performed on eight large samples obtained from various depths from the two IGI 

(2008b) test pits gave the following results. All of the samples obtained were from the upper 45 feet of 

fill, within Zone 2. 
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3 to 23 11 
10 to 25 18 
6to20 14 

44 to 66 57 

The bulk gradation tests were performed on samples excavated from the 6-foot diameter by 4- to 5-foot 

deep bulk density test pits, and do not contain the representative amount of the larger clasts. Therefore, 

the above gradation ranges are considered to underestimate the large cobble and boulder size fraction. 

IGI confirmed (verbal communication) that they could not include representative amounts of oversize in 

the bulk gradation sample. 

A rough estimate of the oversize content was also made from the Becker hammer blowcount data profiles. 

As discussed above, the blowcount spikes likely represent the presence of materials larger than the size of 

the Becker Hammer bit. The relative fraction of the plus 9-inch clasts in the fill (by volume) was roughly 

estimated from the six Becker Hammer blowcount profiles to be an average of 24 percent (Appendix B). 

By weight, the plus 9 inch fraction is estimated to be roughly 31 percent. 

Another estimate of oversize content by volume was obtained by overlaying a scaled grid over a scaled 

photograph of the test pit face (obtained by GLA), and measuring the relative area occupied by the visible 

oversize clasts. This method indicated the plus 9 inch clasts to be approximately 18 percent by volume. 

The corresponding fraction by weight is estimated to be 23 percent. 

The Becker Hammer interpretations and oversize estimate from photographs indicate that the plus 9-inch 

fraction is roughly 23 to 31 percent by weight. By comparison the laboratory grain size distribution data 

indicates a plus 9 inch fraction of about 15 percent. Thus the laboratory gradation curves reported by IGI, 

likely underestimate the oversize clasts by approximately 12 percent. 

Relative Compaction 

The relative compaction of the rubble fill was evaluated by IGI (2008b) by performing a total of eight 

large diameter (6-foot diameter) ring density tests (ASTM D5030-04), at various depths within the two 

test pits. The tests, four in each pit, were performed on benches at depths ranging from 13 to 55 feet 

below finish grade. All of the tests were within Zone 2. The bulk density values are summarized in 

Table 3-1. The measured bulk densities (moist densities) range from 79.7 pcf to 133.6 pcf, with an 

average value of 117 pcf. The corresponding dry densities were also calculated by IGI, by subtracting the 

weight of water contained in the minus ¾-inch fraction from the total weight of the material. The plus 

¾-inch fraction consisting of concrete fragments, brick and steel were not considered to contain 

appreciable moisture. The corresponding dry density values range from 76.6 pcf to 126.4 pcf, with an 

average value of 110.4 pcf. 
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Of the 8 tests, four had dry densities between 120 and 126 pcf, two had dry densities between 110 to 

120 pcf, and two had very low dry densities of 77 and 86 pcf respectively. In comparison, when these 

materials were compacted in multiple, maximum achievable density (MAD) test pads, the dry density 

values ranged from 127 to 133 pcf. Field notes recorded during the in situ field density testing suggest 

the presence of a large volume of voids in the rubble fill. Water percolation tests performed in the field 

density test holes supported this observation. The water from the ring density tests reportedly completely 

drained or substantially dropped in a matter of minutes at most of the test locations, when the visqueen 

sheet lining the bottom of the pit was perforated and removed. In contrast, the water in the MAD Test 

Pad pits reportedly remained undrained for several days, indicating a low permeability and significant 

reduction in voids when the materials excavated from the density test pits are properly compacted. 

A total of 8 sand cone tests performed in exposed layers of the relatively finer grained (sandy) materials 

showed relative compaction values (with respect to ASTM D1557) ranging from 72.5 to 94 percent, with 

an average of about 81 percent (IGI, 2008a). The sand cone tests could have been located either within 

the sand layers capping rubble lifts or within relatively finer grained fill materials (soil rubble mix with 

relatively low ov~rsize content). The tests indicate that regardless of whether they are sand layers 

between rubble layers or infill materials within the rubble fill, the infill material is relatively loose. 

3.3 SETTLEMENT MODEL AND METHODOLOGY 

The idealized soil profile used for settlement estimates is illustrated in Figure 3-1. Because Zone 2 and, 

to a lesser extent, Zone 3, were placed in an uncontrolled manner with little or no control of maximum 

particle size, processing, lift thickness or compaction, the fill is anticipated to experience significant static 

and seismic settlements. Also, because of the non-homogeneity of the fill, the differential settlements are 

anticipated to be a significant proportion of the total settlements. 

3.3.1 Methodology for Seismic Settlement 

The typical approach to seismic settlement of granular unsaturated fills consists of calculating the 

contractive volumetric strains in the material induced by seismic shaking and integrating it over the 

thickness of fill. The current state of practice consists of the following steps (Tokimatsu and Seed, 1987): 

• Estimate cyclic shear stresses induced by the design earthquake. This is a function of the 

maximum horizontal ground acceleration. 

• Estimate corresponding induced cyclic shear strains (y). In order to calculate the induced shear 

strain, the shear modulus G should be known. G is strain dependent ( decreases with increasing 

cyclic shear strain) and can be calculated based on the maximum shear modulus (Gmax), i.e. the 

shear modulus corresponding to very low values of shear strain, and the relationship between 
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G/Gmax and y. The value of Gmax can be estimated from the (N1) 60 values (based on established 

correlations between Gmax and (N1) 60) or calculated from the shear wave velocity. The 

relationship between G/Gmax and y is obtained from experimental data available in the literature 

for different types of soils 

• Calculate induced volumetric strain (Ev)- The induced volumetric strain is a function of the 

magnitude of the cyclic shear strain y, and the number of significant cycles ( which is a function of 

earthquake magnitude). This relationship can be established based on laboratory cyclic shear 

tests on the material. Relationship between y and Ev for sands have been established based on 

laboratory tests on sands compacted to different values ofrelative density (Silver and Seed, 1971; 

Pyke et al, 1975). The relative density of sand can in tum be correlated to the (N1) 60 values. 

• Integrate the calculated volumetric strain over the fill thickness to calculate total settlement. 

The Tokimatsu and Seed (1987) procedure and the simplified version of the procedure in1plemented by 

Pradel (1998) are typically used to estimate the seismic settlements of loose sands and granular fills under 

unsaturated conditions. The seismic settlement estimates are based on the (N1) 60 blowcounts in the 

deposit and the laboratory charts developed for sands. The validity of this approach for unsaturated sandy 

fills has been demonstrated by comparing predictions to observed settlements during earthquakes in 

Southern California (Pradel, 1998; Tokimatsu and Seed, 1987; Stewart et al, 2001). 

The limitation of the Tokimatsu and Seed (1987) approach is that the charts used in the calculations are 

based on laboratory tests on uniformly compacted clean sands, and on correlations between relative 

density and SPT (N 1) 60 values for sands. The method is, therefore, considered inappropriate for non­

uniform, voided and nested rubble fills containing significant proportion of oversize clasts. Also the 

method considers only the contractive volumetric strains induced by shear strains, and does not consider 

other potential seismic settlement mechanisms such as migration of fines into open voids and collapse of 

nested structure that may be prevalent in voided and nested rubble fills. 

As described previously, the rubble fills at the Nu-Way Pit consist of a succession of loose, voided and 

nested rubble lifts 5 to 8 feet thick capped by an approximately 6- to 12-inch layer of sand. The voids 

between the clasts in the rubble fill consist of finer infill materials and open voids. The sand layers 

capping the rubble lifts, as well as the infill materials within the rubble fill are relatively loose (average 

relative compaction of 81 percent, based on sand cone density tests). During seismic shaking there will 

be a strong tendency for the loose sand in each of the sand layers to be shaken into the underlying open 

voids in the rubble layer (Figure 3-1). A simple visual illustration of this mechanism can be demonstrated 

by filling the lower portion of a glass jar with gravels and cobbles of various sizes to give a nested 

structure, capping it with a layer of sand, and shaking the jar a few times to simulate earthquake shaking. 

The sand will tend to migrate and occupy the underlying voids, resulting in a net reduction in thickness of 
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the sand layer. The seismic shaking will also cause the loose infill materials within the rubble to settle, 

creating more open voids and increasing the connectivity between the open voids, thereby further 

encouraging the migration of sands from the overlying layer. As a result of the sand migrating into the 

underlying rubble fill, there will be a reduction in thickness of the sand layer, which will cause the 

overlying layers to settle. The cumulative effect of the reduction in layer thickness of each sand layer will 

translate into an area-wide settlement of the fill. Another potential mechanism during seismic shaking 

will be the collapse of the nested structure of the oversize clasts. The collapse may occur where oversize 

clasts are in point to point contact or separated by loose sands which are displaced by the seismic shaking. 

The collapse mechanism, along with the migration of sands into the open voids, will result in a net 

reduction in the open voids within the rubble fills, which would then translate into overall settlement of 

the fill. 

This settlement model that represents the actual stratigraphy of the rubble deposit based on the reported 

placement history and mapped condition of the upper 50 to 60 feet of rubble fill, is considered a better 

representation of the actual site conditions to calculate settlements rather than any other models that 

assume uniform, homogeneous fill characteristics. 

Based on the above discussion, the seismic settlement of the rubble fill is estimated to consist of the 

following components: 

1. Densification of sand layers in-between the rubble layers - The cumulative thickness of the sand 

layers, in comparison to overall thickness of rubble fill, is generally relatively small; therefore, 

the contribution to total seismic settlement will be small. The magnitude of settlement can be 

calculated using the Tokimatsu and Seed (1987) approach, by considering the equivalent (N1) 60 

values measured in the sand layers. 

2. Densification/settlement of the infill soil within the rubble layers - This will not directly cause a 

settlement of the entire deposit. Instead, the densification of the infill soil will create additional 

open voids within rubble fill, which will then become available to be filled by migration of sands 

from the overlying sand layer, or cause collapse of the rubble fill skeleton. Since the pre-existing 

free voids in the rubble layer far exceed the additional voids that may be created as a result of the 

densification of the infill, this component was neglected in the settlement estimates. 

3. Densification of the rubble fill -The rubble fill mass acting as a "homogeneous fill" will tend to 

densify and settle due to the effect of cyclic loading, i.e. the contractive volumetric strain 

mechanism modeled by the Tokimatsu and Seed (1987) approach. The Tokimatsu and Seed 

charts cannot be reliably used for this material, because the charts were developed for sands. By 

obtaining the Gmax of the material from the average shear wave velocity profile for the fill, and 

assuming that the charts developed for sands are applicable to the rubble fills, a rough estimate of 
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the settlement contribution from such densification may be made. The contribution to total 

settlement from this component is estimated to be small. 

4. Filling of open voids within the rubble fill - There are two mechanisms that will contribute 

towards the filling of open voids in the rubble fill: 

i. Migration of sands from the sand layer into the open voids of the underlying rubble 

layer - This process will be repeated at each sand layer/rubble layer contact. 

11. Collapse of the nested structure prevalent within the rubble fill 

These two processes together will cause a net reduction in the open voids, which will translate 

into settlement of the fill. The volume of open voids in the rubble layer can be calculated based 

on the dry density of the rubble layer (from the ring density tests), the dry density of the infill soil 

(from sand cone tests), the relative proportions of infill materials to oversize clasts and their 

respective values of specific gravity. Not all of the available open voids will be filled due to 

migration of sand from the overlying sand layer or collapse of the nested structure. The 

proportion of open voids that get filled will depend on the amplitude, :frequency and duration of 

shaking, as well as proportion of open voids that are easily accessible to the fines (i.e. not blocked 

by infill materials or isolated by nesting clasts). In the absence of physical laboratory modeling, 

there is no reliable means of estimating the proportion of open voids that will get filled due to a 

given level of shaking. Therefore, a range of values will be estimated to provide an order of 

magnitude quantification of the settlement. 

3.3.2 Methodology for Static Settlement 

The static settlement of the rubble fill will consist of the following components: 

1. Static settlement under the self weight of the fill - In granular fills the majority of the settlement 

occurs during and immediately after filling, and is therefore not an issue for long-term 

settlements. 

2. Creep settlement- In granular fills (Zones 1, 2 and 3) creep settlement is not significant 

3. Long-term primary and secondary consolidation settlement of fine grained layers (Zone 4) - An 

estimate of the long term settlement of the saturated silt fills was made by Zeiser (1991), based on 

laboratory consolidation tests. They estimated a total primary settlement of 24 to 36 inches under 

the fill load, 90 percent of which would occur within 1 year after completion of grading. Since 

the total fill has been in place for over 4 years since finish grading, the primary consolidation 
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settlement of the silt deposits can be considered to be substantially complete. Any remedial 

grading measures (removal and replacement of the overlying fills) would produce reloading and 

re-trigger settlements in this deposit. However, the silt deposit would behave as overconsolidated 

soils, hence the primary settlements would be an order of magnitude lower and occur rapidly 

during reloading. Long-term secondary settlements will also be lower. The magnitude and rate 

of secondary settlement and the corresponding waiting periods prior to structure construction can 

be estimated based on settlement monitoring of the replaced fill . 

4. Migration (washing) of fines into voids and potential collapse of the nested structure due to water 

table fluctuations and surface water infiltration - Future water table fluctuations could result in 

overlying sands and fines being washed into the open voids of the underlying rubble layers. The 

potential for this occurrence was clearly observed in the water percolation tests performed by IGI 

(2008b) in the ring density test pits. The potential for settlement under this mechanism will be 

significant, where the pattern of interlayered sand and rubble layers is present in the groundwater 

fluctuation zone. Groundwater fluctuations could also cause hydroconsolidation of the infill 

materials resulting in collapse of the nested structure. Since the groundwater fluctuation zone is 

very deep (the high water level is estimated to be approximately 80 feet below ground surface), 

the surface manifestation of such settlement will be relatively small. 

There could be additional localized settlement due to surface water infiltration causing piping. 

However, since a significant thickness of the upper part of the rubble fill will be replaced with a 

properly compacted fill and surface drainage will be provided as part of the site development, the 

potential for piping will be significantly reduced. 

3.4 SEISMIC SETTLEMENT 

Based on the 2007 California Building Code, the design ground motions for the site is estimated to be a 

peak ground acceleration of 0.53g. The corresponding moment magnitude was estimated at 6.7 based on 

a deaggregation analysis performed using the USGS interactive website. 

As discussed in Section 3.2.1 above, the seismic settlements include a combination of the following: 

• Densification of the sand layers under seismic shaking 

• Densification of the rubble fill layers under seismic shaking 

• Settlement caused by filling of open voids due to fines migration from overlying sand layers 

and collapse of the nested structure 
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Seismic settlement estimates were made at each of the six Becker Hammer boring locations, B 1 through 

B6. The blowcount profiles used in the interpretation of the subsurface stratigraphy at each of these 

locations are included in Appendix B. 

3.4.1 Settlement of Sand Layers 

The densification of the thin sand layers at each Becker Hammer location was estimated using the 

Tokimatsu & Seed (1987) procedure as implemented by Pradel (1998). Only the layers where the 

equivalent (N1) 60 values were less than 15, indicating lose to medium dense sands, were considered for 

this settlement estimate. Only the layers above El. 285 feet (above the 1991 horizon) were considered. 

The cumulative thickness of the loose to medium dense sand layers (encountered by the Becker Hammer) 

ranged from zero at B4 to approximately 38 feet at B6. The Gmax value required for the analysis was 

estimated from the (N1)6o values. The shear wave velocity profiles obtained from downhole and surface 

seismic surveys (IGI, 2008a) could not be used for this purpose because they did not have sufficient 

resolution to identify presence of the thin sand layers. The calculated seismic settlements, as tabulated in 

Table 3-2, range from zero to 2.3 inches. 

3.4.2 Settlement of the Rubble Layers 

The densification (volumetric contraction) of the rubble layers at each Becker Hammer location was also 

estimated using the Tokimatsu & Seed (1987) procedure as implemented by Pradel (1998). As discussed 

in Section 3.2.1, although the applicability of this method and the reliability of the predictions are 

questionable for rubble fills, it was used, nevertheless, to obtain rough order of magnitude estimates. The 

sand layers considered in Section 3.4.1 above were excluded from the analysis. Only the rubble layers 

within Zones 2 and 3 were included. The cumulative thickness of rubble fill layers estimated from 

borings B 1 through B6 ranged from 72 feet to 110 feet. The Gmax value required for the analysis was 

estimated from the shear velocity profile obtained from the downhole seismic survey perfonned in 

Borehole B4 (IGI, 2008a). The calculated seismic settlements, as tabulated in Table 3-2, range from 0.3 

to 0.5 inches. 

3.4.3 Settlement Caused by Filling of Open Voids (Cumulative Settlement of the Sand Layers 

Due to Fines Migration+ Collapse of Nested Structure) 

This analysis involved calculating the available average open voids (as a percentage of the total volume) 

in the rubble layers and then calculating the settlements assuming that a certain percentage of the open 

voids get filled by a combination of fines migration and collapse. The total voids in the rubble fill have 

two components: voids contained within the infill soils CVv)s, and free (open) voids CVv)f,. For purposes 

of this analysis, materials finer than ¾ inch were considered infill soils, while the plus ¾ inch fraction 

comprised the clasts of the rubble fill. 
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Knowing the void ratio of the infill soil component, the void ratio of the entire rubble fill, and the ratio of 

the volume of soil (minus ¾-inch fraction) to volume of clasts (plus ¾-inch fraction), the volume of open 

voids can be calculated (Figure 3-2). The average void ratio of the infill soil was estimated from the sand 

cone tests reported by IGI (2008b). The void ratio was calculated using the average sand cone dry density 

values and assuming a specific gravity (Gs) value of 2.65 for the material. The void ratio of the entire 

rubble fill was calculated by considering average dry density of the rubble fill as determined from the 8 

large scale ring density tests reported by IGI (2008b). The volume ratios of infill soil to rubble clasts 

were obtained knowing the ratio by weight of the minus ¾-inch fraction to plus ¾-inch fraction from the 

gradation tests discussed in Section 3.1.2.2, and assuming Gs values of2.65 for the minus¾ inch fraction 

and 2.4 for the rubble (that includes predominantly concrete clasts). 

Based on the above evaluations, the average volume of open voids (as a percentage of the total volume) in 

the rubble layer is estimated to be 6.7 percent (Table 3-1). Due to the pervasive nature of open voids, the 

settlement due to fines intrusion into the open voids below and collapse, will be an area-wide 

phenomenon. However, due to the variability of the open void volume, the settlement will be highly non­

unifonn. 

The settlement due to filling of open voids will be prevalent where the fill pattern of thick loosely dumped 

rubble layers interlayered with thin sand layers exists. The vertical interval over which the interlayering 

occurs was estimated based on the blowcount profile in each boring (Appendix B) and is listed in 

Table 3-2. The cumulative thickness of the affected vertical interval ranges from 52 feet at B5 to 82 feet 

in B3. Not all of the available open voids within this depth interval will be filled due to sand migration or 

collapse. As indicated in Section 3 .2.1, the proportion of open voids that get filled will depend on the 

amplitude, frequency and duration of shaking, as well as the proportion of voids that are accessible to 

migrating fines, but is not known in the absence of specific physical laboratory testing. If the percentage 

of open voids that get filled due to the design ground motions was assumed to be 'p' percent, the 

corresponding settlement (due to fines migration and collapse) is estimated as: 

Settlement= (p/100) x 0.067 x T 

where 'T' is the cumulative thickness of the affected interval, and 0.067 (6.7%) is the calculated average 

fraction of open voids (as a fraction of the total volume). 

In the case of B4 (Appendix B), even though the layering appears to be prevalent over a depth interval of 

80 feet, the sand layers appear to be significantly denser, based on blowcounts. Since dense sand will not 

migrate as easily as loose to medium dense sands into the open voids below, the percentage of open voids 

that get filled was assumed to be 0.4 x p for B4, based on a review of the blowcount profile. 
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As an initial estimate it was assumed that 20 percent of the open voids get filled due to the design 

earthquake, i.e. p = 20 percent. The corresponding settlements due to filling of open voids are then 

calculated to range from 5.2 inches at B4 to 13.2 inches at B3 (Table 3-2). 

3.4.4 Total Seismic Settlements 

The total seismic settlements estimated at each borehole location (assuming that 20 percent) of the open 

voids are filled, ranges from 5.6 inches to 14.4 inches with an average of 11.2 inches (Table 3-2). The 

total thickness of rubble fill (above the 1991 horizon, i.e. above Zone 4) is approximately 110 feet. The 

total seismic settlement of 11.2 inches is roughly equivalent to 0.85 percent of fill thickness. 

The above estimate was compared to some well documented case histories related to the settlement of dry 

granular fills in Southern California, during the 1971 San Fernando earthquake and the 1994 Northridge 

earthquakes. During the Magnitude 6.6 San Fernando earthquake, a 40-foot deep compacted sandy fill at 

the Jensen filtration plant reportedly experienced a settlement of approximately 4 inches (0.8 percent of 

fill thickness) under an estimated maximum ground acceleration of 0.45g (Pike et al, 1975). Stewart et al 

(2001) report numerous cases of settlement of compacted dry fills that resulted in widespread damage to 

foundations from the 1994 Northridge earthquake. Pradel (1998) reports a case history from the same 

earthquake where 3 .2 inches of differential settlement occurred in a granular compacted fill over a 30-foot 

differential fill thickness under an estimated maximum ground acceleration of 0.5g (approximately 0.9 

percent of fill thickness) . Stewart et al (2004) report 3.9 inches of settlement in 54 feet of fill 

(approximately 0.6 percent of fill thickness) and 6.7 inches of settlement in 61 feet of fill underlain by 22 

feet of dry alluvium (approximately 0.7% of combined fill + alluvium thickness) at a well documented 

site with sandy clay/silty sand fill during the 1994 Northridge earthquake. These documented case 

histories indicate that seismically induced settlements of 0.6 to 0.9 percent of fill thickness are not 

unusual in dry sandy fills, for ground accelerations comparable to the design ground accelerations for the 

Nu-Way Pit. These observations of seismic settlement as a percentage of the fill thickness, compares well 

with the above estimate for the rubble fill. However, considering that the rubble fill consists of 

uncompacted fill with significant voids, the resulting settlement could possibly be higher than the 

estimate above. 

One of the likely remedial measures for the substandard fills at the Nu-Way Pit would consist of partial 

removal of the Zone 2 and possibly Zone 3 fills and replacement with a properly processed and 

compacted fill cap. With increased removal depth, the remaining fill thickness vulnerable to seismic 

settlement would decrease, thereby resulting in lower seismic settlement potential. Figure 3-3 provides 

the results of seismic settlement estimates for increasing levels of removal and replacement. The results 

are tabulated and plotted in terms of total seismic settlement versus thickness ofremoval and replacement 

(compacted fill cap thickness). The compacted fill cap is assumed to experience no seismic settlement. 

The currently existing condition is represented by an existing compacted soil cap thickness of 
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approximately 10 feet. The plot in Figure 3-3 shows the calculated settlement versus thickness of 

removal and replacement at each of the six borehole locations, and the average curve for the site. 

Under current conditions the site is expected to have total seismic settlements ranging from 5.6 to 

14.4 inches with an average of 11.2 inches. If, for instance, the upper 70 feet are removed and replaced, 

the estimated seismic settlements would range from 0.1 to 3 .9 inches with an average of 1.8 inches. 

The above estimates (Figure 3-3) were made assuming that the percentage of free voids that would be 

filled by fines migration and collapse (p) is 20 percent. To quantify the uncertainty associated with this 

assumption and evaluate the sensitivity, the value of p was varied from Oto 30 percent (0, 10, 20 and 

30 percent). The average settlement curves for various values ofp are presented in Figure 3-4. The plots 

indicate that the seismic settlements are significantly impacted by the assumed value of p. The 

corresponding settlements (assume 70 feet of removal and replacement) for 10 percent and 30 percent 

filled voids are estimated at 1 inch and 2.6 inches, respectively (Figure 3-4). 

3.5 STATIC SETTLEMENTS 

As discussed in Section 3.2.2, the static settlement of the rubble fill under self weight takes place during 

and immediately following fill placement, and the long term settlement of the underlying silt deposits 

(when retriggered) can be estimated (projected) based on settlement monitoring data from settlement 

plates/monuments. Based on projected settlements, the waiting periods for start of foundation 

construction can be estimated and accommodated in scheduling start of structure construction. 

The remaining component of static settlement consists of settlement due to groundwater level 

fluctuations. Historical groundwater data suggest that the groundwater levels fluctuate at the site and 

vicinity. The historical groundwater high of 330 feet at the site reportedly occurred in 1944. 

Groundwater data from a well 4218C located northwest of the site indicates that fluctuations are common, 

the groundwater levels fluctuating between EL 240 and 320 msL The data suggest that the fill placed 

above approximate EL 290 feet may not have been subjected to saturation due to groundwater 

fluctuations. The zone vulnerable to settlement due to groundwater fluctuations is therefore the 40-foot 

thick zone between El. 290 feet and 330 feet. Roughly the lower half of this zone is within Zone 3. 

Assuming that Zone 3 does not have substantial free voids, the bulk of the settlement due to saturation 

would result from the upper half of this 40-foot interval within Zone 2. This zone contains interlayered 

sand and rubble layers and the potential for fines being washed into the underlying voids is high. 

The estimated total settlement caused by groundwater fluctuations will depend on the percentage of open 

voids that get filled due to migration of fines and collapse (p). This is dependent on the relative 

proportion of the open voids that are accessible to the fines or vulnerable to collapse. Some of the open 

voids will be blocked by in-fill materials or isolated by nesting clasts and will therefore be inaccessible to 
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fines migration or not vulnerable to collapse. The estimated settlements for different percentages of open 

voids filled are provided below. 

30% 4.8 
40% 6.4 

This settlement occurs at a depth of 80 feet below the ground surface. 

3.6 SURFACE MANIFESTATION OF SETTLEMENT 

The static and seismic settlements estimated above occur at various depths below the finished fill surface. 

The surface expression of the settlement will include total and differential settlement. The magnitude of 

the total and differential settlements manifesting at the surface will depend on the depth at which the 

settlement occurs and the thickness of compacted fill cap overlying the horizon at which the settlement 

takes place. 

The Computer Program FLAC (Fast Lagrangian Analysis of Continua, Itasca, 2008) was used to model 

the impact of cap thickness on surface manifestation of the underlying settlements. The program uses 

finite difference numerical techniques to model the non-linear stress - deformation patterns within soils. 

A detailed description of the FLAC analysis, including sample input files, selected output files and 

results of sensitivity analyses is presented in Appendix C. 

A typical cross section (Cross Section C-C' from the IGI report, 2008a) was analyzed for this purpose. 

The soil cap, consisting of engineered fill generated from removal and recompaction of excavated 

materials was modeled as a non-linear elastic - perfectly plastic material with a Mohr-Coulomb yield 

criterion. 

The initial shear modulus (Gmax) of the soil cap was calculated from the shear wave velocity measured 

from the single downhole geophysical seismic velocity survey performed in Borehole B-4 (Terra 

Physics, 2008 and IGI, 2008a). The shear wave velocity of 880 feet/second measured in the upper 

portion of the existing fill was selected. The shear modulus was degraded as a function of the shear 

strain based on the G/Gmax backbone curve proposed for sands by Seed & Idriss (1970). 

The 2-dimensional cross section was first initialized under gravity load to calculate and apply the in situ 

stresses. Surface manifestation of settlement was simulated by considering the soil cap and applying the 

calculated displacements of the existing fills left in place below the fill cap as vertical nodal 

displacements along the interface between the fill cap and existing fill. The intent of the analyses was to 
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apply a differential settlement at the base of the fill cap and evaluate the corresponding differential 

settlement at the surface for various thicknesses of fill cap. 

In the FLAC model, the nodal displacements are incrementally applied as a "velocity" (displacement per 

time step) for the numerical analysis. The incremental displacement for each time step should be small 

enough such that it does not cause numerical instability in the finite difference analysis. Parametric 

studies were performed to obtain the optimum region (mesh) size and displacement application rates for 

the numerical model (Appendix C). 

The surface manifestation of settlements occurring at depth was modeled in two different ways: 

a) Specific Differential Settlement Applied at a Single Location (isolated differential settlement} -

In the first approach, a specific differential settlement was applied at a single location at the base 

of the fill cap and the corresponding response at the surface was modeled._ Since the rubble fills 

are highly non-uniform, differential settlements could be significant. The differential settlement 

due to seismic action was selected to be half of the total settlement, occurring over a relatively 

short horizontal distance of about 30 feet. The 30-foot distance was selected to correspond with 

two equipment widths. The assumption being that the fills were built in cells, each approximately 

30 feet wide (approximately 2 equipment widths), and that adjacent cells could experience 

differential settlements of up to 50 percent of the total. The differential settlement at the base of 

the fill cap was estimated to be half of the estimated total average settlement (Figure 3-4) 

occurring in the underlying rubble fill left in place. The differential settlement was applied as a 

uniformly increasing displacement from zero to the estimated magnitude of differential settlement 

over a horizontal distance of 30 feet. 

Surface manifestation of this differential settlement was evaluated for three different thicknesses 

of fill cap: 40, 60 and 80 feet, respectively. The resulting surficial differential settlements 

corresponding to different thicknesses of fill cap are illustrated in Figure 3-5. The figure also 

provides the range of estimated differential settlement for different percentages (p) of open voids 

filled (due to fines intrusion + collapse). The results show for instance, that with a 40-foot fill 

cap, the estimated maximum differential settlement at the surface (over a horizontal length of 30 

feet), corresponding to p = 20%, is approximately 1.8 inches. If p is varied over a range from 

10% to 30%, the corresponding surficial differential settlements range from approximately 1 inch 

to 2.6 inches. If the fill cap thickness is increased to 60 feet, the corresponding surficial 

differential settlements are reduced to approximately 1 inch or less (Figure 3-5). 

b) Randomly Varying Settlement Applied at the Base of the Fill Cap - In this approach, the 

settlement of the rubble fill underlying the fill cap was assumed to vary randomly between the 

maximum and minimum values calculated (Figure 3-3). For example for the case of the 40-foot 
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fill cap, the total calculated settlements for the materials left in place below the cap 

(corresponding top = 20%), ranged from 3.5 inches (at B4) to 9.2 inches (at B3). The settlement 

at the basal nodes was specified to vary randomly between the maximum and minimum values. 

This was accomplished by the use of a random number generator, whereby the specified 

settlement at any node was calculated as: 

Specified nodal settlement = Pmin + r . (Pmax - Pmin) inches, where r is a random number 

between 0 and 1, and Pmin·= 3.5 inches and Pmax = 9.2 inches. 

The model was then run to calculate the corresponding surficial settlements. For the 40-foot thick 

cap for the given basal settlements ranging from 3.5 to 9.2 inches, the corresponding surficial 

settlements ranged from zero to a maximum of approximately 7.2 inches (zero occurring at the 

edge of the pit in contact with native deposit). The corresponding differential settlements over 

any 30-foot horizontal interval ranged from< 1 inch to 2.4 inches . . 

This calculation was repeated for cap thicknesses of 40, 60 and 80 feet, and for varying values of 

p (10% to 30%). The results are summarized in Figure 3-6. The figure shows the maximum 

calculated values of total surficial settlement and corresponding differential settlements at the 

surface. The figure indicates that with a 40-foot thick fill cap the maximum surficial differential 

settlements range from approximately 1.3 to 3.6 inches (for p ranging from 10% to 30%). When 

the fill cap thickness is increased to 70 feet, the maximum total settlements are less than 3.7 

inches and maximum differential surficial settlements are less than 1 inch. 

Surface Manifestation of Static Settlement 

Total settlements ranging from 3.2 to 6.4 inches were estimated to occur due to groundwater fluctuations 

(assuming values of p ranging from 20 to 40 percent). As in the case of seismic settlements, differential 

settlements at the saturated horizon are estimated to be half the total settlement, i.e. 1.6 to 3.2 inches over 

a horizontal distance of 30 feet. At the surface, approximately 80 feet above the highest groundwater 

level (Elevation 320 feet), the corresponding differential settlements are expected to be less than 1 inch 

over 30 feet. 

It should be noted that if the groundwater fluctuations occur prior to the design earthquake, the open voids 

within the groundwater fluctuation zones will be partially filled and will be less vulnerable (available) for 

seismic settlements. Similarly if a large magnitude earthquake occurs prior to the groundwater 

fluctuations, the volume of open voids available for fines intrusion due to saturation will be less. Thus it 

is unlikely that the settlements from seismic loading and from groundwater fluctuations will be 

cumulative 
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4.0 CONCLUSIONS AND RECOMMENDED REMEDIAL MEASURES 

4.1 CONCLUSIONS 

The estimated total seismic settlements of the in-place fill corresponding to various depths ofremoval and 

replacement are provided in Figure 3-4. The magnitude of settlement depends on the percentage of open 

voids in the rubble fill that get filled due to the design seismic event. fu the absence of physical 

laboratory modeling, it is not possible to reliably estimate this percentage. Therefore, settlement 

estimates for a range of percent open voids filled are provided. 

The surface manifestation analysis with fill cap thicknesses of 40, 60 and 80 feet suggests that differential 

settlements talcing place at depth are significantly attenuated at the surface of the fill. The level of 

attenuation increases with increasing thickness of the fill cap. Figures 3-5 and 3-6 show the range of 

differential surficial settlements anticipated for different thicknesses of fill cap. The results suggest that 

the upper 70 feet of fill should be removed and replaced, to limit the maximum surficial differential 

settlements to less than I inch over 30 feet. 

Several inches of total settlements could occur at depths below 80 feet from the surface due to 

fluctuations in the groundwater table. The corresponding differential settlement at the ground surface is 

estimated to be less than 1 inch over 30 feet. However, the settlement due to seismic shalcing and due to 

groundwater fluctuations is not anticipated to be cumulative 

The differential settlement criterion currently used by the LA County Department of Public Works 

(LADPW) is maximum I inch over a horizontal distance of 30 feet for static or seismic loading. Our 

analysis suggests that a 70-foot thick fill cap will be required to meet the LADPW criteria. 

4.2 RECOMMENDED REMEDIAL MEASURES 

The settlement analyses presented in Section 3.0, and the evaluation of fill quality as discussed in 

Section 2.0, suggest that approximately the upper 70 feet of existing, predominantly uncontrolled fill 

should be removed and replaced as a properly processed and compacted engineered fill cap, in order to 

limit the potential for total and differential settlements. This level of removal and replacement will 

remove the bulk of the Zone 2 fill, which contributes the most to static and seismic settlements, and 

presents the highest degree of uncertainty due to uncontrolled/undocumented filling. Alternatively, a 

combination of removal and replacement, and in situ densification by deep dynamic compaction (DDC) 

may be used to achieve a 70-foot thick compacted fill cap. The depth of effectiveness ofDDC in inert 

debris fills is not well documented but may be estimated at 20 to 25 feet for this type of inert debris fill. 

Assuming a 20-foot effective depth for DDC, the 70-foot fill cap may be achieved by a combination of 
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50 feet of removal, followed by DDC of exposed fill and subsequent compacted fill placement to finish 

grades. If DDC is to be used, its effectiveness and depth of influence will have to be demonstrated by 

means of a pilot program and pre- and post-DDC evaluations for the test section. 

It should be noted that this is an approximate estimate of the minimum cap thickness required to control 

the surficial settlements to within tolerable limits. Additional evaluation of fill to be left under the cap 

would likely be required to confirm this cap thickness recommendation. 
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LIMITATIONS 

This Technical Memorandum (TM) has been prepared by Advanced Earth Sciences, Inc. (AES) for 

Mnoian Management Inc. in accordance with generally accepted geologic and geotechnical engineering 

principles and practices. This warranty is in lieu of all other warranties either expressed or implied. 

The subsurface conditions presented in this TM are based on subsurface investigations and field testing 

information reported by others. The actual subsurface conditions at the site may be different from those 

reported, and should be verified in the field during construction. Significant differences between the 

estimated and actual subsurface conditions should be reviewed by AES so that recommendations may be 

revised as appropriate. 

The data, conclusions and recommendations contained herein should be considered to relate only to the 

specific project and location discussed herein. AES is not responsible for any conclusions or 

recommendations that may be made by others, unless we have been given an opportunity to review such 

conclusions or recommendations and concur in writing. 

This TM has not been prepared for use by parties other than Mnoian Management, Inc. It may not 

contain relevant information for the purposes of other parties or other uses. If any changes are made in 

the project as outlined in this TM, the conclusions and recommendations contained in this TM shall not 

be valid unless the changes are reviewed and the conclusions a.1d recommendations herein are modified 

or approved in writing by AES. 

ADVANCED EARTH SCIENCES, INC. 

Prepared by: Reviewed by: 

~ 
Senior Principal 
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Year -· 

1991 969,186 " 

1992 936,463 l 

1993 455,103 

1994 423,698 l 

1995 383,582 

1996 405,624 

1997 474,021 

1998 494,909 

1999 701,599 

2000 786,123 

2001 782,788 

2002 580,909 

2003 520,451 

2004 877,326 

2005 1,083,006 

·. · 1: · -Elevatfon 
:·. Rarigeaf i 

: ;End of Year . 

271- 280 

258 - 291 

273 - 302 

272- 313 

272 - 306 

294- 312 

297 - 315 

312 - 318 

286 - 320 

625,132 2 330 - 345 3 

720,480 2 342 - 356 3 

606,962 2 353 - 366 3 

589,348 2 358 - 377 3 

788,151 2 368 - 388 3 

1,023,767 2 370-400 3 

Inspections and testing by Hlishmand Associates, Inc. 

2006 1 1,182,290 
2 

I 876,223 
2 

I 378 - 409 , I 
Notes: 

----

,.-...... 

Tabk. J.. 

Yearly Fill Operations Summary 

Nu-Way Live Oak Pit 

~ 

. · . . · -Average . ,. Average 

·. ·._·_ : f s·' .,··1 Total No, :1nspedfon. :oinslty'r~st No. ·o 01 - · .. -· . · . ,.•: ... •.,· .. ·· .·,, 
of Field Frequency 
Denslfy ( 1 yi;it" per 

· ;.h~dic'ated , 1 . -~ . ,· .. ,_ ,.,.,_, ... ~ ~ . 

35 224 27,691 4,327 Volume estimate extra(l_OLated from monthly values from June through December. 

53 353 17,669 2,653 Volume estimate extrapola~d fr2_n1 monthly values from January through Sep_tember. 

47 171 9,683 2,661 

25 152 16,948 2,787 Volume estimate extrapolated from monthly values from January through June. 

16 66 23,974 5,812 

16 43 25,352 9,433 

11 49 43,093 9,674 

9 36 54,990 13,747 

4 35 175,400 20,046 

1 5 786,123 157,225 

5 12 156,558 65,232 

6 6 96,818 96,818 

10 18 52,045 28,914 

8 15 109,666 58,488 

45 44 24,067 24,614 

265 I 844 I 4,461 I 1,401 

1Volumes placed were obtained from available reports; volumes extrapolated from available monthly volumes for indicated years. 
2Volume estimates from fly-overs; interpolated to get yearly volumes. 

'Approximate end of year elevations interpolated between fly-over dates. 
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Summary of ZK Progress Reports 

Nu-Way Live Oak Pit 

,.....-.,_ 

Actual Frequency 
ZK Progress Frequency of Field Visits of Field Visits 

Report#.# . · , .·· .. :-:Date . • , ,,;, . . . -:. ~eriod Co.vered .. (as stated in ZK repoct) . (b.c1sed on Z.Kcfaily reports)* 
1 September 5, 1991 January-August 1991 Typically 1 per week ✓ 

2 December 9, 1991 September-November 1991 Typically 1 per week ✓ 

3 April 10, 1992 December 1991-March 1992 Typically 2 per week except February ✓ 
and March, when rate too small during rain 

4 August 24, 1992 April-June 1992 1 per week to 2 per week ✓ 

5 December 2, 1992 July-October 1992 1 per week to 2 per week On average, 1 per week 

6 May 4, 1993 November 1992-January 1993 1 per week to 2 per week On average, 1 per week 

7 August 9, 1993 February-April 1993 1 per week to 2 per week ✓ 

8 August 17, 1993 May-July 1993 1 per week to 2 per week ✓ 

9 December 1, 1993 August-October 1993 1 per week to 1 per 2 weeks On average, 1 per week 

On average, 1 per week 
10 March 25, 1994 November 1993-February 1994 1 per week to 1 per 2 weeks ( 

1 
• . • b 

993
) 

on y 1 v1s1t m Decem er 1 

11 September 7, 1994 March-August 1994 1 per 2 weeks to 1 per month ✓ 

12 August 16, 1995 September 1994-July 1995 1 per 2 weeks to 1 per month On average, 1 per month 

Not stated, but should be interpreted 
13 December 30, 1997 

19 
D b 

1997 
. 

2
½ 1 per week to 1 per month On average, 1 per month 

as August 95- ecem er , 1.e, 2 years 

Not stated, but should be interpreted 
2 

k h 1 per month to 
14 February 12, 1999 ( ) 1 per wee s to 1 per mont h 

as Year 1998 entire year 1 every 2 mont s 

I d 
Not stated, but should be interpreted 

1 2 
k h 1 per 3 months to 

Not iste January 14, 2002 per wee s to 1 per mont . . . 
as 3 years - Year 1999 through Year 2001 1 per year (1 v1s1t m 2000) 

On average, 1 every 2 months 

Not listed January 29, 2003 Not stated, but assumed to be for Year 2002 1 per month to 1 per 2 months (no visits for 3 consecutive 

months, Oct.-Dec.) 

Not stated, but assumed to be for 6 months 
Not listed July 31, 2003 ( / 

1 
) 1 per month to 1 per 2 months ✓ 

January-June Ju y 2003 

Not listed August 31, 2004 August 1, 2003-August 31, 2004 1 per month to 1 per 2 months ✓ 
1 to 3 per month to 1 every 2 to 3 months, 

Not listed June 12, 2006 August 31, 2004-June 12, 2006 b d h f . 
1 

• ✓ 
ase on t e rate o matena import 

*✓ means actual frequency matches with that stated in progress report. 
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Bench 1 79.7 76.6 

TP1 I Bench 2 133.2 125.9 
I 

Bench 3 114.9 109.6 

Bench 4 91.0 86.1 

Bench 1 127.8 121.1 

I Bench 2 133.6 126.4 
TP2 I 

Bench 3 129.2 120.2 

Bench 4 126.5 117.3 

Average I 117.0 I 110.4 

Notes: 

I 

~ 

Table 3-1 

Open Voids Evaluation 

Nu-Way Live Oak Pit 

- 119.4 

- 105.9 

- 112.3 

- 98.9 

- 116.4 

- 107.2 

- 109.9 

- . 124.8 

0.433 I 111.9 

116.1 

96.7 

102.4 

90.6 

107.5 

98.1 

97.4 

107.5 

I 102.0 

1. Large-scale insitu bulk density (ring density) and sand cone density values are based on 

measurements made by Irvine Geotechnical, Inc. (2008b) 

2. Assumed specific gravity of infill material (minus¾" material)= 2.65 

Assumed specific gravity of concrete fragments (plus¾" material) = 2.40 

3. Average percent by weight of+¾" material= 43 % 

Average percent by weight of-¾" material = 57 % 

4. et= Void ratio of total material 

es= Void ratio of infill soils (minus ¾-inch material) 

e0 = Ratio of open voids 

[See Figure 3-2 for definition of void ratio] 

----.. 

I 0.621 I 0.067 I 0.096 
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Table 3-2 

Estimated Seismic Settlements for Existing Conditions 

Nu-Way Live Oak Pit 

Cumulative Thickness (il 
I 

(ff 
5 I 5 I 20 I 

Settlement 
I (in) 

0.2 I 0.2 I 0.7 I 

Cumulative Thickness 
I 105 I (ft) 

105 I 90 I 

Settlement 
I (in) 

0.5 I 0.5 I 0.5 I 

Open Voids (%) 
I 6.7 I 6.7 I 6.7 I 

(Porosity or% of Depth) 

Cumulative Thickness of 
I 70 I 73 I 82 I 

Layered Profile (ft) 

Percent Open Voids Filled I I I 20 I (Assumed) 
20 20 

Settlement 
I 11.3 I 11.7 I 13.2 I (in) 

Estimated Total Seismic Settlement <3> I 11.9 I 12.4 I 14.4 I 

Notes: 

1. IGI (2008a) Report 

2. Interpreted from low blow count points [(N 1)60 < 15] representing sand layers 

0 I 17 I 

0 I 0.8 I 

110 I 93 I 

0.4 I 0.5 I 

6.7 I 6.7 I 

81 I 52 I 

8 (4) I 20 I 

5.2 I 8.4 I 

5.6 I 9.6 I 

3. Estimated settlement based on the assumption that 20% of the open voids in the rubble layers get 

filled due to sand migration and collapse 

4. Sand layers at B4 appear to be significantly denser, based on blow counts. Therefore, 

38 

2.3 

72 

0.3 

6.7 

68 

20 

10.9 

13.6 

the percentage of open voids that get filled was assumed to be only 0.4 times that for the other borings 

P:\10 Projects\10-101 (Nu-Way Pit)\Technical Memorandum\Tables\Tables 3-1&3-2.xlsx, 3-2 
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f Zone 1 
(10--12flthick) 

Zone2 
(Thickness varies) 

Zone 3 
(Thickness varies) 

+ Zone4 
(Thickness varies) 

J_ 

-- Surface Elevation 398-410 ft MSL 

• -· · ,. . · _ . ,' I 6 -- 12 inches 

__ ,_. ___ ' ' _- - -=:i---
~~-T- ---

s to 8 feet 
< 

R ... Z::::----1>,,. 

~yor-'"----=!---
~s¼~. -· - -- - - - - - - -

sz El. 320 

Potential highest 
groundwater level 

----------------<--'-a~~~ 
b~-----­
~®"gf'iF' - - - - -
~°- ~O'-./'O' 

- Previous high 
sz El. 285 groundwater level in fill --

--

09-10 

Rubble Fill 
(rubble lifts 5--8' thick; loosely dumped, 
nested and voided, clasts upto 4 feet; infilled 
with loose gravelly material) interbedded 
with sand layers (6" to 12" thick) at regular 
intervals) 

1998-1999 Fill Horizon 
(Approx. Elevation 310 ft MSL) 

Rubble Fill 
(rubble lifts 2 to 3 ft thick, occasional sand 
layer) 

1991 Fill Horizon 
(Approx. Elevation 285 ft MSL) 

Silt Deposits 
(sands, silts & clays with variable amounts 
of uncontrolled gravel fill) 

Native Alluvium 
(Elevation varies) 

Proj9d. No.: 

Sottfomont Anatr..Js 
Nu-way Lm Oak Ph 

HlSltOrtman 

Idealized Soil Profile 

10-101 

Figure 3-1 
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Clasts (>¾") 

Infill soils (minus¾") 

Open voids 

Ve -Volume of Clasts 

We -Weight of Clasts (concrete) 

~ -Volumeof Infill Soils 

Ws -Weight of Infill Soils 

-Volume of Voids In Soil 

-Volume of Open Voids 

( 
-Specific Gravity of Infill Soils 

-Specific Gravity of <;oncrete Clasts 

Void ratio of Infill soils =e = (v;,)s 
s V 

s 

Total void ratio 

Ratio of open voids 

P . (Volume of openvoidsJ (Vv)o oroszty = -------- =----~---
Total volume of fill ~ + ~ + (v;,t + (v;,)o 

- Advanced 

Project No.: 10,.101 

~ £arch 6dence6,, Inc, Sf!tUemant Analysis 
f~ ~N~Co:al'.-U Nu--wayUveOakPtt 

Hunt Ortman 

Definition of Open Voids 

09-10 Figure 3-2 
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0 
CD 
....lo. 

(J) 

0 
....lo. 

CX) 
0 

Boring Numbe 
Open Voids, F\ 
(% by Volume 

Open Voids Filled 
by Soil Intrusion 8 

CollapSE 
I(% of FV assumed 
Depth Contributing 
to Open Voids (ft 

Cap Thickness Sand 
(ft) Laver 

10 0.2 

20 0.2 

30 0.2 

40 0.1 

50 0.1 

60 0.1 

70 0.1 

80 0.0 

90 0.0 

100 0.0 

0 

0 

2 

g 4 
e .. 
E .. 
f .. 

6 "' u -~ 
·;;; 
"' ni 

~ 8 

10 

12 

------

.. -,. 

B1 62 B3 B4 

6.7 6.7 6.7 6.7 

20 20 20 8 (= 0.4 X 20) 

70 73 82 " 81 

Estimated Seismic Settlement /in) 
Filling of Filling of Filling of Filling of 

Open Sand Open Sand Open Sand Open 
Rubble Voids Total Laver Rubble Voids Total Laver Rubble Voids Total Layer Rubble Voids 

0.5 11.3 11.9 0.2 0.5 11.7 12.4 0.7 0.5 13.2 14.4 0.0 0.4 5.2 

0.5 9.6 10.3 0.2 0.4 10.1 10.7 0.7 0.5 11.6 12.7 0.0 0.3 4.6 

0.4 8.0 8.6 0.1 0.4 8.5 9.0 0.7 0.4 10.0 11.0 0.0 0.3 3.9 

0.3 6.4 6.8 0.1 0.3 6.9 7.2 0.7 0.2 8.4 9.2 0.0 0.2 3.3 

0.1 4.8 5.1 0.1 0.1 5.3 5.5 0.4 0.1 6.8 7.3 0.0 0.1 2.6 

0.1 3.2 3.4 0.1 0.1 3.7 3.8 0.4 0.1 5.1 5.6 0.0 0.1 2.0 

0.1 1.6 1.8 0.1 0.1 2.1 2.2 0.3 0.1 3.5 3.9 0.0 0.0 1.4 

0.1 0.0 0.1 0.1 0.0 0.5 0.6 0.2 0.0 1.9 2.2 0.0 0.0 0.7 

0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.3 0.5 0.0 0.0 0.1 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Thickness of Removal and Replacement (ft) 

10 20 30 40 50 60 70 80 90 100 

--- # / 
;.,.-----

I ,..--------:; 

1/ 
~ V V -+-Bl 

/ A -+-82 

~ / v '/ --.-s3 

~ ,v --++--84 

/ -llf-85 

/ ~ V --aG 

1/4 -e-Avg. / 

~ d v/ V 

(~ 

r:1/ /A' i ' i 

------

B5 86 

6.7 6.7 

20 20 

52 68 

Filling of Filling of 
Sand Open Sand Open 

Total Laver Rubble Voids Total Laver Rubble Voids Total Average 

5.6 0.8 0.5 8.4 9.6 2.3 0.3 10.9 13.6 11 .2 

4.9 0.7 0.4 6.8 7.9 2.0 0.3 9.3 11.6 9,7 

4.2 0.6 0.3 5.1 6.1 1.8 0.2 7.7 9.7 8.1 

3.5 0.4 0.2 3.5 4.2 1.2 0.2 6.1 7.4 6.4 
2.7 0.3 0.1 1.9 2.3 0.6 0.1 4.5 5.1 4.7 
2.1 0.1 0.1 0.3 0.5 0.4 0.1 2.9 3.3 3.1 
1.4 0.0 0.1 0.0 0.1 0.2 0.1 1.3 1.6 1.8 

0.7 0.0 0.1 0.0 0.1 0.2 0.0 0.0 0.2 0.6 

0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.2 

0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 

Note: Settlement Estimate Assuming 20% of 
Open Voids are Pilled (p=20%) 

Project No.: 10-101 .A,wana,d 
SetUement Analysis Eordr ~ Inc. -~--'"-~ Nu-Way Llvo Ook Pit 

Hunt Ortmann 

Seismic Settlement versus Thickness 
of Removal and Replacement 

at Each Borehole Location 
09-10 Figure 3-3 
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( Material Removed From East Trench Excavation 

IGT08578 

( Removed From East Trench Excavation 
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( Removed From West Trench Excavation 
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( West Trench Facing Northeast 
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( West Trench Facing North 
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( West Trench Facing South - Detail 

IGT08584 

( 
West Trench - Detail of Deepened Excavation 

~i~;'f {11,r:-. 
; :: '!' Original Trench Floor (46 fee~ belciw Qrou_nd surf_p 
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Page 5 of 11 

0916.0191 

G1-191



( 

( 

( 

East Trench Facing North - View From Above During Excavation 

Photo Log By Mork Vincent: CEG 1873 

bp!.lnatwn 01 ao:J t,-pes on last p3g~ 

East Trench Facing North 
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( East Trench Facing North - Detail 
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IGT08590 

( East Trench - Northeast Corner Detail Near Bottom 
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East Trench 
Detail of Deepened Excavation Bottom 

~~ .. t: .. -'... .. ~~ ·---:--~---.. --~~t--· ~-:_ -~f~:.···:... 
Black Vrscous llqui1 Sffping lrto Exav!11on •...:-'"'c-• 

East Trench . . .... - -. - . : .. 

Photo Log By Merk Vincent, CEG 1873 
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Description of Fill Types From Previous Pages 

1 - Rubble Fi l l - consisting primarily of concrete with abundant pro1ruding re oar. noor tile . cement and asphalt Shingles. tlfick.S , sel l. 
crushed glass , and d ialomaceous e<:rth filler packing. Many blocks of concrete have extreme aspect ratios (raho of the length l o wid lh) 
with some maximum dimensions in excess ol four feel Most of !he blocks are nested with some loose. dry . dark gray. organic ncn . 
clc1yey soil backfill around lhe blocks. Extensive rubble zones are voided and have no soil fill . These rubble fill lifts or layers appear to b~ 
formed by end dumping of debris from trucks into layers four 10 five feet I hick. The lifts of layers were then capped by a four to six inch 
thick layer of silty sand 10 sandy sill . Areas of seepage observed in the excrivitions consist of whal appears to be diatomaceous earth 
rill er packing. The ma1eriat was most likely placed in th~ fill wllilt: Si!lur;;iled and have 1ernained wet due to a c;;;µillary break i esulliny hum 
bein; surrounded by concrele blocks with li1tle or no soil bacl<fill tetween blocks. 

2- Soil - Tan 10 brown silty sand to sandy silt with rare dark gray sandy clay containing on!y minor amounts of line to medium gravel. The 
layers are found sandwiched between single , Ulick lifls or ruoble fill . 

3 - Soll with Rubble - Tan to brown silty sand to sandy silt wim abundant coarse gravel to bOulder size cIas1s 01 concrete and asphalt 
This layer is lypically approximately oiie to lwo feel lhicl<. 

4 - Lower Soil Fill - T.:m to gray sandy silt to sandy clay contains minor amounts of fine to medium gravel composed mostly of rock with 
minor amounts of concrete. We!lcompaded and slighlly moisl durinn excavation 

5 - Upper Soil Fil l - nn silty sand 10 sandy sill conlains minor amounts of line lo medium gravel composed mostly of rock Well 
compacled and slightly moisl to dry during excavation. 

Mark Vincent , CEG 1673 

IGT08596 
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Test Pit Walls 
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Test Pit Walls 
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Test Pit Walls 
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Excavated Debris 
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Ring Density Pits in Rubble Fill 
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Ring Density Pits in Properly Compacted Debris Fill 
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Ring Density Pits in Properly Compacted Debris Fill 
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Appendix B 
Becker Hammer Blowcount Profiles (from IGI) 
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Boring 1 Corrected Becker Blow Counts (blows/ft) 
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FLAC Analysis for Nu-Way Live Oak Pit 

Contents 
1. Summary 

2. Modeling 

2.1 Grids and Boundary Conditions 

2.2 Soil Parameters 

2.3 Seismic Settlement Estimates Used fo r the Analysis 

3. Input Fi les 

3.1 Isolated Differential Settlement Over 30 ft 

3.2 Randomly Varying Settlement 

4. Output Plots 

4.1 Iso lated Differential Settlement Over 30 ft 

4.2 Randomly Varying Settlement 

5. Parametric Stud ies 

5.1 Zone (Mesh) Size and Displacement Rates 

5.2 Isolated Differential Settlement Over 100 ft 

5.3 Uniform Total Settlement 

5.4 Parametric Study Input Files 

1. Summary 
The Nu-Way Live Oak Pit consists of up t o 110 ft of improperly placed rubble fill that is vulnerable to large 

seismic settlements. Potential seismic settlements were estimated based on several parameters including, but 

not limited to, various field tests, field observations, and empirical correlations for the design earthquake. The 

estimated seismic settlements occur at various depths below the ground surface. The surface expression of the 

settlement will include total and differential settlement. The magnitude of the total and differential 

settlements manifesting at the surface will depend on the depth at which the settlement occurs and the 

thickness of compacted fill cap overlying the horizon at which the settlement takes place . 

The Computer Program FLAC (Fast Lagrangian Analysis of Continua, Itasca, 2006) was used to model the impact 

of cap thickness on surface manifestation of the underlying settlements. The program uses fin ite difference 

numerical techniques to model the non-linear stress - deformation patterns within soils. 

A typical cross section (Cross Section C-C' from the IGI report) was analyzed for this purpose. The soil cap 

(engineered fill) consisting of excavated, processed and recompacted materials was modeled as a non liner 

elastic- perfectly plastic material with a Mohr-Coulomb yield criterion . 

The initial shear modulus (Gmaxl of the soil cap was se lected from the shear wave velocity measured from the 

single down hole geophysical seismic velocity survey performed in Borehole B-4 (Terra-Physics, 2008 and IGI, 

2008a). The shear wave velocity of 880 feet/second measured in the upper portion of the existing fill was 
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( selected. The shear modulus was degraded as a function of the shear strain based on the G/Gmax backbone 

curve proposed for sands by Seed & Idriss (1970) . 

The 2-dimensional cross section was first initialized under gravity load to calculate and apply the in situ stresses. 

Surface manifestation of settlement was simulated by considering the soil cap and applying the calculated 

displacements of the existing fills left in place below the fill cap as vertical nodal displacements along the 

interface between the fill cap and existing fill. 

The surface manifestation of settlements occurring at depth was modeled in two different ways: 

a) Specific Differential Settlement Applied at a Single Location /isolated differential settlement) - In the 

first approach, a specific differential settlement was applied at a single location at the base of the fill cap 

and the corresponding response at the surface was modeled. The differential settlement due to seismic 

action was selected to be half of the total settlement, occurring over a relatively short horizontal 

distance of about 30 feet. 

Surface manifestation of this differential settlement was evaluated for three different thicknesses of fill 

cap: 40, 60 and 80 feet, respectively. The resulting surficial differential settlements corresponding to 

different thicknesses of fill cap are illustrated in Figure 1. The figure also provides the range of 

estimated differential settlement for different percentages of fines intrusion into open voids. 

b) Randomly Varying Settlement Applied at the Base of the Fill Cap - In this approach, the settlement of 

the rubble fill underlying the fill cap was assumed to vary randomly between the maximum and 

minimum values calculated. This was accomplished by the use of a random number generator, whereby 

the specified settlement at any node was calculated as: 

Specified settlement = min.settlement + r . (max.settlement-min.settlement), where r is a random 

number between 0 and 1. 

The results are summarized in Figure 2. The figure shows the maximum values of surficial total and 

differential settlements calculated . 
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2. Modeling 

2.1 Grids and Boundary Conditions 
Taking advantage of symmetry, only one-half of the cross-section was modeled. A zone (mesh) size of 5'x5' was 

selected . A schematic diagram of the geometric model analyzed is shown in Figure 3 below. 

~1vs;deSlope 
- Boundary Fixed in both 
X and Y Directions 

Engineered Fill (Soil Cap) -
Thickness Varies from 40 to 80 ft 

l Bottom of Soil Cap 
- Boundary Fixed in Y 
Direction 

Plane of Symmet~ 
Boundary Fixed in X 
Direction 

Figure 3. Schematic of Geometric Model Analyzed 

Settlements were applied at the bottom (of the cap) grid points (nodes) as a velocity (displacement per time 

step) boundary condition. In order to minimize the shock to the model, the displacement rate was gradually 

increased from zero to a stable value (ramping) and then gradually decreased to zero. The increments were 

calculated from specified total number of steps and estimated total nodal displacement. 

2.2 Soil Parameters 
Model : Mohr-Coulomb 

y: 3.73 lbm/cu.ft. 

Gmax: 2.89x106 psf (calculated based on Vs of 880 ft/s) 

Kmax: 8.67x106 psf (calculated based on u of 0.35) 

C: 250 psf 

~ : 30° 

At each time step, the shear modulus of each zone was degraded as a function of the shear strain based on the 

G/Gmax backbone curve proposed for sands by Seed & Idriss (1970). 

2.3 Seismic Settlement Estimates Used for the Analysis 
Seismic settlements were estimated at each boring location Bl through B6. Figure 4 shows the estimated total 

settlements against removal and recompaction (soil cap) thickness at the boring locations and the average 

settlement curve. For the case (a), differential settlement was assumed to be one-half of the average total 

settlement. For the Case (b), settlements were randomized between minimum and maximum estimates. 
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Figure 4. Estimated Total Seismic Settlement of Rubble below the Soil Cap at Each Boring Location 

3. Input Files 

3.1 Isolated Differential Settlement Over 30 ft 
new 
Title: 
Nu-Way Pit: Differential Settlement of Fill below the Soil Cap 

;Differential settlement applied over 30ft length for 40, 60 and 80-foot soil caps 
;Model only one-half of the soil cap; No settlement of side slope 
;Use Modulus values revised using Vs consistent with downhole measurement (880ft/s) 
;Run by: TS Date: Nov 2010 

config extra 2 
;Initial model for 80 ft soil cap 
grid 167,16 
model elastic 

;Assign coordinates and cut 1:1 side slope 
gen same 0. 80 . 835. 80. 835 . 0. 
gen line 80 . 0,0.0 0.0,80.0 
model null region 2 3 
group 'null' region 2 3 
group delete 'null' 

group 'User:newl' notnull 
model mohr notnull group 'User:newl' 
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prop density=3 .73 bulk=8.67E6 shear=2.89e6 cohesion=250.0 friction=30.0 & 

dilation=0. 0 tensio·n=O. 0 notnull group 'User:newl' 

fix x y mark 
fix y i 18 168 j 1 
fix Xi 168 j 1 17 
set gravity=32.18504 
history 999 unbalanced 

def nigp 
int n_igp 
n_igp=igp 
end 
nigp 

;Solve as elastic material to initialize stresses & then apply specified soil 
parameters 
solve elastic 

def mod ini 
command 
ini xd=0. 
ini yd=0. 
end command 

loop ii (l,izones) 
loop jj (l,jzones) 

if model(ii,jj ) # 1 then 
ex_ l(ii , jj)=shear_mod (ii , jj) 
state(ii,jj)=0 

endif 
end_loop 

end_loop 
end 

;Initialize displacements to zero 
mod ini 

his 1 yd i=l j=l7 ;check 

;G/ Gmax Backbone Curve for Upper Sand (Seed and Idriss, 1970) 
table 1 0.,1. 0.000001,1. 0.00000316,1. 0.00001,0.99 0.0000316,0.96 0.0001, 0.85 & 

0.000316,0.655 0.001,0.37 0.00316,0.19 0.01,0.085 0.1,0.0085 

save el D30NWP.sav 

;40-foot thick soil cap ******************** **• • ** 

m n i=l,167 j=l,8 
fix y i 10 168 j 9 

his 2 yd i=l68 j=l7 
his 3 yd i=l62 j=l7 
his 4 yd i=l68 j=9 
his 5 yd i=l62 j=9 

set large 
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def superstep 
float dis inc tot dis 
Int ns_ramp ramp_acc ramp_dec Q 
ns_ramp=n_step/5 
ramp_acc =ns_ramp*(ns_ramp+l)/2 
ramp_dec=ns_ramp*(ns_ramp-1)/2 
Q=ramp_acc+ns_ramp*(n_step-2*ns_ ramp)+ramp_dec 
dis inc=tot_dis/Q 

loop ns (l,n_step} 
if nS<=ns_ramp 

udapp=dis_inc*float(ns) 
else 

endif 

if ns<=(n_step-ns_ramp} 
udapp=dis_inc*float(ns_ramp) 

else 
udapp=dis_inc*float(n_step- ns) 

endif 

command 
ini yv=0. var udapp 0. i 162,168 j 9 
step l 
end command 

loop ii (l,izones) 
loop jj (l,jzones) 

shear_mod(ii,jj)=ex_l(ii,jj}*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 tot dis=-2.66e-l ;should be negative 
super step 

solve 
save NL 40D30.sav 

;*** plot commands*** 
set output pl_D30NWP40_un.emf 
set plot emf 

;plot name: Unbalanced force 
plot pen history 999 
set output pl_D30NWP40_dis.emf 
plot pen his 2 3 4 5 
set output pl_D30NWP40_def.emf 
plot pen grid mag 0 gr grid mag 10 red 
window 700 850 -50 100 
set output pl_D30NWP40_ def_zo.emf 
pl pen grid mag 0 gr grid mag 10 red 
set output pl_D30NWP40_st.emf 
plot pen state block 
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set hisfile his D30NWP40.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl (l) o_h2(1) o_h3(1) 
o_hl(l)='X- Coordinate of surface nodes at the end of simulation' 
o_h2(l) = 'Y-Coordinate of surface nodes at the end of simulation' 
o_h3(l) = 'Y-Displacement of surface nodes at the end of simulation' 
loop ii (l,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 
oo=open('Sur_40D30.out' ,1,1) 
oo=write(o_hl,l) ,write(arrl,n_igp),write(o_h2,l) ,write(arr2,n_igp) 
oo=write(o_h3,1) ,write(arr3,n_igp) 
oo=close 
end 
sur out 

;60 -foot thick soil cap ************************ ** 

res el D30NWP.sav 

m n i=l,167 j=l,4 

fix y i 14 168 j 5 

his 2 yd i=l68 j=l7 
his 3 yd i =l62 j=l7 
his 4 yd i=l68 j=S 
his 5 yd i=l62 j=S 

set large 

def superstep 
float dis inc tot dis 
Int ns_ramp ramp_acc ramp_dec Q 
ns_ramp=n_step/5 
ramp_acc=ns_ramp*(ns_ramp+l) /2 
ramp_dec=ns_ramp*(ns_ramp-1)/2 
Q=ramp_acc+ns_ramp*(n_step-2*ns_ramp)+ramp_dec 
dis inc=tot_dis /Q 

loop ns (l,n_step) 
if ns<=ns_ ramp 

udapp=dis_inc*float(ns) 
else 

endif 

if ns<=(n_step-ns_ramp) 
udapp=dis_inc*float(ns_ramp) 

else 
udapp=dis_inc*float(n_step-ns) 

endif 

command 
ini yv=0. var udapp 0. i 162,168 j 5 
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step 1 
end command 

loop ii (1 , izones) 
loop jj (l,jzones) 

shear_mod(ii,jj)=ex_l (ii,jj)*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3 . *shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 tot dis=-l . 3e-l ;should be negative 
super step 

solve 
save NL 60D30.sav 

; *** plot commands** * 
set output pl_D30NWP60_un .emf 
set p lot emf 

;plot name : Unbalanced force 
plot pen history 999 
set output pl_D30NWP60_dis.emf 
plot pen his 2 3 4 5 
set output pl_D30NWP60_ def.emf 
plot pen grid mag O gr grid mag 10 red 
window 700 850 -50 100 
set output pl_D30NWP60_def_zo.emf 
pl pen grid mag O gr grid mag 10 red 
set output pl_D30NWP60_st . emf 
plot pen state block 

set hisfile his D30NWP60.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_h2(1) o_h3(1) 
o_hl(l)='X-Coordinate of surface nodes at the end of simulation' 
o_h2(1 ) = 'Y-Coordinate of surface nodes at the end of simulation' 
o_h3(l)='Y-Displacement of surface nodes at the end of simulation ' 
loop ii (1,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 
OO=Open ('Sur_60D30.out',l,l) 
oo=write(o_hl,1),write(arrl,n_igp),write(o_h2,1) , write(arr2,n_igp ) 
oo=write(o_h3,1) ,write(arr3,n_igp) 
OO=Close 
end 
sur out 

;80 -foot thick soil cap __________________ ************************* * 
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res el D30NWP.sav 

his 2 yd i=l 68 j= l7 
his 3 yd i=l62 j =l7 
his 4 yd i =l68 j =l 
his 5 yd i=l62 j =l 

set large 

def super step 
float dis inc tot dis 
Int ns_ramp ramp_ acc ramp_dec Q 
ns_ ramp=n_step/5 
ramp_ acc=ns_ ramp*(ns_ ramp+l)/2 
ramp_ dec=ns_ ramp*(ns_ ramp- 1 )/2 
Q=ramp_ acc+ns_ ramp*(n_ step-2*ns_ramp)+ramp_ dec 
dis_ inc=tot_ dis/Q 

loop ns (l,n_ step) 
if ns< =ns_ ramp 

udapp=d i s _ inc*float(ns) 
else 

endif 

if ns< = (n_step-ns_ ramp) 
udapp=dis_ inc*float(ns_ ramp) 

else 
udapp=dis_ inc*float(n_ step-ns) 

endif 

command 
-ini yv=O . var udapp 0. i 162,168 j 1 
step 1 
end command 

loop ii (l,izones) 
loop jj (l, j zones) 

shear_mod(ii,jj) =ex_l(ii,j j )*table(l,ssi(ii , jj)) 
bulk_mod(ii,jj) =3 . *shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_ step=20000 tot dis=-0.27e-l ;should be negative 
superstep 

solve 
save NL 80D30.sav 

;*** plot commands*** 
set output p l_D30NWP80_ un.emf 
set plot emf 

;plot name: Unbalanced force 
plot pen history 999 
set output pl_ D30NWP80_dis.emf 
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plot pen his 2 3 4 5 
set output pl_D30NWP80_def.emf 
plot pen grid mag O gr grid mag 100 red 
window 700 850 -so 100 
set output pl_D30NWP80_def_zo.emf 
pl pen grid mag O gr grid mag 100 red 
set output pl_D30NWP80_st.emf 
plot pen state block 

set hisfile his D30NWP80.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_h2 (1) o_h3(1) 
o_hl(l) =' X-Coordinate of surface nodes at the end of simulation' 
o_h2(1)='Y-Coordinate of surface nodes at the end of simulation' 
o_h3(l)='Y-Displacement of surface nodes at the end of simulation' 
loop ii (l,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end l oop 
oo=open ('Sur_ 80D30.out',l,1) 
oo=write(o_hl,l),write(arrl,n_igp) ,write(o_h2,l),write(arr2,n_igp) 
oo=write(o_h3,l),write(arr3,n_igp) 
OO=Close 
end 
sur out 
ret 

3.2 Randomly Varying Settlement 
new 
Title : 
Nu-Way Pit: Differential Settlement of Fill below the Soil Cap 

;Differential settlement applied randomly over entire length for 40, 60 and SO - foot 
soil caps 
;Potential settlements gradually increase from the edge to about 100 ft 
;Mode l only one-half of the soil cap; No settlement of side slope 
;Use Modulus values revised using Vs consistent with downhole measurement (88 0f t/ s ) 
;Run by: TS Date: Nov 2010 

config extra 2 
;Initial model for 80 ft soil cap 
grid 167,16 
model elastic 
;Assign coordinates and cut l:1 side slope 
gen same 0 . 80. 835 . 80 . 835 . 0. 
gen line 80.0,0.0 0.0,80.0 
model null region 2 3 
group 'null ' region 2 3 
group delete 'null' 

group 'User:newl' notnull 
model mohr notnull group 'User:newl' 
prop density=3 . 73 bulk=8 . 67E6 shear=2 . 89e6 cohesion=250.0 friction=30.0 & 
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dilation=0.0 tension=0.0 notnull group 'User:newl' 

fix x y mark 
fix y i 1 8 168 j 1 
fix Xi 168 j 1 17 
set gravity=32.18504 
history 999 unbalanced 

def nigp 
int n_ igp 
n_ igp=igp 
end 
nigp 
def nran 
array n_ran(n_igp) 
loop ii(l,n_igp) 
n_ran(ii)=urand 
end_loop 
end 
nran 
;Solve as elastic material to initialize stresses & then apply specified soil 
parameters 
solve elastic 

def mod ini 
command 
ini xd=0. 
ini yd=0. 
end command 

l oop ii (l,izones) 
loop jj (l,jzones) 

if model(ii,jj) # 1 then 
ex_l(ii,jj) =shear_mod(ii,jj) 
state(ii,jj) =O 

endif 
end_loop 

end_loop 
end 

;Initialize displacements to zero 
mod ini 
his 1 yd i=l j=l7 ;check 

;G/Gmax Table for Upper Sand (Seed and Idriss, 1970; Idriss, 1990) 
table 1 0.,1. 0.000001,1. 0.00000316,1. 0.00001,0 . 99 0.0000316,0 . 96 0.0001,0 . 85 & 

0.000316,0 . 655 0.001,0.37 0.00316,0.19 0.01 , 0.085 0.1,0 . 0085 

save el RNWP2.sav 

;40-foot thick soil cap ************************* * 

m n i=l ,167 j=l, 8 
fix y i 10 168 j 9 
his 2 yd i=168 j=17 
his 3 yd i =1 62 j=l7 
his 4 yd i=168 j=9 
his 5 yd i=162 j=9 
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set large 

def superstep 
array dis_inc(n_igp) 
float dif_dis udapp 
Int ns_rarnp rarnp_acc rarnp_dec Q 
ns_rarnp=n_step / 5 
rarnp_acc=ns_rarnp*(ns_ramp+l )/2 
rarnp_dec=ns_ rarnp*( ns_rarnp-l )/2 
Q=rarnp_acc+ns_ramp*(n_step-2*ns_ramp)+ramp_dec 

loop ii(l0 ,20) 
dis inc(ii)=(ii-9)*(min_dis+n ran(ii)*dif dis} /Q/12. 
end_loop 

loop ii(2l,igp) 
dis_inc(ii)=(rnin_dis+n ran(ii)*dif dis) /Q 
end_loop 

loop ns (l ,n_s tep) 
if IlS< =IlS_ramp 

udapp=float (ns) 
else 

endif 

if ns<=(n_step-ns_ramp) 
udapp=float(ns_ramp) 

else 
udapp=float(n_step-ns) 

endif 

loop ii(lO,igp) 
uda=dis_inc(ii)*udapp 
yvel(ii,9)=uda 

end_loop 
command 
step 1 
end command 

loop ii (l,izones) 
loop jj (l,jzones) 

shear_mod (ii,jj)=ex_l (ii,jj)*table (l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3 . *shear_mod (ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 min dis=-2 . 9e-l dif dis=- 4.Sle-l ;should be negative 
super step 

solve 
save NL 40R.sav 

; *** plot commands** * 
set output pl_RNWP240_un.ernf 
set plot emf 
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;plot name: Unbalanced force 
plot pen history 999 
set output pl_RNWP240_ dis.emf 
plot pen his 2 3 4 5 
set output pl_ RNWP240_def.emf 
plot pen grid mag O gr grid mag 10 red 
window 700 850 -50 100 
set output pl_ RNWP240_def_zo.emf 
pl pen grid mag O gr grid mag 10 red 
set output pl_R.NWP240_st.emf 
plot pen state block 
set hisfile his RNWP240.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_ h2(1) o_ h3(1) 
o_ hl(l) = 'X-Coordinate of surface nodes at the end of simulation' 
o_ h2(l) = 'Y-Coordinate of surface nodes at the end of simulation' 
o_h3(l)='Y-Displacement of surface nodes at the end of simulation' 
loop ii (1,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii ) =string(ydisp(ii,jgp)) 

end_loop 
OO=Open('Sur_40R.out',l , l) 
oo=write(o_hl,1) ,write(arrl,n_ igp),write(o_h2,l) ,write(arr2,n_ igp) 
oo=write(o_h3,1) ,write(arr3,n_ igp) 
OO =Close 
end 
sur out 

;60-foot thick soil cap ********************** **** 

res el R.NWP2.sav 
m n i=l,167 j=l,4 
fix y i 14 168 j 5 
his 2 yd i=168 j=17 
his 3 yd i =162 j=l7 
h i s 4 yd i=168 j =5 
his 5 yd i=162 j =S 
set large 

def superstep 
array dis_ inc(n_igp) 
float dif_dis udapp 
Int ns_ ramp ramp_acc ramp_dec Q 
ns_ramp=n_step / 5 
ramp_ acc=ns_ramp*(ns_ramp+l) / 2 
ramp_dec=ns_ramp*(ns_ ramp - 1)/2 
Q=ramp_acc+ns_ ramp*(n_ step-2*ns_ ramp)+ramp_ dec 

loop ii (14, 20) 
dis_inc(ii)=(ii-13)*(min_ dis+n ran(ii)*dif dis)/Q/8. 
end_ loop 

l oop ii(21,igp) 
dis_ inc(ii) = (min_ dis+n ran(ii)*dif dis}/Q 
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end_loop 
loop ns (l,n_step) 
if ns<=ns_ramp 

udapp=float(ns) 
else 

endif 

if ns<=(n_step-ns_ramp) 
udapp=float(ns_ramp) 

else 
udapp=float(n_step-ns) 

endif 

loop ii(l4,igp) 
uda=dis_inc(ii)*udapp 
yvel(:i.i,S)=uda 

end_loop 
command 
step l 
end command 

loop ii (l,izones) 
loop jj (l,jzones) 

shear_mod(ii,jj)=ex_l(ii,jj )* table(l,ssi (ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 min dis=-0.4e-l dif dis=-4 .27e-l ;should be negative 
superstep 

solve 
save NL 60R.sav 

;*** plot commands*** 
set output pl_RNWP260_un.emf 
set plot emf 

;plot name: Unbalanced force 
plot pen history 999 
set output pl_RNWP260_dis.emf 
plot pen his 2 3 4 5 
set output pl_RNWP260_def . emf 
plot pen grid mag 0 gr grid mag l0 red 
window 700 850 -50 100 
set output pl_RNWP260_def_zo.emf 
pl pen grid mag 0 gr grid mag l0 red 
set output pl_RNWP260_st.emf 
plot pen state block 

set hisfile his RNWP260.his 
his write l 2 3 5 vs 4 skip l0 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_h2(l) o_ h3(l) 
o_hl(l)='X-Coordinate of surface nodes at the end of simulation' 
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o_ h2(1)='Y-Coordinate of surface nodes at the end of simulation' 
o_h3(l)='Y- Displacement of surface nodes at the end of simulation' 
l oop ii (1,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii) =string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end loop 
oo=open ('Sur_60R.out',l,1) 
oo=write(o_hl,l) ,write(arrl,n_igp),write(o_h2,1),write(arr2,n_igp) 
oo=write(o_h3,l) ,write(arr3,n_ igp) 
oo=close 
end 
sur out 

;SO-foot thick soil cap ****************** ******** 

res el RNWP2.sav 
his 2 yd i=168 j =17 
his 3 yd i =162 j=17 
his 4 yd i =168 j=l 
his 5 yd i=162 j=l 
set large 

def superstep 
array dis_inc(n_igp) 
f l oat dif_dis udapp 
Int ns_ramp ramp_ acc ramp_ dec Q 
ns_ramp=n_step / 5 
ramp_acc =ns_ramp*(ns_ramp+l)/2 
ramp_dec =ns_ramp*(ns_ramp-1)/2 
Q=ramp_acc+ns_ ramp*(n_ step-2*ns_ramp)+ramp_dec 

loop ii(lS,20) 
dis_ inc(ii)=(ii - 17)*(min_dis+n_ran(ii)*dif_dis}/Q/4 . 
end_loop 

loop ii(21,igp) 
dis_inc(ii)=(min_ dis+n ran(ii)*dif dis)/Q 
end_ loop 
loop ns (l,n_step) 
if ns< =ns_ ramp 

udapp=float(ns) 
else 

endif 

if ns< = (n_step - ns_ramp) 
udapp=float(ns_ramp) 

else 
udapp=float(n_step - ns) 

endif 

loop ii(l8,igp) 
uda=dis_ inc(ii)*udapp 
yvel(ii, l )=uda 

end_ loop 
command 
step 1 
end command 
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loop ii (1,izones) 
loop jj (l,jzones) 

shear_mod(ii,jj) =ex_l(ii,jj)*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 min dis= - 0.06e-1 dif dis=-1.73e-1 ;should be negative 
super step 

solve 
save NL 80R.sav 

;*** plot commands*** 
set output pl_RNWP280_un.emf 
set plot emf 
;plot name: Unbalanced force 
plot pen history 999 
set output pl_RNWP280_dis.emf 
plot pen his 2 3 4 5 
set output pl_RNWP280_def.emf 
plot pen grid mag 0 gr grid mag 100 red 
window 700 850 -50 100 
set output pl_RNWP280_def_zo.emf 
pl pen grid mag 0 gr grid mag 10 red 
set output pl_RNWP280_st.emf 
plot pen state block 
set hisfile his RNWP280.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_h2(1) o_h3(1) 
o_hl(l)='X-Coordinate of surface nodes at the end of simulation' 
o_h2(1)='Y-Coordinate of surface nodes at the end of simulation' 
o_h3(l) = 'Y-Displacement of surface nodes at the end of simulation' 
loop ii (1,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 
OO=Open ( 'Sur_ B0R.out' ,1,1) 
oo=write(o_hl,1) ,write(arrl,n_igp ),write(o_h2 ,1 ),write(arr2 ,n_igp) 
oo=write(o_h3,1),write(arr3,n_igp) 
oo=close 
end 
sur out 
ret 
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4. Output Plots 

4.1 Usolated Differential Settlement Over 30 ft 

JOB TITLE : Nu-Way Pit: Differential Settlement of Fill below the Soil Cap - - - --l (*10'2) 

FLAC (Version 6.00) 

LEGEND 

11-Nov-10 10:16 
step 22384 

-4.375E+01 <x< 8.812E+02 
-4. 037E+02 <y< 5.213E+02 
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5. Parametric Stu.dines 

5.1 Zone (Mleslhl] Size and Displacement JR.ates 
In order to evaluate the influence of zone size and displacement rates the following four sets of analyses were performed: 

(i) Smaller zone size (1' x 1'); Larger displacement rate (2.5x10·4 ft/step) 

(ii) Larger zone size (5' x 5'); Larger displacement rate (2.Sx10·4 ft/step) 

(iii) Smaller zone size; Smaller displacement rate (ramping) 

(iv) Larger zone size; Smaller displacement rate (ramping) 

An average total settlement of three inches was applied over 10 feet of the bottom of 40-foot thick soil cap. Shear modulus wasn't degraded 

with incremental strains. Amplified nodal (grid point) displacements at the end of simulation and total unbalanced forces during simulation were 

plotted. The following observations were made: 

(i) For the smaller (1' x 1') zone size model, the displacement rate of 2.sx10·4 ft/step seems too large. It gives a large shock to the 

system and there is no enough time for the zones to recover. As a result the bottom zones (closer to where the displacements were 

applied) suddenly start to yield and the zones above try to catch-up. This is evidenced by high unbalanced forces (»100 lbs) during 

the application of displacement rate and highly distorted bottom zones (see output plots) . As a result, surface manifestation looks 

negligible. This is purely an artifact and the results are meaningless. 

(ii) For the 5' x 5' zone size model, even though the unbalanced forces are very high at the beginning, they fall below 200 lbs quickly 

(within one-quarter of the total time steps used for applying displacement). Due to reduced number of zones (elements), the upper 

zones quickly catch-up, and as a result we could see the surface manifestation. 

(iii) When the user-defined ramping function was used for the smaller zone size model, the unbalanced forces are kept very low (<100 

lbs) and there is enough time for the upper zones to catch up. For this analysis, a total of 20,000 time steps were used for applying 

the same displacement as compared to 1,000 steps above. During the first 4,000 steps, the displacement rate was gradually 

increased from zero to 1.56x10·5 ft/step, and kept at this value for the next 12,000 steps before gradually decreasing to zero over the 

last 4,000 steps. This way, the first increment is in the order of 10-9 ft/step, thus minimizing the shock to the system. Surface 

manifestations can be accurately quantified using this approach. 

(iv) For the larger zone size model, even the higher displacement rates (case ii above) gives comparable results to more rigorous analysis 

such as the Case iii above. However, using the ramping function gives added confidence in the results as the unbalanced forces are 

kept <100 lbs throughout the application of displacement rate. 

The following plots show the results from the above analyses: 
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Explanation: 

1st Peak: Application of gravity (assume linear elastic model) 

2nd Peak: Application of actual material properties 

3rd Peak: Start of displacement 
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5.2 faoHa.tedl Differential Settt:Hement Over 100 ft 
The same settlements as in Section 4.1 were applied over 100 ft instead of 30 ft in order to evaluate the influence of the distance, over which 

the differential settlement takes place, on the surface manifestation. 
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5.3 Uniform Total Settlement 
The following results are for analyses with average total settlements applied at the bottom of soil cap uniformly. Results show that most of t hese 

settlements would be transferred to the surface except directly above the side slopes of the pit and adjacent areas, where differential 

settlements take place. 
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JOB TITLE : Nu-Way Pit: Uniform Settlement of Fill below the Soil Cap 

FLAG (Version 6.00) 

LEGEND 
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JOB TITLE : Nu-Way Pit: Uniform S~ttlerrent of Fill below the Soil Cap 

FLAC (Version 6.00) 
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JOB TITLE : Nu-Way Pit: Uniform Settlerrent of Fill below the Soil Cap_ 

FLAC (Version 6.00) 

LEGEND 

11-Nov-1 O 11 :23 
step 22384 

HISTORY PLOT 
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X-axis : 
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FLAC (Version 6.00) 

LEGEND 

11-Nov-1 0 11 :25 
step 22384 
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JOB TITLE : Nu-Way Pit: Uniform Settlement of Fill below the Soil Ca_!)_ ------------l ("10'2) 

FLAC (Version 6.00) 

LEGEND 

11-Nov-1 0 11 :25 
step 22384 
7.000E+02 <x< 8.500E+02 

-5.000E+01 <y< 1 .000E+02 

Exagge rated Grid Disto rti on 
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JOB TITLE : Nu-Way Pit: Unifonn Settlement of Fill below the Soil Cap 

FLAC (Version 6.00) Displacements of Selective Grid Points 

LEGEND 
(10-02 ) 

Un iform Settlement 
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11-Nov-10 11 :25 
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step 22384 
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JOB TITLE : Nu-Way Pit: Uniform S~ttlement of Fill below the Soil Cap I (' 10'2> 

FLAC (Version 6.00) 

LEGEND 

11-Nov-10 11 :25 
step 22384 
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JOB TITLE : Nu-Way Pit: Unifonn Settlement of Fill below the Soil Cap 

FLAG (Version 6.00) 
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5.4 Parametric Study Input Files 
(a) Section 5.1 Case (i) Input File 
(b) Section 5.1 Case (ii) Input File 
(c) Section 5.1 Case (iii) Input File 
(d) Section 5.1 Case (ivl Input File 
(e) Section 5.2 Input File 
(f) Section 5.3 Input File 

(a) Section 5.1 Case (i) Input File 
new 
Title: 
Nu-Way Pit: Collapsing of Cavity below the Soil Cap 

;Model only one-half of the soil cap; No settlement of side 
slope 
;Use Modulus values consistent with previous study 
;Run by : TS Date: August 2010 

config extra 2 
grid 835,40 
model elastic 
;gen same o. 40. 835. 40. 835. 0 . 
gen line 0.0,40 . 0 40.0,0 . 0 

model null region 2 3 
group 'null' region 2 3 
group delete 'null' 
group 'User : newl' notnull 
model mohr notnull group 'User:newl' 
prop density=3 . 73 bulk=l.33E7 shear=4 . 44e6 cohesion=250.0 
friction=30.0 & 
dilation=O.O tension=O.O notnull group 'User:newl' 

fix x y mark 
fix y i 42 836 j 1 
fix Xi 836 j 1 40 
set gravity=32.18504 
history 999 unbalanced 
solve elastic 

ini xd=O. 
ini yd=O. 

apply yv=-0 . 00025 i 404 413 j 1 

def cav_coll 
loop ns (1,10000) 
if ydisp(404,l) >-0.25 

command 
step 1 

end_command 
else 

r'-, 

command 
apply yv=O. i 404 413 
solve f=lOO 

end command 
exit 
endif 

end_loop 
end 

cav_coll 
set plot emf 
set output un_fine . emf 
plot pen his 999 
window 350 450 -50 50 
set output def_fine . emf 

1 

plot pen grid mag o gr grid mag 10 red 

(b) 
new 
Title: 

Section 5.1 Case (ii) Input File 

Nu-Way Pit: Collapsing of Cavity below the Soil Cap 

;Model only one-half of the soil cap; No settlement of side 
slope 
;Use Modulus values consistent with previous study 
;Run by: TS Date : August 2010 

config extra 2 
grid 167,8 
model elastic 
gen same 0. 40. 835 . 40. 835. 0 . 
gen line 0 . 0,40.0 40.0,0 . 0 

model null region 2 3 
group 'null' region 2 3 
group delete 'null' 
group 'User : newl' notnull 
model mohr notnull group 'User:newl' 
prop density=3.73 bulk=l.33E7 shear=4.44e6 cohesion=250.0 
friction=30 . 0 & 

dilation=O.O tension=O.O notnull group ' User: newl' 
fi x x y mark 
fix y i 10 168 j 1 
fix Xi 168 j 1 9 
set gravity=32.18504 
history 999 unbalanced 
solve elastic 

ini xd=O . 
ini yd=O. 

apply yv=-0 . 00025 i 82 83 j 1 

----------
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def cav_coll 
loop ns (1,10000) 
if ydisp(82,1)>-0.25 

command 
step 1 

end command 
else 

command 
apply yv=O . i 82 83 j 1 
solve f=lOO 

end_command 
exit 
endif 

end_ loop 
end 

cav_coll 
set plot emf 
set output un_coarse.emf 
plot pen his 999 
window 350 450 -50 50 
set output def_ coarse.emf 
plot pen grid mag O gr grid mag 10 red 

(c) Section 5.1 Case (iii) Input File 
new 
Title : 
Nu-way Pit: Collapsing of Cavity below the Soil Cap - Disp by 
Ramping 

;Model only 
slope 
;Use Modulus 
;Run by: TS 

one-half of the soil cap; No settlement of side 

values consistent with previous study 
Date: August 2010 

config extra 2 
grid 835,40 
model elastic 
;gen same O. 40. 835. 40. 835. O. 
gen line 0.0,40.0 40.0,0.0 

model null region 2 3 
group 'null' region 2 3 
group delete 'null' 
group 'User:newl ' notnull 
model mohr notnull group 'User:newl' 
prop density=3.73 bulk=l.33E7 shear=4.44e6 cohesion=250 . 0 
friction=30.0 & 
dilation=O.O tension=O.O notnull group 'User: newl' 

fix x y mark 
fix y i 42 83 6 j 1 

,.-----.,_ 

fix Xi 836 j 1 40 
set gravity=32.18504 
history 999 unbalanced 
solve elastic 

ini xd=O. 
ini yd=O. 

;apply yv=-0.00025 i 404 413 

;def cav_coll 
loop ns (1 ,10000) 
if ydisp(404,l)>-0.25 

command 
step 1 

end command 
else 

command 
apply yv=O. i 404 413 j 1 
solve f=lOO 

end command 
exit 
endif 

end_loop 
;end 

;cav_coll 

1 

;******************************************************** 
set large 

def superstep 
float dis inc tot dis - -
Int ns ramp ramp ace ramp dee Q 
ns ramp=n step/5- -
ramp_acc=ns_ramp*(ns_ramp+l)/2 
ramp_dec=ns_ramp*(ns_ramp-1)/2 
Q=ramp acc+ns ramp*(n step-2*ns ramp)+ramp dee 
dis_in-;=tot_dis / Q - - -

loop ns (1,n_step) 
if ns<=ns_ramp 

udapp=dis_ inc*float(ns) 
else 

endif 

command 

if ns <=(n_ step-ns_ ramp) 
udapp=dis_inc*float(ns_ramp) 

else 
udapp=dis_inc*float(n_step-ns) 

endif 

ini yv=udapp i 404 ,413 j 1 
step l 

~ 
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end command 

end_loop 
end 

set n_step=20000 tot_dis=-2.Se-l ;should be negative 
superstep 

solve 
;******************************************************** 

set plot emf 
set output un_fine_ra.emf 
plot pen his 999 
window 350 450 -50 SO 
set output def_fine_ra.emf 
plot pen grid mag O gr grid mag 10 red 

(d) Section 5.1 Case (iv) Input File 
new 
Title: 
Nu-Way Pit: Collapsing of Cavity below the Soil Cap - Disp by 
Ramping 

;Model only 
slope 
;Use Modul us 
;Run by: TS 

one-half of the soil cap; No sett lement of side 

values consistent with previous study 
Date: August 2010 

config extra 2 
grid 167,8 
model elastic 
gen same 0. 40. 835. 40. 835. O. 
gen line 0.0,40 . 0 40.0,0.0 

model null region 2 3 
group 'null' region 2 3 
group de l ete •null' 
group 'User:newl' notnull 
model mohr notnull group •user:newl' 
prop density=3.73 bulk=l.33E7 shear=4.44e6 cohesion=250.0 
friction=30.0 & 

dilation=O.O tension=O.O notnull group 'User:newl' 
fix x y mark 
fix y i 10 168 j 1 
fix Xi 168 j 1 9 
set gravity=32.18504 
history 999 unbalanced 
solve elastic 

ini xd=O . 
ini yd=O. 

;----.,.. 

;apply yv=-0 .00025 i 82 83 j 1 

;def cav_coll 
loop ns (1,1000 0) 
if ydisp(82,l)>-0.25 

command 
step 1 

end command 
else 

command 
apply yv=O. i 82 83 
solve f=lOO 

end_ command 
exit 
endif 

end_loop 
;end 

1 

;cav_coll 
;******************************************************** 
set large 

def superstep 
float dis inc tot_dis 
Int ns_ramp ramp_acc ramp_dec Q 
ns_ ramp=n_step/5 
ramp_acc=ns_ramp*(ns_ramp+l)/2 
ramp_dec=ns_ ramp*(ns_ramp-1)/2 
Q=ramp acc+ns ramp*(n step-2*ns ramp)+ramp dee 
dis_in;=tot_dis/Q - - -

loop ns (1,n_step) 
if ns<=ns_ramp 

udapp=dis_inc*float(ns) 
else 

if ns<=(n_step - ns_ramp) 
udapp=dis_inc*float(ns_ramp) 

else 
udapp=dis_inc*float(n_step-ns) 

endif 
endif 

command 
ini yv=udapp i 82,83 
step 1 
end command 

end_loop 
end 

1 

set n_step=20000 tot_dis=-2.Se-l ;should be negative 
superstep 

·~ 
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solve 
;******************************************************** 

set plot emf 
set output un_coarse_ra.emf 
plot pen his 999 
window 350 450 -50 50 
set output def_coarse_ra.emf 
plot pen grid mag O gr grid mag 10 red 

( e) Section 5.2 Input File 
new 
Title : 
Nu-Way Pit: Differential Settlement of Fill below the Soil Cap· 

;Differential settlement applied over 100ft length for 40, 60 
and SO-foot soil caps 
; Model only one-half of the soil cap; No settlement of side 
slope 
;Use Modulus values revised using Vs consistent with downhole 
measurement (880ft/s) 
;Run by: TS Date : Sept 2010 

config extra 2 
;Initial model for 80 ft soil cap 
grid 167,16 
model elastic 

;Assign coordinates and cut 1:1 side s lope 
gen same 0. 80. 835. 80. 835. O. 
gen line 80.0,0.0 0.0,80.0 
model null region 2 3 
group 'null' region 2 3 
group delete 'null' 

group 'User:newl' notnull 
model mohr notnull group 'User:newl' 
prop density=3 .73 bulk=8.67E6 shear=2.89e6 cohesion=250.0 
friction=30 .0 & 

dilation=O.O tension=O.O notnull group 'User :newl' 

fix x y mark 
fix y i 18 168 j 1 
fix X i 168 j 1 17 
set gravity=32 . 18504 
history 999 unbalanced 

def nigp 
int n_i gp 
n_ igp=igp 
end 

,,---..._,_ ~ 

nigp 

;Solve as elastic material to initialize stresses & then apply 
specified soil parameters 
solve elastic 

def mod ini 
command 
ini xd=O. 
ini yd=O. 
end_command 

loop ii (l,izones) 
loop jj (1,jzones) 

if model(ii,jj) # 1 then 
ex_l(ii , jj ) =shear_mod(ii,jj) 
state(ii,jj)=O 

endif 
end_loop 

end_loop 
end 

;Initialize displacements to zero 
mod ini 

his 1 yd i=l j=17 ;check 

;G/Gmax Table for Upper Sand (Seed and Idriss, 1970; Idriss, 
1990) 
table 1 0., 1. 0.00000 1 , 1. 0 .000003 16 ,l . 0 . 00001,0.99 
0 . 00003 16,0.96 0.0001,0.85 & 

0.000316,0.655 0.001,0.37 0.00316,0.19 0.01,0.085 0.1,0.0085 

save elas_DNWP.sav 

;40-foot thick soil cap 
************************** 

m n i=l,167 j=l,8 
fix y i 10 168 j 9 

his 2 yd i=l68 j =l 7 
his 3 yd i=l48 j=l7 
his 4 yd i=168 j=9 
his 5 yd i=l48 j=9 

set large 

def superstep 
float dis inc tot dis 
Int ns r amp ramp ace ramp dee Q 
ns_ r amp=~_ s tep/5- -
r amp :;.. c : :-..:ns _ r amp* (n s r a mp+l ) / 2 
r amp __ de ~='"!S _=r amp * (ns=ramp-1) / 2 
Q=rarnp_. ~cc+ns_ra mp* {n_step - 2 * ns_ ramp ) +ramp_dec 
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dis_inc=tot_dis/Q 

l oop ns (1,n step) 
if nS<=ns_ramp 

udapp=dis_inc*f l oat(ns) 
else 

endif 

command 

i f ns<= (n_step-ns_ ramp) 
udapp=dis_ inc*f loat(ns_ramp ) 

else 
udapp=dis_inc*float(n_step-ns) 

endif 

ini yv=O. var udapp 0. i 148,168 j 9 
step 1 
end_ command 

l oop i i (1,i zon es) 
loop jj (1,jzones) 

shear mod(i i,jj)=ex l (ii,jj) *table(l,ssi(ii,j j )) 
bulk_mod(ii,jj)=3 . *;hear_mod( ii ,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_s tep=20000 tot_dis=-2.66e-1 ;should be negative 
superstep 

solve 
save NL 40D100.sav 

;*** plot commands* ** 
set output pl_DNWP40_un.emf 
set plot emf 

;plot name: Unbalanced force 
plot pen history 999 
set output pl_DNWP40_dis.emf 
plot pen hi s 2 3 4 s 
set output pl_DNWP40_def.emf 
plot pen grid mag O gr grid mag 10 red 
window 700 850 - so 100 
set output pl_DNWP40_def_zo.emf 
pl pen grid mag O gr grid mag 10 red 
set output pl_DNWP40_st.emf 
plot pen state block 

set hisfile his_DNWP40.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur_out 

,,,,--...._ 

array arr l (n_igp) arr2(n_igp) arr3 (n_igp) o_hl (1 ) o_h2( 1 ) 
o h3(1) 
o=hl (l)='X-Coordinate of surface nodes at the end of 
simulation' 
o_h2(l)='Y-Coordinate of surface nodes at t he end of 
simulation' 
o_h 3( l )= 'Y-Displacement of surface nodes at the end of 
simulation' 
l oop ii (l,igp) 

arrl(ii) =string(x(i i,jgp)) 
arr2(ii) =string(y(i i,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 

~ 

oo=open('Sur 40DlOO.out' ,1, 1) 
oo=write(o_hl,1) ,write(arrl,n_igp) ,write(o_h2,l) ,write(arr2,n_i 
gp) 
oo=write(o_h3,l) ,write(arr3,n_igp) 
OO=Cl ose 
end 
sur out 

;60-foot thick soil cap 
************************** 

res elas_DNWP.sav 

m n i=l,167 j=l,4 

fix y i 14 1 68 j 5 

his 2 yd i=l68 j=l7 
his 3 yd i =l4 8 j=l7 
his 4 yd i=l68 j=S 
his 5 yd i =l48 j=S 

set l arge 

def superstep 
float dis_inc tot_dis 
Int ns ramp ramp a ce ramp dee Q 
ns_ramp=n_step/5- -
ramp acc=ns ramp*(ns ramp+l)/2 
ramp=dec=ns=ramp*(ns=ramp-1)/2 
Q=ramp_acc+n s_ramp*(n_step- 2*ns_ra mp)+ramp_dec 
dis_inc=tot_dis / Q 

loop ns (l,n_step) 
if ns<=ns_ramp 

u dapp=dis_ inc*float(ns) 
else 

if ns<=(n_step-ns_ramp) 
udapp=dis_inc*f l oat(ns_ramp ) 

else 
udapp=dis_inc*float(n_ step-ns) 
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endif 
endif 

command 
ini yv=O. var udapp 0. i 148,168 j 5 
step 1 
end command 

loop ii (l,izones) 
loop jj (l,jzones) 

shear_mod(ii,jj)=ex_l(ii,jj)*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 tot_dis=-1.3e-1 ;should be negative 
superstep 

solve 
save NL 60D100.sav 

;*** plot commands*** 
set output pl_DNWP60_un.emf 
set plot emf 

;plot name, Unbalanced force 
plot pen history 999 
set output pl_DNWP60_dis . emf 
plot pen hi s 2 3 4 5 
set output pl DNWP60 def.emf 
plot pen grid-mag O gr grid mag 10 red 
window 700 850 -50 100 
set output pl_DNWP60_def_zo.emf 
pl pen grid mag o gr grid mag 10 red 
set output pl_DNWP60_st.emf 
plot pen state block 

set hisfile his_DNWP60.his 
his write 1 2 3 s vs 4 skip 10 

def Sur_out 
array arrl(n_igp) arr2(n_igp) arr3(n_ igp) o_hl(l) o_h2(1) 
o_h3 (1) 
o hl(l)='X-Coordinate of surface nodes at the end of 
s imulation' 
o_h2(l)='Y-Coordinate of surface nodes at the end of 
simulation ' 
o_h3(1)='Y-Displacement of surface nodes at the end of 
simulation' 
l oop ii (1, igp) 

arrl(ii)=string(x(ii,jgp)) 

,.,....-,_, 

arr2(i i)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 
oo=open ('Sur_60D100.out',1,1) 

~ 

oo=write(o_hl,1) ,write(arrl,n_igp) ,write(o_h2,1) ,write(arr2,n_i 
gp) 
oo=write(o_h3 ,1) ,write(arr3,n_igp) 
oo=close 
end 
sur out 

;80-foot thick soil cap 
************************** 

res e l as DNWP.sav 

his 2 yd i=l68 j=17 
his 3 yd i=148 j=17 
his 4 yd i=l68 j=l 
his 5 yd i=l48 j=l 

set large 

def superstep 
float dis_inc tot_dis 
Int ns ramp ramp ace ramp dee Q 
ns ramp=n step/5- -
ra;p_acc=;s_ramp*(ns_ramp+l)/2 
ramp_dec=ns_ramp*(ns_ramp-1)/2 
Q=ramp acc+ns ramp*(n step-2*ns ramp)+ramp dee 
dis_in;=tot_dis/Q - - -

loop ns (1,n_step) 
if ns <=ns_ramp 

udapp=dis_ inc*float(ns) 
else 

endif 

command 

if ns<=(n_step-ns_ramp) 
udapp=dis_inc*float(ns_ramp) 

else 
udapp=dis_inc*float(n_step-ns) 

endif 

ini yv=O. var udapp 0. i 148,168 j 1 
step 1 
end_command 

l oop ii (l,izones) 
loop jj (l,jzones) 

shear mod(ii,jj)=ex l(ii,jj)*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_loop 
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end_ loop 
end 

set n_step=20000 tot_dis=-0 . 27e-l ;should be negative 
super step 

solve 
save NL 80D100.sav 

;*** plot commands*** 
set output pl_DNWPSO_un . emf 
set plot emf 

;plot name: Unbalanced force 
plot pen h i story 999 
set output pl_DNWPSO_dis.emf 
plot pen his 2 3 4 5 
set output pl_DNWPSO_def . emf 
plot pen grid mag O gr grid mag 100 red 
window 700 850 -so 100 
set output pl_DNWP80_def_zo.emf 
pl pen grid mag O gr grid mag 100 red 
set output pl_DNWP80_st . emf 
plot pen state block 

set hisfile his_DNWP80.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_h2(1) 
o_h3(1) 
o_hl(l)='X-Coordinate of surface nodes at the end of 
simulation' 
o_h2(1)='Y-Coordinate of surface nodes at the end of 
simulation' 
o_h3(l)='Y-Displacement of surface nodes at the end of 
simulation' 
loop ii (1,igp) 

arrl(ii)=string(x(ii,jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 
oo=open ('Sur_80D100 . out' ,1,1) 
oo=write(o_hl,l) ,write(arrl,n_igp) ,write(o_h2,l) ,write(arr2,n i 
gp) 
oo=write(o_h3,l) ,write(arr3,n_igp) 
oo=close 
end 
sur out 
ret 

.~ 

(f) Section 5.3 Input File 
new 
Title: 
Nu-Way Pit: Uniform Settlement of Fill below the Soil Cap 

;Uniform settlement applied over the entire length for 40, 60 
and 80-foot soil caps 
;Model only one-half of the soil cap; No settlement of side 
slope 
;Use Modulus values revised using Vs consistent with down.hole 
measurement (880ft/s) 
;Run by: TS Date: Sept 2010 

config extra 2 
;Initial model for 80 ft soil cap 
grid 167,16 
model elastic 

;Assign coordinates and cut 1:1 side slope 
gen same 0. 80. 835. 80. 835. 0. 
gen line 80.0,0.0 0.0,80.0 
model null region 2 3 
group 'null' region 2 3 
group delete 'null' 

group 'User:newl' notnull 
model mohr notnull group 'User:newl' 
prop density=3.73 bulk=8 . 67E6 shear=2.89e6 cohesion=250 . 0 
friction=30.0 & 

dilation=O.O tension=O.O notnull group 'User:newl' 

fix x y mark 
fix y i 18 168 j 1 
fix Xi 168 j 1 17 
set gravity=32.18504 
history 999 unbalanced 

def nigp 
int n_ igp 
n_igp=igp 
end 
nigp 

;ret 
;Solve as elastic material to initialize stresses & then apply 
specified soil parameters 
solve elastic 

def mod_ini 
c ommand 
ini )Ci=~' 

ini ~-·1c:: 

e nd_ e:orm1,and 

~ 
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loop ii (l,izones) 
loop jj (l,jzones) 

if model(ii,jj) # 1 then 
ex_l(ii,jj)=shear_mod(ii,jj) 
state(ii,jj)=O 

endif 
end_loop 

end_loop 
end 

;Initialize displacements to zero 
mod ini 

his 1 yd i=l j=l7 ;check 

;G/Gmax Table for Upper Sand (Seed and Idriss, 1970; Idriss , 
1990) 
table 1 0 ., 1. 0.000001,1. o.00000316,1. 0.00001,0.99 
0.0000316,0.96 0.0001,0.85 & 

0 . 000316,0.655 0.00 1 ,0.37 0.00316,0.19 0 . 01,0.085 0.1,0.0085 

save el UNWP.sav 

;40-foot thick soil cap 
************************** 

m n i=l,167 j=l,8 
fix y i 10 168 j 9 

his 2 yd i=l68 j=17 
his 3 yd i=l62 j=l7 
his 4 yd i=l68 j=9 
his 5 yd i=l62 j=9 

set large 

def superstep 
float dis_inc udapp 
Int ns ramp ramp ace ramp dee Q 
ns_ramp=n_step/5- -
ramp acc=ns ramp*(ns ramp+l)/2 
ramp=dec=ns=ramp*(ns=ramp-1)/2 
Q=ramp_acc+ns_ramp*(n_step-2*ns_ramp)+ramp_dec 
dis_inc=tot_dis/Q 

loop ns (l,n step) 
if ns<=ns_rimp 

udapp=float (ns) 
e l se 

if nS<=(n_step-ns_ramp) 
udapp=float(ns_ramp) 

else 
udapp=float(n_step-ns ) 

endif 

~ 

endif 

uda=dis_inc*udapp 
loop ii(lO,igp) 

yvel(ii,9)=uda 
end_loop 

command 
step 1 
end command 

loop ii (1,izones) 
loop jj (1 ,jzones) 

shear_mod(ii,jj)=ex_l(i i ,j j )*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 tot dis=-5 .33e- l ;should be negative 
superstep 

sol ve 
save NL 40U.sav 

;*** plot commands*** 
set output pl_UNWP40_un.emf 
set plot emf 

;plot name: Unbalanced force 
plot pen history 999 
set output pl UNWP40 dis.emf 
plot pen his 2 3 4 5-
set output pl UNWP40 def.emf 
plot pen grid-mag O gr grid mag 10 red 
window 700 850 - 50 100 
set output pl_UNWP40_def_zo . emf 
pl pen grid mag O gr grid mag 10 red 
set output pl_UNWP40_st.emf 
plot pen state block 

set hisfile his_UNWP40 .his 
his write 1 2 3 5 vs 4 skip 10 

def Sur_out 
array arrl(n_igp) arr2(n_igp) arr3(n_igp) o_hl(l) o_h2(1) 
o_h3 (1) 
o_hl(l)='X-Coordinate of surface nodes at the end of 
simulation' 
o h2(l)='Y-Coordinate of surface nodes at the end of 
simulati on ' 
o_h3 :1,~ ' Y- Displacement of surface nodes at the end of 
simul at1on 1 

'\ 
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loop ii (l,igp) 
arrl (ii) =string (x (ii, jgp)) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_loop 
oo=open( ' Sur_40U.out',l,l) 
oo=write(o_hl,l) ,write(arrl,n_igp) ,write(o_h2,l) ,write(arr2,n_ i 
gp) 
oo=write(o_h3,l) , write(arr3,n_igp) 
OO=Close 
end 
sur out 
;ret 

;60-foot thick soil cap 

res el_UNWP.sav 

m n i=l,167 j=l,4 

fix y i 14 168 j 5 

his 2 yd i=l68 j=l7 
his 3 yd i= l 62 j=l7 
his 4 yd i=l68 j=S 
his 5 yd i=l62 j=S 

set large 

def superstep 
float dis_inc udapp 
Int ns_ramp ramp_acc ramp_dec Q 
ns_ramp=n_ step/5 
ramp acc=ns ramp*(ns ramp+l)/2 
ramp=dec=ns=ramp*(ns=ramp-1)/2 

************************** 

Q=ramp acc+ns ramp*(n step- 2*ns ramp)+ramp dee 
dis_inc=tot_dis/Q - - -

loop ns (1,n_step) 
if ns<=ns_ramp 

udapp=float (ns) 
else 

endif 

if ns<=(n_ step-ns_ramp) 
udapp=float(ns_ramp) 

else 
udapp=float(n_step-ns) 

endif 

uda=dis_inc*udapp 
loop ii(l4 , igp ) 

yvel (i i , S)=uda 
end_loop 

~ 

command 
step 1 
end command 

loop ii (l,izones) 
l oop jj (l,jzones) 

shear_mod(ii,jj)=ex_l(ii,jj)*table(l,ssi(ii,jj)) 
bulk_mod(ii,jj)=3 . *shear_mod(ii,jj) 

end_loop 
end_loop 

end_loop 
end 

set n_step=20000 tot_dis=-2.6e-l ;should be negative 
super step 

solve 
save NL 60U . sav 

;*** plot commands*** 
set output pl_UNWP60_un . emf 
set plot emf 

;plot name : Unbalanced force 
plot pen history 999 
set output pl_UNWP60_dis.emf 
plot pen his 2 3 4 s 
set output pl_UNWP60_def.emf 
plot pen grid mag 0 gr grid mag 10 red 
window 700 850 -50 100 
set output pl_UNWP60_def_ zo.emf 
pl pen grid mag 0 gr grid mag 10 red 
set output pl_UNWP60_ st.emf 
plot pen state block 

set hisfile his_UNWP60.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl (n igp) arr2(n igp) arr3 (n igp) o hl (l) o h2(1 ) 
o_h3 (1) - - - - -

o_hl(l)='X-Coordinate of surface nodes at the end of 
simulation' 
o_h2(l)='Y-Coordinate of surface nodes at the end of 
simulation' 
o_h3(l)='Y-Displacement of surface nodes at the end of 
simulation' 
loop ii , 1, igp) 

e nd ~..:..:,c 
OO=Op c.r~ 

a•rl (ii) =string(x(i i, jgp) ) 
"' - ,-2 (i i) =string (y(ii , jgp) i 

r3( i i)=string(ydisp(i i , jgp) ) 

Su r _60U. '.)U<: ' .. 1, 1 ) 

----..., 
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oo=write(o_hl,1),write(arrl,n_igp) ,write(o_h2, 1 ) ,write(arr2,n_i 
gp) 
oo=write(o_h3,1) ,write(arr3,n_igp) 
oo=close 
end 
s u r out 

;SO-foot thick soil cap 

res e l_UNWP.sav 

his 2 yd i=168 j=17 
his 3 yd i=162 j=17 
his 4 yd i=l68 j=l 
his 5 yd i=162 j=l 

set large 

def superstep 
float dis_inc udapp 
Int ns ramp ramp ace ramp dee Q 
ns ramp=n step/5- -
ra~p acc=~s ramp*(ns ramp+l)/2 
ramp=dec=ns=ramp*(ns=ramp-1)/2 

************************** 

Q=ramp acc+ns ramp*(n step-2*ns ramp)+ramp dee 
dis_in-;;=tot_dis/Q - - -

l oop n s (1,n_step) 
if ns<=ns_ramp 

udapp=float (ns) 
else 

endif 

if ns<=(n_step-ns_ramp) 
udapp=float(ns_ramp) 

else 
udapp=float(n_step-ns) 

endif 

uda=dis_inc*udapp 
loop ii(18,igp) 

yvel(ii,l) =uda 
end_loop 

command 
step 1 
end_command 

loop ii (1,izones) 
loop jj (1,jzones) 

shear_mod(ii,jj)=ex_l(ii,jj)*table(l, ssi(ii,jj)) 
bulk_mod(ii,jj)=3.*shear_mod(ii,jj) 

end_loop 
end_l oop 

~ 

end_loop 
end 

set n_step=20000 tot_dis =-0.54e- 1 ;should be negative 
superstep 

solve 
save NL BOU.sav 

;*** plot commands*** 
set output pl_UNWPBO_un.emf 
set plot emf 

;plot name: Unbalanced force 
plot pen history 999 
set output pl_UNWPBO_dis.emf 
plot pen his 2 3 4 5 
set output pl_UNWPBO_def.emf 
plot pen grid mag O gr grid mag 100 red 
window 700 850 -50 100 
set output pl_UNWPSO_def_zo.emf 
pl pen grid mag O gr grid mag 10 red 
set output pl_UNWPBO_st.emf 
plot pen state block 

set hisfile his_UNWPBO.his 
his write 1 2 3 5 vs 4 skip 10 

def Sur out 
array arrl (n_igp) arr2(n_igp) arr3(n_igp) 
o_h3 (1) 

o_hl (1) o_h2 (1) 

o_hl(l)='X-Coordinate of surface nodes at the end of 
simulation' 
o_h2(1)= ' Y-Coordinate of surface nodes at the end of 
simulation' 
o_h3(1)='Y-Displacement of surface nodes at the end of 
simulation' 
l oop ii (1, igp) 

arrl(ii)=string(x(ii,jgp) ) 
arr2(ii)=string(y(ii,jgp)) 
arr3(ii)=string(ydisp(ii,jgp)) 

end_ loop 
oo=open ('Sur_BOU.out',1,1) 

~ 

oo=write(o_hl,1) ,write(arrl,n_igp) ,write(o_h2,1 ),write(arr2,n_ i 
gp) 
oo=write(o_h3,1) ,write(arr3,n_igp) 
oo=close 
end 
sur_out 
ret 

END 
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(v) Prepare a report evaluating the fill in tenns of its ability to support future 
development of the site with retail, commercial and/or industrial building ranging 
up to about four stories in height. The report shall specifically address the relative 
compaction and potential for settlement, voids within the fill, long term hydraulic 
transportation of :fines within the fill and its susceptibility to seismic densification 
during major earthquakes. 

Existing fills found to have been properly compacted and otherwise appropriately placed to 
reduce settlement and other geotechnical risks to acceptable levels such that it can support the 
planned site development objectives noted above may remain in place. Existing fills that are 
found not to be properly compacted or placed, or are otherwise unsuitable to support these 
development objectives shall either be remediated to meet the development objectives or shall be 
restricted from any form of development that could be adversely affected by the condition of the 
existing fill. In any event, any fill placed on the existing fill must be in compliance with these 
Guidelines. 

6.0 BACKFILL MATERIALS 

6.1 Composition 

The materials used to backfill the pits must have adequate engineering properties to provide 
suitable structural support for the planned land uses (i.e. buildings and associated site _ 
improvements). In addition, the backfill materials must comply with the Inert Debris Engineered 
Fill Operations (IDEF) permit. 

The primary source of backfill materials is expected to be inert construction and demolition 
debris, such as concrete and soil. Silts and fine sands derived from the local aggregate 
processing operations also may be a significant component of the backfill. The remainder will 
probably consist of silts from desilting basins and other miscellaneous sources. 

Acceptable fill materials include concrete, tile, masonry brick or block, concrete block, rock, 
gravel, sand, silt, clay, clay products, glass, ceramics, metals embedded in concrete, and other 
similar inert materials. Asphaltic concrete may be placed above the high groundwater table as 
stated in the IDEF permit. 

Unacceptable fill materials include those that are hazardous, contaminated, or biodegradable. 
These include (but are not limited to) organic materials, wood, vegetation, paper, rubber 
(including tires) plastic, metals not encased in concrete, plaster, wallboard, liquid wastes, and 
trash. Permits from local water quality control agencies and others may place additional 
restrictions on materials that may be placed in the fill. 

Appropriate quality control measures must be in place to keep unacceptable materials out of the 
fill. Recommendations for such measures are discussed in Section 9. 

Incoming loads of organic materials must be rejected. However, very small amounts of non­
hazardous organic materials that happen to be contained in otherwise inorganic loads may be 
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incorporated into the fill. However, even in such cases, there should be active "hand-picking" to 
remove larger organic materials such as wood and branches. Any organics that are incorporated 
into the fill may not occupy more than 0.5 percent of any lift by volume. 

6.2 Particle Size and Material Processing 

Unlike conventional soil fills, the incoming fill materials are expected to be very heterogeneous 
and contain a large fraction of oversize particles (> 12 inches). In addition, some of the incoming 
material will probably have odd shapes or contain protruding rebar. Thus, material processing 
will almost certainly be required in order to produce a fill material with acceptable particle sizes 
which then will be suitable for placement and compaction. 

Much of the incoming material will consist of reinforced concrete from demolition projects. 
This will i nclude slabs, columns, beams, and other structural members, as well as sidewalks, 
curb and gutter, and other reinforced or unreinforced concrete. Reinforcing steel that is 
embedded within these concrete objects may be placed in the fill. However, reinforcing steel 
that is not fully embedded must be removed and hauled off the site. 

Occasional large objects, that cannot be crushed or broken, may be buried in the fill as described 
below, but most oversize materials will need to be broken down to a size that is suitable for 
placement and compaction in horizontal lifts. Thus, the particle sizes for fills to be placed in lifts 
shall not exceed the following: 

• For flat and elongated particles (aspect ratio >3): 18 inches 
• For all other particles: 12 inches 

Larger particles must be broken down to meet these criteria, or placed as oversize materials as 
discussed below. 

In order to adequately fill the voids between the larger particles, the fill shall have the following 
characteristics: 

• 30---100 percent by weight is smaller than ¾ inch 
• All particles larger than 3 inches are spread apart (i.e. not nested) 

The incoming fill materials shall be processed in order to remove the unacceptable materials and 
to achieve the required particle sizes, particle shapes and blend of materials. The operator shall 
control these processing operations in order to produce fills that meet these recommendations. 
Processing shall include particle size reduction through crushing and breaking of oversize 
particles, removal of deleterious materials, blending of fill materials to achieve acceptable ranges 
of particle sizes, and moisture conditioning prior to fill placement. Examples of processing are 
presented in Figure 3. 

Embedded reinforcing steel that is not removed from concrete during the processing operations 
may be placed in the fill so long as it is completely encased in concrete and any exposed bars are 
cut flush with the concrete. 
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6.3 Oversize Materials 

Occasional sound, inert objects, such as boulders or concrete, that cannot be reduced to the 
maximum sizes defined in Section 6.2 may be placed in the fill at depths more than 20 feet 
below finish grade in accordance-with Section 7.6. 

7.0 BACKFILL PLACEMENT AND COMPACTION 

The processed fill materials are then to be placed in horizontal lifts, as described in this section. 
Oversize materials shall be specially placed using as described in Section 7 .6. 

7.1 Fill Placement 

The processed fill, other than oversize materials, is to be placed as follows: 

All fill should be scarified, plowed, disked, ripped and/or bladed until it is uniform in 
consistency, and free of large unbroken chunks or clods of soil or inert material. Prior to 
compacting, each lift shall be uniformly moisture conditioned to a moisture content above 
optimum. The uncompacted lift thickness shall not be greater than 1.5 times the maximum 
particle size. However, the uncompacted lift thickness need not be less than 8 inches. Each 
prepared fill lift shall be mechanically compacted to satisfy the requirements of Section 7 .3 . 

Dedicated compaction equipment shall make multiple passes over the entire fill surface as 
necessary to obtain the required compaction before another lift of fill is placed thereon. 

All fill to be placed deeper than 40 feet from the future finished grade shall be compacted to at 
least 93% relative compaction as described in Section 7.3 . Within the upper 40 feet from future 
finished grade, the fill shall be compacted to at least 90% relative compaction. Fills compacted to 
less than the specified relative compaction shall be reworked to achieve at least the required 
minimum relative compaction 

7.2 Moisture Control 

Moisture contents in equal to or in excess of optimum moisture shall be maintained throughout 
each fill lift and material type. Materials that are too dry shall be moisture-conditioned by 
adding water at the time of blending and during compaction. Materials containing excessive 
moisture shall be dried by aerating, blading, disking, ripping or harrowing to achieve the 
specified moisture content. Because of the relatively thick lifts, moisture conditioning after the 
lift is placed will not be sufficient to adequately moisten the entire lift, and thus is not an 
acceptable procedure. 

Silty and clayey soils (including silts from aggregate processing or debris basins) may possess 
excess moisture content when delivered to the site. Soils that are unworkable because of 
excessive moisture shall be segregated from materials that do not require special processing. 
These soils shall be stockpiled in a designated area not within the fill placement area and 
processed separately to achieve drying under the observation of the geotechnical engineer. 
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For purposes of these guidelines, all moisture content tests shall be performed on the - ¾ inch 
fraction of the fill material, and all moisture content specifications are likewise based on the - ¾ 
inch fraction. This specification is based on the assumption that larger particles are sufficiently 
moist not to absorb moisture from the fines fraction and thereby lower its moisture content below 
optimum. 

7.3 Compaction Standards 

The definition of relative compaction and the associated test methods for measuring it depend on 
the quantity oflarge particles in the fill. Thus, the recommended methods for soil fills differ 
from those for blended rubble fills, as described below. The recommended testing frequency is 
described in Section 9. In addition to these quantitative tests, the quality assessment efforts shall 
include monitoring of fill placement and compaction procedures and periodic test pits as 
described in Section 9. 

7.3.l Soil Fills 

Soil fills are those that contain no more than 30% particles greater than ¾-inch in maximum 
dimension. The relative compaction in such fills is defined as the ratio of the in-place dry 
density to the maximum dry density determined using ASTM D1557. The in-place dry density 

. shall be measured using ASTM D1556, D4914, or D5030. When applicable, oversize material 
correction factors shall be applied using ASTM D4718. 

7.3.2 Blended Rubble Fills 

Blended rubble fills are those that have at least 30 percent of the particles larger than ¾ inch. 
Such matedals cannot be tested using ASTM D 15 57, so an alternative method is necessary for 
assessing relative compaction. The recommended methodology is as follows: 

1. The relative compaction for blended rubble fills is defined as the ratio of the in-place 
bulk density to the maximum achievable bulk density. 

2. The in-place bulk density shall be determined using ASTM D4914, ASTM D5030, or 
the procedure described in Appendix B. 

3 . The maximum achievable bulk density for each fill material shall be determined by 
constructing one or more field test pads, as described in Appendix A. 

7.4 Fill Slopes 

The compaction standards shall apply to any final fill slope face. Fill slopes shall be no steeper 
than 2:1 (horizontal:vertical), and must be safe for the intended use. Temporary or interim fill 
slopes will be cut to remove loose material to_ expose fully compacted fill through the benching 
for future fills placed against the former fill slope. 
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7.5 Benching 

Horizontal benches shall be cut into existing slopes to expose competent native materials or 
properly compacted fill. 

7.6 Placement of Oversized Material 

Oversize material, as defined in Section 6.3, may be placed in a trench to form windrows. These 
windrows shall be as wide and deep as necessary to accommodate the oversize material in a 
single layer (i.e. individual particles shall not be stacked vertically in the trench). Granular soils 
with a sand equivalent (SE) of at least 30 shall be jetted or otherwise placed between the oversize 
materials to fill the voids. Details on these windrows are shown in Figure 4. 

8.0 INSTRUMENTATION 

Settlement monuments shall be installed within the fill as it is being placed and as the fill 
elevation advances. Settlement monuments shall be installed in accordance with a design 
prepared by the geotechnical engineer, or as provided in Appendix C. Settlement monuments 
destroyed by grading operations shall be reestablished to their condition and depth prior to 
damage. Conventional settlement plates are not recommended because of their susceptibility to 
base damage during the inert fill operation. A more durable alternative is shown in Appendix C. 

The settlement monuments shall be surveyed by a licensed land surveyor, to an accuracy of 0.01 
ft horizontally and vertically initially, and to 0.10 ft. horizontally and 0.01 ft. vertically 
thereafter. The frequency of such surveys will be such that the vertical difference between any 
two successive surveys for each monument is not more than a few one-hundredths of a foot, once 
each three months, or at such time as the monument pipe needs to be extended, whichever occurs 
:first. See Appendix C for more information on settlement monuments and survey data 
recordation. 

9.0 QUALITY CONTROL AND QUALITY ASSURANCE 

The landfill owner is responsible for placing the fill in confo1mance with these Guidelines and 
must have appropriate quality control procedures in place to promote uniform compliance. In 
some cases this responsibility might be delegated to the operator. The owner also is responsible 
for retaining a geotechnical engineer, who provides verification through a quality assurance 
process. 

9.1 Quality Control 

Quality Control for the day-to-day landfill operations to maintain compliance with these 
Guidelines is the responsibility of the landfill operator. It is recommended that the operator 
investigate multiple methods and procedures to accomplish the necessary processing, crushing, 
sorting, removal of deleterious materials from fill materials, blending, moisture conditioning and 
compaction of the fill materials to meet these Guidelines. Once such procedures are found that 
achieve the intended goals and their relative cost and ease of execution are known, then the 
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consistent application of such procedures through the day-to-day processing of the fill is likely to 
achieve the highest level of Quality Control. In almost all instances a high level of Quality 
Control will result in a companion lower level of "failures" during the Quality Assurance 
program conducted by the geotechnical engineer. Therefore, well planned and systematic 
operations will likely have the highest level of Quality Assurance results, and the lowest 
incidents of reworking large volumes of fill that fail to meet the provisions of these Guidelines. 
It should be noted that in an attempt to minimize the cost of the Quality Assurance program 
conducted under the direction of the geotechnical engineer, the frequency of testing relative to 
the inert rubble fill has been reduced considerably in comparison to conventional earthwork QA 
programs. Therefore the volume of material placed as compacted fill which is represented by 
each QA test is significantly larger than would be the case for conventional earthwork fills. 
Consequently, the volume of fill that will have to be reworked by the Operator when QA test 
indicate noncompliance may be significantly higher than in conventional earthwork situations. 
Therefore, the cost of the rework will be proportionately higher as well. It is then in the 
Operator's interest to develop and maintain an effective Quality Control program at all time 
during active landfill operations. 

9.2 Quality Assurance 

The geotechnical engineer is responsible for the Quality Assurance program for the fill work 
Field and laboratory testing in combination with field observations, surveys and other data 
collection by the geotechnical engineer will be required to document compliance with these 
Guidelines and to form the basis of the certification of the fill in accordance with the California 
Professional Engineers Act (BPC §6735.5). The recommended schedule of quality assurance 
activities is presented in Table 1. The horizontal and vertical locations of all tests and 
observations shall be accurately determined and recorded. This effort will require vertical and 
horizontal control by a licensed surveyor. 

When the quality assurance activities indicate the fill is not in conformance with these 
Guidelines, the fill shall be reworked by re-blending and recompacting or other work as needed, 
then retesting to demonstrate conformance before additional fill is placed thereon. 

18 
CLAU002-008S\Fin11l Above Wr.tcr BRckfill Rtport.c.loc\12/5/200$ 

0916.0337 
G1-337



( 

( 

TABLE 1 
SCHEDULE OF QUALITY ASSURANCE ACTIVITIES 

Field Test or 
Minimum Testin2 Frequency 

Test Method Soil Fill Blended Rubble Fill Observation 
Note 1 Note2 

Observation of 
N.A. 

Sufficient to provide the basis for an opinion on 
Filling Process conformance of the filling procedures with these Guidelines 

Test Pits or 
Visual assessment of fill One per 5,000 cy, two per lift, 

materials and voids in N.A. or one per week, whichever is 
Trenches 

accordance with Section 9.2.4 more frequent 
Field Density 

See Note 3 
One per 1,000 cy or one One per 20,000 cy, one per ea. 

and Compaction per each two lifts 2 weeks, or per 2 lifts 

Gradation See Note 4 
One per 100,000 cy or One per 100,000 cy or one per 

one per month month 

Moisture 
Shall be determined only on One per field density test, 

One per 5,000 cy or 
sizes up to and including ¾ and as needed to guide fill 

Content 
inch placement 

one per week 

Notes: 
1. Soil fill has no more than 30% particles larger than ¾ inch. 
2. Blended rubble fill has more than 30% particles larger than ¾ inch. 
3. Field density tests on soil fill may include sand cone (ASTM Dl556) or nuclear gauge (ASTM D 

2922) . Maximum densities for soil fill shall be determined by ASTM D1557. Field density tests 
for blended rubble fill shall be determined by large ring tests conducted in accordance with ASTM 
D49 l 4, ASTM D 5030 or the provisions of Appendix B. Maximum achievable density data for 
blended rubble fill shall be determined from test pad fills in accordance with Appendix A. 

4. Gradation for soil fills and blended rubble fills shall be established by the methods given in ASTM 
D422, and the Field Bulk Gradation Method described in Appendix B, respectively. See also 
Section 7.3. 

9 .2.1 Regular Site Visits, Observations and Testing 

The geotechnical engineer shall visit the fill site regularly both on a scheduled and unscheduled 
basis. The City may accompany the geotechnical engineer on these visits, or may conduct 
independent visits. During such site visits the geotechnical engineer shall, at a minimum, 
conduct the following activities: 

• Review the site inspection process which checks incoming truck loads for 
acceptability, and detennine the current running average rate of import material 
entering the site. The rate of import so determined will assist in scheduling the 
frequency of site visitations. 

• Record the area within the site where active processing and filling activities are 
occurring (horizontally and vertically). 

• Observe the placement of import material, before processing, for any indications 
of materials not allowed within the fill and observe material processing, blending 
and moisture conditioning procedures and the resultant fill material for 
compliance with these Guidelines, including estimations of the combined 
gradation of the blended fill material. 

• Inspect all instrumentation for proper maintenance and protection from 
operational equipment, obtain technical readings and data as appropriate and 
record same. 
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• Record all site visit observations, data, infonnation and recommendations and 
communicate same to the operator before departing the site. 

The geotechnical engineer shall be on-site for sufficient time and frequency to provide the 
infonnation needed to render professional opinions on conformance with these Guidelines. At a 
minimum, this level of effort is expected to require site visits once per week or with sufficient 
frequency to conduct the tests and observations described in Table 1, whichever is more 
frequent. In some cases, more frequent visits or full-time observation and testing may be 
necessary. The geotechnical engineer shall confirm that all materials represented by one such 
test have been processed, placed and compacted in the same way as the material actually tested. 
This confirmation shall include timely observation of the fill process, observation of test trenches 
within multiple areas of the represented fill and observation of complete coverage of the fill area 
with appropriate compaction equipment 

The Committee has established the field test and observations frequencies in Table 1 above 
based on its collective best experience and judgment relative to the operations being considered. 
The field test and observation frequencies presented in the above, may be increased or decreased 
based on the technical review, assessment and recommendations of the geotechnical engineer, 
however any such change will require the review and approval of the City of Irwindale and the 
Irwindale Backfilling Committee. 

Representative samples of the blended material shall be tested for gradation to determine the 
overall material "type" in comparison to characteristics determined per Appendix A. Similarly, 
additional observations in trenches or excavations within the compacted fill shall be conducted to 
evaluate the characteristics of the completed fill. Where the fill is deemed to be poorly-graded, 
or if voids are present, or if minimum compaction is not achieved, the fill shall be reworked by 
re-blending and recompacting it in-place before additional fill is placed thereon. 

9.2.2 Test Pits 

Periodic test pits shall be excavated into compacted blended rubble fills as indicated in Table 1, 
and the geotechnical engineer shall visually assess exposed fill in these test pits. This assessment 
shall include checking for the following: 

• The presence or absence of discemable voids between rubble particles. The 
geotechnical engineer should not consider as voids any inclusions that have been 
created around rubble particles that have been disturbed or dislodged by the 
excavation process. 

• Conformance with the material composition requirements of Section 6.1. 
• The percentage of organics or other deleterious materials (Section 6.1 ), the maximum 

particle size, and the percentage smaller than ¾ inch. 
• The presence or absence of nesting. 

The results of these efforts must be documented in writing and with photographs of the pit walls. 
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The geotechnical engineer also shall perform similar visual assessments in all pits excavated for 
large-scale field density tests. 

9.2.3 Field Density and Compaction Testing 

The field density and compaction shall be tested in accordance with Section 7.3. In addition, 
sufficient observations and grain-size tests shall be performed in order to properly select the 
maximum achievable density. 

9.2.4 Gradation Testing 

The grain-size distribution for soil fills shall be determined using the following test methods: 

• For soil fills: ASTM D422 
• For blended rubble fills: Bulk field gradation test, as described in Appendix B 

9.2.5 Moisture Content Testing 

Moisture content tests shall be conducted in accordance with Section 7 .2. 

9.2.6 Reporting 

All project records shall be preserved in a long-term record retention system as described in 
more detail in Section 11 . The intent is to produce a comprehensive history of the construction 
of the fills. This shall include a record of observations and test results, as well as summaries that 
permit conclusions to be drawn regarding compliance with or deviations from these Guidelines. 
In general, the data and records produced during the filling process may be categorized as 
follows: 

• Operator's Records representing the import of inert material to the site to be used as fill, 
including rate of import such as cubic yards/day, month and year, material visual 
classification upon arrival at the entry inspection station such as material composition, 
and other documents such as site photos of work in progress, aerial photos, topographic 
maps, other field surveys and all quality control records. 

• Quality Assurance Records representing the physical characteristics of the imported 
material to be used as fill, including all gradation and density test results, observations, 
recommendations, assessments of processing and blending procedures, corrective 
measures, instrwnentation data, records of regular site visits, site photos of work in 
progress, interim reports and all other data produced and/or recorded by the geotechnical 
engineer in conjunction with the filling process. Much of the material to be used as fill 
will have a variable composition and particle sizes. The anticipated high percentage of 
larger sizes will dictate extensive observation to support the test data. Reporting shall 
include a summary of field classifications on the basis of material categories defined in 
Section 6. In addition, reports shall include detailed description information or the 
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location and character of oversized materials placed in windrows within the fill, and 
observational data on the composition and condition of the fills. 

• Geotechnical Engineer's Records and Reports representing the assimilation of the 
above data and records of the operator and the QA processes. The geotechnical 
engineer's records will include all data and analysis derived from field tests, settlement 
monuments, and all other technical evaluations and analysis. These records will also 
include all interim, periodic and final geotechnical reports covering the subject fill. 

The above records and data shall be presented in formal reports categorized as follows with the 
information and intent as described: 

Quarterly Report: These reports will be prepared by the geotechnical engineer based on 
the accumulated data in the Owner's and Operator's records and geotechnical engineer's 
QA and site visitation records created since any preceding quarterly report. The quarterly 
report's main functions will be to state that the fill covered by the report was or was not 
placed in accordance with the Guidelines recommendations; discuss remedies employed 
to correct any non-compliant fill and identify and discuss any unexpected data or fill 
performance, or any problematic issues associated with fill conditions and update any 
such issues cited in the previous quarterly report. The quarterly reports will also serve as 
the primary tool to compile basic data, test results and observations into complete and 
self-explanatory long-term records. The reports will be signed by the geotechnical 
engineer and delivered to the operator on a quarterly basis. 

Photographs, observations, and test data shall be included in appendices. The text of the 
reports shall contain a description of the fill placed during the current quarter along with 
summary information on the following: 

1. Vertical and horizontal extent of fill. 

2. Range and average lift thickness. 

3. Fill composition and grain size. 

4. Placement moisture content of soil and blended rubble fill gradations. 

5. Range and average field density values, listed by test method. 

6. Discussion of material categories. 

7. Location, dimensions and composition of windrows. 

8. Settlement. 

9. Check list of incomplete work and a schedule for completion. 
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10. Identification of the location of all field tests, trenches, including any test not in 
compliance with these guidelines, and records oflift thickness. 

Data from items 2, 3, 4, and 5 above should also be shown on histograms or other graphs 
illustrating the statistical distribution of test results as well as in conventional tabular and 
location map forms. 

Annual Report: These reports, which will be in lieu of the last quarterly report of any 
year, will be prepared by the geotechnical engineer, based on the information presented 
in the previous quarterly reports and the new information since the last quarterly report. 
The annual reports will draw conclusion as to the compliance of the fill with the 
Guidelines recommendations, identify any condition that should be investigated further, 
and assess the current status of the fill and its performance to date. It shall include 
sections on fill characteristics and settlement analysis. The annual report shall provide a 
summary of the previous quarterly reports, but will also contain the quarterly reports in 
the appendix of the annual report. Annual reports shall include a discussion section to 
address the perceived success or shortcomings of the backfill to date. The annual reports 
shall also review and update the site specific Fill Plan described in Section 5 to assess if 
any modifications are appropriate. Additionally, in regard to creating and maintaining 
long-term records, the annual reports shall include all accumulated data, records, test 
results and other information to date in an orderly and self explanatory presentation. The 
annual reports will contain all such date in written form as well as in the current state of 
the art electronic format. However, no basic information or data will be retained only in 
electronic form. The annual report shall be signed and certified by the geotechnical 
engineer that all fill has been placed in accordance with the Site Specific Fill Plan and 
these Guidelines and shall be delivered to the owner. The owner shall provide a copy of 
the annual report to the City within 30 days of its receipt of the report from the 
geotechnical engineer. 

Milestone and Final Reports: These reports will be developed and presented to the 
owner and the City at significant milestone achievements in the backfilling process and at 
the completion of the fill. These reports will be a technical accumulation of all previous 
annual reports, including all base data and quarterly reports. In addition to the subjects 
and information provided in the annual reports, these reports will also include the 
analysis of the entire above water and underwater fills with respect to the intended end 
use of the property and shall make technical predictions of performance of the fill, based 
on all records and reports above, etc. The milestone and final reports shall contain a 
certification (see California Professional Engineers Act) by the geotechnical engineer that 
the placement of the fill is in accordance with the Guidelines. The report shall be 
delivered to the owner, who will provide a copy to the City within 30 days thereafter. The 
scope of work and schedule for the milestone and/or final reports shall be agreed upon by 
the owner and the City before the geotechnical engineer commences such work. 

The owner, operator, geotechnical engineer and City shall each maintain all of the above reports 
in a secured long term record retention system that shall survive the completion of the fill and the 
completion of all initial developments as presented in more detail in Section 11. 
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tress fills designed pursuant to the provisions of Section 
1819 or Section 7015 of this Code. 

Exception: Where special conditions warrant, the 
Department may approve slopes steeper than the bedding 
planes if the applicimt shows through investigation, 
subsurface exploration, analysis and repo1t by both a soils 
engineer and an engineering geologist, to the Depart­
ment's satisfaction, that the slopes will have a factor of 
safety against sliding of not less than 1.5 for static loads. 

Whenever grading at the top of any natural or manufactured 
slope exposes soil or bedrock material that will allow the infil­
tration of water in a manner ihat would adversely affect the sta­
bility of the slope, lhe exposed area shall be capped with a 
relatively impervious compacted soil blanket seal. having a 
minimum thickness of 2 feet (610 mm). The soils engineer 
shall certify in writing that the blanket seal is adequate to 
reduce water infiltration to pem1issible levels. 

7010.3 Top of cut slope. The top of cut slopes shall not. be 
made nearer to a site boundary line than one fifth of the vertical 
height of cut with a minimum of 2 feet (610 mm) and a maxi­
mum horizontal distance of 10 feet (3048 mm). The setback 
may need to be increased for any required interceptor drains. 
Setback dimensions shall be horizontal distances measured 
perpendicular to the site boundary. Setback dimensions shall 
be as shown in Figure E of this chapter. 

SECTION 7011 
FILLS 

7011.l Height. No fill slope shall exceed a vertical height of 
I 00 feet (30 480 mm) unless horizontal benches with a mini­
mum width of 20 feet (6096 mm), as shown in Figure D are 
installed at each 100 feet (30 480 mm) of vertical height. 

7011.2 Slope. No fill shall be made which creates an exposed 
surface steeper tban one unit vertical in two units horizontal 
(50-percent slope). The fill slopes abutting and above public 
property shall be placed so that no portion of the fill lies above a 
plane through a public property line extending upward at a 
slope of one unit vertical in two units horizontal (SO-percent 
slope). 

Exception: The Department or the Board in case an appeal 
is made to it under Section 105 may permit a fill to be made 
which creates an exposed surface steeper in slope than one 
unit vertical in two units horizontal (SO-percent slope), pro­
vided: 

1. The use of the steeper slope is determined to be neces­
sary due to special design limitations on the site, 

2. The gradient does not exceed one unit vertical in one 
and one-half units horizontal (66. 7-percent slope) and 

3. The applicant shows through investigation, 
subsurface exploration, analysis and report by both a 
soils engineer and an engineering geologist, to the 
Department's satisfaction, that the fill to be used and 
the underlying bedrock or soil supporting the fill have 
strength characteristks sufficient to produce a stable 
slope with a minimum factor of safety not less than 
1.5 for static loads. The soils engineer shall verify by 
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necessary testing and observation and shall certify t1 
attainment of the required strength characteristics in LA 
the fill materials as specified in the approved report. t1 

LA 
7011.3 Compaction. All manufactured fills shall be placed on LA 
natural undisturbed material or approved compacted fill. Fills ~ 
shall be compacted throughout their full extent to a minimum LA 

relative compaction of 90 percent of maximum dry density ~ 
within 40 feet (1219 mm) below finish grade and 93 percent of LA 
maximum dry density deeper than 40 feet (1219 mm) below t1 
finish grade, unless a lower relative compaction (not less than LA 
90 percent of maximum dry density) is justified by the soils ~ 
engineer. The relative compaction shall be determined by LA 
ASTM soil D 1557. Every manufactured fill shall be tested for t: 
relative compaction by a soil testing agency approved by the LA 

LA 
Department. A compaction report including a Ce1tificate of LA 

Compliance setting forth densities so detenninec.l shall be sub- LA 
LA 

mitted to the Department for review before approval of any fi 11 LA 
is given. For slopes to be constructed with an exposed slope t: 
surface steeper than two horizontal to one vertical, compaction LA 
at· the exposed surface of the slope shall be obtained either by t1 
overfill.ing and cutting back the slope surface until the com- LA 
pacted inner core is exposed, or by compacting the outer hori- ~ 
zontal 10 feet (3048 mm) of the slope at least 92 percent of LA 

relative compaction. ~ 
LA 

Prior to permitting building on deep fills , the Department LA 
may require the determination of the settlement characteristics LA 

LA 
of the fills to establish that any movements have substantially LA 
ceased. In those cases, a system of benchmarks shall be ~ 
installed at critical points on the fill and accurate measurement LA 

of both horizontal and ve.rtical movements shall be taken for a ~ 
period of time sufficient to define the settlement behavior. ln no LA 

case shall the period of time be less than l year, with at least ~ 
four consecutive checks made at intervals of 3 months. LA 

Exceptions: 

I. The Department may approve uncompacted fill in 
self-contained areas where the fills are not to be used 
to suppmt buildings or structures and no hazard will 
be created. 

2. Fill material placed in ureas within cemeteries used or 
to be used for internment sites shall be compacted to a 
minimum of 80 percent, unless the fill is placed on a 
slope steeper than three horizontal to one vertical, or 
placed on slopes adjacent to public properties or pri­
vate properties in separate ownership, or is to be used 
to suppmt buildings or structures, in which cases it 
shall be compacted to a minimum of 90 percent. 

3. Compaction report is not required for gravel backfill 
behind retaining walls provided the following condi­
tfons are met: 

A. The retaining wall does not exceed lO feet 
(3048 mm) in height 

B. The mmdmum distance between the retaining 
wall and the backcut shall not exceed 24 inches 
(610 mm). 

C. The gravel backfill shall be mechanically com­
pacted and covered with concrete pavement or 
be capped with a 24-inch thick soil blanket 
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1 INTRODUCTION 
In-situ seismic measurements using active and passive surface wave techniques were performed 
at the Nu-Way Reclaimed Aggregate Mine located in Irwindale, California on January 2 and 15-
18, 2008 and February 8, 2008. The purpose of this investigation was to characterize shear (S) 
wave velocity structure to a minimum depth of 60 meters (200 ft), to be used for site 
characterization. Of particular interest, was the lateral variability of subsurface velocity across 
the site and presence of thick, low velocity silt layers in subsurface sediments. 

The active and passive surface wave techniques utilized during this investigation consisted of the 
multi-channel analysis of surface waves (MASW) and refraction (linear array) microtremor 
methods, respectively. A total of 15 surface wave soundings were made along three profiles and 
a borehole on site, as shown in Figure 1. 

The lateral variability of subsurface velocity structure was evaluated by direct comparison of 
shear (S) wave velocity models and comparison of the average S-wave velocity of the upper 30 
m (Vs30) and 60 m (Vs60). Vs30 is also used in the Uniform Building Code (UBC) to separate 
sites into classes for earthquake engineering design . The average shear wave velocity of the 
upper 100ft is used in the International Building Code (IBC) for site classification. These site 
classes are as follows: 

Class A-hard rock- Vs30 > 1500 mis (UBC) or Vsl00 > 5,000fps (IBC) 
Class B-rock- 760 < Vs30::;; 1500 mis (UBC) or 2,500 < VslO0::;; 5,000fps (IBC) 
Class C-very dense soil and soft rock- 360 < Vs30::;; 760 mis (UBC) 

or 1,200 < Vs 100 ::;; 2,500fps (IBC) 
Class D - stiff soil - 180 < V 830 ::;; 360 mis (UBC) or 600 < Vs 100 ::;; l ,200fps (IBC) 
Class E - soft soil- V s30 < 180 mis (UBC) or V sl 00 < 600fps (IBC) 
Class F - soils requiring site-specific evaluation 

This report contains the results of the surface wave investigation conducted at the site. An 
overview of the surface wave method is given in Section 2. Field and data reduction procedures 
are discussed in Sections 3 and 4, respectively. Interpretation is presented in Section 5 and 
Section 6 presents our conclusions. References and our professional certification are presented 
in Sections 7 and 8, respectively. 
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2 METHODOLOGY 
Active surface wave techniques include the spectral analysis of surface waves (SASW) and 
multi-channel array surface wave (MASW) methods. Passive surface wave techniques include 
the refraction and array microtremor methods. The active and passive surface wave techniques 
utilized during this investigation consisted of the MASW and refraction (linear array) 
rnicrotremor methods. A discussion of active and passive surface wave methods is provided in 
the technical note included as Appendix A. 

The basis of surface wave methods is the dispersive characteristic of Rayleigh waves when 
propagating in a layered medium. The phase velocity, VR, depends primarily on the material 
properties (Vs, mass density and Poisson's ratio or compression wave velocity) over a depth of 
approximately one wavelength. Waves of different wavelengths, A, ( or frequencies, f) sample 
different depths. As a result of the variance in the shear stiffness of the layers, waves with 
different wavelengths travel at different phase velocities; hence, dispersion. A surface wave 
dispersion curve, or dispersion curve for short, is the variation of V R with 'A, or f. 

The MASW method is an in-situ seismic method for determining shear wave velocity (Vs) 
profiles (Park et al., 1999a and 199~b, Foti, 2000). Surface wave techniques are non-invasive 
and non-destructive, with all testing performed on the ground surface at strain levels in the soil in 
the elastic range(< 0.001 %). MASW testing consists of collecting multi-channel seismic data in 
the field and applying a wavefield transform to obtain the dispersion curve and data modeling. 

A detailed description of the MASW method is given by Park, 1999a and 1999b. Ground 
motions are recorded by 24, or more, geophones spaced 1 to 2 m apart and aligned in a linear 
array and connected to a seismograph. A wavefield transform, such as the f-k or -c-p transfom1, 
is applied to the time history data to isolate the surface wave dispersion curve. The software 
packages Pickwin95/WavEq, developed by Oyo Corporation, or Surfseis, developed by the 
Kansas Geological Survey, are typically used to process the MASW data and obtain the 
dispersion curve. 

The refraction microtremor technique is a passive surface wave technique developed by Dr. John 
Louie at University of Nevada, Reno. A detailed description of this technique can be found in 
Louie, 2001. The refraction microtremor method differs from the more established array 
microtremor technique in that it uses a linear receiver array rather than a triangular or circular 
array. Unlike the MASW method, which uses an active energy source (i.e. hammer), the 
microtremor technique records background noise emanating from ocean wave activity, traffic, 
industrial activity, construction, etc. Refraction microtremor field procedures consist oflaying 
out a linear array of 24, 4.5 to 8 Hz geophones and recording 10, or more, 15 to 60 second noise 
records. These noise records are reduced using the software package SeisOpt® ReMi™ v2.0 by 
Optim ™ Software and Data Services. This package is used to generate and combine the 
slowness (p)- frequency (f) transform of the noise records. The surface wave dispersion curve 
is picked at the lower envelope of the surface wave energy identified in the p-f spectrum. The 
surface wave dispersion curve can also be estimated using the spatial autocorrelation (SPAC) 
technique (Okada, 2003), as implemented in the Pickwin95 software package, or equivalent. 
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The active and passive surface wave techniques compliment one another as outlined below: 

• SASW/MASW techniques image the shallow velocity structure which cannot be 
imaged by the microtremor technique. 

• Microtremor techniques work best in noisy environments where SASW/MASW 
depth investigation may be limited. 

• In a noisy environment the microtremor technique will usually extend the depth of 
an SASW/MASW sounding. 

• The degree of fit in the overlapping portion of the dispersion curves from the two 
techniques provides a level of confidence in the results. 

The dispersion curves generated from the active and passive surface wave soundings are 
generally combined and modeled. The software packages WinSASW Vl or V2, originally 
developed at the University of Texas, Austin, Surfseis, or WavEq are used to model the data, 
whereby through iterative forward and/or inverse modeling, a Vs profile is found whose 
theoretical dispersion curve is a close fit to the field data. 

The final model profile is assumed to represent actual site conditions. Several options exist for 
forward modeling: a formulation that takes into account only fundamental-mode Rayleigh wave 
motion (called the 2-D solution), and one that includes all stress waves and incorporates receiver 
geometry (3-D solution) [Roesset et al., 1991]. 

The theoretical model used to interpret the dispersion assumes horizontally layered, laterally 
invariant, homogeneous-isotropic material. Although these conditions are seldom strictly met 
at a site, the results of active and/or passive surface wave testing provide a good "global" 
estimate of the material properties along the array. The results may be more representative of 
the site than a borehole "point" estimate. 
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3 FIELD PROCEDURES 

3.1 Survey Control 
Three seismic lines (Lines A to C) were established and surveyed by GEO Vision using a Nikon 
total station system and Sokkia Axis 3 GPS system with OmniStar differential corrections. The 
locations of the seismic profiles are shown on Figure 1. Surface wave station centers were 
established at 72 m (236 ft) intervals along each line. All geophone and shot point locations 
were measured using a 100-meter tape measure. The endpoints of each seismic line were 
surveyed using a Sokkia Axis 3 sub-meter GPS system. Relative elevations of each seismic line 
were surveyed using the total station system and converted to approximate true elevation using 
elevations using previously staked elevation control on site. 

3.2 Surface Wave Survey 
A typical MASW field layout is shown in Appendix A. MASW equipment used during this 
investigation consisted of Geometrics Geode signal enhancement seismographs, 4.5 Hz vertical 
geophones mounted at 1 m intervals on a landstreamer, seismic cable with 1 m takeouts, a 3 lb 
hammer, 10 lb sledge hammer and aluminum plate and an accelerated weight drop (A WD). 
MASW data was acquired along a linear array of 48 geophones spaced 1 m (3.3 ft) apart. Shot 
points were typically located 1, 3 and 10 m (3.3, 9.8 and 32.8 ft) from the end geophone 
locations. The 3-lb hammer, 10 lb sledge hammer and A WD were used for the 1, 3, and 10 m 
offset source locations, respectively. Data from the transient impacts (hammers and A WD) were 
averaged 5 to 10 times to improve the signal-to-noise ratio. Surface waves were monitored by 
48 Oyo Geospace 4.5 Hz geophones and recorded by a Geometrics Geode signal enhancement 
seismograph. Photographs of typical MASW equipment are presented in Figure 2 and Appendix 
A. All field data was saved to hard disk and documented in a field notebook. 

Refraction micro tremor (linear array passive surface wave) measurements were made along a 
linear array of 24, 4.5 Hz geophones with a 6 m (20 ft) geophone spacing centered at each 
MASW station. The 72 m (236 ft) spacing between consecutive measurement stations, allowed 
the passive surface wave array to move from station to station by moving (rolling) 12 geophones. 
A typical field layout is shown in Appendix A. A Geometrics Geode, 24 bit, 24-channel seismic 
recording system was used to record twenty 30.96 s noise records using a 2 ms sample rate. 
Photographs of typical refraction microtremor equipment are presented in Figure 2 and Appendix 
A. All field data were stored on a laptop computer for later processing. 

Prior to acquiring surface wave data along the three profiles, MASW and refraction microtremor 
(linear array passive surface wave) data were collected adjacent to Borehole B-4. The location 
ohms array (SW-B4) is shown on Figure 1. During preliminary acquisition of this array, it was 
observed that a large noise source was originating from the asphalt plant north of the site. 
Inquiries revealed that the noise source was a rock crusher that typically operated daily until 1 
pm. All field data was, therefore, acquired after 1 pm, when the rock crusher was not in 
operation. 
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4 DATA REDUCTION AND MODELING 
The MASW data were reduced using the software PICKWIN95 developed by Oyo Corporation 
and the following steps: 

• Input seismic record into software. 
• Enter receiver spacing, geometry and wavelength restrictions, as necessary. 
• Apply wavefield transform to seismic record to convert the data to phase velocity 

- frequency space. 
• Identify and pick dispersion curve. 
• Repeat for all shot records and merge dispersion curves. 
• Convert dispersion curves to WinSASW format for modeling. 

The refraction micro tremor data were reduced using the Optim ™ Software and Data Services 
SeisOpt® ReMi™ v2.0 data analysis package. Data reduction steps included the following: 

• Conversion of SEG-2 format field files to SEG-Y format. 
• Data preprocessing which includes trace-equalization gaining and DC offset 

removal. 
• Erasing receiver geometry present in the file header. 
• Computing the velocity spectrum of each record by p-ftransformation. 
• Combining the individual p-f transforms into one image. 
• Picking and saving the velocity spectrum image. 
• Conversion of the dispersion curve to WinSASW format. 

The refraction microtremor data also reduced using the software PICKWIN95 developed by Oyo 
Corporation and the following steps: 

• Input all seismic records into software. 
• Enter receiver spacing, geometry and wavelength restrictions, as necessary. 
• Calculate the SP AC function for each seismic record and average. 
• For each frequency calculate the degree of fit of a first-order Bessel function to 

the SP AC function for a multitude of phase velocities. 
• Identify and pick dispersion curve as the best fit of the Bessel function for each 

frequency. 
• Convert dispersion curves to WinSASW format for modeling 

The surface wave dispersion curves from the active and passive surface wave data were 
combined and an iterative forward modeling process was used to generate an S-wave velocity 
model for the sounding. During this process an initial velocity model was generated based on 
general characteristics of the dispersion curve. The theoretical dispersion curve was then 
generated using the 2-D modeling algorithm (fundamental mode Rayleigh wave dispersion 
module) and compared to the field dispersion curve. Adjustments are then made to the thickness 
and velocities of each layer and the process repeated until an acceptable fit to the field data is 
obtained. 
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Constant mass density values of 1.9 to 2.1 g/ cc were used in the profile. Within the normal 
range encountered in geotechnical engineering, variation in mass density has a negligible effect 
on surface wave dispersion. During modeling the compression wave velocity, Vp, was estimated 
using a Poisson's ratio, v, of 0.33 and the relationship: 

Vp = Vs [(2(1-v))/(l-2v)]05
. 
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5 INTERPRETATION 

5.1 Surface Wave Array SW-B4 
An active and passive surface wave sounding was conducted near Borehole B-4 (SW-B4 on 
Figure 1) to constrain modeling of surface wave data acquired along Lines A to C. Uncorrected 
Becker blow count data, which is expected to have some correlation to S-wave velocity, was 
available to help constrain modeling of the surface wave data. 

The fit of the theoretical surface wave dispersion curve to the experimental data collected along 
this array and the modeled S-wave velocity profile are presented as Figure 3 and in Appendix B 
as Figure B-1. The tabulated S-wave velocity model for this array is presented in Tables 1. The 
resolution decreases gradually with depth, because of loss of sensitivity of the dispersion curve 
to changes in Vs at greater depth. The S-wave velocity model is expected to be valid to a depth 
of 75 to 100 m (246 to 328 ft). The surface wave phase velocities from the passive surface wave 
measurements are generally in good agreement with those from the MASW data in the region of 
overlapping wavelength. Some difference in the active and passive surface wave dispersion 
curves is expected because the passive surface wave data is averaged over the 138 m (453 ft) 
geophone array, whereas the MASW dispersion curve is averaged over a 47 m (154 ft) geophone 
array at the center of the passive array. 

A zone of lower blow counts was observed from a depth of 164 to 190 ft while drilling Borehole 
B-4. Lower S-wave velocities would be expected in this zone and this constraint was used while 
modeling the surface wave data. The nature of the surface wave dispersion curve indicates that a 
low velocity zone~ if present, is relatively thin relative to its depth. The evidence in the surface 
wave dispersion curve of a thin velocity inversion is the change in curvature of the dispersion 
curve between wavelengths of 60 and 120 m (200 and 400 ft). A 10 m (33 ft) thick layer with 
approximate Vs of350 mis (1,148 ft/s) between layers with Vs of 550 mis (1,805 ft/s) is used to 
model the dispersion curve through this area. The low velocity layer is too thin, relative to its 
depth, to accurately model and models with a thinner, lower velocity layer or thicker, higher 
velocity layer could equally well fit the dispersion data. 

V:s30 and Vs60 for this array are 377 mis (1,238 ft/s) and 423 mis (1,387 ft/s), respectively. 
According to the UBC and IBC, the area in the vicinity of this array is classified as C, very stiff 
soil and soft rock. 

5.2 LineA 
Active and passive surface wave soundings were conducted at five (5) locations along Line A as 
shown in Figure 1. These 1-D surface wave soundings were centered at Stations 226,463,699, 
935 and 1171 ft. MASW data could not be acquired at Station 1171 ft due to ponded water, 
therefore the MASW data was acquired further to the north at Station 1340 ft. 

The fit of the theoretical surface wave dispersion curve to the experimental data collected along 
this line and the modeled S-wave velocity profiles are presented in Appendix Bas Figures B-2 to 
B-6. Tabulated S-wave velocity models for these arrays are presented in Tables 2 to 7, 
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respectively. The S-wave velocity models are expected to be valid to a depth of 7 5 to 100 m 
(246 to 328 ft). A potential velocity inversion identified in Borehole B-4 blow count data and 
modeled in surface wave array SW-B4 was added to surface wave models where supported by 
the characteristics of the dispersion curve. This velocity inversion is poorly constrained because 
the layer has small thickness relative to its depth, and appears to pinch out or become too thin to 
image south of Station 699 ft. 

Except for Station 1171/1340 ft, the surface wave phase velocities from the passive surface wave 
measurements are in good agreement with those from the MASW data in the region of 
overlapping wavelength. The MASW data collected at Station 1340 ft yielded lower surface 
wave phase velocities over the 30 to 60 m wavelength range than the passive surface wave data 
centered at Station 1171 ft. The active and passive surface wave data collected in the same area 
on Line B yielded similar dispersion data. To better understand this problem an additional 
passive surface wave sounding was acquired through Station 1340 ft on Lines A and B. The 
passive surface wave sounding was conducted in the early evening when operations at the 
asphalt plant to the north were at a minimum. Although, not very reliable due to highly 
directional noise sources from the north, the dispersion curve at this location supports the 
MASW dispersion data collected at Station 1340 ft. There are three explanations for the 
difference in the dispersion curves between Stations 1171 and 1340 ft: lateral velocity variation; 
higher mode surface waves caused by velocity inversion in the passive data collected at Station 
1171 ft, or data degradation due to high noise levels from the asphalt plant. For discussion 
purposes, we assume that the dispersion curve differences are the result of lateral velocity 
variation, and two models were generated for sounding. Model 1 fits the MASW and passive 
surface wave data at Station 1340 ft and longer wavelengths of the passive data at Station 1171 
ft. A velocity inversion at depth is not needed to fit this dispersion curve but is placed in the 
model to remain consistent with Model 2. Model 2 fits the small wavelength data at Station 
1340 ft and passive data at Station 1171 ft. Models 1 and 2 are assumed to be representative of 
the average subsurface velocity stmcture at Stations 1340 and 1171 ft, respectively. 

A comparison of the surface wave velocity models along Line A, both on a single plot and in 
cross section format, are presented as Figures 4 and 5. The models exhibit similar velocity 
stmcture except for the velocity inversion near an elevation of 76 m( 249 ft), which pinches out 
south of Station 699 ft and the possible lower velocity sediments between an elevation of 98 and 
111 m (322 and 365 ft). V830 and Vs60 range from 337 to 374 mis (1,107 to 1,228 ft/s) and 411 
to 457 mis (1,347 to 1,499 ft/s), respectively. 

5.3 Line B 
Active and passive surface wave soundings were conducted at five (5) locations along Line Bas 
shown in Figure 1. These 1-D surface wave soundings were centered at Stations 226,463, 699, 
935 and 1171 ft. MASW data could not be acquired at Station 1171 ft due to ponded water, 
therefore the MASW data was acquired further to the north at Station 1340 ft. 

The fit of the theoretical surface wave dispersion curve to the experimental data collected along 
this line and the modeled S-wave velocity profiles are presented in Appendix B as Figures B-7 to 
B-11. Tabulated S-wave velocity models for these arrays are presented in Tables 8 to 13, 
respectively. The S-wave velocity models are expected to be valid to a depth of 75 to 100 m 
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(246 to 328 ft). A potential velocity inversion identified in Borehole B-4 blow count data and 
modeled in surface wave array SW-B4 was added to surface wave models where supported by 
the characteristics of the dispersion curve. This velocity inversion is poorly constrained because 
the layer has small thickness relative to its depth, and appears to pinch out or become too thin to 
image south of Station 463 ft. 

Except for Station 1171/1340 ft and to a lesser degree Station 935 ft, the surface wave phase 
velocities from the passive surface wave measurements are in good agreement with those from 
the MASW data in the region of overlapping wavelength. Station 1171/1340 ft has the same 
dispersion curve differences as discussed above for Line A. A similar modeling approach was 
used for this surface wave sounding with Models 1 and 2 assumed to reflect subsurface velocity 
structure at Stations 1340 and 1171 ft, respectively. 

Comparisons of the surface wave velocity models along Line B, both on a single plot and in 
cross section format, are presented as Figures 6 and 7. The models exhibit similar velocity 
structure except for the velocity inversion near an elevation of76 m( 249 ft), which pinches out 
south of Station 463 ft and the possible lower velocity sediments between an elevation of 98 and 
111 m (322 and 365 ft) . Vs30 and Vs60 range from 335 to 379 mis (1,100 to 1,242 ft/s) and 418 
to 465 mis (1,372 to 1,525 ft/s), respectively. 

5.4 Line C 
Active and passive surface wave soundings were conducted at four (4) locations along Line C as 
shown in Figure 1. These 1-D surface wave soundings were centered at Stations 226,463, 699 
and 935 ft. 

The fit of the theoretical surface wave dispersion curve to the experimental data collected along 
this line and the modeled S-wave velocity profiles are presented in Appendix Bas Figures B-12 
to B-15. Tabulated S-wave velocity models for these arrays are presented in Tables 14 to 17, 
respectively. The S-wave velocity models are expected to be valid to a depth of 75 to 100 m 
(246 to 328 ft) . The surface wave phase velocities from the passive surface wave measurements 
are generally in good agreement with those from the MASW data in the region of overlapping 
wavelength. The character of the dispersion curves provide no strong evidence of the possible S­
wave velocity inversion modeled to the north on Lines A and B. 

A comparison of the 4 surface wave velocity models along Line C, both on a single plot and in 
cross section format, are presented as Figures 8 and 9. The models exhibit similar velocity 
structure with V830 and Vs60 ranging from 355 to 372 mis (1,164 to 1,222 ft/s) and 452 to 480 
mis (1,482 to 1,574 ft/s), respectively. There are no detectible low velocity zones that could be 
associated with continuous sequences of silt with thickness greater than 15 to 20% of depth in 
the velocity models along this line. 
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6 CONCLUSIONS 
Active and passive surface wave were made at 15 locations on the Nu-Way Reclaimed 
Aggregate Mine located in Irwindale, California between January 2 and February 8, 2008. The 
locations of the surface wave soundings are shown on Figure 1. The purpose of this 
investigation was to characterize S-wave velocity structure to a minimum depth of 60 meters 
(200 ft) to both map lateral variability of sediment velocity structure and identify, thick 
accumulations oflow-velocity, unconsolidated silt units, if present. 

A surface wave sounding was conducted near Borehole B-4 (Array SW-B4) during the planning 
stages of the geophysical investigation. Becker hammer blow counts abruptly decreased below a 
depth of 50 m (164 ft) in this borehole, indicating that S-wave velocity may be lower. The shape 
of the dispersion curve for Array SW-B4 (Figure 3) indicated that a thin S-wave velocity 
inversion may be present near this depth, and the dispersion data was modeled accordingly with 
a 10 m (33 ft) thick 350 mis (1,148 ft/s) layer between layers with S-wave velocity of about 550 
mis (1,805 ft/s). The actual velocity structure of this layer is poorly constrained because the 
layer is not very thick relative to its depth. A thinner layer with lower velocity or thicker layer 
with higher velocity could equally well fit the dispersion curve. Similar velocity structure was 
modeled on Lines A and Bin the vicinity of Borehole B-4. There was not evidence of a velocity 
inversion south of Stations 699 and 463 ft on Lines A and B, respectively or on Line C. Surface 
wave models for Lines A to Care presented in Appendix B. Comparisons of the S-wave 
velocity models along Lines A, Band Care presented as Figures 4 and 5, 6 and 7, and 8 and 9, 
respectively. 

The surface wave models for Lines A to C can be characterized into three regions of similar S­
wave velocity structure: the southern portion of the site encompassing Station 226 and 463 ft on 
Line A, Station 226 ft on Line Band Line C; the central portion of the site south of Station i 171 
on Lines A and B, and the northernmost portion of the site consisting of Station 1340 ft on Lines 
A and B. In the southern portion of the site there is no evidence of the velocity inversion 
modeled for Array SW-B4. If present in this portion of the site the low velocity layer is too thin 
to image. Velocity structure is very similar in the S-wave velocity models and V s30 and V s60 
range from 346 to 372 mis (1,135 to 1,222 ft/s) and 438 to 480 mis (1,437 to 1,574 ft/s), 
respectively. 

In the central portion of the site, the velocity models are similar to those in the south, with the 
exception of a possible low velocity layer at depths below 43 m (141 ft), thickness of about 5 to 
10 m (16 to 33 ft), and approximate velocity of325 to 375 mis (1,066 to 1,230 ft/s). This 
possible low velocity unit is too thin to accurately -model and, therefore, the velocity, depth and 
thickness are not well constrained. The combined thickness/velocity is better constrained and a 
lower velocity for this unit would require a smaller thickness. V s30 and V s60 in the central 
portion of the site range from 359 to 379 mis (1,176 to 1,242 ft/s) and 411 to 465 mis (1 ,347 to 
1,525 ft/s), respectively. 

In the northernmost portion of the site (Station 1340 ft on Lines A and B), the S-wave velocity at 
a depth of 13 to 26 m ( 41 to 84 ft), appears to be lower than in other portions of the site. 
Although modeled to remain consistent with the models to the south, there is no conclusive 
evidence for the low velocity layer modeled at a depth of 43 m (141 ft). Vs30 and Vs60 in this 
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portion of the site range from 335 to 337 mis (1,100 to 1,107 ft/s) and 404 to 418 mis (1,326 to 
1,372 ft/s), respectively. 

Several projects conducted on native soils within one mile of the site yielded Vs30 and Vs60 in 
the 362 to 567 mis (1,188 to 1,860 ft/s) and 424 to 664 mis (1,391 to 2,178 ft/s) range, 
respectively. The values ofV s30 and V s60 in the fill soils at this site are at the low end of that 
observed for native soils in the site vicinity. 

In summary, S-wave velocities are relatively high at this site with velocity typically exceeding 
350 mis (1,148 ft/s) below a depth of 13 m (43 ft) in the southern and central portions of the site 
and 25 .5 m (84 ft) in the northernmost portion of the site. Based on the average S-wave velocity 
of the upper 30 m, the site would be classified as DIC, stiff soil/very dense soil and soft rock for 
seismic design. 
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A professional geophysicist's certification of interpreted geophysical conditions comprises a 
declaration of his/her professional judgment. It does not constitute a warranty or guarantee, 
expr.essed or implied, nor does it relieve any other party of its responsibility to abide by 
contract documents, applicable codes, standards, regulations or ordinances. 
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Table 1 Vs Model for Surface Wave Array SW-B4 (Near Borehole B-4) 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 

124.0 406.8 0 .0 0.0 2.0 6.6 260 853.0 520 1706.0 

122.0 400.3 2.0 6.6 3.0 9.8 300 984.3 600 1968.5 

119.0 390.4 5.0 16.4 8.0 26.2 350 1148.3 700 2296.6 
111.0 364.2 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 

96.0 315.0 28.0 91.9 20.0 65.6 550 1804.5 1100 3608.6 
76.0 249.3 48.0 157.5 10.0 32.8 350 1148.3 700 2296.6 

66.0 216.5 58.0 190.3 15.0 49.2 550 1804.5 llOO 3608.6 

51.0 167.3 73.0 239.5 15.0 49.2 675 2214.6 1350 4428.8 

36.0 118.l 88.0 288 .7 >12.0 >39.4 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 377 mis (1,238 ft/s), Vs60 = 423 mis (1,387 ft/s) 

Table 2 Vs Model for Surface Wave Array on Line A, Station 226 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

InfetTed P-•Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s m/s 11/s 

124.0 406.8 0.0 0.0 2.0 6.6 185 607.0 370 1213.9 

/ 122.0 400.2 2.0 6.6 3.0 9.8 265 869.4 530 .1738.8 
( 119.0 390.4 5 .0 16.4 8.0 26.2 335 1099.1 670 2198.2 

( 111.0 364.1 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 
96.0 314.9 28.0 91.9 10.0 32.8 525 1722.4 1050 3444.6 
86.0 282.1 38.0 124.7 15.0 49.2 550 1804.5 1100 3608.6 

71.0 232.9 53.0 173.9 15.0 49.2 575 1886.5 1150 3772.ii 

56.0 183.7 68 .0 223.1 15.0 49.2 675 2214.6 1350 4421L8 

41.0 134.5 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 352 mis (1,156 ft/s), Vs60 = 457 mis (1,499 ft/s) 

Table 3 Vs Model for Surface Wave Array on Line A, Station 463 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s m/s ft/s 

124.1 407.0 0.0 0.0 2.0 6.6 215 705.4 430 1410.8 
122.1 400.4 2.0 6.6 3.0 9.8 250 820.2 500 1640.4 

119.1 390.6 5.0 16.4 8.0 26.2 320 1049.9 640 2099.7 
111.1 364.3 13.0 42.7 15.0 49.2 410 1345.1 820 2690.0 

96.1 315.1 28.0 91.9 10.0 32.8 525 1722.4 1050 3444.6 

86. l 282.3 38.0 124.7 15.0 49.2 550 1804.5 ll00 3608.6 

71.1 233.1 53 .0 173.9 15.0 49.2 575 1886.5 1150 3772.6 

56.1 183.9 68.0 223.1 - 15.0 49.2 675 2214.6 1350 4428.8 

41.1 134.7 83 .0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 346 mis (1,135 ft/s), Vs60 = 45 1 mis (1,481 ft/s) 

( 
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Table 4 Vs Model for Surface Wave Array on Line A, Station 699 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 

124.0 406.7 0.0 0.0 2.0 6.6 265 869.4 530 1738.8 
122.0 400.1 2.0 6.6 3.0 9.8 300 984.3 600 1968.5 
119.0 390.3 5.0 16.4 8.0 26.2 340 1115.5 680 2231 .0 
111.0 364.0 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 
96.0 314.8 28.0 91.9 20.0 65.6 525 1722.4 1050 3444.6 
76.0 249.2 48.0 157.5 7.5 24.6 350 1148.3 700 2296.6 
68.5 224.6 55 .5 182.1 15.0 49.2 575 1886.5 1150 3772.6 
53.5 175.4 70.5 231.3 15.0 49.2 675 2214.6 1350 4428.8 

38.5 126.1 85.5 280.5 >14.5 >47.6 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 374 mis (1 ,228 ft/s), Vs60 = 434 mis (1,424 ft/s) 

Table 5 Vs Model for Surface Wave Array on Line A, Station 935 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis t1/s -
123.8 406.1 0.0 0.0 2.0 6.6 245 803.8 490 1607.6 

( 
I 

121.8 399.5 2.0 6.6 3.0 9.8 290 951.4 580 1902.9 

118.8 389.7 5.0 16.4 8.0 26.2 325 1066.3 650 2132.5 

( 110.8 363.5 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 
95.8- 314.2 28.0 91.9 20.0 65.6 525 1722.4 1050 3444.6 
75.8 248.6 48 .0 157.5 10.0 32.8 350 1148.3 700 2296.3 
65.8 215.8 58.0 190.3 10.0 32.8 575 1886.5 1150 3772.6 
55.8 183.0 68.0 223.1 15.0 49.2 675 2214.6 1350 4428.8 

40.8 133.8 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 365 mis (1,197 ft/s), Vs60 = 411 mis (1,347 ft/s) 

Table 6 Vs Model 1 for Surface Wave Array on Line A, Station 1171/1340 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis fl.ls 

123.6 405.5 0.0 0.0 2.5 8.2 285 935.0 570 1870.l 
121.1 397.3 2.5 8.2 3.0 9.8 300 984.3 600 1968.5 
118.1 387.5 5.5 18.0 7.0 23.0 320 1049.9 640 2099.7 
111.1 364.5 12.5 41.0 13 .0 42.7 335 1099.1 670 2198.2 
98.1 321.9 25.5 83.7 17.5 57.4 475 1558.4 950 3116.5 
80.6 264.4 43.0 141.1 10.0 32.8 350 1148.3 700 2296.6 
70.6 231.6 53.0 173.9 15.0 49.2 600 1968.5 1200 3936.7 
55.6 182.4 68.0 223.1 15.0 49.2 675 2214.6 1350 4428.8 

40.6 133 .2 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085 .0 

Note: Model valid to 75 - 100 m, Vs30 = 337 mis (1,107 ft/s), Vs60 = 404 mis (1,326 ft/s) 

( 
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Table 7 Vs Model 2 for Surface Wave Array on Line A, Station 1171/1340 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 
123.6 405.5 0.0 0.0 2.5 8.2 285 935.0 570 1870.l 
121.1 397.3 2.5 8.2 3.0 9.8 300 984.3 600 1968.5 
118. l 387.5 5.5 18.0 7.0 23.0 320 1049.9 640 2099.7 
111.1 364.5 12.5 41.0 13.0 42.7 425 1394.4 850 2788.4 
98.1 321.9 25.5 83.7 17.5 57.4 490 1607.6 980 3214.9 
80.6 264.4 43.0 141.1 10.0 32.8 330 1082.7 660 2165.4 
70.6 231.6 53.0 173.9 15.0 49.2 600 1968.5 1200 3936.7 
55.6 182.4 68.0 223 .l 15;0 49.2 675 2214.6 1350 4428.8 
40.6 133.2 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 373 mis (1,224 ft/s), Vs60 = 426 mis (1,398 ft/s) 

Table 8 Vs Model for Surface Wave Array on Line B, Station 226 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Infen-ed P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ills 

121.7 399.3 0.0 0.0 2.0 6.6 205 672.6 410 1345. l 

( 
119.7 392.8 2.0 6.6 3.0 9.8 255 836.6 510 l6'73.2 
116.7 382:9 5.0 16.4 8.0 26.2 330 1082.7 660 2[65 .4 

( 108.7 356.7 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 
; 

93.7 307.5 28.0 91.9 10.0 32.8 450 1476.4 900 2952.4 
83.7 274.7 38.0 124.7 15.0 49.2 500 1640.4 1000 3280.5 
68.7 225.5 53.0 173.9 15.0 49.2 575 1886.5 1150 3772.6 
53.7 176.2 68.0 223.1 15.0 49.2 675 2214.6 1350 4428.8 
38.7 127.0 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085 .0 

Note: Model valid to 75 - 100 m, Vs30 = 351 mis (1,151 ft/s), Vs60 = 438 mis (1,437 ft/s) 

Table 9 Vs Model for Surface Wave Array on Line B, Station 463 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft ID ft mis ft/s mis ft/s 
-· 

121.6 398.9 0.0 0.0 2.0 6.6 240 787.4 480 1574.8 
119.6 392.4 2.0 6.6 3.0 9.8 255 836.6 510 1673.2 
116.6 382.5 5.0 16.4 6.0 19.7 325 1066.3 650 2132.5 
110.6 362.8 11.0 36.l 15.0 49.2 400 1312.3 800 2624.3 
95.6 313.6 26.0 85.3 17.5 57.4 525 1722.4 1050 3444.6 
78.l 256.2 43.5 142.7 5.0 16.4 375 1230.3 750 2460.3 
73.l 239.8 48.5 159. l 15.0 49.2 550 1804.5 llOO 3608.6 
58.1 190.6 63.5 208.3 15.0 49.2 675 2214.6 1350 4428.8 
43.1 141.4 78.5 257.5 20.0 65.6 775 2542.7 1550 .5085.0 
23.l 75.8 98.5 323.2 >1.5 >4.9 875 2870.7 1750 5741.1 

Note: Model valid to 75 - 100 m, Vs30 = 359 mis (1,176 ft/s), Vs60 = 465 mis (1,525 ft/s) 
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Table 10 Vs Model for Surface Wave Array on Line B, Station 699 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 

122.3 401.3 0.0 0.0 2.0 6.6 270 885.8 540 1771.7 
120.3 394.8 2.0 6.6 3.0 9.8 295 967.8 590 1935.7 
117.3 384.9 5.0 16.4 6.0 19.7 300 984.3 600 1968.5 
111.3 365.3 11.0 36. l 15.0 49.2 425 1394.4 850 2788.4 
96.3 316.0 26.0 85.3 17.5 57.4 525 1722.4 1050 3444.6 
78.8 258.6 43.5 142.7 9.0 29.5 375 1230.3 750 2460.3 
69.8 229.1 52.5 172.2 15.0 49.2 550 1804.5 ll00 3608.6 
54.8 179.9 67.5 221.5 15.0 49.2 675 2214.6 1350 4428.8 

39.8 130.7 82.5 270.7 > 17.5 >57.4 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 373 mis (1,223 ft/s), Vs60 = 447 mis (1,465 ft/s) 

Table 11 Vs Model for Surface Wave Array on Line B, Station 935 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

-
m ft m ft m ft mis ft/s mis ft/s 

123.2 404.3 0.0 0.0 2.0 6.6 245 803 .8 490 1607.6 

( 
121.2 397.8 2.0 6.6 3.0 9.8 300 984.3 600 1968.5 
118.2 387.9 5.0 16.4 7.0 23.0 335 1099.1 670 2198.2 

( 111.2 365.0 12.0 39.4 15.0 49.2 435 1427.2 870 2854.0 
96.2 315.7 27.0 88.6 20.0 65.6 525 1722.4 1050 3444.6 
76.2 250.1 47.0 154.2 10.0 32.8 350 1148.3 700 2296.6 
66.2 217.3 57.0 187.0 15.0 49.2 550 1804.5 ll00 3608.6 
51.2 168.1 72.0 236.2 15.0 49.2 675 2214.6 1350 4428.8 
36.2 118.9 87.0 285.4 >13.0 >42.7 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 379 mis (1,242 ft/s), Vs60 = 423 mis (1,388 ft/s) 

Table 12 Vs Model 1 for Surface Wave Array on Line B, Station 1171/1340 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 

123.5 405.2 0.0 0.0 2.5 8.2 245 803.8 490 1607.6 
121.0 397.0 2.5 8.2 3.0 9.8 325 1066.3 650 2132.5 
118.0 387.1 5.5 18.0 7.0 23.0 370 1213.9 740 2427.5 
111.0 364.2 12.5 41.0 13 .0 42.7 300 984.3 600 1968.5 
98.0 321.5 25.5 83.7 17.5 57.4 575 1886.5 1150 3772.6 
80.5 264.1 43.0 141.1 10.0 32.8 360 1181.1 720 2361.9 
70.5 231.3 53.0 173.9 15.0 49.2 600 1968.5 1200 3936.7 
55.5 182.1 68.0 223.l 15.0 49.2 675 2214.6 1350 4428.8 

40.5 132.9 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 335 mis (1,100 ft/s), Vs60 = 418 mis (1,372 ft/s) 

0916.0366 
G1-366



( 
Table 13 Vs Model 2 for Surface Wave Array on Line B, Station 1171/1340 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 

123.5 405.2 0.0 0.0 2.5 8.2 245 803.8 490 1607.6 
121.0 397.0 2.5 8.2 3.0 9.8 325 1066.3 650 2132.5 
118.0 387.1 5.5 18.0 7.0 23.0 355 1164.7 710 2329.4 
111.0 364.2 12.5 41.0 13 .0 42.7 400 1312.3 800 2624.3 
98.0 321.5 25.5 83 .7 17.5 57.4 550 1804.5 llOO 3608.6 
80.5 264.1 43 .0 141.1 10.0 32.8 325 1066.3 650 2132.5 
70.5 231.3 53.0 173.9 15.0 49.2 600 1968.5 1200 3936.7 
55.5 182.l 68.0 223.l 15.0 49.2 675 2214.6 1350 4428.8 

40.5 132.9 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 376 mis (1,233 ft/s), Vs60 = 435 mis (1,429 ft/s) 

Table 14 Vs Model for Surface Wave Array on Line C, Station 226 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 
123.7 406.0 0.0 0.0 2.0 6.6 250 820.2 500 1640.4 
121.7 399.4 2.0 6.6 3.0 9.8 275 902.2 550 1804.5 

( 118.7 389.6 5.0 16.4 8.0 26.2 325 1066.3 650 2132.5 

( 110.7 363.3 13.0 42.7 15.0 49.2 420 1378.0 840 2755.6 
95.7 314.1 28.0 91.9 10.0 32.8 575 1886.5 1150 3772.6 
85.7 281.3 38.0 124.7 15.0 . 49.2 600 1968.5 1200 3936.7 
70.7 232.1 53 .0 173.9 15.0 49.2 625 2050.5 1250 4100.7 
55.7 182.9 68.0 223.1 15.0 49.2 700 2296.6 1400 4592.8 

40.7 133.7 83.0 272.3 >17.0 >55.8 800 2624.7 1600 5249.0 

Note: Model valid to 75 - 100 m, Vs30 = 363 mis (1,190 ft/s), Vs60 = 480 mis (1,574 ft/s) 

Table 15 Vs Model for Surface Wave Array on Line C, Station 463 ft 

Elevation of Top of Depth to Top of Layer Thickness S-Wave Velocity 
Inferred P-Wave 

Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 

122.7 402.6 0.0 0.0 2.0 6.6 250 820.2 500 1640.4 
120.7 396.0 2.0 6.6 3.0 9.8 300 984.3 600 1968.5 
117.7 386.2 5.0 16.4 8.0 26.2 315 1033.5 630 2066.9 
109.7 359.9 13.0 42.7 15.0 49.2 450 1476.4 900 2952.4 
94.7 310.7 28.0 91.9 10.0 32.8 525 1722.4 1050 3444.6 
84.7 277.9 38.0 124.7 15.0 49.2 550 1804.5 1100 3608.6 
69.7 228.7 53.0 173.9 15.0 49.2 575 1886.5 1150 3772.6 
54.7 179.5 68.0 223.l 15.0 49.2 675 2214.6 1350 4428.8 

39.7 130.2 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 372 mis (1,222 ft/s), Vs60 = 473 mis (1,553 ft/s) 

( 
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Table 16 Vs Model for Surface Wave Array on Line C, Station 699 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis ft/s 
122.5 401.8 0.0 0.0 2.0 6.6 225 738.2 450 1476.4 
120.5 395.3 2.0 6.6 3.0 9.8 290 951.4 580 1902.9 
117.5 385.4 5.0 16.4 8.0 26.2 325 1066.3 650 2132.5 
109.5 359.2 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 
94.5 310.0 28.0 91.9 10.0 32.8 525 1722.4 1050 3444.6 
84.5 277.2 38.0 124.7 15.0 49.2 550 1804.5 1100 3608.6 
69.5 228.0 53.0 173.9 15.0 49.2 600 1968.5 1200 3936.7 
54.5 178.7 68.0 223 .1 15.0 49.2 675 2214.6 1350 4428.8 
39.5 129.5 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 362 mis (1 ,187 ft/s), Vs60 = 465 mis (1,526 ft/s) 

Table 17 Vs Model for Surface Wave Array on Line C, Station 935 ft 

Elevation of Top of Depth to Top of 
Layer Thickness S-Wave Velocity 

Inferred P-Wave 
Layer Layer Velocity 

m ft m ft m ft mis ft/s mis tl/s 

120.7 396.0 0.0 0.0 2.0 6.6 205 672.6 410 1345.l 

( 
118.7 389.4 2.0 6.6 3.0 9.8 275 902.2 550 1804.5 
115.7 379.6 5.0 16.4 8.0 26.2 325 1066.3 650 2132.5 

( 107.7 353.3 13.0 42.7 15.0 49.2 425 1394.4 850 2788.4 
92.7 304.1 28.0 91.9 10.0 32.8 500 1640.4 1000 3280.5 
82.7 271.3 38.0 124.7 15.0 49.2 525 1722.4 1050 3444.6 
67.7 222.1 53.0 173.9 15.0 49.2 575 1886.5 1150 3772.6 

52.7 172.9 68.0 223.1 15.0 49.2 675 2214.6 1350 4428.8 
37.7 123.7 83.0 272.3 >17.0 >55.8 775 2542.7 1550 5085.0 

Note: Model valid to 75 - 100 m, Vs30 = 355 mis (1,164 ft/s), Vs60 = 452 mis (1,482 ft/s) 
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ACTIVE AND PASSIVE SURFACE 
WA VE TECHNIQUES 

Overview 
Active and passive surface wave techniques are relatively new in­
situ seismic methods for determining shear wave velocity (Vs) 
profiles. Testing is performed on the ground surface, allowing for 
less costly measurements than with traditional borehole methods. 
The basis of surface wave techniques is the dispersive 
characteristic of Rayleigh waves when traveling through a layered 
medium. Rayleigh wave velocity is determined by the material 
properties (primarily shear wave velocity, but also to a lesser 
degree compression wave velocity and material density) of the 
subsurface to a depth of approximately 1 to 2 wavelengths. As 
shown in the adjacent diagram, longer wavelengths penetrate 
deeper and their velocity is affected by the material properties at 
greater depth. Surface wave testing consists of measuring the 
surface wave dispersion curve at a site and modeling it to obtain 
the corresponding shear wave velocity profile. 

Active Surface Wave Techniques 

GE~UStOn 
geophysical services 

Air 

Material 
profile 

Rayleigh wave vertical particle motion 

Short 
wavelength, 

A R1 

Longer 
wavelength, 

AR2 

Active surface wave techniques measure surface waves generated by dynamic sources such as hammers, 
weight drops, electromechanical shakers, vibroseis and bul ldozers. These techniques include the spectral 
analysis of surface waves (SASW) and multi-channel array surface wave (MASW) methods. 
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Hammer Energy Sources 
Accelerated Weight Drop 

Electromechanical Shaker Bulldozer Energy Source 
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The SASW method is optimized for conducting Vs depth 
soundings. A dynamic source is used to generate surface 
waves of different wavelengths (or frequencies) which are 
monitored by two or more receivers at known offsets. An 
expanding receiver spread and optimized source-receiver 
geometry are used to minimize near field effects, body wave 
signal and attenuation. A dynamic signal analyzer is typically 
used to calculate the phase and coherence of the cross 
spectrum of the time history data collected at a pair of 
receivers. During data analysis, an interactive masking 
process is used to discard low quality data and to unwrap the 
phase spectrum, as shown in the figure below. The 
dispersion curve (Rayleigh wave phase velocity versus 
frequency or alternatively wavelength) is calculated from the 
unwrapped phase spectrum. 

. ,'J.f.­

·r ,. 

,! 

Vortlcal dynamic source: 

forward configuration 

- , • •• • , ••• 1 ~ , 

- - - --~--:_::../ 
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/ 
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- rev 

SASWSetup 

' I 

HP Dynamic Signal Analyzer Masking of Wrapped Phase Spectrum and Resulting Dispersion Curve 

The MASW field layout is similar to that of the seismic refraction technique. Twenty four, or more, geophones are 
laid out in a linear array with 1 to 2m spacing and connected to a multi-channel seismograph as shown below. 
This technique is ideally suited to 2D Vs imaging, with data collected in a roll-along manner similar to that of the 
seismic reflection technique. The source is offset at a predetermined distance from the near geophone usually 
determined by field testing. The Rayleigh wave dispersion curve is obtained by a wavefield transformation of the 
seismic record such as the f-k or ,-p transforms. These transforms are very effective at isolating surface wave 
energy from that of body waves. The dispersion curve is picked as the peak of the surface wave energy in 
slowness (or velocity) - frequency space as shown. One advantage of the MASW technique is that the wavefield 
transformation may not only identify the fundamental mode but also higher modes of surface waves. At some 
sites, particularly those with large velocity inversions, higher surface wave modes may contain more energy than 
the fundamental mode. Source~15.0m Phasevelociti(mis) 
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Passive Surface Wave Techniques 
Passive surface wave techniques measure noise; surface waves from ocean wave activity, traffic, factories, etc. 
These techniques include the array microtremor and refraction microtremor (REMI) techniques. 

The array microtremor technique typically uses 7 or more 4.5- or 1-Hz geophones arranged in a two-dimensional 
array. The most common arrays are the triangle, circle, semi-circle and "L" arrays. The triangle array, which 
consists of several embedded equilateral triangles, is often used as it provides good results with a relatively small 
number of geophones. With this array the outer side of the triangle should be at least as long as the desired 
depth of investigation. Typically, fifteen to twenty 30-second noise records are acquired for analysis. The spatial 
autocorrelation (SPAC) technique is one of several methods that can be used to estimate the Rayleigh wave 
dispersion curve. A first order Bessel function is fit to the SPAC function to determine the phase velocity for 
particular frequency. The image shown below shows the degree of fitness of the Bessel function to the SPAC 
function for a wide range of phase velocity and 
frequency. The dispersion curve, is the peak 
(best fit), as shown in the figure below. 
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The refraction microtremor (REMI) technique uses a field layout similar to the seismic refraction method (hence 
its name). Twenty-four, 4.5 Hz geophones are laid out in a linear array with a spacing of 6 to 8m and fifteen to 
twenty 30-second noise records are acquired . A slowness-frequency (p-f) wavefield transform is used to 
separate Rayleigh wave energy from that of other waves. Because the noise field can originate from any 
direction, the wavefield transform is conducted for multiple vectors through the geophone array, all of which are 
summed. The dispersion curve is defined as the lower envelope of the Rayleigh wave energy in p-f space. 
Because the lower envelope is picked rather than the energy peak (energy traveling along the profile is slower 
than that approaching from an angle), this technique may be somewhat more subjective than the others, 
particularly at low frequencies. The SPAC technique can also be used to extract the surface wave dispersion 
curve from linear array microtremor data providing there are omni-directional noise sources. 
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Depth of Investigation 
Active surface wave investigations typically use various sized sledge hammers to image the shear wave velocity 
structure to depths of up to 15m. Weight drops and electromechanical shakers can often be used to image to 
depths of 30m. Bulldozers and vibroseis trucks can be used to image to depths as great as 100m. Passive 
surface wave techniques can often image shear wave velocity structure to depths of over 100m, given sufficient 
noise sources and space for the receiver array. Large passive arrays, utilizing long-period seismometers with 
GPS clocks have been used to image shear wave velocity structure to depths of several kilometers. 

Combined Active and Passive Surface Wave Testing 
The combined use of active and passive techniques may offer 
significant advantages on many investigations. It can be very 
costly to mobilize large energy sources for 30m/100ft active 
surface wave soundings. In urban environments, the combined 
use of active and passive surface wave techniques can image to 
these depths without the need for large energy sources. We have 
found that dispersion curves from active and passive surface wave 
techniques are generally in good agreement, making the 
combined use of the two techniques viable. It is not 
recommended that passive surface wave techniques be applied 
alone for UBC/IBC site classification investigations. Microtremor 
techniques do not generally characterize near surface velocity, 
which may have a significant impact of the average shear wave 
velocity of the upper 30m or 100ft and so should always be used 
in conjunction with SASW or MASW. An SASW sounding to a 
depth of 30m requires at least a 60m linear array. If sufficient 
space is not available for this, it may be possible to use a 45m 
triangle array on the site or place a 100-200m long REM I array 
along an adjacent sidewalk or an "L" array at an adjacent street 
intersection. 

Microtremor Measurements along Sidewalk 

Modeling 
There are several options for interpreting surface wave dispersion curves, depending on the accuracy required in 
the shear wave velocity profile. A simple empirical analysis can be done to estimate the average shear wave 
velocity profile. For greater accuracy, forward modeling of fundamental-mode Rayleigh wave dispersion as well 
as full stress wave propagation can be performed using several software packages. A formal inversion scheme 
may also be used. With many of the analytical approaches, background information on the site can be 
incorporated into the model and the resolution of the final profile may be quantified. 

Applications 
Active and passive surface wave testing can be used to obtain Vs profiles for: 

• UBC/IBC site classification for seismic design 
• Earthquake site response 
• Seismic microzonation 
• Liquefaction analysis 
• Soil compaction control 
• Mapping subsurface stratigraphy 
• Locating potentially weak zones in earthen embankments and levees 
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Case History 
The figures below show the surface wave dispersion curves and alternative shear wave velocity models for a site 
in Los Angeles, California. All of the previous figures illustrating SASW, MASW, array and refraction microtremor 
techniques were from this site. The dispersion curves from all four methods are shown on the left along with the 
theoretical dispersion curves for alternative S-wave velocity versus depth models on the right. Conditions at this 
site were very poor for active surface wave techniques because of the presence of very low velocity hydraulic fill. 
In fact, with active surface wave techniques it was only possible to image to a depth of about 12.5m with energy 
sources typically capable of imaging to 30m. There is excellent agreement in the dispersion curves generated 
from all of the methods over the overlapping wavelength ranges. The minor differences probably result from 
variable velocity of the hydraulic fill within the sampling volume of the specific methods. Two Vs versus depth 
models were generated to illustrate the difficulty modeling the highly variable, near surface velocity structure 
evident in the PS log. The two surface wave models yielded similar values for the average shear-wave velocity of 
the upper 30m (V530), 201 and 202 m/s, illustrating that Vs30 is much more tightly constrained than the actual 
layer thicknesses and velocities in the models. V530 estimated from the PS log (194 m/s) is within 4% of that 
estimated from the two surface wave models (201 and 202 m/s). The small differences in V530 between the two 
methods may easily result from the different sampling regimes (borehole versus large area) rather than errors in 
either of the methods. 
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In contrast to borehole measurements which are point estimates, surface wave testing is a global measurement, 
that is, a much larger volume of the subsurface is sampled. The resulting profile is representative of the 
subsurface properties averaged over distances of up to several hundred feet. Although surface wave techniques 
do not have the layer sensitivity or accuracy (velocity and layer thickness) of borehole techniques; the average 
velocity over a large depth interval (i.e. the average shear wave velocity of the upper 30m or 100ft) is very well 
constrained. Because surface wave methods are non-invasive and non-destructive, it is relatively easy to obtain 
the necessary permits for testing . At sites that are favorable for surface wave propagation, active and passive 
surface wave techniques allow appreciable cost and time savings. 
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INTRODUCTION 

This report has been prepared per our agreement and summarizes the preliminary findings of 

Irvine Geotechnical's Phase I geotechnical engineering exploration performed on the site. The 

purpose of this study is to evaluate the nature, distribution and engineering properties of the 
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earth materials underlying the site with respect to obtaining approval of the Mine Reclamation 

Backfill and developing the site with a commercial/retail development. 

PHASE 1- INVESTIGATION 

The Phase I investigation plan was identified in our July 26, 2007 proposal, and was based on 

our initial site visit, review of records of the site, consultation with drilling and geophysical 

consultants, review of other exploration performed at a nearby landfill and consultation with the 

client. 

Research 

As part of our investigation, records and documents on file at the City of Irwindale and provided 

by the client were reviewed. The documents were sqanned into an Adobe Acrobat (PDF) format 

and indexed for quick reference. It is our understanding that a copy of the scanned documents 

has been provided to the City of Irwindale on a Compact Disk. Historical topographic maps and 

aerial photographs before, during and after mining and filling were reviewed. Most of the 

historical photographs were provided by Kent McMillan, who is currently reviewing the mining 

and filling histories at the Nu-Way and nearby United Rock Products site for the City of Irwindale. 

Some of the photographs were scanned and scaled to match topographic maps and property 

boundaries to facilitate interpretation. Kent McMillan also provided a hydrograph that includes 

yearly groundwater elevations at the site extending back to 1932. The hydrograph was used 

to estimate the elevation of groundwater "lakes" visible in the air photos. 
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Subsurface and Geophysical Exploration 

The site was explored between October, 2007 and February 2008 and included performing two 

seismic reflection line surveys, advancing six Becker Hammer borings, performing one down hole 

seismic shear wave survey and performing an active/passive surface wave survey. 

The Becker Hammer borings were advanced by Great Western Drilling of Fontana using a new 

AP 1000 Becker Hammer rig. Between October 15 and 24, 2007 borings were advanced to 

depths of 120 to 190 feet using the "closed bit" method. Blow counts per foot and diesel 

combustion chamber pressure were recorded by staff of Irvine Geotechnical. The Becker 

Hammer borings are graphically logged on the enclosed Log of Borings. Because of the nature 

of the soils encountered in the borings, in-situsamplesofthefill and alluvium were not obtained 

in this phase. 

The locations of the borings are shown on the Geologic Map. Borings 2 and 3 were terminated 

just below the 1991, "pre landfill backfilling surface" and settlement monuments were installed. 

Boring 6 was advanced to near the base of the fill and a settlement monument was installed 

at a depth of 149 feet. A multi-stage gas vapor well was also installed in Boring 6 under the 

direction of Environmental Applications for future monitoring. A solid 3" diameter PVC casing 

was installed to the total depth of Boring 4, with the annular space filled with clean medium 

sand. The boring was used for the down hole shear wave survey. 

The settlement monuments consist of 1 inch diameter, steel pipes that are connected by 

threaded pipe couplings. The base of the monument is secured in five feet of cement. C & M 

Duraflex, PVC centralizers were used to keep the pipe within the center of the boring. The 

centralizers were spaced about 12 to 15 feet apart from top to bottom. The lower 50 feet of 
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the annular space was filled with clean, medium sand. The remainder of the annular space was 

filled with bentonite pellets up to the ground surface. The monuments were constructed from 

within the drill stem and backfilled as the stem was removed to ensure that caving did not 

occur. The tops of the monuments are protected by 12 inch thick, a cast-in-place concrete 

pads. Four inch diameter PVC sleeves extend through the pads to ensure that the pads can 

move (settle) independently of the monument pipes. 

The seismic reflection li nes and down hole shear wave survey were performed by Terra Physics, 

with interpretation assista nee from Wilson Geosciences. The locations of the seismic reflection 

profiles are shown on the Geologic Map. The PVC casing installed in Boring 4 was used for the 

downhole shear wave survey. The procedures and results of the seismic reflection and 

downhole survey are contained in the Terra Physics report, "Seismic Reflection and Borehole 

Seismic Velocity Surveys to Delineate Subsurface Backfill Material and Underlying Native Soil 

Boundaries Nu-way Reclaimed Aggregate Mine Landfill - Irwindale, California," which is 

appended to this report. Additional interpretation of the geophysical study and correlation 

between borings and geologic stratigraphy was performed by Wilson Geosciences (Technical 

Report: Seismic Reflection and Borehole Seismic Investigation: Nu-way Live Oak Landfill 

Reclamation, Northeast of the Interstate 605 Freeway and Live Oak Avenue Intersection, 

Irwindale, California). 

GeoVision performed surface wave soundings and created shear wave velocity profiles through 

three areas of the landfill. The results of the surface wave study are contained in the GeoVision 

report, "Geotechnical Investigation, Nu-Way Reclaimed Aggregate Mine, Irwindale, California, " 

dated February 25, 2008. The surface wave study included collecting 1-D surface wave 

soundings at 230 foot intervals along three profiles totaling about 3,700 linear feet. The 

purpose of the surface wave soundings is to provide 2-D shear wave velocity models of the 
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upper 200 to 300 feet along each profile. Both active (spectral analysis of surface waves 

[SASW] or multi-channel analysis of surface waves [MASW]) and passive (array or ReMi) were 

used. The active techniques were able to image the S-wave velocity of the upper 100 to 130 

feet, while passive techniques extended the depth of investigation past 300 feet. The 2-D shear 

wave profiles are in the shape of a large triangle as shown on the Geologic Map. Seven of the 

velocity profiles are plotted on Sections A and C. 

The surface wave survey was added to the Phase I exploration program to offset two of our 

planned Phase I techniques that could not be implemented. Down hole wire line logging, which 

was to include video and compensated density, cou ld not be implemented due to caving. All 

of the borings caved within minutes to days of pulling the drill stem. It was considered too risky 

to lose a radioactive source and/or an expensive camera system in the ground. A subsequent 

exploration phase may attempt down hole logging as the drill stem is removed. 

SITE DESCRIPTION - HISTORY 

The study area is located in the western portion of the City of Irwindale, California (117.976W; 

34.110N) and consists of approximately 65 acres of a mostly level, former gravel pit that has 

been filled and is known as the "Nu-Way Live Oak Landfill." The Nu-Way site is located just 

south of Arrow Highway, southeast of the Santa Fe Flood Control Basin, west of the San Gabriel 

River channel and north of Live Oak Avenue. Nu-Way is bounded by the 605 Freeway on t he 

west and Live Oak Lane and industrial propertiesontheeastand north, respectively. Elevations 

range from about 408 to 410 feet along the eastern portions of the property to 375 feet in a 

basin along the western edge of the pad and within the Southern California Edison easement. 
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Geomorphically, this area of Irwindale is characterized as a gently, south-southwest sloping 

alluvial fan that emanates from San Gabriel Canyon. The alluvial fan is comprised of sand and 

gravel deposits that have been historically mined for construction aggregate. 

Mining within the study area started in the late 1950's by the Owl Rock Company. Owl Rock did 

not own the entire Nu-Way site and the boundary between the Owl Rock (east) and Blue 

Diamond (west) properties trended north-south and nearly bisected the study area. The 

majority of the Blue Diamond property extended westerly, beyond what was to become the 605 

Freeway, to near the intersection of Arrow Highway and Live Oak Avenue. Mining was performed 

solely on the Owl Rock property (eastern portion of Nu-Way) until 1962. In 1962, mining 

commenced in the western portion of the Nu-Way pit, with material moved by conveyor belts 

westerly toward the Blue Diamond processing area. The Owl Rock and Blue Diamond properties 

were mined independently until the mid-1960's, when the pits merged. 

From 1957 to the mid-1960's, waste material (silt) from the Owl Rock operation appears to 

have been disposed of offsite and north of the limits of the Nu-Way pit. Waste material 

generated from mining on the Nu-Way site by Blue Diamond appears to have been disposed of 

in silt ponds near the intersection of Arrow Highway and Live Oak Avenue. After the mid-19601s, 

all waste materials from mining appear to have been disposed of within and north of the Nu­

Way site. The 605 Freeway had been graded in 1970, formally separating the Blue Diamond 

and Owl Rock properties. However, access beneath the freeway between the two pits was 

preserved. In the mid-1970's, permission was granted to dispose of liquid waste material (silt) 

within the Nu-Way pit. Mining within the Nu-Way site was mostly complete by the mid to late-

1980's. A Liquid Waste Permit was obtained from the Water Quality Control Board in 1985 to 

allow the placement of imported silt in the pit. The "waste" silt was reportedly dredged from 

active pitsonthewestside of the 605 Freeway and transported asa slurry beneath the freeway 
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and placed into the pit, predominantly in the southern portion of the study area. Reportedly, 

800,000 cubic yards of silt slurry was accepted at the site, mostly within the southwestern half. 

The waste permit was amended in 1990 to include inert materials such as: concrete, bricks, 

rocks, asphalt, ceramics, sand and non-contaminated soils. Drywall was originally accepted 

within the landfill and later rejected. Although, drywall recycling and processing was apparently 

conducted onsite until a much later date. A geotechnical study was performed by Zeiser 

Geotechnical (later became Zeiser-Kling Consultants, Inc. and referred to herein as "Zeiser") 

to provide recommendations for placing and compacting fill into the pit. Zeiser reported 5 to 

40 feet of existing fill throughout the base of the pit, which was around elevation 280 to 285 

feet (120 to 130 feet below existing grade). Borings were not drilled in the southern portion of 

the "silt pond," which was present in the southwestern corner of the pit. The locations of the 

Zeiser 1991 borings are shown on the Geologic Map and copies of their boring logs are 

appended to this report. Zeiser provided specific recommendations for _the placement of 

engineered fill and measures to ensure quality control. 

Along with active filling, additional mining was performed in the early 1990's. Primarily, the 

mining consisted of "pushing" the slopes toward Live Oak Lane, Live Oak Avenue and the 605 

Freeway. Starting at the pit boundaries, slopes were trimmed down at a 1:1 (horizontal:vertical) 

or steeper gradient. The lower 10 to 20 feet of the trim was made vertically. 

The City of Irwindale granted a Conditional Use Permit on December 15, 1994 to operate the 

landfill. Between 1992 and 2005 Zeiser performed periodic geotechnical observations and 

testing. The results of the compaction testing and a description of the grading observed at the 

time of the site inspections are contained in numerous Zeiser field notices and file documents, 

which are contained on the CD. 
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The records indicate that Hushmand and Associates replaced Zeiser-Kling as the geotechnical 

engineer of record in 2005 for the placement of the "clean" compacted fill cap. Fill placed from 

2005 to present was performed under the geotechnical supervision of Hushmand. The results 

of compaction testing by Hushmand are contained in their report, Construction Quality 

Assurance Services Nu-Way Live-Oak Landfill, Irwindale, Los Angeles County, California, dated 

March, 2007. 

Groundwater lakes are visible on the historical photographs. It is our understanding that active 

mining operations would extend to and stop at the groundwater table. Relative low groundwater 

years would allow for deeper mining. The limits of the groundwater lakes, combined with the 

hydrograph data, was used to estimate the approximate maximum depths of mining. During 

the mining period, relative groundwater elevation lows occurred in 1964-1965 (210 feet) and 

1978 (205 feet). Groundwater was encountered in this exploration in Boring 4 at an elevation 

of about 242 feet (165 feet below ground surface). 

LIMITS AND THICKNESS OF FILL 

One of the major tasks of this Phase I investigation was to determine the thickness and 

distribution of earth materials. This was accomplished using: the seismic reflection surveys; 

Becker-Hammer borings; Zeiser-Kling's 1991 borings; historical topographic maps; historical 

photographs and home videos; and the surface wave profiling. The interpreted geologic profile 

across three areas of the Nu-Way pit are shown on Sections A, B, and C. The maximum depth 

of fill appears to be around 180 to 185 feet below ground surface as shown on the cross 

sections. 
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The March 1984 topographic survey by Hekimian - Van Dorpe Associates, which was used by 

Zeiser-Kling as the basis for their 1991 Geologic Map, was assumed to roughly represent the 

pre-controlled fill conditions in the pit. Fill deposits (silt waste, soil and rubble) and with 

elevations lower than the contours shown on the Zeiser-Kling Geologic Map, are certainly 

"uncontrolled fill" or "unpermitted fill." It should be noted that this topographic map, predates 

the 800,000 cubic yards of silt that were accepted atthe site in 1987 /1988. Also, based upon 

aerial photographs, some additional mining (on the south) and "dumping" of fill (on the north) 

appears to have been on going up until 1990. The Zeiser borings contain elevations of the top 

of the boring. It is presumed that the elevations for the top of borings were checked against a 

known datum elevation. 

Home videos between 1990 and 1993 show significant slope trims along the eastern, southern, 

and western margins of the pit. Processing and exporting of aggregate were occurring in early 

stages of controlled filling. Slope trims shown on Section Band C were estimated based upon 

the video evidence. 

The aerial photos that showed "groundwater lakes" were used in determining limits and 

minimum depths of mining. The approximate elevations of the lakes were estimated from the 

hydrograph. The limits of the lake with a corresponding elevation were then plotted onto the 

base topographic survey, with the composite used to define the minimum depths and extent 

of mining. 

The seismic reflection lines mostly coincide with Sections A and C. Reflectors that represent 

the base of the fill and the 1991 surface were found in the data record. The reflector that 

represents the top of the native alluvium correlates well the data collected from the borings, 

photo interpretation and the surface wave profiles. For the most part, the seismic reflectors are 
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the basis for showing undulating and relatively deeper sections of the fill. Sloping reflectors 

were also interpreted within the fill. At first glance, these reflectors were believed to represent 

sloping fill surfaces or "lifts." However, this interpretation was discounted as they appear to be 

over 100 feet high in places. Because of assumptions made for the reflection survey, and the 

much higher than anticipated velocities in the fill, the depth of imaging extended more than 

2,000 feet below the ground surface. As a result, the data record that represents the depth of 

the landfill is only a fraction of the collected data. Refinements to the seismic reflection data 

collection methods in subsequent studies, if any, may yield more or better detail. 

Surface wave soundings and resulting shear wave velocity models found a velocity inversion 

beneath the central to north-central portion of the pit. The thickness and distribution of the 

lower velocity layer appears to correlate with the lower, "uncontrolled fill" found by Zeiser. The 

lower velocity layer also correlates with lower Becker-Hammer blow counts near the base of the 

fill. Surface wave profile Line A roughly coincides with cross Section C, while Profile B crosses 

Section A. The two-dimensional velocity profiles along Line A are superimposed onto the cross 

section. The base of the lower velocity inversion zone correlates well with reflectors interpreted 

from the Seismic Reflection study and is believed to represent the base of the fill. The lower 

velocity zone terminates or pinches out toward the south, north of Line C. Elevations that 

represent the base of the lower velocity zone from Lines A, Band C were contoured and used 

to interpret the base of fill in the central portion of Section B. 

Because the surface wave study generates an "averaging" effect near boundaries, the contacts 

appear to be linear and diffused. The undulating contact between the base of the older fill and 

the alluvial deposits shown in some of the cross sections was interpreted from the reflection 

lines. 
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BECKER-HAMMER BORINGS 

Becker-Hammer borings 1 through 5 were advanced to the planned depths using the «closed 

bit" method. Boring 6 was advanced to about 100 feet with a closed bit, where refusal was met 

in what appeared to be drywall debris. The drill stem was tripped out and the boring advanced 

to the planned depth using an open bit. The Becker-Hammer blow counts were corrected for 

bounce pressure chamber pressure using the methodology of L. F. Harder and H.B. Seed, 1986 

(Determination of Penetration Resistance for Coarse-Grained Soils Using The Becker Hammer 

Drill). For the most part, due to the high resistance of the fill material, the bounce chamber 

pressures were higher than 26 psi and only minor corrections were required. The corrected 

blow counts and bounce chamber pressures are shown graphically on the Log of Borings. 

The blow counts are variable with depth as would be expected with a rubble fill. However, there 

is a definite increase with depth the correlates with apparent fill quality. Becker-Hammer blow 

counts were also converted to equivalentSPT N60 blow counts using methodology of Harder and 

Seed. The estimated compactness of the materials encountered in the borings is shown 

graphically on the NAVFAC Density graphs (From Figure 1 for sands and gravels, page 7.1-14 

of the NAVFAC Design Manual). The SPT N60 blow counts plotted against Effective Stress 

Vertical show the materials to be "normally consolidated" with compactness generally between 

medium dense and dense. 

The SPT N60 blow counts were also estimated using the shear wave velocity profiles and 

correlations between shear wave velocity and SPT N60 blow count values published by the 

Department of Defense, (Soil Dynamics and Special Design Aspects, MIL-HDBK-1007 /3, Figure 

2, November 15, 1997). The SPT N60 blow counts from the borings are compared to those from 

the shear wave velocity profiles on the Blow Count Comparison charts. The shear wave velocity 
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intervals assigned to Borings 1 through 6 were based upon the nearest shear wave velocity 

profi le station from the surface wave study. There is very good correlation between SPT N60 

blow counts determined from the Becker-Hammer borings and inferred from the surface wave 

testing. 

GENERAL SEISMIC CONSIDERATIONS 

Southern California is located in an active seismic region (CBC Seismic Zone 4) and numerous 

known and undiscovered earthquake faults are present in the region. Hazards associated with 

fault rupture and earthquakes include direct affects such as strong ground shaking and ground 

rupture, as well as secondary affects such as liquefaction, landsliding and lurching. The United 

States Geological Survey (USGS), California Geologic Survey (CGS), Southern California 

Earthquake Center (SCEC), private consultants and universities have been studying 

earthquakes in southern California for several decades. Early studies were directed toward 

earthquake prediction and earlywarningofstrongground shaking. Research and practice have 

shown that earthquake prediction is not practical or sufficiently accurate to benefit the general 

public. Also, several recent and damaging earthquakes have occurred on faults that were 

unknown prior to rupture. Current standards and the California Building Code call for 

earthquake resistant design of structures as opposed to prediction. 

Seismic Hazard Zones 

The California State Legislature enacted the Seismic Hazards Mapping Act of 1990, which was 

prompted by damaging earthquakes in California, and was intended to protect public safety 

from the effects of strong ground shaking, liquefaction, landslides, and other 

earthquake-related hazards. The Seismic Hazards Mapping Act requires that the State Geologist 
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delineate various "seismic hazards zones." The maps depicting the zones are released by the 

California Geological Survey (the CGS). 

The Seismic Hazards Mapping Act requires a site investigation by a certified engineering 

geologist and/or civil engineer with expertise in geotechnical engineering, for projects sited 

within a hazard zone. The investigation is to include recommendations for a "minimum level of 

mitigation" that should reduce the risk of ground failure during an earthquake to a level that 

does not cause the collapse of buildings for human occupancy. The Seismic Hazards Mapping 

Act does not require mitigation to a level of no ground failure and/or no structural damage. 

Seismic Hazard Zone delineations are based on correlation of a combination of factors, 

including: surface distribution of soil deposits; physical relief; depth to historic high 

groundwater; shear strength of the soils; and occurrence of past seismic deformation. The 

subject property is located within the United States Geologic Survey, Azusa Quadrangle. 

Seismic hazards within the Azusa Quadrangle were evaluated by the CGS in their report, 

"Seismic Hazard Zone Report for the Azusa 7.5-minute Quadrangle, Los Angeles County, 

California, Seismic Hazard Zone Report021." AccordingtotheSeismic Hazard Zones Map, the 

study area is not within an area that has been subject to, or may be subject to liquefaction or 

earthquake induced ground deformation. The historic high groundwater level is more than 50 

feet below the ground surface, which effectively precludes liquefaction. 

Ground Motion 

Figure 3.3 of SHZR-021 contains ground motion values assigned by the CGS for this area of 

Irwindale. The Design Basis Earthquake (10% Exceedance in 50 years) for the study area is a 

peak ground acceleration (PGA) of 0.57g (Figure 3.3, Probabilistic PGA). The de-aggregated 
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predominant earthquake magnitude (Mw) is 7.0 (Figure 3.4, Predominate Earthquake). The 

major seismic sources relative to the subject property are the Raymond and Sierra Madre fault 

systems, which are present toward the north along the base of the San Gabriel Mountains, and 

the Whittier fault, which is present toward the south. These probabilistic ground motions could 

be expected at the site during the design lifespan of any structures. These ground motions were 

also adopted to estimate dynamic settlement. 

Dynamic Settlement 

The potential for dynamic settlement of the fill deposits was estimated using a method 

developed by Tokimatsu and Seed, 1987 and modified for computer use by Pradel, 1998. In 

this method, the volumetric strain in the soil is estimated from the cyclic shear strain and the 

number of shear cycles. In addition to the ground motion input, the two most important 

parameters for this analysis include the maximum shear modulus of the soil and normalized 

SPT blow count [(N 1 ) 60]. The maximum shear modulus of representative soil layers was 

estimated using the shear wave velocity profiles determined in the surface wave study and by 

assuming bulk densities. A bulk density of 135 pcf was assumed for the fill. The (N 1 )60 values 

were calculated from the corrected Becker-Hammer blow counts using standard procedures. 

The calculated settlements are shown in the Dynamic Settlement graph. The amount of 

dynamic settlement ranges from 2.8 inches near Boring 4 to 3.8 inches near Boring 6. 

PRELIMINARY FINDINGS 

The preliminary findings of this Phase I exploration are based upon six borings, geophysical 

studies and research of available records. The study area is underlain by 160 to 185 feet of 

rubble, earth and silt fill. The lower 30 to 50 feet of the fill was placed prior to the Zeiser-Kling 
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1991 geotechnical report and is considered "unpermitted fill" with respect to the City of 

Irwindale, "Bulletin, Process of Obtaining Approval of Mine Reclamation Backfills." The older 

fill appears to consist mostly of the waste byproducts of mining and is described as clays, silts 

and sand with cobbles. Based upon laboratory testing and analysis, Zeiser Kling concluded that 

pre-1991 fill was compressible, but upon burial with approved compacted fill and cessation of 

consolidation, the site would be suitable for development with structures. The City concurred 

and issued a Conditional Use Permit to fill the pit. 

Grading recommendations were presented in the Zeiser Kling report for placing and compacting 

engineered fill. The report contained specific guidelines for minimum compaction (90 percent 

of the maximum dry density), moisture content, maximum lift thickness, disposal of oversize 

materials and frequency of tests. From 1991 to 2005, Zeiser performed inspections and 

compaction tests of the fill. In addition to compaction tests, test pits were routinely excavated 

. into the fill to estimate the percentage of voids. 

The frequency of testing the first few years was high, decreasing through time. Conversely, the 

rate of filling was low at first, increasing to a maximum rate after 2000. It appears that at the 

Nu-Way Live Oak landfill, the frequency of testing is inversely proportional to the rate of f illing. 

It is our understanding that the City of Irwindale limited the volume of import earth and debris 

to 6,000 tons/day. In or around 2003, the volume restriction was increased to 12,000 

tons/day. 

The thickness of individual fill lifts has been a constant issue. In 1991 through 1993, the 

thickness of fill lifts appeared to be 2 to 3 feet, maximum. Thicker lifts were failed and 

reprocessed. By 2000, the fill lifts were thicker than 4 to 5 feet thick. After 2003, the lifts 
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appear to be 6 to 8 feet and up 10 feet thick. There is no evidence of failing tests and 

reworking of thick lifts after 2000. 

In the early to mid-1990's there is evidence that oversize material was disposed of in a 

controlled manner, primarily within the Southern California Edison easement. However, the 

mapping of elevations and locations of windrows and "rock blankets" are limited. Zeiser 

indicates that the oversize disposal areas and methods were ultimately acceptable and 

reasonable. It was understood that the fill within the SCE easement was to be non-structural. 

In light of thickness of undocumented fill and silt, and less than optimal professional inspection 

and jurisdictional oversight, the engineering properties of the landfill are surprisingly good. 

Down hole shear wave velocity testing and surface wave testing indicate that the average shear 

wave velocity of the upper 30 meters (V530 = 100 feet) of fill ranges from 1,107 to 1,242 fps. 

From a 2007 California Building Code standpoint, the fill deposit would classify as "Site Class 

D-Stiff Soil Profile to C-Very dense soil and soft rock." Surface wave testing indicates that the 

average shear wave velocity of the upper 60 meters (V560) of fill ranges from 1,326 to 1,574 

fps. The central portion of the site has higher average velocities and no discernable velocity 

inversion as compared to the north. 

According to surface wave testing of natural alluvial deposits by Geovision elsewhere in 

Irwindale, the fill at the Nu-Way site has shear wave velocities in the lower range of what is 

found in normally consolidated alluvial fan deposits below the mouth of San Gabriel Canyon. 

Becker-Hammer test results and calculated SPT blow count correlations also indicate a normally 

consolidated deposit that is characterized as medium dense to dense. 
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The shear wave velocity of a material is a function of it's stiffness (shear modulus) and the bulk 

density. Bulk density is a function of the volume of solids present relative to the total volume. 

The higher the bulk density the lower the percent voids. One of the goals of this investigation 

that was not met was to directly measure the bulk densitythrough compensated density logging 

and to estimate the percent voids visually. Because of the high shear wave velocities, it is 

apparent that the average bulk density is high. A subsequent phase of testing, which is to 

include deep test pits and large scale density testing, will provide bulk density information for 

the upper 50 feet of fill. 

The results of Becker-Hammer testing correlate well with the geophysical testing. Unlike other 

nearby gravel pits that have been filled with inert construction debris, the blow counts reveal 

a relatively uniform fill that is similar to normally consolidated sand and gravel alluvium. The 

blow counts and surface wave testing also reveal a less cobbly and lower shear wave velocity 

zone below the "1991 surface," which is believed to be the older, undocumented fill. The lower 

velocity zone is discontinuous and pinches out toward the center of the pit (north of Line C and 

is thin to not present near the north edge of the pit. Although the velocities are lower than the 

shallower fill, shear wave velocities in the undocumented fill range from 1,082 fps to 1,230fps, 

which falls in the high end of CBC "Site Class D - Stiff Soil Profile." 

The method of processing and placing the rubble fill, at least through the 1990's, appears to 

have resulted in a relatively high quality, engineered fill. The most important factors for the 

result are believed to be the onsite mobile crusher and the early lift thickness control. The 

crusher was able to reduce oversize concrete and rubble to six inches in diameter and smaller. 

Also, the crusher was able to separate the rebar from concrete. The resulting fill material is 

similar to crushed miscellaneous base (CMS) or crushed aggregate base (CAB), which at times, 

was apparently produced at the site and exported commercially. 
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The records and physical evidence indicate that the quality of the fill became lower after 2000. 

The fill lifts appear to have become thicker, there was less professional oversight and testing, 

more rebar and non-approved materials were reported, and the fill was placed too rapidly. As 

a result the engineering properties of the fill below 45 to 50 feet appear better than the 

shallower fill. 

Geotechnical Findings 

The following geotechnical findings are based upon the exploration performed to date and 

should be considered preliminary. Additional exploration and peer review will be required to 

determine the ultimate suitability and/or requirements for developing the site with new 

buildings. Ultimately, the goal is to verify that the total and differential settlements of any future 

structures will bw within what is allowed by the Building Code and State and County guidelines 

for static and dynamic loading. 

Our main finding is that the upper 40 to 50 feet of the fill is considered inadequate and should 

be removed and recompacted. Any new fill should be placed in conformance with the City of 

Irwindale Building Code, including Appendix J, and the Guidelines for Above-Water Backfilling 

of Open-Pit Mines. This will reduce the total dynamic settlement potential to a reasonable 

amount and within State guidelines and provide more uniform support for foundations and 

slabs. It is possible that the remedial grading could be limited to the building footprints plus the 

depth of removal outside the footprints. Mat foundations or other types of structural elements 

could be employed to reduce the depths of remedial grading and/or to mitigate any remaining 

excessive differential settlement potential. 
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Mnoian Management, Inc. 
P.O. Box 661238 
Arcadia, California 91066-1238 

Attention: Jim Mnoian 

Subject 

~ft~~~~>:;, 

GEOTf CHNICAL Inc 

Phase 2 - Geotechnical Engineering Exploration 
Evaluation of Nu-Way Live Oak Landfill 
Remainder Parcel of Parcel Map As Per Book 186 P 79-82 
Approximately 65 Acres 
East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue 
Irwindale, California 

References: Report and Proposal by Irvine Geotechnical, Inc.: 

Phase I - Geotechnical Engineering Exploration, Nu-way Live Oak Landfill, East of 605 
Freeway, West and South Live Oak Lane, And North of Live Oak Avenue, Irwindale, 
California, dated March 31, 2008 and 

Proposal to Provide Phase II of the Phased Geotechnical Engineering Exploration, 
Evaluation of NU-WAY Landfill for Proposed Development, dated June 9, 2008 

Introduction 

This report has been prepared per our agreement and summarizes the findings of Irvine 

Geotechnical's Phase II geotechnical engineering exploration performed on the site. The 

purpose of this study is to evaluate the nature, distribution and engineering properties of the 

earth materials underlying the upper 50 feet beneath two portions of the site. This study is 
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being performed in conjunction with a phased geotechnical study of the Nuway-Live Oak landfill 

for obtaining approval of the Mine Reclamation Backfill, developing the site with a 

commercial/retail development and to determine compliance with the Conditional Use Permit. 

PHASE 2- INVESTIGATION 

The Phase 2 investigation plan was identified in our June 9, 2008 proposal, and was based on 

the results of our Phase 1 exploration and testing. The goal was to excavate two, large test pits, 

from which density testing, gradations and detailed logging were to be performed. The northerly 

pit, (Test Pit 1) was chosen to coincide with Boring 5 and the intersection of Shear Wave 

Velocity Profiles A and B. The westerly pit (Test Pit 2) was chosen to coincide with Boring 3 and 

the intersection of Shear Wave Velocity Profiles B and C. Test Pits 1 and 2 are shown on the 

Geologic Map. The corners of the pits were located by Geo-Logic Associates using a Trimble 

GeoXH 2005 series GPS receiver, which is a mapping grade GPS device that is generally 

accurate to within 12 inches. 

Both pits were planned to extend to 50 feet below the ground surface, and were then ultimately 

deepened to 70 to 75 feet. The initial footprint of the pits was based upon a 50 foot high 1:1 

slope on 3 sides of the pit and an entry ramp to four benches. Four level benches (benches 1 -

4) were created in both pits at approximately 12 foot vertical increments. The approximate 

corners of the benches and elevations were determined by Geo-Logic using the GPS mapping 

device and plotted onto the Geologic Map. The benches and elevations are shown on the Test 

Pits Map appended to this report. 

Excavation of the trenches began on August 4, 2008 using excavators, doze rs and loaders. Fill 

soils removed from the pits were segregated by depth and stockpiled outside of the pits. The 
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stockpiles were later used as source material to create Maximum Achievable Density(MAD)test 

pads. Excavation and testing of the test pits and 8 benches had been completed by September 

3, 2008. 

The deepest portions of the pits were deepened an additional 25 ± feet between October 21 

through 27, 2008 with an excavator. The deeper holes were not considered safe to enter to 

perform physical testing. The deeper portions of the test pits were logged, photographed and 

video taped by the engineering geologist and soils engineer. Profiles through the test pits are 

shown on Section A and the shear wave Velocity Profile plates. 

Excavation of the trenches and stockpiling were performed under the observation of the project 

engineer and geologist, who also photo-documented and videotaped the process. Periodic 

observations of the excavation process were also performed by personnel of Hushmand and 

Associates and the City of Irwindale. Hushmand is also in the process of performing 

. independent bulk density and gradation testing of the eight benches. 

Bulk Density Tests 

One Bulk Density (BD) test was performed on each of the benches, with the approximate 

locations shown on the Test Pits plate and the Geologic Map. By design, no testing was 

performed of clean, compacted fill cap that overlies the rubble fill. The tests were performed 

in conformance with ASTM 5030-04 and the ITAC guidelines. A large, ¾-inch thick steel plate 

with a 6-foot diameter hole in the center, was used as a template. It was decided to level the 

template on the bench in lieu of providing a raised lip because of cost and timing constraints. 

The bulk density test holes were excavated to depths of 4 to 5 feet using a small backhoe and 

hand labor. Material excavated from the BO tests was transferred to a roll-off bin via a loader. 
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Care was taken to minimize the loss of soil via spillage by using tarps and being careful. Re-bar 

and other non-soil and concrete debris protruding into the BD test holes were cut flush with the 

sides of the hole. The holes were excavated as close to vertical as possible and cleaned by 

hand. The bottom of the excavation was also cleaned to a smooth surface by hand. Upon 

completion, the BD test hole was photographed, measured and logged by the project 

engineering geologist. 

Earth materials from the BD density test holes were stored in the roll-off bins and covered with 

tarps to prevent moisture and fines loss due to evaporation and wind. The moisture content 

of the in-situ soils removed from the BD test was also measured and recorded. The bins were 

carried by truck to the Nu-Way recycling center in Monrovia for weighing and then transferred 

back to the site for Bulk Gradation testing. 

The volumes of the BD tests were determined using "water-replacement" by accurately 

measuring the volume of water required to exactly fill the 8D test pit to the bottom edge of the 

template. An in line water meter (Blue-White Industries RT-200MI-GPM3) connected to a water 

truck via a fire hose was used to fill the BD test pits. The meter is accurate with flow rates 

between 10 and 100 gpm and was calibrated on August 1, 2008. PVC pipe transitions were 

placed on either side if the in-line valve to ensure laminar flow past the venturi. 

Prior to filling the pits with water, two layers of visqueen were placed to form a water-tight 

container. Two layers were considered necessary due to the sharp concrete, glass and re-bar 

debris exposed in the sides and bottoms of the BD pits. From within the hole, the engineer 

verified that the plastic liner was in firm contact with the underlying soils and not stretched 

across voids. 
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Upon filling the hole and metering of the volume, the liners were perforated and removed. The 

time required for the holes to drain were recorded by the staff engineer and project geologist. 

The measured volume was also compared to the mathematical volume based upon the actual 

dimensions of the BD test pits. 

The moist bulk density is the ratio of the weight removed from the pit to the volume of the pit. 

The dry bulk density is the corrected weight after subtracting the water content from the fraction 

of the mass finer than ¾ inch. Material coarser than ¾ inch consists of steel, brick and 

concrete fragments, which generally do not contain appreciable moisture. The moisture content 

relative to the dry density was plotted on the Moisture-Density Relationship chart. A clustering 

of dry densities near 132.5 pcf with a moisture content of 11 percent for the MAD pads is 

believed to represent the maximum dry density. 

Bulk Gradations 

All of the material from the BD tests were sieved to determine the distribution of material sizes. 

A rack containing screen sizes 12x12, 8x8, 6x3, 3x3, and 1x1 inch grids was manufactured by 

the client and placed near the entrance to the Nu-Way pit. Materials collected on the screens 

were sorted in bins and weighed. The sorting and weighing were performed in a paved portion 

of the site, which facilitated weighing of bins and large samples and in controlling spillage. A 

representative sample of the materials passing the 1 inch sieve was transferred to the soils 

laboratory to determine the additional fractions through the sand-size range and the percentage 

of fines (percent passing the #200 sieve). The gradations and weighing were performed by the 

project geologist and staff engineer of Irvine Geotechnical. The results of the gradation testing 

are shown on the Grain Size Distribution graphs. 
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The following table summarizes the results of the bulk density testing. Refer to the Geologic 

Map and Test Pit Map plate for the locations of the benches, depths and individual tests. 

SUMMARY OF BULK DENSITY TESTING 

WET DRY VOID MAX RELATIVE 
SAMPLE TYPE DENSITY DENSITY RATIO DENSITY COMPACTION 

(PCF) (PCF) (%) (PCF) (%) 

TP1 - Bench 1 Bulk Density - In situ 79.7 57.0 1.100 133.0 42.9 

TP1 - Bench 2 Bulk Density - In situ 133.2 125.6 0.280 133.0 94.4 
TP1 -Bench 2 Bulk Density- Test Pad 142.0 131.5 0.179 133.0 98.9 

TP1 - Bench 3 Bulk Density - In situ 114.9 109.6 0.473 133.0 82.4 

TP1 - Bench 3 Bulk Density - Test Pad 142.6 132.4 0.249 133.0 99.5 

TP1 - Bench 4 Bulk Density - In situ 91 .0 86.1 1.100 133.0 64.7 

TP1 - Bench 4 Bulk Density- Test Pad 142.1 132.5 0.181 133.0 99.6 

TP2 - Bench 1 Bulk Density - In situ 127.8 121.1 0.334 133.0 91.1 
TP2-Bench 2 Bulk Density - In situ 133.6 126.4 0.260 133.0 95.0 

TP2- Bench 2 Bulk Density - Test Pad 139.6 129.7 0.211 133.0 97.5 

TP2 - Bench 3 Bulk Density - In situ 129.2 120.2 0.319 133.0 90.4 

TP2 - Bench 3 Bulk Density- Test Pad 137.1 127.3 0.235 133.0 95.7 
TP2 -Bench 4 Bulk Density - In situ 126.5 117.3 0.329 133.0 88.2 

TP2 -Bench 4 Bulk Density- Test Pad 136.1 126.5 0.239 133.0 95.1 
TP2 - Bench 4 Bulk Density - Test Pad2 135.6 127.3 0.250 133.0 95.7 

Sand Cone Density Tests 

A sand cone conforming to ASTM 1556 was used to determine the in-situ moisture and density 

of the soil exposed at the surface elevation of each of the benches. Bulk samples of the soils 

at the locations of the soil samples were also obtained and transferred to the soils laboratory 

for maximum density testing (ASTM 1557). The sand cone tests were performed by the soils 

technician. 
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The results of the sand cone testing are shown on the following table. Refer to the Test Pits 

plate for the locations of the individual tests. 

SUMMARY OF SAND CONE DENSITY TESTING 

WET DRY VOID MAX. RELATIVE 
SAMPLE TYPE DENSITY DENSITY RATIO DENSITY COMPACTION 

(PCF} (PCF) (%) (PCF) (%) 
TP1 - Bench 1 . Sand Cone - In situ 119.4 116.1 -- 123.5 94.0 

TP1 - Bench 2 Sand Cone - In situ 105.9 96.7 --- 122.5 78.9 

TP1 - Bench 3 Sand Cone - In situ 112.3 102.4 --- 115.5 88.7 

TP1 - Bench 4 Sand Cone - In situ 98.9 90.6 -- 125.0 72.5 
TP2- Bench 1 Sand Cone - In situ 116.4 107.5 -- 129.5 83.0 

TP2- Bench 2 Sand Cone - In situ 107.2 98.1 --- 130.5 75.2 
TP2- Bench 3 Sand Cone - In situ 109.9 97.4 -- 132.0 73.8 
TP2 - Bench 4 Sand Cone - In situ 124.8 107.5 -- 131.5 81 .7 

Visual Observations 

Visual observations and mapping performed of the test pit walls, bulk density tests and 

stockpiles reveal that landfill deposit is highly variable. Significant (approximately 15 to 20 

percent of the landfill deposit) oversize (larger than 12 inch) fragments are present within the 

fill. Of the oversize fraction, steel-reinforced concrete fragments, foundation elements, columns 

and other construction demolition debris are present with dimensions that range from 24 

inches to more than 20 feet. One reinforced beam exposed in Test Pit 1 near bench 3 was 6 

feet wide, 3 feet deep and more than 40 feet long (the ends were not exposed as the beam is 

longer than the width of the test pit). For many of the fragments, numerous and large 

reinforcing bars protrude from the concrete. In addition to concrete, drywall, roofing materials, 

wood, glass, steel beams, asphalt, water-filtration cake, a gas pump, a tire and other debris 
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were observed and photo-documented. The amount, distribution and content of debris within 

the fill appears to be similar between the two pits. 

Fill lifts are clearly visible in the walls of the test pits. In general, the tops of the rubble lifts are 

identified by a level to gently sloping soil caps. Lifts thicknesses are visible that vary from a few 

feet thick to more than 8 feet. The lifts also reveal little processing and spreading. Individual 

piles of debris that were apparently "end-dumped" in the landfill are surrounded by other end­

dumped piles and in turn buried by additional lifts. Nesting and voids were observed and 

common. Nesting and bridging were primarily observed adjacent to very large oversize 

fragments and where oversize fragments were concentrated. Nesting and bridging also 

occurred where layers of drywall covered concrete fragments. 

Discussion 

It is clear from visual observations of Test Pits 1 and 2 that the fill exposed in the upper 50 or 

more feet was not processed and the deposits were essentially buried in piles dumped from 

trucks. Intuitively, the results of bulk density testing were expected to yield relative compaction 

percentages well below 90. However, only BD Test Pit 1, Bench 4 yielded a relative compaction 

result that was significantly less than 90 percent. Test Pit 2, Bench 4 yielded a relative 

compaction of 88 percent. All of the sand cone tests, except for Test Pit 1, bench 1, yielded 

relative compaction results less than 90 percent relative compaction. Observation of the 8D 

test pits after the liners were removed showed water percolation removed the matrix soils to 

expose a clast-supported fill. Because the concrete percentage is so high and it is well graded, 

it is believed that only loose clean fill mixed into the voids is sufficient to raise the "relative 

compaction" to near 90 percent. The sand cone testing and water infiltration testing indicates 

the interstitial soils are poorly compacted. The general, clast-supported nature of the fill deposit 
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is supported by the relatively high shear and compression wave velocities measured in our 

Phase 1 investigation. 

Void ratio, which is represented by the ratio of Volume of Solids to Total Volume, may be a 

better method to quantify the quality of fill placement and compaction. For the in-situ tests, 

vold ratios ranged from 0.260 to 1.10, with an average of 0.398. For the MAD tests, void ratios 

ranged from 0.179 to 0.250, with an average of 0.221. The difference between the in-situ void 

ratio and the minimum void ratio should also correlate to a "maximum static and dynamic 

consolidation potential." 

Shear Wave Velocity Profiles 

Since the test trenches coincide with the shear wave velocity sections, attempts were made to 

correlate shear wave velocity with observed materials. Shear wave Velocity Profiles Line A, Line 

B, and Line C were redrawn and re-contoured in equal vertical and horizontal scales. This was 

to make direct comparisons with geologic cross sections and test trenches possible. The 

following information was also plotted onto the Velocity Profiles: borings by both Irvine and 

Zeiser-Kling; the 1991 ground surface (base of Nu-Way rubble fill); contact between alluvium 

and fill; and Test Pits 1 and 2. The shear wave Velocity Profiles were also re-contoured after 

normalizing the measured shear wave velocities to overburden stress (Robertson, et. al.1992, 

"Seismic cone penetration test for evaluating liquefaction potential under seismic loading" and 

Andrus and Stokoe, 2000, "Liquefaction resistance of soils from shear wave velocity). 

The test pit locations were chosen to encounter what was believed to be the "worst" fill (lowest 

shear wave velocities and Becker-Hammer blow counts. For the fill exposed in Test Pit 1, the 

shear wave velocity (V5 ) of the upper 50feet is generally less than 1,200fps. The portion of the 
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pit below 50 feet encountered normalized shear wave velocities (Vs1) of 900 to 1,050 fps. The 

southerly, shallow side of Test Pit 1 was not deep enough to encounter a relatively low velocity 

zone Vs less than 855 fps. For Test Pit 2, the Vs were slightly higher with a range of 1,000 to 

1,350fps for the upper 50feet. Vs1 of Test Pit 2 below 50 feet ranges from 1,000to 1,500fps. 

Normalization of the shear wave velocity greatly enhances the velocity contrasts between the 

older fill (pre-1991 and likely mining waste silt pond) with both the native alluvium and the 

rubble fill. For Velocity Profiles A and B, the waste silt has Vs1 between 600 to 855 fps. The 

relatively low Vs values in the pre-1991 waste silt correlate with silt and clay reported byZeiser­

Kling and lack of concrete. Normalized Vs1 in the alluvium ranges from 1,000 fps to more than 

1,200 fps. Velocity Profile C indicates relatively uniform Vs and V51 for the fill and alluvium. 

CONCLUSIONS 

The following conclusions and findings are based upon our Phase 2 exploration program and 

testing. Fill exposed in the Test Pits is of variable composition, density and quality. However, 

itis clearthatthe upper 50 to 75feetof the fill was not processed and placed in an engineered 

and controlled manner. As such, the fill is not considered suitable for support of engineered 

structures. The test pit locations were chosen to find what was believed to be the "worst" fill. 

It is possible, that other locations of the Nu-Way site are underla in by processed and controlled 

fill that is shallower than 50 feet. However, based upon review of filling/grading related 

documents and testing performed to date, it is considered unlikelythat the upper 65 to 75 feet 

of fill placed anywhere on the site was done in an engineered manner. 

At a depth of approximately of 65 to 70 feet (elevations 335 to 340 feet) the test pits reveal 

that the fill lifts appear to have become thicker and more re-bar and non-approved materials 
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are present. This could correlate with less professional oversight and testing and/or placement 

of fill too rapidly for the type of equipment and amount of processing. 

Shear wave velocity data and Becker-Hammer boring data indicate better quality fill below 65 

to 75 feet. Therefore, a mitigation plan that includes removing, processing and recompacting 

the upper 65 to 75 feet of fill materials is indicated. Additional subsurface exploration and 

shear wave profiling will be required to verify the depth to processed and engineered fill. 

Additional testing will also be required to quantify the engineering properties and limits of the 

low shear wave velocity silt pond materials (old fills). It is possible that in addition to, or in 

combination with remedial grading, deep dynamic compaction will be required to density 

materials below the removal depths. 

The fill observed in the test pits certainly does not conform to the 1994 CUP, which along with 

a October 15, 1990 Zeiser-Kling report, was intended to control how the Nu-Way Live Oak pit 

was backfilled. The fill quality and placement procedures also do not conform with published 

standards that predate fill placement. Procedures and quality control measures to place rubble 

(concrete and other inert debris mixed with soil) fills are based upon methods standardized by 

the US Military for "rock" fills (Compaction Requirements and Procedures, Foundations and 

Earth Structures, NAVFAC DM-7.2, May 1982 and (Engineering Design of Test Quarries and Test 

Fills, Corps of Engineers Engineer Manual, 1110-2-2301, September 30, 1994. 

The following items are not in conformance: maximum size offill materials; thickness offill lifts; 

processing; frequency of compaction testing; type of compaction testing; degree of relative 

compaction; no use of approved windrows and inadequate documentation and reporting. 
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The maximum fill material size was restricted to 12 inches. Oversize (greater than 12 inches) 

materials could be placed in approved windrows. The test pits indicate that 15 to 20 percent 

of the fill consists of material larger than 12 inches that are not located in windrows. 

The test pits indicate little to no processing of the fill. Fill appears to have been dumped from 

trucks and buried. All fill placement standards prior to and after the CUP call for separating 

oversize materials, mixing and spreading the fill materials and moisture conditioning. Lack of 

processing has resulted in "nesting." 

Lifts are too thick. Zeiser-Kling recommended placing the fill in 6 to 12 inch lifts. The above 

references limit the maximum fill lift thickness to 1 to 2 times the maximum particle diameter, 

which for a 12 inch maximum, would be 24 inches. Lifts up 8 feet thick were observed in the 

Test Pits. 

Since visual observations of the fill are as or more important than the results of testing, some 

exploration method will have to be implemented that can obtain videos or pictures of t he deep 

fill. The feasibility of large diameter borings and video logging will be investigated. Also, 

methods to determine the in-situ bulk density and/or void ratio of the deep fill will be explored 

and presented in a subsequent Phase 3 exploration program. 
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Irvine Geotechnical appreciates the opportunity to provide our service on this project. Any 
questions concerning the data or interpretation of this report should be directed to the 
undersigned. 

Enc: Moisture-Density Relationship 
Grain Size Distribution (14 plates) 
Test Pit Map 
Velocity Profiles (6) 

In pocket: Geologic Map and Sections A, Band C 

xc: (7) Addressee 
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Mnoian Management, Inc. 
P.O. Box 661238 
Arcadia, California 91066-1238 

Attention: Jim Mnoian 

Subject 

~~~)l) 

GEOTECHNICAL Inc 

Phase Ill - Geotechnical Engineering Exploration 
Evaluation of Nu-Way Live Oak Landfill 
Remainder Parcel of Parcel Map As Per Book 186 P 79-82 
Approximately 65 Acres 
East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue 
Irwindale, California 

References: Reports by Irvine Geotechnical, Inc.: 

Phase I - Geotechnical Engineering Exploration, Nu-way Live Oak Landfill, East of 605 
Freeway, West and South Live Oak Lane, And North of Live Oak Avenue, Irwindale, 
California, dated March 31, 2008 and 

Phase II - Geotechnical Engineering Exploration, Evaluation of Nu-Way Live Oak Landfill, 
Remainder Parcel of Parcel Map As Per Book 186 P 79-82, Approximately 65 Acres, 
East of the 605 Freeway and Between Arrow Highway and Live Oak Avenue, Irwindale, 
California, dated December 8, 2008 

Introduction 

This report has been prepared per our agreement and summarizes the findings of Irvine 

Geotechnical's Phase Ill geotechnical engineering exploration performed on a portion of the 

site. The purpose of this study was to evaluate the deeper fill within Test Pit 2. This study is 

being performed in conjunction with a phased geotechnical study of the Nuway-Live Oak landfill 
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for obtaining approval of the Mine Reclamation Backfill, developing the site with a 

commercial/retail development and to determine compliance with the Conditional Use Permit. 

PHASE Ill - INVESTIGATION 

Our Phase II investigation included excavating two test pits (Test Pit 1 and Test Pit 2) initially 

to depths of 50 feet and then ultimately to depths of 70 to 75 feet. The pits were excavated 

with conventional grading equipment to create pads, from which bulk density and gradation 

tests of the fill were taken. The sides of the test pits were laid back to a relatively stable 1:1 

gradient for safety. The test pits could not be safely deepened without significant grading to 

make the footprint of the pits larger. The test pit and bench locations were surveyed to 

determine locations within the pit and elevations. 

The purpose of the Phase Ill investigation was to drill a large diameter boring from within Test 

Pit 2 (westerly of the two pits). The boring is situated along the downhill side of Bench 3 and 

was drilled from an elevation of approximately 370 feet. 

Between September 1 and 10, 2009 a three -foot diameter boring was drilled to a depth of 70 

feet below the drill pad (elevation 300). Because of abundant rebar, large concrete fragments 

and caving, drilling was difficult. The geologist was onsite during the drilling to log the drilling 

spoils as they were removed from the boring. Depths were determined using a weighted tape 

measure. The completed boring was deemed too dangerous to for a man to down hole log. The 

boring was then video-logged on September 10, 2008. 

A description of the earth materials encountered in the boring is contained on the Log of Boring. 

The location of the boring is shown on the Boring Map. 

145 N. Sierra Madre Blvd, Suite 12 • Pasadena • California • 91107 • 626-844-6641/Fax: 626-604-0394 

0916.0437 
G1-437



( 

( 

( 

April 27, 2010 
IC 07034-1 
Page 3 

CONCLUSIONS 

The following conclusions and findings are based upon our Phase Ill exploration performed from 

within Test Pit 2. Fill exposed in Test Pit 2 and Boring 1 is of variable composition, density and 

quality. However, it is clear that the fill placed to an elevation of approximately 313 to 310 feet 

(92 to 95 feet from the ground surface) was not processed and placed in an engineered and 

controlled manner. Oversize fragments, debris and rebar have resulted in nesting and 

significant voids. Drilling shallower than 52 feet (measured from the drill bench) was very 

difficult to drill due to caving, oversize concrete fragments and re bar. The fill below 52 feet was 

uniform, mostly devoid of oversize rubble fragments and easy to drill. 

The fill shallower than elevation 310 to 313 feet is not suitably compacted and processed and 

is not considered suitable for support of engineered structures. Below elevation 310 to 313 

feet, the fill has visible horizontal lifts, evidence of processing and mixing and is compact with 

little voids. 

Elevation 310 coincides with the Nuway Live Oak Landfill having an operational year surface 

of approximately 1998/1999. Based upon field notices and compaction tests prepared by 

Zeiser-Kling, inspections and compaction tests were relatively frequent from 1991 to 

1998/1999. After 1999 and up until 2005, geotechnical inspections and compaction testing 

were infrequent. This relationship is shown on the Nu-Way Live Oak fill placement and 

compaction test frequency charts. 

The results of Phase Ill exploration indicates that large diameter borings can successfully be 

drilled through the rubble fill. Additional borings will be required to verify that the fill quality is 

consistently better for fill placed prior to 1998/1999 and below elevation 310 to 313 feet 

145 N. Sierra Madre Blvd, Suite 12 • Pasadena • California • 91107 • 626-844-6641/Fax: 626-604-0394 

0916.0438 

G1-438



( 
/ 

( 

( ; 
'· 
' 

( 

April 27, 2010 
JC 07034-1 
Page4 

(depth of 92 to 95 feet below ground surface). Methods to determine the in-situ bulk density 

and/or void ratio of the deep fill will be explored and presented in a subsequent exploration 

program. 

Irvine Geotechnical appreciates the opportunity to provide our service on this project. Any 
questions concerning the data or interpretation of this report should be directed to the 
undersigned. 

Enc: B ing Log (4 sheets) 
Boring Map 
Compaction Testing Frequency Charts (3) 

xc: (7) Addressee 
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LITHOLOGIC DESCRIPTION 

RUBBLE FILL: Rubble Debris and concrete fragments with a Silty Sand matrix 

concrete slab fragments, 4 to 6 inches thick and 12 to 36 inches long, reabar protruding into hole, 
Silty Sand Matrix 

abundant rebar, voids and nesting of debris 

rebar and trash debris 

wood and metal debris, voids 

rubble and concrete fragments, nesting, open voids 6 to 12 inches, caving 
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PROJECT IC 07034 Mnoian 

DRILL DATE 9/1/2009 - 9/10/2009 

LOG DATE 9/1/2009 - 9/10/2009 ,-- -~~~ 
GEOTECHNICAL Inc 

LOGGED BY MH/JAI 
DRILL TYPE Auger 

SURFACE ELEVATION 

DRILLING CONTRACTOR 

SURFACE CONDITIONS 

DIAMETER 
370 feet 

Malcomb Drilling 

On Bench 3 within Test Pit 2 

36inch 

BORING 1 Pave; -,,, 4 -------.----------------------------- - - -"'· 
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332 38 • 
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LITHOLOGIC DESCRIPTION 

concrete fragments with rebar, nesting, open voids 

metal and trash debris and rebar, concrete fragments 18 to 30 inches in dimension, 

steel pipe, slab fragments, voids and nesting of debris, rubble and concrete fragments (~F'D . . · · ·· , 
36 inches in dimension, caving 

bricks, wire, rubble, Silty Sand matrix 

rubble and concrete fragments larger than 24 inches, nesting, voids 

conduit with wires 

rebar and concrete fragments larger than 48 inches, nesting, voids, caving 

Water seeping into boring, water is flowing within a rubble layer and is perched ontop r-J-
of a Clayey layer, heavy seep on 9/3 becoming a trickle on 9/10 \ ·· 
- -------------------------------- - , . .... , .. 

Sandy Clay, dark brown 

0916.0441 
G1-441



( 

( 

IRVINE 
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DRILLING CONTRACTOR 

SURFACE CONDITIONS 

LOG OF BORING 

PROJECT IC 07034 Mnoian 

DRILL DATE 9/1/2009 - 9/10/2009 
LOG DATE 9/1/2009 - 9/10/2009 

LOGGED BY MH/JAI 
DRILL TYPE Auger 

DIAMETER 36 inch 
370 feet 

Malcomb Drilling 
On Bench 3 within Test Pit 2 

BORING 1 

LITHOLOGIC DESCRIPTION 

concrete fragments with rebar, nesting, open voids 

Pa e 3 of 4 
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40 

41 
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metal and wood debris and rebar, concrete fragments 18 to greater than 24 inches in dimension, 
caving, nesting, voids 

4q Clayey Sand matrix, compact, tight, shearing and breaking of rubble fragments 

47 

48 concrete rubble with no soil in matrix, fragments larger than 12 inches, caving, voids 

49 

50 steel pipe, abundant rebar, caving, nesting, abundant voids 

51 Slab longer than 3 feet, 

52 

53 ---------------------- - -- - ------- - -----
Concrete rubble fragments in Silty Sand and Clayey Sand matrix, well graded, drastic reduction in 

54 rebar and oversize material, dark grey brown 

55 NC fragments, rubble lup to 12 inches, weak horizontal layering, no voids, 

56 

57 Horizontal layering, tight, well graded 

( 312 58 

59 

60 

' 
311 

310 
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IRVINE 
LOG OF BORING 

PROJECT IC 07034 Mnoian 
DRILL DATE 9/1/2009 - 9/10/2009 

LOG DATE 9/1/2009 - 9/10/2009 
~~~~~ 

GEOTECHNICAL Inc 
LOGGED BY MH/JAI 
DRILL TYPE Auger 

SURFACE ELEVATION 
DRILLING CONTRACTOR 

SURFACE CONDITIONS 

C 

~~ .t::~ 
0.. Q) 

a; g_ ~~ 
iii 

DIAMETER 

370 feet 
Malcomb Drilling 

On Bench 3 within Test Pit 2 

BORING 1 

36inch 

LITHOLOGIC DESCRIPTION 

Pa e 4 of 4 

310 60 
Silty Sand and Clayey Sand matrix, dark grey, moist, tight, weak horizontal layering, well graded 

309 61 

308 62 

307 63 

306 64 

305 65 

304 66 

303 67 

302 68 

301 69 

300 70 

wire mesh, silty sand with cobbles, 

asphalt fragments, mixed with rubble, silty sand and clayey sand matrix, horizontal layering visible, 
well graded 

END Boring at 7.0 feet 
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WILSON GEOSCIENCES 
Engineering and Environmental Geology 

January 24, 2008 

Jon A. Irvine, PE CEG 
Irvine Geotechnical 
145 N. Sierra Madre Blvd., Suite 12 
Pasadena, CA 91107 

Subject: SITE EVALUATION: Seismic Reflection and Borehole Seismic Investigation: 
Nu-Way Live Oak Landfill Reclamation, Interstate 605 Freeway and Live Oak 
A venue, Irwindale, California 

Dear Mr. Irvine: 

INTRODUCTION, SCOPE OF WORK, AND OBJECTIVES 

Irvine Geotechnical requested a geophysical survey investigation as a part of an evaluation of the 
Nu-Way reclaimed (backfilled) aggregate mine north of Live Oak Avenue, Irwindale, California 
(Figure 1). Current elevations within the backfill area range from approximately 360-feet arnsl on 
the west to 410-feet amsl on the east. Based on information provided by Irvine Geotechnical. sand 
and gravel mining was well underway by two property owners at the site by 1964 and continueJ into 
the mid-1970s when there is evidence that materials were being placed in the open pit by slmry pipe 
(silt-size material) and by dumping along the edges of the mine. By 1990/1991 a nearly flat bottom 
was present near elevation 280-feet above mean sea level (amsl). Subsequently larger backfill 
debris (not placed using conventional geotechnical engineering controls and compaction methods) 
raised the landfill area elevation to about 3 70- to 400-feet amsl, after which a 10-foot (± 10-foet) 
clean fill cap was placed over the debris fill. It is understood that the reclaimed mine has a potential 
for future use as a commercial development. 

Materials being mined at quarries within the City are called Older Alluvium and are a mixture of 
silt, sand, gravel, cobbles, and boulders. In general the alluvial fan deposits are coarser at the 
northern edge of the City and finer at the southern edge due to the reduction in stream velocity as 
slope is reduced; the Nu-Way site lies about midway along the alluvial fan. The stratigraphy of the 
San Gabriel River alluvial fan varies, with lens-shaped deposits merging both up and down the 
gradient and laterally, creating a series of discontinuous sand/gravel/cobble/boulder layers in some 
ways similar to an inert landfill sequence. 

The Wilson Geosciences Inc. (WGI), in cooperation with TERRA PHYSICS, proposed an original 
scope of work described as a phased program to (1) evaluate the seismic velocity characteristics of 
the materials underlying the ground surface over the reclaimed mine using seismic reflection 
geophysics (Task 1) and (2) assist Irvine Geotechnical in the interpretation of drilling and possible 
down-hole geophysics (performed by others) data to describe the stratigraphy and in-place density­
related properties of the backfill reclamation materials (Task 2) . 

WGI's proposed to conduct an evaluation including the following four scope items, (1) review the 
available mine-related topographic and mining data pertaining to the site, (2) plan and conduct a 
minimum of two, and possibly as many as six, seismic reflection survey lines (from the options 

1910 Pinecrest Drive• Altadena, California• 91001 • 626 791-1589 • Fax 626 791-2634 
wilsongeo@earthlink.net 
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presented below) to attempt to define the backfill stratigraphy and velocities, (3) evaluate 
information collected by others ( drilling data, core samples, and processed down-hole geophysical 
logs), and (4) prepare a report describing the study scope, data, analysis, and results. Seismic 
reflection survey profiles were conducted along two lines. Planned geophysical logs to be 
performed in conjunction with the drilling were not done and WGI added a borehole seismic survey 
to this study scope, with the survey being performed in the Irvine Geotechnical Becker Hammer 
boring B-4 (Task 3). Following the field surveys and during data interpretation, WGI was provided 
various data sets that were considered in preparing this report, which are described in subsequent 
sections. The report has two appendices: Appendix A contains Figures I through 5 referred to in the 
report; and Appendix B is the seismic reflection and borehole seismic velocity survey report 
prepared by TERRA PHYSICS (2007) . 

The project objectives associated with these three tasks were to delineate (1) boundaries between 
subsurface material changes within the backfilled gravel pit and (2) boundary with natural soils 
beneath the pit. It was anticipated that near horizontal seismic reflections would indicate these 
boundary changes and that steeper reflections may represent the gravel vertical wall boundary with 
the native soils. The ability to delineate such boundaries could assist in: (1) estimating the volume 
of the fill material of various types and (2) assessing possible constraints on future construction at 
the site. 

SEISMIC REFLECTION AND BOREHOLE SURVEYS 

Scope, Survey Design, and Procedures 
TERRA PHYSICS (2007) conducted the seismic reflection and borehole geophysical surveys; their 
report is in Appendix B. Their scope of work, survey design, and survey procedures are presented 
there along with their summary of results. That information is not repeated in this report, but is 
drawn upon to address the study objectives, specifically to describe the landfill/backfill layering and 
distribution, and the landfill bottom configuration along the two profile lines. 

TERRA PHYSICS collected seismic reflection data along the two profile lines in areas discussed in 
advance with Irvine Geotechnical (Figure 2). In the proposal and planning stage WGI discussed the 
advantages of seismic reflection over refraction due to the likely presence of lower velocity backfill 
materials (likely placed without engineering controls) underlying controlled compacted backfill 
placed in the past several years . This velocity inversion creates hidden layers not visible using the 
seismic refraction technique. The survey plan (line lengths, geophone spacing, offset energy point 
distances) took this probable lower velocity material into account along with the fact that this is a 
noisy site with the 1-605 Freeway traffic, local truck traffic, and constant plant operations (e.g., rock 
crushing and conveyor belts) nearby. Also, the target top-of-older alluvium depth (maximum 
backfill thickness) was estimated at about 200 feet so that the survey was designed to reach a 25 
percent greater depth. No other site-specific subsurface data were provided prior to conducting the 
surveys. 

During the survey and in subsequent initial data analysis it was clear that the site was underlain by at 
least one high velocity zone as determined from seismic refraction interpretation. This information 
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is normally applied to a reflection survey to establish a velocity profile to assist in converting the 
reflection arrival times to actual depth below the ground surface. TERRA PHYSICS judged that this 
velocity data was not appropriate to use for depth conversion and that it would be prudent to 
suspend analysis until a borehole seismic velocity survey by TERRA PHYSICS was completed. 

General Results and Findings 
The two seismic reflection profiles delineated boundaries that correlate well with reported 
conditions at the same approximate elevations in the backfill materials and with the top of native 
older alluvium at the base on the backfill (Irvine Geotechnical, 2007; Zeiser, 1991 ). Seismic 
reflection and velocity characteristics at the selected locations are related to in-situ densities of the 
subsurface inert material, and variations of same, filling the sand and gravel mine. Borehole 
velocity survey results in boring B-4 (Figure 1 and Table 1) defined the vertical compressional and 
shear wave velocity profiles at this location; these four velocity zones correlate with the seismic 
reflection profiles and with the Becker Hammer boring uncorrected blow counts for B-4 and B-1 
near the seismic reflection profiles, as well as allowing calculation of Poisson's Ratio for the landfill 
velocity zones and underlying older alluvium (discussed in Appendix B). 

T bl 1 B h 1 S . . W a e - ore o e e1sm1c ave V 1 .. M e oc1tles easure d. B . B 4 m ormg -
Velocity Zone- Compressional Wave Velocity [Feet/Second] Shear Wave Velocity IFeeUSecondl 

[Computed Value Probable Range Value Probable Range 
Poisson's Ratio] (with uncertainty) (rounded) (with uncertainty) (rounded) 

l---[0.387] 2050 ± 6% 1930-2175 880 ± 10% 790-970 
2- [0.441] 4250 + 8% 3910-4590 1380 + 8% 1270-1495 
3- [0.336] 5150 ± 10% 4635-5665 2560 ± 15% 2170s2945 
4--[0.318] 6200 ± 7% 5765-6635 3200 + 12% 2815-3585 

Ambient noise was a factor in the quality of seismic data gathered at the site. In particular, high 
amplitude noise from the I-605 freeway and processing plants prevented the identification of 
coherent seismic shear waves at both horizontal geophones in the borehole velocity survey. 
However, by using the information in this report for survey planning and execution, future seismic 
reflection and borehole velocity surveys can be used to define internal and bottom-of-backfill 
boundaries at the Nu-Way site. Survey design is an important factor affecting depth of penetration 
for seismic reflection and the reflector detail that can be discerned in the profiles. Future surveys 
would be designed with a smaller geophone separation and shorter offset energy input distances, 
because the subsurface velocities were higher than initially anticipated. A specific seismic 
reflection data processing procedure was developed in parallel with, but separate from, this study 
that should improve the results from future seismic reflection surveys. 

COMPARISON OF IRVINE GEOTECHNICAL BECKER HAMMER DRILLING 
RESULTS TO BOREHOLE VELOCITY SURVEY 

Irvine Geotechnical provided the Becker Hammer uncorrected blow counts for borings B-1 through 
B-6; results from borings B-4 and B-1 were analyzed since they are close to the seismic reflection 
Profile Nos. 1 and 2. A borehole seismic velocity survey was conducted in boring B-4. WGI used 
the uncorrected blow count vertical profiles to compare with the borehole seismic velocity profiles 
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and with the seismic reflection profiles near boring B-4. An Excel file containing the individual 
blow counts for B-4 and B-1 was analyzed to determine the approximate average blow count values 
for the various subsurface zones. 

TERRA PHYSICS collected borehole compressional and shear wave velocity profile data from 
Irvine Geotechnical boring B-4, which is compared to the Becker borings B-4 and B-1 uncorrected 
blow counts (Figures 3 and 4). The seismic velocity survey revealed four distinct compressional 
and shear wave velocity zones and showing progressively increasing velocity with depth in contrast 
to assumptions underlying the seismic reflection survey field data collection plan described above. 
Figures 3 and 4 show depth below ground surface (bgs) along the left vertical axis and adjusted 
compressional wave travel time in milliseconds along the top horizontal axis; approximate 
elevations are shown along the right vertical axis. The compressional seismic velocities are (from 
shallowest to deepest): Layer 1 2050 feet per second (fps); Layer 2 2250 fps; Layer 3 5150 fps: and 
Layer 4 6200 fps. The shear seismic velocities are (from shallowest to deepest): Layer l 880 feet 
per second (fps); Layer 2 1380 fps; Layer 3 2560 fps; and Layer 4 3200 fps. 

The boundaries between shear wave velocity zones are shown by the horizontal yellow dashed lin~s. 
This velocity data is overlain by the uncorrected Becker blow count plots from boring B .J. t t igmc 
3) and boring B-1 (Figure 4) with the blow counts shown in the bold type (zero through 200 blows 
per foot) along the top horizontal axis. Geologic interpretation of the blow counts suggests p11~si ble 
internal backfill zone "contacts" where the blow counts change character; these are show 1 by the 
horizontal brown (B-4) and blue (B-1 ) dashed lines. There is a reasonable correlation between the 
shear wave velocity zone boundaries and the blow count changes as shown where tht· near 
coincidence of the yellow and brown/blue dashed lines are near the various depd ,. 1\ t 

approximately 163-feet bgs in boring B-4 a lower blow count layer with more consistent .:ounts 
appears to indicate the native underlying older alluvial sands and gravels. We would expect the 
compressional wave velocity to decrease at this depth, but that is not observed in the data be~ause 
the velocity would not have dropped below the water saturation velocity, i.e. about 5000 fps. 

COMPARISON OF IRVINE GEOTECHNICAL CROSS-SECTIONS WITH SEISMIC 
REFLECTION PROFILES 
Figures SA and SB show the positive correlation between the seismic reflection Profile Nos. 1 and 2 
and their corresponding portions of the initial "preliminary" Irvine Geotechnical (2007) cross­
sections C and A (referred to as C-C' and A-A'). Since the vertical scales of the seismic reflection 
profiles are different above and below elevation 350-feet, it was necessary to perform some scale 
adjustments to match the cross-sections and the profiles. The cross-sections were set over the 
profiles as "transparencies" to reveal the contacts over the original geophysical interpretations. The 
cross-sections were adjusted to the proper horizontal scale by matching the Irvine Geotechnical and 
Zeiser borings in the two data sets. Then the cross-section elevations above and below 350-feet 
were adjusted proportionately (expanded above 350-feet and compressed below 350-feet) to roughly 
match the vertical scale of the profile over these intervals. To highlight the cross-section contacts 
they were traced using rather broad lines intended to show form and shape rather than imply more 
accuracy or precision than the data justify. The original geophysical annotations are shown in the 
same colors so that the similarities and differences can be seen. It is important to note that the 
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original geophysical interpretations were made considering the generalized stratigraphy at B-4 
provided by Irvine Geotechnical, the Becker uncorrected blow counts for B-4 and B-1, and the 
borehole seismic velocity data; this was done before the preliminary Irvine Geotechnical (2007) 
cross-sections were provided so that the two interpretations are independent. For clearer and more 
detailed views of the seismic reflection profiles, including annotations and estimated seismic 
reflection uncertainties, please see Appendix B. 

Generally the original geophysical interpretation matches the cross-section interpretation between 
B4 (south of about station 750) and B-1 on Profile No. 1 and west of B-4 on Profile No. 2. Areas 
that differ include the areas (1) south of B-1 and north of B-4 on Profile No. 1 and (2) east of B-4 on 
Profile No. 2. In the areas north of about station 750 on Profile No. 1 and east of station 750 on 
Profile No. 2 we interpreted either un-mined older alluvium near the surface or a poorly bedded 
coarse-grained rubble fill that was dumped over the eastern edge of the pit before or dming the 
period when the rubble fill was placed between the older silt fill and the clean fill cap. Based on 
aerial photograph interpretations by others received after the original geophysical interpretations, it 
appears that this area was excavated (we are uncertain of the depth) as early as 1960 and was filled 
with rubble-type material beginning in 1975-1976. The cross-sections clearly show this area was 
excavated, so that we believe this is a less well-layered rubble fill probably with some larger blocky 
material (e.g. , concrete construction debris). 

SUMMARY COMMENTS AND CONCLUSIONS 

1. Based on the comparison of borehole seismic velocity and uncorrected Becker Hammer blow 
counts, it appears that (a) there is a strong correlation at the locations tested and (b) there is a 
similar backfill "stratigraphy" in each boring at a separation distance of about 650-feet. 

2. Even though the seismic reflection planning was based on a conceptual model of (a) relatively 
low seismic velocity non-engineered reclamation backfill and (b) the likelihood of a velocity 
inversion (higher density over lower density), the reflection method interpretations matched well 
the preliminary geotechnical cross-section constructed from past landfill maps and borings. 

3. Seismic velocity is positively correlated with earth material unit weight/bulk density. The seismic 
velocity structure of the portion of the Nu-Way reclamation area surveyed indicates there is an 
increase in seismic velocity with depth and that the backfill properties ( compressional and shear 
wave velocities, blow counts, and TERRA PHYSICS computed Poisson' s Ratio) of the four 
velocity zones are similar to sand and gravel-rich alluvial fan materials and potentially superior to 
other examples of inert backfill. 1 

1 For a recent project in San Diego County, TERRA PHYSICS seismic refraction surveys within an active business park 
(high technology single and multi-story offices) underlain by up to 40-feet of backfill documented in several borings 
(engineered and placed in the 1970s) showed a compressional wave velocity in the range of2700 to 3400 fps (with some 
areas 1200 to 2000 fps) . Another project over a several decades old landfill in the San Fernando Valley area showed 
compressional wave velocities in the range of 1380 to 2300 fps for non-engineered construction and residential waste, 
with one lower layer at 3550 fps. While this is anecdotal supporting evidence, it may be possible that the velocities 
shown in Figures 3 and 4 are indicative of in-place backfill densities higher than would have been assumed for a landfill 
reclaimed without consistent engineering controls (e.g., continuous compaction testing and engineering inspections). 
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4. The study objectives were met with regard to delineation of boundaries between subsurface 
material changes within the backfill, and between the backfill and the natural soils beneath the 
pit. Steeper sloping surfaces, possibly indicating materials pushed over the edges of the pit, 
indicated a transition between areas of more and less coherent seismic reflectors. With 
sufficient coverage the seismic reflection data could assist in estimating the thickness and 
volume of the various backfill types. 
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GEOPHYSICAL SURVEY LIMITATIONS 

Geophysical exploration is not an exact science, only an additional tool used to locate subsurface 
material boundaries and measure their physical properties. TERRA PHYSICS is not a guarantor 
of the services provided, but agrees to perform services in a professional and non-negligent 
manner and according to information and data available to us. Users of this report should 
recognize the extreme difficulty in locating undocumented, subsurface material boundaries due to 
factors such as changing stratigraphy and hydrology and the proximity of near-surface sources of 
vibrational and electrical noise. 

Data and results presented in this report were compiled considering the cited existing geological 
data and the current surveys. Geophysical interpretation of subsurface conditions from the surface 
measurements are not unique. These results represent reasonable descriptions of the geological 
conditions and are presented for information only. The results should be verified by direct 
investigation methods. Complex subsurface geology may prevent reliable extrapolation of these 
results away from their original measurement locations. 

TERRA PHYSICS reserves the right to review this report's results when additional information 
concerning this investigation is available in the future. 

TERRA PHYSICS 28841 Base Line Road Highland, CA 92346 
TERRAPHYSICS@AOL.COM 

phone/fax (909)862-0626 
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1.0 INTRODUCTION 

( This report describes the seismic reflection survey designed to delineate subsurface boundaries 
between various inert fill materials and the native soil at the Nu-Way Landfill on Live Oak Lane, 
Irwindale (Figure 1 ). The survey is in support of the on-going Wilson Geosciences project to 
characterize subsurface conditions at the site. Report Section 1 describes the survey scope and 
design, and Section 2 explains the results. Sections 3 and 4 describe all survey procedures and 
list the cited references, respectively. 
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1.1 Scope Of Work 

i 

Figure 1 - Generalized Location Map 

The survey work scope is to evaluate the seismic velocity characteristics as related to in-situ 
densities of the subsurface inert backfill materials placed as part of the reclamation of the 
previous sand-gravel quarry. The specific objectives are to delineate boundaries in the backfill 
materials and the top of native soil. 

1.2 Survey Design 

This survey consisted of two distinctly different seismic tests; two surface seismic reflection lines 
and one borehole seismic velocity profile. Seismic methods were selected for this survey 
because seismic velocity changes occur between materials with different densities (Burger, 
1992). Seismic energy generated at source points along the surface creates waves that travel 
downward into the ground. Propagation velocities of these waves are directly related to material 
density. Some of the seismic energy is reflected or refracted back to the surface by boundaries 
between geological or backfill materials with different acoustic properties. During survey planning 
discussions with Irvine Geotechnical and Wilson Geosciences, it was anticipated that 
uncontrolled backfilling practices likely lead to less dense materials in the deeper subsurface. 
This would create a velocity inversion (denser over less dense backfill) and negate advantages of 
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surface seismic refraction method. The surface seismic reflection method was selected. Also, 
the target bottom-of-backfill depth was estimated at about 200 feet so that the survey was 
designed to reach a 25 percent greater depth. No other site-specific subsurface data were 
provided prior to conducting the surveys. 

1.2.1 Surface Seismic Reflection 

Wilson Geosciences located the seismic reflection survey profiles as two, approximately 
perpendicular, lines passing through proposed building footprints as provided by Irvine 
Geotechnical. During the surface seismic reflection survey, the reflected seismic waves are 
detected by an array of surface geophones (vibration sensors) and recorded. The entire array is 
then moved along each profile (Profiles 1 and 2) and the next set of measurements is made. 
Reflection analysis of the data provides detail lateral and vertical resolution of the topography of 
the velocity zones. It was anticipated that this site will produce only short segments of reflectors 
within the backfill that would vary in amplitude and frequency because of how the backfill was 
placed and compacted . 

Figure 2 shows (as black lines) the geophone arrays used to record the data. Shorter red lines 
represent locations of the final processed data sections. Offset between these lines are 
caused by the processed data traces being plotted midway between geophones and source 
locations. The red line should be used to relate interpreted boundaries to other site features . 
Figures 3 (Irvine Geotechnical , 2007) and 4 (Zeiser Geotechnical , Incorporated, 1991) show 
the processed section locations on the March 2007 and 1991 topography maps. 

Profile 1 was 1157 feet long, oriented N 
28.5 degrees E and may extend from 
the original quarry pit south perimeter 
northward past the bench area shown in 
Figure 4. Profile 2 was 1088 feet long, 
oriented S 74.0 degrees E, and may 
extend to the same eastern bench area. 

Lateral resolution was increased by 
placing geophones close together at 
17.0 feet intervals. Data quality was 
enhanced by three design factors. 
Source points were located at 17.0 feet 
intervals (same as geophone spacing) 
so the processed sections would be 12 
fold (a measure of signal to noise ratio) . 
A 500 pound weight drop generated 
waves with large enough amplitude to 
overcome constant background 
vibrational noise from the surrounding 
processing plants. Combining 12-15 

Looking North At The North End Of Profile 1 
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individual drops to form a single data record 
increased the true seismic signal amplitude 
while minimizing the randomly occurring 
background noise. The seismic source offsets 
to the nearest and farthest sensors were 102 
and 493 feet. This geometry was designed for 
about 250 feet of penetration (about 25% 
deeper than the initial quarry pit depth 
estimate). Table 1 describes the seismic 
measurement locations. · 

TABLE 1 

Looking West From Profile 2 Center 

SEISMIC SURVEY LOCATIONS 

3 

ID LATITUDE LONGITUDE MEASUREMENT ORIENTATION 
(degrees) (degrees) LENGTH/DEPTH (degrees) 

(feet) 
Profile 1-Processed Section South End 34.1084252 117.9769074 1157 N 28.5 E 

Processed Section North End 34.1112607 117.9751425 
Profile 2-Processed Section West End 34. 1114811 117.9781917 1088 S 74.0 E 

Processed Section East End 34.1106918 117.9747826 
Boring B1 34.1090787 117.9763212 180 ---
Borinq B4-Borehole Velocity Survey 34.1108855 117.9757761 190 ---

NOTES: Coordinates in NAD83 datum for use with most GPS instruments and have an estimated 
uncertainty of ±2 feet. 

1.2.2 Borehole Seismic Velocity Profile 

Vertical borehole seismic profiles of compressional and shear wave velocities were measured by 
generating seismic waves with hammer hits on the surface and recording their arrival times with 
geophones at many depths within a boring (Section 3.2). This test was conducted in Boring B4 
(Figure 2) located about 12 feet south-southwest of 707 feet along Profile 2. The wave source 
point was located 10.0 feet southwest of the boring. Data were recorded by the geophones every 
five feet from the surface to the maximum accessible depth of 187.5 feet. Depths were measured 
relative to the ground surface (elevation of 407 feet) as of October 25, 2007. The resulting 
compressional velocity profile was used for the many geometric corrections applied to the 
reflection data (Section 3.3). 
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2.0 RESULTS SUMMARY 

The TERRA PHYSICS seismic survey (Figure 1) at the Nu-Way Landfill on Live Oak Lane in 
Irwindale satisfied the objectives of evaluating the seismic velocity characteristics as related to in­
situ densities of the subsurface inert material filling the sand-gravel quarry. The borehole velocity 
survey in Boring B4 (Figure 2) defined the vertical compressional and shear wave profiles. Two 
reflection profiles delineated boundaries in the backfill materials and the top of native soil. 

After completion of the TERRA PHYSICS seismic surveys data collection, Irvine Geotechnical 
(2007) provided: 1) blow count data for Becker Borings B1 through B6 and 2) a generalized 
stratigraphy within the landfill indicated as surficial Clean Fill underlain by Rubble Fill that was 
placed on the 1991 quarry surface on top of an older Silt Fill. The uncorrected blow counts show 
widely fluctuating values that indicate the backfill materials are not homogeneous laterally and 
vertically presumably because of variations in compaction and the presence of various sized 
concrete fragments. The underlying native soils are also non-homogeneous, Borings 83 and 84 
show a blow count decrease (less dense) relative to the backfill materials, but the other four 
borings show no general trend . 

2.1 Borehole Velocity Survey 

The compressional and shear wave velocities are described in Figure 5 and Table 2. The 
results show four distinct velocity zones with boundaries that agree well with changes in the 
uncorrected blow counts, but do not correlate well with the generalized stratigraphy 
boundaries. Poisson's Ratio was calculated from the velocities. Other dynamic elastic moduli 
can be calculated once the bulk density of the backfill material is known. 

TABLE 2 
CORRELATION OF SEISMIC VELOCITIES WITH STRATIGRAPHY AND BLOW COUNTS 

DEPTH ELEVATION COMPRESSIONAL SHEAR POISSON LITHOLOGY' UNCORRECTED 
RANGE1 RANGE1 VELOCITY VELOCITY RATIO BLOW COUNTS2 

(feet) (feet) (feet/second) (feet/second) 
0- 45 407-362 2050 + 6% 880 + 10% 0.387 Clean/Rubble Fill 10 - 85 

45- 60 362-347 4250 + 8% 1380 + 8% 0.441 Rubble Fill 25 - 155 
60- 111 347-296 5150 ± 10% 2560 ± 15% 0.336 Rubble Fill 50 - >200 

111 - 187 296-220 6200± 7% 3200 ± 12% 0.318 Rubble Fill 15 - >200 
Older Silt Fill 
Native Soils 

Notes: 1. Depths measured relative to the ground surface at the boring (not the casing top). 
Interpreted depths between velocity zones have an estimated uncertainty of ±2 feet. 

2. Stratigraphy and blow counts from Irvine Geotechnical (2007). 

In general, the deeper three velocities are much faster than expected for a compacted fill 
which usually is less than 3500 feet/second. The relatively large velocity uncertainties and 
large amplitude blow count changes both indicate the backfill material is not homogeneous. 

In the backfill material, the change from Clean to Rubble fill did not produce recognizable 
velocity or blow count changes. The boundary between the upper two velocity zones 
coincides with a sudden increase in blow counts from less than 50 (depths of 36-45 feet) to 50-
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80 (below 45 feet) which indicates an increase in material density. The Rubble Fill 
encompasses three velocity zones and blow counts that vary irregularly from 30 to more than 
200. The change from Rubble Fill to older Silt Fill did not produce recognizable velocity or 
blow count changes. Saturation below 160 feet did not generate the characteristic 
compressional velocity of 4800-5400 feet/second (speed of sound in water) because the dense 
material velocity at that depth was already much higher. Shear waves are not affected by 
saturation changes. In the native soil, the expected decrease in blow counts occurred about 
10 feet deeper than where the native soil was indicated by Zeiser (1991) at 153 feet. A similar 
blow count decrease was seen at Boring B 1 but not at the other four borings. Neither velocity 
decreases in the native soils so there is no evidence of a less dense material. 

2.2 Seismic Reflection Survey 

This survey consisted of two approximately perpendicular reflection lines, each more than 1000 
feet long and a maximum penetration of about 350 feet. (Penetration was deeper than designed 
because the backfill material was much faster than anticipated.) Profiles 1 and 2 processed data 
sections (location and depth uncertainties are ±5% and ±20%, respectively) with interpreted 
subsurface boundaries and lateral features are shown in Figures 6 and 7. Interpretation of the 
sections was an iterative process undertaken with Wilson Geosciences. It is important to note 
that the right side vertical axes on Figures 6 and 7 have two different scale values because two 
velocity zones were used to convert travel time to depth. In the upper 50 feet (elevations 350-400 
feet), the borehole velocity used was 2050 feet/second (dry, Clean/Rubble Fill) which yields a 
vertical scale of 1 inch to about 42 feet. Below elevation 350 feet, an average (5000 feet/second) 
of the three deeper borehole velocities were used which yields a vertical scale of I inch to about 
92 feet. 

Boring 84 borehole velocity survey shows velocity changes correlate to blow count changes not 
the stratigraphy changes provided. Reflection segments highlighted in Figures 6 and 7 are 
discontinuous as expected for the backfill material. The PURPLE reflectors were assigned as the 
top of Older Silt Fill (1991 quarry surface) and the ORANGE reflectors native soil by correlating 
Borings B1 and B4 blow counts with the highlighted reflectors. GREEN shallower reflectors show 
possible backfill layering. Deeper reflectors within the native geology below the landfill are not 
considered in this report. 

Profile 1 (oriented north 28.5 degrees east) may not have encountered the original quarry's 
southern perimeter as shown in Figure 4 because there is no steeply dipping quarry bottom 
reflector trending northward. Irvine Geotechnical Geologic Cross Section C shows the southern 
quarry perimeter was trimmed to a 1 :1 slope in 1991 which is about 50 feet further south than the 
original edge shown in Figure 4. No coherent reflectors were identified between distances of 
about 710 to 1070 feet. This feature is interpreted as the unmined bench area extending out into 
the quarry from the eastern perimeter (Figure 4). 

Profile 2 (oriented south 74 degrees east) did not detect the quarry's western perimeter in 
agreement with Irvine Geotechnical Cross Section A because there are no steeply dipping 
reflectors trending eastward. The same unmined bench area crossed by Profile 1 is interpreted 
to cause the lack of coherent reflectors between about stations 770 and 900 feet. 
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3.0 DESCRIPTION OF SEISMIC SURVEY EQUIPMENT AND PROCEDURES 

ta collection, processing, and interpretation described in this section were in accordance with TERRA 
,-rfYSICS (2000) Geophysical Survey Procedures which follows California Department of Health 
Services (2000) guidelines. Borehole velocity test also followed ASTM 04428 (2000) for crosshole 
measurements. There are no ASTM standards for surface seismic reflection surveying. 

3.1 Equipment 

Equipment consists of a seismic wave source, borehole, and surface geophones for sensing the seismic 
waves, and a recording system. Seismic waves can be generated with a variety of sources (hammer, 
projectile impact, weight drop, and vibrator). The borehole velocity survey used a 20 pound hammer 
hitting a 1 foot diameter metal plate lying on the surface. For the reflection survey, creating seismic 
waves with amplitudes much larger than the background vibrational noise was of paramount importance. 
Therefore, a 500 pound weight dropped 3.4 feet onto a 2.5 x 2.5 metal plate lying on the ground. 
Frequency spectra of data recorded by geophones about 20 feet for these sources show frequencies as 
high as 100 Hz were generated which was more than adequate for defining thin layers. To enhance the 
data signal-to-noise ratio, 3 individual hammer hits for the borehole and 12-15 individual weight drop hits 
for the reflection were stacked together to form each data record. Both sources were fitted with a timing 
circuit that sends an electrical signal to the recorder at the instant of wave generation (uncertainty 
±0.00001 seconds). 

i=or the borehole velocity measurements, a Mark Products model L 10-3WD geophone package with 
ree mutually perpendicular geophones (10 Hz critically damped resonant frequency) was lowered 

into the boring casing. The package has a side spring that triggered when it hit the bottom cap thus 
pressing the geophones tightly against the casing to maximize coupling and improve data quality. 

For the reflection measurements, seismic waves were sensed by vertically oriented, Mark Products 
model L-40 geophones (critically damped 40 Hz resonant frequency). The geophones were fitted with 
small metal spikes that were forcibly pushed into the ground to improve coupling and thus data quality. 
Geophones were connected with Mark Products cables. 

The geophones' electrical signals were input to a Geometrics model R-48 (S/N 75168) seismograph 
running software version V3.2 (Geometrics, 2000). This system has one of the largest dynamic ranges 
of any engineering seismograph. The system is capable of filtering, processing, displaying, and 
recording 48 channels of data simultaneously. Data were recorded on the internal hard disk and then 
transferred to PC for later processing. Hard copy records were made during data collection to evaluate 
data quality and adjust measurement parameters when necessary. 

The system has been maintained and was operated according manufacturer's recommendations. At the 
beginning of each data collection day, a functional calibration test was performed to check the system's 
timing line accuracy. An external 100 kHz pulse generator was connected to the geophone input 
terminal of the seismograph. A record was made of the 0.001 second period pulse. Pulse width 
compared within ±1 % to the timing line spacing. 
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Reflection profiles were constructed by stretching a measuring tape between the staked ends. 

~ophone locations have an estimated uncertainty of ±0.05 feet along the tape. Relative geophone 
. ..,,evations were measured with a Pentax Total Station (Pentax, Incorporated, 1995) model PTS-111 10 

(S/N 210645) and have an estimated uncertainty about ±0.2 feet. Geodetic coordinates of end points 
were measured with a Trimble (Trimble, 2001) model Ag-114 (S/N 0224018798) with a Jupiter Systems 
ALLEGRO field computer (S/N 1019) running 'Landmark' version 4.2 software and have an estimated 
uncertainty of± 2 feet. Absolute elevations of profile ends were measured with the Trimble and have an 
estimated uncertainty of ± 3 feet. 

3.2 Borehole Velocity Survey Procedures 

The following procedures were performed at five feet intervals from near the casing bottom (187.5 
feet). Measurement depths of the geophones were relative to the ground surface at the boring (not 
the casing top) . 

o Compressional waves were recorded with vertical hammer hits on a metal plate located 
10.0±0.1 feet from the casing center. (The offset distance provided a straight path for 
wave travel through relatively undisturbed soil.) The largest amplitude compressional waves 
were recorded by the vertically oriented geophone below depths of ten feet because it is parallel 
with the hammer hit direction. Shallower than ten feet, waves arrived on the vertically and 
horizontally oriented geophones at about the same time. 

o Horizontal shear waves were initially generated with horizontal hits on the ends of a beam lying 
on the ground at the same distance of 10 feet from the boring. Hammer hits on the opposite 
ends of the beam produce shear waves with opposite polarity. High amplitude noise from the 
605 freeway and processing plants prevented the identification of any coherent seismic waves 
on both horizontal geophones. So vertically oriented shear wave arrivals were identified from 
the vertical hammer hits as much larger amplitude and longer time period waves that follow the 
compressional wave. 

Data quality was continuously monitored during data collection to minimize the detrimental effects of 
the background vibrational noise (vehicle traffic). Wave arrivals were judged to be good to excellent. 

Both wave arrivals were identified on the data records and their travel time from the seismic source 
measured with an estimated uncertainty of ±0.0001 seconds. The slant travel paths from source to 
the geophones were calculated within ±0.1 feet. The raw travel times along the slant path were 
converted to the equivalent times for a vertical travel path so a vertically incident profile can be 
presented . The data were plotted during acquisition to ensure reliable identification of the shear 
waves. The data are shown as small symbols (red for compressional and black for shear wave 
arrivals) in the left graph of Figure 5. 

Regression lines fitted along these data points were interpreted to represent subsurface velocity 
zones. The inverse slopes of these lines (seismic velocities) were rounded to the nearest ten 
feeUsecond . The velocity uncertainty range was estimated by the regression line variance caused by 

:tta scatter. Both velocities are shown in the left graph of Figures 5. Stratigraphy descriptions and 
uncorrected blow counts (provided by Mr. Jon Irvine) are shown in the right graphs. 
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( 3.3 Surface Seismic Reflection Survey Procedures 

( 

, ,1e following recording parameters empirically determined at many sites with similar geologic settings 
were used. 

o Record length of 0.512 seconds with 0.0001 second sampling interval provided at least 250 feet of 
penetration and adequate timing resolution of high-frequency (as high as 100 Hz) signals. 

o A 60 Hz notch filter minimized interference from electrical power lines. 

o Geophone array of 24 single geophones (40 Hz) spaced 17 feet apart provided high spatial resolution 
of the subsurface reflections. 

o Near and far offsets of 102 and 493 feet from the weight drop provided an estimated penetration of 250 
without causing a wide-angle reflection problem. 

o Seismic energy generated at shot points located at every geophone should yield twelve-fold data and 
improve the signal to noise ratio. 

Data recording times were carefully selected to avoid introducing the constant airplane and vehicle traffic 
vibration noise into the data. There were four rock processing plants near the survey area; nothing could 
be done to minimize the processing plant noise. We found they were operating everyday between 5:00 
and 18:30. 

Standard seismic refraction data were recorded along each geophone spread on both profiles in hopes 
! empirically measuring subsurface velocities. Refraction analysis with the "SIPT" software version 2.3 

,. <imrock Geophysics, 1997) showed that no more than 3-4 adjacent data points formed roughly straight 
line segments that are needed to calculate velocities. This problem was probably caused by the 
irregular material composition and compaction of the backfill. Subsurface velocity zones were measured 
successfully in Boring 84 (Section 3.2) and used in the following reflection processing steps. Reflection 
processing used the 'WINSEIS" software (2004). 

o Import Records- Reads raw data files in the seismograph format (SEG-2) and converts them to the 
'WINSEIS" internal storage format. 

o Trace Edit­

a Filter-

o Gain-

Eliminates noisy traces from each shot record. 

Digital bandpass filter with frequency corners at 50, 70, 150, and 200 Hz reduces 
the amplitude of the ground roll (less than 50 Hz) and wind (greater than 200 Hz) noise. 

Applies a time-varying gain function with a 0.2 second window to each trace to remove 
variations in source and geophone coupling. 

o First Arrival Mute- Reduces refraction and wide-angle reflection energy that would otherwise interfere 
with the subsurface reflections after CMP stack. 

o CMP Sort- Sorts individual data traces from each raw record into Common Midpoint Panels (CMP) 
where each trace has the same subsurface reflection point. 

o Datum Statics- Adjusts each trace in time to a flat datum of 400 feet using the source and geophone 
elevations and an average velocity (2,050 feet/second) for the near-surface material. 

0 Normal Moveout- Adjusts each individual trace in time so the shot point and geophone are 

TERRA PHYSICS 

coincident, thus mathematically representing the wave with vertical incidence. 
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o Filter-

o Surface Statics-

First arrivals with excessive stretch were muted to avoid stacking the refracted 
energy in w ith the reflections. 

Digital bandpass filter with frequency corners at 30, 50, 90, and 120 Hz reduces normal 
move out stretch and further reduces the amplitude of the ground roll and wind noise. 

Adjusts time zero by the same amount of time for each trace within common-
shot and common-receiver gathers (groups) to remove variations in timing 
caused by variations in source and receiver ground coupling. 

o Residual Statics- Adjust time zero by a limited amount independently for each trace to remove variations 
in timing which are not surface-consistent. 

o CMP Stack-

o Gain-

Calculates a composite trace from all adjusted traces within each CMP. 

Applies a time-varying gain function with a 0.1 second window to remove effects of 
inconsistent stack power. 

9 

The final CMP stacked traces were plotted versus their positions along the profile with a high-resolution 
printer to enhance high-frequency signals (Figures 6 and 7). These sections show distance along the 
profile (±5% uncertainty) on the horizontal axis at a scale of 1 inch = 80 feet. The sections' left vertical 
axis shows two-way, seismic wave travel time (±5% uncertainty) . The elevation scale was calculated by 
multiplying the time scale by a two layer velocity model. The right side elevation axis scale is 1 inch is 
about 42 feet above elevation 350 feet where the average borehole velocity was 2050 feet/second . 
Below elevation of 350 feet, the scale is 1 inch is about 92 feet where the average borehole velocity was 
!)000 feet/second. The elevation axis uncertainty is estimated to be ±20% because a two layer average 

3locity model was used and the initial refraction analysis showed large lateral velocity changes. 
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DATA RECORDED ON OCTOBER 25, 2007 WHEN THE Gi<OUND SURFACE ELEVATION = 407 feet 
MEASUREMENT DEPTHS W ERE RELATIVE TO THE Gi<OUND SURFACE, SEISMIC WAVES 
WERE GENERATED 10 .0 feet FROM BORING, ORIGINAL TRAVEL TI MES WERE ALONG SLANT 
DISTANCE PATHS FROM SEISMIC SOURCE TO BOREHOLE REC EIVER DEPTHS. THESE 
TIMES WERE ADJUSTED TO V ERTICAL INCIDENT BY MULTIPLYING THE ORGINAL TIMES BY 
THE RATIO OF MEASUREMENT DEPTH DIVIDED BY SLANT DISTANCE, 
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EXPLA NATION 
RECORDING PARAMETERS: 
SEISMIC WAVES W ITH FREQUENCIES AS HIGH AS 100 Hz WERE GENERATED BY STRIKING A 500 pound WEIGHT ON A 2.5 X 2.5 feel METAL PLATE LYING ON TH E GROUND. 
DATA QUALITY WAS IMPROVED BY STACKING 12-15 INDIVIDUAL WEIGHT DROPS FOR EACH DATA RECORD. SEISMIC WAVES W ERE SENSED BY 24 GEOPHONES (SINGLE. 40 Hz. 
CRITICALLY DAMPED) SPAC ED 17 feet APART. DISTANCE BETWEEN WEIGHT DROP AND NEAREST GEO PHONE WAS 102 feel. DATA RECORDED WITH A 60 Hz NOTCH FILTER. 

PROCESSING PARAM ETERS: 
PROCESSING DETAILS ARE DESCRIBED IN REPORT S ECTION 3.3. SURFACE DATUM IS 400 feel. BORING B4 VELOCITY SURVEY (FIGURE 5) DETECTED A 
RELATIVELY LOW VELOCITY (2050 feel/second) FOR THE SURFICIAL DRY. CLEAN FILL. THE THREE UNDERLYING ZONES HAVE MUCH HIGHER VELOCITIES 
(AVERAGE IS 5000 feel/second) IN THE RUBBLE FILL. THE LARGE VELOCITY CONTRAST FORCED THE PROCESSING TO USE A TWO VELOCITY MODEL. 
THIS SAME MODEL WAS USED TO CONVERT THE LEFT VERTICAL TRAVEL TIME AXIS TO ELEVATION. 
HORIZONTAL SCALE: 1 inch TO 80 feel. 
RIGHT V ERTICAL ELEVATION SCALE ABOVE ELEVATION OF 350 fee t: I inch TO ABOUT 42 feel 

BELOW ELEVATION OF 350 feet: I inch TO ABOUT 92 feet 

INTERPRETED RES UL TS: 
REFLECTIONS CAUSED BY SEISMIC VELOCITY/MATERIAL DENSITY CHANGES. 

GREEN BOUNDARIES MAY REPRESENT MATERIAUCOMPACTJON CHANGES IN THE RUBBLE FILL. 

PURPLE BOUNDARY MAY REPRESENT THE QUARRY 1991 GROUND SURFACE AND TOP OF OLD SILT FILL. 

ORANGE BOUNDARY MAY REPRESENT TOP OF THE NATIVE SOIL. 
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EXPLANATION 
RECORDING PARAMETERS: 
SEISMIC WAVES WITH FREQUENCIES AS HIGH AS 100 Hz WERE GENERATED BY STRIKING A 500 pound WEI GHT ON A 2.5 X 2.5 feet METAL PLATE LYING ON THE GROUND. 
DATA QUALITY WAS IMPROVED BY STACKING 12-15 INDIVIDUAL WEIGHT DROPS FOR EACH DATA RECORD. SEISMIC WAVES WERE SENSED BY 24 GEOPHONES (S INGLE, 40 Hz, 
CRITICALLY DAMPED) SPACED 17 feet APART. DISTANCE BETWEEN WEIGHT DROP AND NEAREST GEOPHONE WAS 102 feet. DATA RECORDED WITH A 60 Hz NOTCH FILTER. 

PROCESSING PARAMETERS: 
PROCESSING DETAILS ARE DESCRIBED IN REPORT SECTION 3.3. SURFACE DATUM IS 400 feet. BORING B4 VELOCITY SURVEY (F IGURE 5) DETECTED A 
RELATIVELY LOW VELOCITY (2050 feel/second) FOR THE SURFICIAL DRY, CLEAN FILL. THE THREE UNDERLYING ZONES HAVE MUCH HIGHER VELOCITIES 
(AVERAGE IS 5000 feel/second) IN THE RUBB LE FILL. THE LARGE VE LOCITY CONTRAST FORCED THE PROCESSING TO USE A TWO VELOCITY MODEL. 
TH IS SAME MODEL WAS USED TO CONVERT THE LEFT VERTICAL TRAVEL TI ME AXIS TO ELEVATION. 
HORIZONTAL SCALE: 1 inch TO 80 feet. 
RIGHT VERTICAL ELEVATION SCALE ABOVE ELEVATION OF 350 feet: I inch TO ABOUT 42 feet 

BELOW ELEVATION OF 350 feel: I inch TO ABOUT 92 feet 

INTERPRETED RES UL TS : 
REFLECTIONS CAUSED BY SEISMIC VELOCITY/MATERIAL DENSITY CHANGES . 

GREEN BOUNDARIES MAY REPRESENT MATERIAUCOMPACTION CHANGES IN THE RUBBLE FILL. 

PURPLE BOUNDARY MAY REPRESENT THE QUARRY 1991 GROUND SURFACE AND TOP OF OLD SILT FILL. 

ORANGE BOUNDARY MAY REPRESENT TOP OF THE NATIVE SOIL. 
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REFLECTION PROFILE 2 
SUBSURFACE MATERIAL BOUNDARIES INTERPRETED 

FROM THE PROCESSED DATA SECTION 

NU-WAY LANDFILL - IRWINDALE 

TERRA PHYSICS 
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