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SECTION 1 

INTRODUCTION 

This report summarizes the results of a geotechnical investigation performed at the proposed site of the 
On-Site Disposal Facility at the Fernald Environmental Management Project (FEMP), Fernald, Ohio. 
Figure 111 shows the proposed disposal facility footprint. The geotechnical investigation was performed 
to provide subsurface soil properties and parameters to support development of design criteria, and 
parameters for the design of an aboveground waste containment structure with a soil/geosynthetic liner 
and cap. The report summarizes the data from geotechnical field and laboratory tests, and provides 
recommendations based on the analysis of these data. 

1.1 Scope and Objectives 

PARSONS was tasked by the Fernald Environmental Restoration Management Corporation (FERMCO) 
under Project Order 140 (PO-140) (PARSONS 1995a) to provide geotechnical engineering services for 
a geotechnical design investigation at the proposed disposal facility site. Specifically, PARSONS' scope 
was to: # 

1) Provide geotechnical sampling oversight during field activities 

2) Provide geotechnical laboratory testing services 

3) Perform preliminary geotechnical enginering evaluations and analyses based on field and 
laboratory data 

4) Prepare a report that summarizes the field and laboratory data, and provide specific geotechnical 
recommendations 

The overall objective of the evaluations and analyses is to provide preliminary geotechnical 
recommendations for the following general aspects of the proposed disposal facility design: 

1) Earthwork and site preparation 
2) Facility foundation 
3) 
4) Roadways 

Facility structure (berms, liner, cap) 
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Section 5 summarizes the geotechnical evaluations and analyses performed; Section 6 contains specific 
geotechnical and civil engineering design recommendations for the proposed disposal facility. 

1.2 Background 

The field and geotechnical laboratory activities of the geotechnical design investigation at the proposed 
disposal facility site were conducted from March through August, 1995. The design investigation was 
the third phase of a phased investigation conducted by FERMCO at the proposed site. This third phase 
included geotechnical test borings and shallow boring/excavations, Cone Penetrometer Testing (CPT), 
and geotechnical laboratory testing to provide data for the analyses, evaluations, and recommendations 
contained in this report. The activities of the third phase investigation, including geotechnical testing 
and sampling activities, are described in Geotechnical Sampling and Testing Plan for the Phase III Site- 
Wide Disposal Facility Field Investigation (FERMCO 1995a). 

Prior to the Phase III investigation, the first and second phases of the investigation were conducted by 
FERMCO in late 1994 and early 1995 to define a location for the disposal facility on the east side of the 
FEMP. This area, based on the Remedial Investigations/Feasibility Studies for Operable Units (OUs) 
2 and 5, is located on the east side of the FEMP and measures approximately 2,000 feet from east to west 
and 5,300 feet from north'to south. The first phase included preliminary CPT and water level 
measurements. The second phase included preliminary geotechnical sampling and testing. The activities 
of the first and second phases, including the geotechnical sampling and testing activities, are described 
in the Project Specijic Plan for Phases I and II of the Operable Unit 2 Pre-design Field Investigation, 
Revision 0 (FERMCO 1994). Geotechnical laboratory testing results from soil samples collected during 
Phase I1 are summarized in Disposal Facility Pre-Design Geotechnical Investigation, Soil Investigation 
Data Report Summary Document (PARSONS 1995b). Geotechnical data from this summary document 
were also used to support the analyses, evaluations, and recommendations contained in this report. 

It should be noted that FERMCO conducted other data collection activities during the recent three-phase 
investigation. These activities included monitoring-well installation, lysimeter installation, slug testing, 
water level measurements, and environmental laboratory testing. The resuits of these activities are 
reported in other documents by FERMCO. PARSONS was provided geologic cross sections prepared 
from a three-dimensional (3-D) geologic model, and water level data from FERMCO to support 
preparation of this report. 

- 

1 

From 1991 though 1993, PARSONS and the H. C. Nutting Company conducted geotechnical 
investigations in or peripheral to the proposed disposal facility footprint. These reports are: 

1) 
2) 
3) 

Technical Report 5. IA, Engineering Evaluation Report for &-Site Disposal (Draft) (DOE 1993a) 
Central Storage Facility Subsurface Explorm'on (PARSONS 1993) 
&-Site Disposal Cell Pre-Design Activities Engineering Report (PARSONS 1994a) 
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4) &-Site Disposal Cell Pre-Design Activities Engineering Supplemental Report (PARSONS 1994b) 

Reports of these investigations were reviewed, and applicable data from these investigations were used 
to support this report. 

- . . . . . . . -~ 
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SECTION 2 

a 

PROPOSED DISPOSAL FACILITY 

This section provides a conceptual description of the proposed disposal facility and a description of 
conditions at the proposed site. 

2.1 Conceptual Description of Facility 

The preferred remedial alternative for OU-2 includes on-site disposal of remediation material. The design 
of a disposal facility is required as part of OU-2 remedial action plans. Also, the design will include 
accepting waste materials generated from other on-site remediation. The proposed disposal facility 
involves an essentially aboveground waste containment structure with a soiVgeosynthetic composite I iner 
and cap. 

Figure 2-1 conceptually shows a typical cross section of the proposed disposal facility. Figure 2-2 shows 
the tentative details of the composite cap and liner. This conceptual facility formed the basis for the 
analyses and evaluations presented in this report. Appendix A provides additional tentative details of the 
disposal facility. 

2.2 Site Description 

The site of the proposed disposal facility is the grassy pasture land located east of the former production 
area. Figure 2-3 shows the locations of 
geotechnical test borings, shallow borings/excavations, and CPT soundings in the vicinity of the footprint 
and a proposed haul road located west of the former production area. Figure 2-4 shows the locations of 
geotechnical test boring from a prior investigation immediately south of the proposed footprint 
(PARSONS 1994a). Field testing and/or geotechnical laboratory testing of soil samples collected at these 
locations provided the geotechnical data used to support the analyses and evaluations described in Section 
5. Table 2-1 provides a cross-reference for the geotechnical borings, shallow borings, and CPTs. The 
table shows the investigation during which the CPT, geotechnical test boring, or shallow - 
boring/excavation was completed. Also shown are the reference documents for investigations other than 
the FERMCO Phase I and I11 investigations, geotechnical data from which is described and presented in 
Sections 3 and 4. Appendix B provides a list of coordinates and elevations for the borings and CPTs. 

Figure 1-1 shows the topography of the proposed site. 
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Figure 2-2 - Composite Cap and Liner Details 
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2.2.1 Subsurface Conditions .i ? . 

Figure 2-5 shows a typical generalized geological cross section. Figure 2-3 shows in plan view the 
location of the cross section relative to the proposed disposal facility footprint. The cross section is based 
on a 3-D geologic model developed and interpreted by FERMCO. Unified Soil Classification System 
(USCS) group names and symbols have been added as notes by PARSONS to the cross sections based 
on geotechnical laboratory test data from borings near the section line. 

Underlying materials investigated and sampled broadly consist of varying mixtures of fine-grained and 
coarse-grained soils typical of glacial till deposits. Fine-grained soils within the brown and gray till units 
are predominantly lean clay, with sand contents ranging between values that result in the materials being 
classified as sandy lean clay or lean clay with sand. The consistency of the lean clay generally increases 
with depth (through both the brown and gray till layers) from stiff to very stiff and hard; however, the 
plasticity tends to decrease with depth. It should be noted that layers of coarse-grained materials were 
encountered in borings in the brown till as well as the gray till, and locally displayed perched water 
conditions. These coarse-grained materials range from poorly graded to well-graded sand with scattered 
gravel, and are typically dense. Also present in the till deposits are units of silty sand and clayey sand 
that are typically medium dense. -Directly below the till are sands and gravels of the Great Miami 
Aquifer. Borings G2-124, G2-126, G2-127, and G2-130 encountered the sands and gravels of the Great 
Miami Aquifer at depths of approximately 30 to 40 feet. Shale bedrock lies at about elevation 370-375 
beneath much of the proposed facility site (DOE 1993b)). 

Within the sand and gravel of the Great Miami Aquifer is a layer of clay, referred to as blue clay. The 
blue clay lies at an elevation of approximately 448 feet in the area of the facility footprint. Information 
regarding the blue clay layer comes from prior investigations summarized in the Remedial Investigation 
Report for OU-1. Although borings from the most recent FERMCO phased geotechnical investigation 
were not advanced to depths that would encounter this layer, maps from previous investigations indicate 
that near the western edge of the proposed facility site, about midway between the north and south 
boundaries, the layer is present and varies in thickness from 0 to about 15 feet. 

For purposes of description, in this report the glacial till at the proposed site is discussed in two broad 
categories: (1) brown till and (2) gray till. As shown in the cross sections, the brown till overlies the 
gray till. The sands and gravels underlying the gray till are referred to as the Great Miami Aquifer 
formation. 

- 

Figure 2-6 shows typical groundwater elevations in the sand and gravel of the Great Miami Aquifer 
formation. Regional groundwater maps and hydrographs constructed from comprehensive water elevation 
surveys conducted between August 1982 and May 1988 demonstrate that I' . . . the entire Great Miami 
Aquifer responds to seasonal water level changes . . .I' (DOE 1994a). In the specific area of the 
proposed on-site disposal cell, the water levels show a seasonal fluctuation ranging from about 2 to 3 feet. 
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Figure 2-7 shows typical elevations of groundwater perched in silty and clayey sands within the till. 
These groundwater elevations were developed and provided to PARSONS by FERMCO. It should be 
noted that the perched groundwater contours shown in Figure 2-7 come from water level readings taken 
in the silty and clayey sands within the clayey brown and gray till strata. These silty and clayey sand 
deposits can often not be correlated in adjacent borings, are thought to be the remnants of braided stream 
channels deposited during glacial events; thus the groundwater contours represent a perched water 
condition that displays seasonal variations in elevation, as well as a wide range (an order of magnitude) 
of calculated vertical gradients indicative of a unit that is not well c o ~ e c t e d  hydraulically (DOE 1995). 

2.2.2 Seismic Conditions 

The FEMP site is located on the eastern edge of the central stable physiographic province. The central 
stable region represents the interior of the American tectonic plate, an area which has been relatively 
undisturbed since Precambrian time. Two distinct geologic features exist in the central stable region near 
the FEMP site: 

1) The Cincinnati Arch, which extends northward from Tennessee to the western border of Ohio 
and Kentucky. 

2) The Findlay Arch, which extends northeastward in the northwest comer of Ohio and intersects 
the Bowling Green Fault zone. Faulting in the area of the FEMP site is limited. The Bowling 
Green Fault lies approximately 120 miles to the north of the FEMP site, and an unnamed fault 
zone extends from Kentucky to about midway between Cincinnati and Porstmouth, Ohio. Outside 
Ohio, the active New Madrid fault zone lies approximately 300 miles from the FEMP site. 

The largest known earthquake to have occurred in Ohio was in the Anna, Ohio, area on March 9, 1937, 
and has been listed as Modified Mercalli Intensity (MMI) of VI1 to VIII. The corresponding MMI at the 

0 FEMP site would have been IV to V. There have been four earthquakes in the Anna, Ohio, area having 
MMIs of VII, and these would probably have resulted in intensities of IV to V at Fernald. However, 
it appears that based on historical activity, the New Madrid seismic zone can be a greater seismic threat 
to the FEMP site than the Anna, Ohio, seismic zone. The MMI at the FEMP site for the 181 1 to 1812 
New Madrid series earthquake is VI1 based upon an isoseismal map of the December 16, 181 1, 
earthquake (DOE 1993). 

- -  

The United States Department of Energy (DOE) has established natural phenomena design and evaluation 
criteria for its facilities. These criteria are found in DOE-STD-1020-94, "Natural Phenomena Design and 
Evaluation Criteria for Department of Energy Facilities" (DOE 1994b). Requirements for the design and 
evaluation of structures comprising DOE facilities, including the FEMP, for earthquake ground shaking 
is part of DOE-STD-1020-94. 

\ 
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For the seismic analyses and evaluations of this report, the proposed disposal 
categorized as a Performance Category 2 (PC2) (moderate hazard) facility. 

. .  
facility is assumed to be 
Classification as a PC2 

facility corresponds to an earthquake hazard annual probability of an exceedance of 1 x 10”. The 
corresponding peak horizontal ground acceleration (PGA) for the FEMP site is 0.13 acceleration due to 
gravity (g) per Table C-Sa of DOE-STD-1020-94. The corresponding Richter magnitude was taken as 
6 (USGS 1980, Cain 1983). 

4 
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SECTION 3 

SUMMARY OF PHASE 111 GEOTECHNICAL INVESTIGATION 

This section describes the geotechnical field and laboratory test program implemented per the 
Geotechnical Sampling and Testing Plan for the Phase III Site-Wide Disposal Facility Field Investigation 
(FERMCO 1995a). Sixty-three CPT soundings were performed at 48 different locations at the proposed 
site in March 1995. Geotechnical test borings were advanced at 15 locations, and 17 shallow'borings (or 
excavations) were performed at the proposed disposal facility site during April through June, 1995. 
Additionally, during this period, three shallow excavations were performed along a proposed haul road 
west of the former production area, and aggregate and riprap samples were collected at stockpiles near 
the site's fly ash waste units. Geotechnical laboratory testing was performed by Advanced Terra Testing, 
Inc. ( A m ,  Lakewood, Colorado, and by Aguirre Engineers, Englewood, Colorado, during April 
through August, 1995. Additionally, during this period, chloride and sulfate tests were performed on 
soil samples at ACCU-Labs Research Inc., Golden, Colorado. The laboratory data sheets from this 
testing are compiled in a seven-volume data report entitled Geotechnical Investigation On-Site Disposal 
Facility, Soil Investigation Data Repon (SAIC 1995). Geotechnical field and laboratory activities were 
conducted following the guidelines of the Sitew.de CERCLA Quality Assurance Project Plan (DOE 
1994~). 

- 

3.1 Cone Penetrometer Testing 

Piezo-electric cone penetrometer testing was conducted in March 1995 as part of the Phase I11 
geotechnical investigation. Sixty-three CPT soundings were performed at 48 different locations at the 
proposed site using a penetrometer truck with an overall push capacity of 45,000 pounds. The 
penetrometer truck was owned by the DOE and operated by Applied Research Associates, Inc., under 
contract with the DOE. Figure 2-3 shows the CPT locations, designated as G2-CPT-500 through G2- 
CPT 547. The Phase 111 soundings were advanced from 19 to 96 feet in depth. In general, the CPT 
soundings confirmed the overall understanding of shallow subsurface conditions at the proposed disposal 
facility site. 

Testing was performed in accordance with American Society for Testing and Materials (ASTM) D 3441. 
A penetrometer probe of standard dimensions was used and advanced at a constant rate. Inside the probe, 
two load cells independently measure the vertical resistance against the conical tip and the side friction 
along the sleeve. Forces are sensed by the load cells and the data are transmitted from the probe 
assembly via a cable within the push tubes. Penetration pore pressures are measured with a pore pressure 
transducer located behind the tip in the lower end of the probe. Typically a set of data is recorded each 
second, for a minimum resolution of one data point every 0.8 inches of cone advance. The depth of 
penetration is measured using a string potentiometer mounted on the push frame. 
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Electronic data acquisition is accomplished using a computer with graphics monitor and a rack of signal 
conditioners mounted within the truck. Upon completion of the test, penetration data are plotted (hard 
copy) and stored on hard disk. 

Electronic disks of the data were also provided to FERMCO, and subsequently to PARSONS. The 
electronic CPT files were loaded on an Intergraph Geographic Information System (GIS) work station at 
PARSONS' Fairfield office to allow for future data manipulation, hdysis,  and plotting, as required. 

For reference, data from 47 CPT soundings conducted during the Phase I investigation are also included. 
Phase I CPT soundings (designated as 1141 1 through 11466) extended from about 10 feet to 40 feet in 
depth at the various locations shown in Figure 2-3. 

The electronic CPT files have been correlated for various geotechnical parameters by the CPT contractor. 
These parameters include overburden pressures, wet density, relative density, friction angle, undrained 
shear strength, synthesized Standard Penetration Test (SPT) blow counts, and classification by CFT 
correlation. 

For evaluating California Bearing Ratio (CBR) of shallow soils in the vicinity of the proposed haul roads, 
the undrained shear strength value provided by CPT correlation was averaged for the top 5 feet for 
various areas along the proposed roads. Appendix C contains these values and the corresponding CBR 
values from literature. a 
3.2 Geotechnical Test Borings . 

Fifteen geotechnical test borings (G2-120 through G2-134) were advanced by FERMCO's drilling 
subcontractor, Alliance Environmental, Inc., at the locations shown on Figure 2-3. The boring locations 
were established and staked by FERMCO. Upon completion of the geotechnical test borings, the 

- location and ._ elevation of each were surveyed ._ by FERMCO. -- - 

The test borings were advanced with 4-1/4-inch, insidediameter, hollow-stem augers to depths ranging 
from 14 to 82 feet. During drilling, a PARSONS geotechnical engineer or geologist was at the drill rig 
to visually classify the soil samples, log the borings, and record water levels if groundwater was 
encountered. During sampling activities, FERMCO sampling technicians screened the soil samples and 
drill cuttings, using hand-held instruments for volatile organics and radiation. 

- 

Soil samples were recovered in the undisturbed material below the bottom of the augers using either the 
Standard Method for Penetration Resistance and Split-Barrel Sampling (ASTM D 1586), 3-inchdiameter 
Shelby Tubes (ASTM D 1587, or a Denison sampler. Samples were collected following the sample 
plan described in the Geotechnical Sampling and Testing Plan (FERMCO 1995). Variations in the sample 
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plan due to conditions encountered in the field were documented on Field Change Notice/Variance 0 documents provided to FERMCO. 

Upon completion of each boring, the soil test borings were backfilled throughout the entire length of the 
boring with an expansive grout using C150 Type K Portland Cement (ASTM D 5299). A FERMCO 
geologist oversaw the grouting operations. 

Appendix D contains a field boring log and a Geotechnical Lagging Report for each of the geotechnical 
test borings from the Phase I11 investigation. The Geotechnical Logging Report updates the soil 
classification based on the results of laboratory classification tests. Appendix B summarizes the Ohio 
State Plane Coordinates and ground surface elevations for test borings. 

3.3 Shallow Boring/Excavations 

Fourteen shallow borings (G2-SB-1 through G2-SB-14) were conducted during the Phase I11 investigation 
at the proposed disposal facility site. A hydraulic hand auger was used to collect bulk samples of soil 
to depths of about 5 feet for remolded laboratory tests. A Geoprobe core sample was taken at each 
shallow boring location to provide for visual logging. The Geoprobe core sampler was also used at eight 
of the locations to collect samples for chloride and sulphate tests. Figure 2-3 shows the locations of the 
shallow borings. 

. .- 
i -  

t -- ._ - _. 

. L  

I* . . 

. ... 
I L  

Four shallow excavations (G2-SB-18 through G2-SB-21) were dug along a proposed access road 
centerline with a hand shovel, to depths of about 2 Ceet. A bulk sample of soil was collected at each 
location for R-value testing using a Hveem Stabilometer. Figure 2-3 shows the locations of these shallow 
excavations. 

Three shallow excavations (G2-SB-15 through G2-SB-17) were dug along the centerline of a proposed 
haul road located to the west of the former production area, to depths of about 2 feet. Figure 2-3 shows 
the locations of these shallow excavations. A bulk sample was collected at each location for CBR tests. 

Appendix E contains a field boring log and a Geotechnical Logging Report for each of the geotechnical 
shallow borings/excavations from the Phase I11 investigation. The Geotechnical Logging Report updates 
the soil classification based on the results of laboratory classification tests. Appendix B summarizes the 
Ohio State Plane Coordinates and ground surface elevations for the shallow boring/excavations. 

- 

3.4 Aggregate and Riprap Sampling 

Samples of limestone coarse aggregate and riprap were collected from stockpiles located near the fly ash 
pile waste units at the FEMP site and tested for bulk specific gravity and soundness. a 
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3.5 Laboratory Test Program 

Geotechnical laboratory testing of soil and rock samples was performed at three laboratories. A T T  
performed all of the geotechnical laboratory soil tests, with the exception of the R-value tests, which were 
performed by Aguirre Engineers, and the chloride and sulphate tests, which were performed by ACCU- 
Labs Research, Inc. Aguirre Engineers performed bulk specific gravity and soundness tests on the 
aggregate and riprap samples. Additionally, A'IT performed three large-scale interface, direct shear tests 
on select geosynthetics and FEMP soils. 

The laboratory testing program was directed toward classifying of the in situ and remolded soils and 
determining their engineering properties. A variety of index tests were performed on selected samples 
to aid in soil classification and to extend the utility of the more sophisticated strength and permeability 
tests. Table 3-1 lists the number of tests performed and the laboratory test methods. The soil testing was 
performed on split-spoon samples (disturbed samples), bulk samples (collected from auger cuttings, 
shallow handdug excavations, and Geoprobe core samples), and Shelby and Denison Tube samples 
(relatively undisturbed samples) obtained during the field investigation. A PARSONS geotechnical 
engineer assigned laboratory tasks after reviewing the test plan, field boring logs, and sample recovery. 
Appendix F contains a matrix which summarizes the geotechnical tests completed by location. 

3.5.1 Undisturbed Samole Test Conditions 

Consolidation, triaxial compression, and vertical permeability tests were performed on undisturbed Shelby 
Tube and Denison samples. Table 3-2 lists test conditions for undisturbed samples. 

3.5.2 Test Conditions for Remolded Specimens 

Consolidation, triaxial compression, and permeability tests were performed on test specimens remolded 
Table 3-3 

lists test conditions for remolded specimens from the bulk samples. Maximum Dry Densities (MDDs) 
and Optimum Moisture Contents (OMCs) for remolding of test specimens from bulk samples of auger 
cuttings, and handdug excavations came from Standard Proctor Compaction tests of soils from the bulk 
samples. Remolded tests were also performed on soil from Shelby Tube and Denison samples. For these 
tests, MDD and OMC for remolding was based on Standard Compaction test data for FEMP soils 
obtained in the Phase I1 Investigation (PARSONS 1995b). Table 3-4 summarizes the MDD and OMC 
data that the laboratory used for remolding Phase 111 investigation test specimens obtained from Shelby 
Tube and Denison samples. 

from soils from bulk (auger cuttings from shallow borings), Shelby, and Denison samples. - 

e 
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Table 3-1 - Summary of Geotechnical Laboratory Program 

Test Method 

ASTM D 2216 

Title 

Method for Laboratory Determination of Water Content of Soil 
and Rock (oven method) 

Number 
Performed 

ASTM D 4643 

ASTM D 4318 

ASTM D 422 

73' 

Test Method for Determination of Water Content of Soil 
(microwave method) 

Test Method for Liquid Limit, Plastic Limit, and Plasticity Index 
of soils 

Test Method for Particle-Size Analysis of Soils I 96 

Test Method for Specific Gravity of Soils 

Test Method for Moisture, Ash, and Organic Matter of Peat and 
Other Organic Soils 

Test Method for Laboratory Compaction of Soil Using Standard 
Effort 

Test Method for Measurement of Hydraulic Conductivity of 

Test Method for Consolidated-Undrained Triaxial Compression 

Saturated Porous Materials Using a Flexible Wall Permeameter 

Test on Cohesive Soils 

Test Method for Unconsolidated, Undrained Compressive 
Strength of Cohesive Soils 

Test Method for One-Dimensional Consolidation Properties of 
Soils 

18 

1 lo2 

42 

16 

223 

204 

2 9  

306 

66 

Test Method for California Bearing Ratio of Laboratory 
Compacted Soils 

Test Method for Specific Gravity and Absorption of Coarse 
Aggregate 

Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by the 
Direct Shear Method 

Test Method for Testing Rock Slabs to Evaluate the Soundness of 
Riprap by Use of Sodium Sulfate or Magnesium Sulfate 

ASTM D 854 

~ ~~ 

3 

5 

3 

2 

ASTM D 2974 

ASTM D 698 

ASTM D 5084 

ASTM D 4767 

ASTM D 2850 

ASTM D 2435 

ASTM D 2844 

ASTM D 1883 

ASTM C 127 

ASTM D 5321 

ASTM D 5240 

~~ 

Test Method for R-value and Expansion Pressure of Compacted 
Soils 

4 
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.. . 

ASTM C 88 

EPA 9038 

Table 3-1 - Summary of Geotechnical Laboratory Program (Continued) 

Test Method for Soundness of Aggregates by Use of Sodium 3 
Sulfate or Magnesium Sulfate 

Sulfate (turbidimetric method) 8 

Test Method Title 
Performed 

~ -~~ ~~~ 

EPA 9251 I Chloride (ferricyanide method) F 
Notes: 

1 

2 

3 

4 

5 

6 

Additional moisture contents were determined in conjunction with organic content, permeability, 
consolidation, unconfined compressive strength, triaxial compression tests, and compaction tests. 
Specific gravity tests were performed in conjunction with hydrometer (Le., grain-size analyses). 
Eight vertical permeability tests on undisturbed samples; 14 permeability tests on remolded test 
specimens. 
Thirteen consolidated, undrained triaxial compression tests on undisturbed samples; seven 
consolidated, undrained triaxial compression tests on remolded test specimens. 
Seventeen unconsolidated, undrained triaxial compression tests on undisturbed samples; eight 
unconsolidated, undrained triaxial compression tests on remolded test specimens. 
Seven consolidation tests on undisturbed samples at saturated conditions; seven consolidation tests 
at field moisture conditions; 16 consolidation tests on remolded test specimens. 
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3.6 Laboratory Test Results - Disturbed and Undisturbed Soil Samples 

This subsection summarizes the results of the geotechnical testing of disturbed (split-spoon) and 
undisturbed (Shelby Tube or Denison Tube) samples. These data are presented in a series of tables found 
in Appendix G that incorporate the sample’s identifier as well as the sample’s color, USCS group symbol, 
and USCS group name. 

3.6.1 IndexlClassif ication Tests 

Moisture content tests (ASTM D 2216, ASTM D 4643) were performed on selected samples to provide 
soil moisture profiles of the borings, Moisture content was also determined as a routine part of test 
procedures for strength, consolidation, and permeability. Plasticity tests (ASTM D 4318) and grain size 
analyses (ASTM D 422) were conducted for soil classification (ASTM D 2487). Table G-1 presents a 
summary of the moisture content test results along with the Liquid Limit (LL), Plastic Limit (PL), 
Plasticity Index (PI), grain size, and specific gravity of the soil. Table G-1A compares the ovendried 
moisture content (ASTM D 2216) with the microwave moisture content (ASTM D 4643). 

Total weight and dry unit weight of the soils were determined in conjunction with other laboratory tests 
(Le., consolidation, permeability, unconfined compressive strength, and triaxial compression tests) and 
are presented in Table G-2. 

3.6.2 Consolidation Tests 

Sixteen consolidation tests (ASTM 2435) were performed on specimens from undisturbed samples. 
Eleven of the tests were performed at field (as-received) moisture content and were not saturated during 
the test. Test Specimens from these tests compressed with little rebound upon unloading. The data sheets 
for these tests can be found in the Soils Investigation Data Report (SAIC 1995). The five other 
consolidation tests were performed under saturated conditions and evaluated for consolidation parameters 
to be used in evaluating settlements. Table G-3 summarizes the results of the saturated consolidation 
tests. 

3.6.3 Unconsolidated, Undrained Triaxial ComDression Tests 

Seventeen unconsolidated, undrained triaxial compression tests (ASTM D 2850) were performed on 
specimens fkom undisturbed samples. Table G-4 summarizes the results of the tests. 
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3.6.4 Consolidated. Undrained Triaxial ComDression Tests 

Thirteen consolidated, undrained compressive strength tests (with pore pressure measurements) (ASTM 
D 4767) were performed on specimens from undisturbed samples. For each test, three specimens from 
a Shelby Tube or Denison sample were tested under varying confining pressures to determine the effective 
and totai shear strength parameters. When three specimens could not be obtained, a staged test was 
performed on a single specimen. Table G-5 summarizes the cohesion and friction angles from Mohr 
circle constructions. .Appendix H contains the Mohr strength envelopes. 

3.6.5 Permeabilitv Tests 

Laboratory permeability tests (ASTM D 5084) were performed on eight undisturbed specimens. Table 
G-6 summarizes the results of the tests. 

3.7 Laboratory Test Results - Bulk Sample and Remolded Specimens 

This section summarizes results of tests performed on remolded test specimens of soils from the bulk 
samples (from shallow auger borings/excavations), Shelby Tubes, and Denison samples collected during 
the Phase 111 Investigation. 

e 

3.7.1 Index/Classification Tests 

Table G-7 lists index property tests performed on the’l4 bulk samples of auger cuttings collected during 
the Phase I11 investigation. Grain-size distribution, LL, PL, PI, and specific gravity of the samples are 
summarized. 

3.7.2 ComDaction Tests 

Seventeen Standard Proctor compaction tests (ASTM D 698) were performed on bulk samples or from 
shallow boringdexcavations to determine the maximum dry density and the optimum moisture content 
of the proposed site’s shallow (0 to 5 foot depth) soils. Samples G2-SB-2,3,4,6 and G2-SB-8,9,10,11 
were composite samples of topsoil from 0 to 1.5 feet. The amount of compaction and degree of 
wetting/drying operations required during earthwork operations can be estimated from the compaction 
test results. Table G-7 summarizes the optimum moisture contents and maximum dry densities. 
Appendix I contains compaction curves for the samples tested. 

. 
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3.7.3 Remolded Consolidation Tests 

Sixteen consolidation tests (ASTM D 2435) were performed on remolded specimens. Soil materials for 
remolding came from bulk samples from shallowhorings excavations, Shelby Tubes, or Denison samples. 
For bulk samples, the MDD and OMC for remolding were based on the results of standard compaction 
tests performed on material from the bulk sample. For specimens from Shelby Tube and Denison 
samples, the MDD and OMC for remolding were based on results of compaction tests performed on 
similar F E W  soils during the Phase I1 investigation (see Table 3 4 ) .  The specimens were remolded at 
the laboratory to maximum target dry densities of either 85 percent at or near OMC or 95 percent of 
Standard MDD, wet of optimum moisture content. Table G-8 summarizes the results of the tests. 

3.7.4 Remolded Unconsolidated, Undrained Triaxial ComDression Tests 

Eight unconsolidated, undrained triaxial compression tests (ASTM D 2850) were performed on specimens 
remolded from Shelby Tube and Denison samples. The test specimens were remolded at the laboratory 
to minimum target dry densities of either 95 percent MDD, wet of OMC; or 85 percent MDD, at or near 
OMC. The MDD and OMC for remolding were based on results of compaction tests performed on 
similar FEMP soils during the Phase II Investigation (see Table 3-4). Table G-9 summarizes the test 
results. Appendix H contains the Mohr strength envelopes. 

3.7.5 Remolded Consolidated. Undrained Triaxial ComDression Tests 

Seven consolidated, undrained compressive strength tests (with pore pressure measurements) (ASTM D 
4767) were performed on specimens remolded from Shelby Tube and Denison samples. For each test, 
three specimens were tested under varying confining pressures to determine the effective and total shear 
strength parameters. Where three specimens could not be obtained, a staged test was performed on a 
single specimen. The MDD and OMC for remolding were based on results of compaction tests 
performed on similar FEMP soils during the Phase I1 Investigation (see Table 3-4). Specimens were 
remolded to conditions listed in Table 3-3. Table G-10 summarizes the cohesion and friction angles from 
Mohr circle constructions. Appendix H contains the Mohr strength envelopes. 

3.7.6 Remolded Permeabilitv Tests 

Laboratory permeability tests (ASTM D 5084) were performed on 14 remolded specimens from bulk 
samples. The test specimens were remolded at the laboratory to minimum target dry densities of 95 
percent of the Standard Proctor maximum dry density, at or near 4 percent wet of optimum moisture 
content. Table G-1 1 summarizes the results of the tests. 
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3.7.7 California Bearina Ratio Tests 

\ 

Laboratory CBR tests (ASTM D 1883) were performed on bulk soil samples collected from 1 to 2 feet 
below ground surface at shallow excavations G2-SB-15, G2-SB-16, and G2-SB-17. Table G-12 presents 
the results of these tests. 

3.7.8 R-value Tests 

R-value tests (ASTM D 2844) were performed on bulk soil samples collected from 1 to 2 feet below 
ground surface at shallow excavations G2-SB-18 through G2-SB-21. Table G-13 presents the results of 
the tests. 

3.7.9 Oraanic Content Tests 

A Geoprobe core sampler was used to collect topsoil samples at shallow boring locations for organic 
content tests (ASTM D 2974). Three intervals were sampled and tested: ground surface to 6 inches, 6 
to 12 inches, and 12 to 18 inches. Table G-14 contains the results of the organic content tests. 

3.7.10 Chloride and Sulfate Tests 

A Geoprobe core sampler was used to collect samples of brown till for chloride (EPA 9251) and sulfate 
@PA 9038) Tests. Eight samples were taken at depths of 4.5 to 5 feet and tested at ACCU-Labs 
Research, Inc. Table G-15 summarizes the results. ‘The tests provide scoping information concerning 
the chemical reactivity potential of soils with any concrete structures of the proposed disposal facility. 

3.8 Laboratory Test Results - Aggregate and Riprap Testing 

To assess the quality of-some readily available rocEmaterials for use-as aggregate and riprap, a total of - 

10 bulk samples were taken at two separate on-site locations. Four samples were collected from 
stockpiles in the area of the Inactive Fly Ash Pile, and six samples were collected from rock materials 
placed along the toe of the Active Fly Ash Pile (AFAP). 

. 

Samples from the stockpiles were placed in 10-gallon cans, three cans per sample. Samples from the toe 
of the AFAP were placed in 10-gallon cans, one can per sample. The threecan samples were necessary 
to accommodate the large size of the rock, typically about 10 to 12 inches. 

Tests performed consisted of bulk specific gravity and absorption (ASTM C 127) and soundness (ASTM 
C 88). The large rock was tested for soundness per ASTM D 5240. Table G-16 contains the results of 
these tests. 
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3.9 Large-Scale Geosynthetic and Soils Direct Shear Tests 

Three large-scale interface, direct shear test series were performed in accordance with ASTM D 5321 
on select geosynthetic/soil interfaces supplied to ATT by PARSONS. The purpose of the testing was to 
provide worst case scoping values for interface friction for stability analysis of the proposed cap. 

The laboratory testing conditions and materials tested were chosen to simulate worst case field conditions. 
This strategy was used to establish a lower bound for the range of strength parameters that can be 
expected from the candidate materials and their interfaces with the other materials. These worst-case 
conditions included testing geosynthetic materials without friction enhancing or reinforcing features (i.e., 
a smooth HDPE and a non-reinforced GCL) under saturated conditions. Using the measured shear 
strength values determined in this stage of testing and the proposed configuration of the disposal facility, 
the requirements for further testing of candidate materiais was established (see Subsection 6.4.3). 

The testing was conducted with a large direct shear box which used a 12-inch by 12-inch upper 
(stationary) box and a 12-inch by 16-inch lower (traveling) box. In general, the types of interface tested 
were: 

1) 
2) 
3).* 

Series A - Geosynthetic Clay Liner (GCL) to Compacted Clay 
Series B - High Density Polyethylene (HDPE) to Compacted Clay 
Series C - Geotextile to HDPE Membrane 

Each test series was run at three normal stress levels ranging from 360 to 1,440 pounds per square foot 
@sf) .  The soil material for Series A and B was a FEMP brown clay (CL). The results of these tests are 
described in Subsection 4.7. . 
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SECTION 4 

SUMMARY OF GEOTECHNICAL CONDITIONS 
AND DESIGN PARAMETERS 

This section summarizes the geotechnical conditions and parameters from the geotechnical investigation 
of the proposed disposal facility site. The soil and material parameters described herein are based on 
PARSONS review of data from the Phase 111 investigation and the prior geotechnical investigations of 
the proposed site listed in Subsection 1.2. A Geotechnical Data Base (GDB) has been developed by 
PARSONS using ORACLE data base software (see Appendix K). A GIS platform is used to query the 
data, perform mathematical functions, and provide for graphical output. The GDB was used to assist in 
preparing several of the summaries presented below. The GDB draws primarily from the geotechnical 
data collected during the Phase I1 (PARSONS PO-132) and Phase 111 (PARSONS PO-140) investigations. 

4.1 Summary of Soil Index Properties 

Table 4-1 provides a general summary of index properties for FEMP soils investigated. The data come 
from the Phase III investigation, the Phase I1 investigation (PARSONS 1995), and prior investigations, 
at or peripheral to (ranging from 500 to 1,400 feet from the proposed fodtprint boundary) the proposed 
disposal facility footprint. For reference, in situ laboratory permeability and strength parameters are also 
shown. The GDB was used to develop the table. Appendix G, Tables G-1 and G-2, summarizes index 
properties for individual samples tested during the Phase 11, Phase 111, and prior investigations. 
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Table 4-1 - Summary of Index Properties, Permeability, and Strength Parameters, FEMP Soils 

Moisture Content Dry Liquid Plasticity Percent Percent Percent 
(percent dry wgt) Density Limit Index Gravel Sand Silt 

(PCf) 

(range) (avg) (range) (range) (range) (range) (range) (range) 

11-30 21 95-125 21-50 7-32 0-12 1-43 35-63 

3-26 16 91-130 22-49 7-28 0-23 1-33 30-64 

10-25 15 107-13 1 19-43 4-23 0-25 1-41 29-65 

9-24 14 113-139 19-33 5-17 0-3 1 1-39 28-79 

11-20 15 113-130 17-23 4-7 0-16 15-42 36-55 

20-25 23 102-105 50-57 23-38 0-2 3-14 38-61 

12-22 15 114-135 28 13 26 25 27 

40 38 17 

1 1-24 17 100-135 16-23 0-4 0-7 3-38 41-84 

9-24 1.5 113 NP-13 NP-1 0-15 43-71 13-42 

8-1 1 9 131 19-25 8-12 18-26 29-55 13-27 

11-20 15 98-135 18-24 5-8 0-25 37-56 26-35 

15-36 23 85-124 24 7 43 22 23 

10-36 2-15 8 0-32 53-84 

3-9 5 16-37 54-76 4-10 

2-12 6 0-35 57-91 4-10 

........... - . . . . .  

. . . . . . .  

Percent Specific Gravity Permeability (cdsec) Strength Parameters (CU Test) 
Clay 

Total Total Eff. Eff. 
Friction 4 Cohesion c Friction 4' Cohesion c' 
(degrees) (PSf) (degrees) (PSf) 

(range) (range) (awl (range) (range) (range) (range) (range) 

18-48 2.63-2.84 2.72 9.0 x lo-' - 6.4 x lod 12-22 250-600 24-30 300-500 

21-59 2.69-2.83 2.75 9.4 x lo-' - 2.3 x lo-' 15-28 0-500 20-36 50-425 

18-58 2.69-2.86 2.78 1.0 x lo-' - 2.7 x 10' 17-24 400-725 27-34 125-625 

18-38 2.67-2.84 2.74 6.8 x lo-' - 8.4 x 10' 16-26 0-1125 27-44 0-575 

18-30 2.69-2.85 2.78 24 350 900 29 

34-48 2.67-2.74 2.70 1.0 x 10-8 

22 2.73 20-26 0-400 34-42 0-400 

5 2.80 

10-18 2.70-2.79 2.75 25-32 0 35 0 

4-20 2.70-2.78 2.73 

8-18 2.69-2.74 2.72 

1.0 x 1 0 5  

0-1150 12-18 2.70-2.80 2.74 21 300-400 29-38 2.0 x 1 0 8  

12 2.79 

2.75 

1-3 2.68-2.79 2.74 

0-3 2.69-2.77 2.73 

1-5 2.67-2.79 

. . . .  

General Stratum 

. . . . . . . .  

........ - -. .... 

. . . . . . .  

USCS 
Group 
Symbol 

Brown or Gray Till 

Brown or Gray Till 

Brown or Gray Till 

Brown Till 

Brown Till (0 - 5 ft) 

Brown Till (5 - 10 ft) 

SM 

sc 
SC-SM 

GC-GM 

Brown Till (10 - 15 ft) 1 CL 

I cL Gray Till 

Brown or Gray Till CL-ML 

Brown Till 

Brown or Gray Till 

Gray Till I GM 

Brown or Gray Till 1 ML 

Great Miami Aquifer I SM 

Data Sources: Phase I1 Investigation (PO-132), Phase I11 Investigation (PO-140), Central Storage Facility (CSF) Investigation (PO-20), Pre-Design Activities Investigation (PO-101), and H.C. Nutting Investigation (DOE 1993a) Data 

Notes: 
1. 
2. 
3. NP is non plastic 

Percent clay defined as those particles finer than (0.005 mm) (Reference ASTM D 422) 
Moisture, density, permeability, and strength properties and parameters shown are for in situ soils 
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Figures 4-1 through 4-6 are plasticity charts for fine-grained samples from the Phase I1 and 111 
investigations. Figure 4-1 shows a plasticity chart for the brown and gray fine-grained till samples. 
Figure 4-2 is a plasticity chart for the brown fine-grained till samples, and Figure 4-3 is plasticity chart 
for the gray fine-grained till samples. Figures 4 4  through 4-6 present data for the fine-grained brown 
samples in approximate increments of 5-foot depth. From review of the plasticity charts, the gray clay 
(CL) samples show remarkably consistent PIS and LLs (see Figure 4-3). The brown clay ranges in 
behavior from low plasticity (CL) to high plasticity (CH) (see Figure 4-2). This behavior appears to 
depend on depth, with the brown clay having the lower plasticity characteristics of the gray clay at depths 
approaching about 10 to 15 feet (see Figures 4-3 through 4-6). 

4.2 Summary of Standard Penetration Test Data 

Standard penetration tests (ASTM D 1586) were performed during the Phase I1 and Phase I11 
investigations of the proposed site. Blow count data from these tests are found on the field boring logs 
for these investigations. For the Phase 111 investigation, blow count data are also found on the 
Geotechnical Logging Reports contained in Appendix D. 

4.3 Summary of Soil Consolidation Parameters 

Table 4-2 provides a general summary of onedimensional consolidation parameters from consolidation 
tests of FEMP soil samples collected and tested during the Phase I11 investigation, the Phase I1 
investigation, the CSF investigation (PARSONS 1993), the Pre-Design Activities Investigation 
(PARSONS 1994a), and the H. C. Nutting investigation (DOE 1993a). Appendix G, Table G-3, 
summarizes consolidation test results for undisturbed samples from the Phase 11, Phase 111, and prior 
investigations. Appendix G, Table G-8, summarizes the results of consolidation tests of remolded 
specimens conducted during the Phase I1 and Phase III investigations. From tests of undisturbed samples, 
the brown till was found to be slightly over consolidated, while the gray till was typically normally 
consolidated to slightly over consolidated. 
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4.4 Summary of Soil Strength Parameters 

General Stratum 

Brown Till 

Gray Till 

Three types of laboratory strength tests of FEMP soils were conducted on cohesive soil samples from the 
proposed site. In general, these tests were: 

USCS Classification Undrained Shear Strength 
(PSf) 

CL 652-4458 

CL 1974-4848 

1) 
2) 
3) 

Unconfined Compressive Strength (UCS) tests 
Unconsolidated, Undrained (UU) triaxial compression tests 
Consolidated, Undrained (CU) triaxial Compression tests (with pore pressure measurements) 

Each of the tests provides soil strength parameters that can be used in geotechnical analysis and design. 
The engineer or designer selects the appropriate test parameters to be used based on the loads, drainage 
conditions, and construction sequence for the particular analysis. 

Table 4-3 provides a general summary of undrained shear strength from UCS tests of undisturbed samples 
collected and tested during the Phase I1 investigation. Appendix G, Table G-4A, summarizes unconfined 
compressive strength test data for individual samples. 

Data Source: Phase I1 Investigation (PO-132) 

Table 4-4 provides a general summary of undrained shear strength from UU tests of samples collected 
during the Phase I11 and CSF investigations. Appendix G, Table G-4, summarizes individual test results 
for undisturbed samples. Appendix G, Table G-9, summarizes test results for remolded specimens. 

. f  
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Table 4-4 - Summary of Undrained Shear Strength from UU Triaxial Tests, FEMP Soils 

Undisturbed 
Samples 

General 
Stratum 

Remolded Samples to 95 
percent Max. Dry Density 

Brown Till 

USCS 
Classification 

CL 

ha 
CL 

Gray Till 

C 4 C' 4l C 4 C) 

(psf) (") (psf) ("1 (Psf) ("1 (PSf) ("1 
0-725 12-28 50-625 20-36 0-450 13-27 _100-400 20r31 

0 25-32 0 35 - - - - 

0-1125 16-26 0-575 27-44 0 19-22 0-100 32 

USCS Undrained Shear Strength (psf) 

Undisturbed Remolded Remolded Classification undisturbed 
at Field Saturated 95 percent Max. 85 percent Max. 

Moisture Dry Density Dry Density 

CL 2200-7660 5 13-8076 754-98 1 194-202 

1986-3600 1557-3090 647-864 188 I cL 

Data Source: Phase 111 Investigation (PO-140) and CSF investigation (PO-20) 

Table 4-5 provides a general summary of shear strength parameters from CU tests of samples collected 
during the Phase 11, Phase 111, and prior investigations. Table G-5 of Appendix G summarizes individual 
test results for undisturbed samples. Table G-10 summarizes individual test results for remolded 
specimens. 

Table 4-5 - Summary of Strength Parameters from CU Triaxial Shear Tests, FEMP Soils 

soil 
Description 

Brown Till 

Brown Till 

Gray Till 

1 Consolidated Undrained Shear Strength Parameters 

I Total I Effective [ Total I Effective 

Data sources: Phase I1 (PO-132), Phase 111 (PO-lN), Engineering Evaluation for On-Site 
Disposal (H.C. Nutting), and Predesign Activities (PO-101) investigations 

800054 
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4.5 Summary of Soil Compaction Properties 

Standard compaction tests were performed on bulk samples collected during the Phase I1 and Phase I11 
investigations. Samples were collected primarily in the brown till. A few compaction tests were 
performed on samples of the gray till. For presentation of the compaction test results, the brown till has 
been divided into three categories based upon 3-foot depth intervals below the topsoil. These 
approximate depths are: 

1) 1.5 - 4.5 feet 
2) 4.5 - 7.5 feet 
3) 7.5 - 10.5 feet 

Bulk soil samples were cc..xted for compaction tests at various depth intervals within the brown t . 
The intervals sampled ranged from 2.7 to 4.5 feet in thickness. The midpoint of the sample interval was 
used to establish the appropriate depth category in which to present the compaction curve (i.e., either 1.5 
- 4.5, 4.5 - 7.5, or 7.5 - 10.5 feet). 

Compaction tests for the gray till were performed on bulk samples collected from depths of about 12 to 
18 feet. Two compaction curves for topsoil collected from 0 to 1.5 feet depth are contained in Appendix 
I. Figures 4-7 through 4-10 present the family of compaction curves for the brown and gray CL sanfples. 
Figure 4-11 shows the compaction curves for brown CH Samples from about depths 1.5 to 7.5 feet. 
Table G-7 of Appendix G summarizes the index properties and results of the compaction tests. Table 
G-7A presents the results of a Modified Proctor Compaction test from prior investigation (PARSONS 

.. . 
0 

- 1994a). 

4.6 Summary of Soil Laboratory Permeability 

This subsection summarizes the results of laboratory permeability tests on FEMP soils. 

4.6.1 In Situ Permeability 

Table 4-6 summarizes the vertical coefficient of permeability from testing of undisturbed clay samples 
at the geotechnical laboratory. Table 4-1 presents the coefficient of permeability within approximate 5- 
foot depth intervals within the brown till. Table G-6 presents the results of the laboratory permeability 
tests for individual samples. 
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Note 1: Standard Ef fo r t  

Note 2: 
Bulk soil samples were collected for 
compaction tests at  various depth 
intervals within the brown till. The 
intervals ranged from 2.7 to 4.5 feet 
thick. The midpoint of the sample 
interval was used to establish the 
appropriate 3-fOOt depth category 
(i.e.. either 1.5-4.5. 4 .5-7.5 or 7.5-10.5 
feet) in which to present the compaction 
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Figure 4-7 - Summary of Standard Proctor Compaction Curves, Brown CL Bulk Samples, 
Depth 1.5 - 4.5 Feet 
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Depth 4.5 - 7.5 Feet 

ERAFSl\VOLl :RSAPPSRSDATA\ 
OU-2\PO-l4O\REPORT. 1-4 4-15 12/11/95,9:41am, Rev. No.: 0 



Description: Brown CL 

I Cornpoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. 

Note 1: Standard E f f o r t  

Bulk soil samples were collected for 

intervals within the brown till. The 
intervols ranged from 2 .7  to 4 . 5  feet 
thick. The midpoint of  the sample 
interval wos used to estoblish the 
oppropriate 3-foot depth cotegory 

cornpoction tests at various depth . .  

a 

~. . . - -. - . - 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT ~006305.8 i .  . .  
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Figure 4-10 - Summary of Standard Proctor Compaction Curves, Gray CL Bulk Samples, 
Depth 12 - 18.5 Feet 
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Figure 4-11 - Summary of Standard Proctor Compaction Curves, Brown CH Bulk Samples, 
Depth 1.5 - 7.5 Feet 
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Table 4-6 - Summary of Coefficient of Permeability from Laboratory Tests of Undisturbed Samples, 
FEMP Clay 

General 
Stratum 

Brown 

USCS PreTest 
* Classication Moisture 

Content 

( F a t )  

CL 11.3-22.1 

Gray Till 10.7-18.8 

Pre-Test Dry 
Density 

(PCO 

103.0-125.1 

102.0 

115.5-131.2 

Percent 
Saturation 

100 

82-100 

Vertical Coefficient of 
Permeability (cm/sec) 

Number of Tests 

9.OE-9 to 6.48-6 15 

1 .OE-8 

6.8E-9 to 8.48-8 

4.6.2 I>... 

Data Source: Phase I1 (PO 132), Phase 111 (P0140), and Predesign Activities (PO-101) 
Investigations 

Remolded Permeability 

As part or the Phase I1 and Phase I11 investigations, laboratory permeability tests (ASTM D 5084) were 
performed on remolded test specimens of brown clay collected from within the proposed disposal facility 
footprint. The test specimens were remolded at the laboratory at target conditions of 95 percent of 
Standard MDD and wet of optimum, with a target of at or near 4 percent wet of optimum. Table 4-7 
summarizes the results of these remolded permeability tests. Table G-1 1 of Appendix G provides data 
for the individual tests. Table G-7 provides a summary of index properties and compaction test results 
for the bulk samples that underwent remolded permeability testing. 

= I  
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Phase I1 Remolded Permeabilitv Tests 

During the Phase I1 investigation, bulk samples of brown clay auger cutting were collected at the 
geotechnical test boring locations using 4-114 inch (inner diameter) hollow stem augers and sent to the 
Al 'T Geotechnical Laboratory for testing. The target sample depth for this investigation was 
approximately 5 feet. The clays augered to the surface for the bulk samples came from depth intervals 
of about 2 to 7.5 feet. Grain size and plasticity tests were performed on each bulk sample and to allow 
for classification. A standard compaction test (ASTM D 698) was performed on each bulk sample to 
establish the moisturedensity relationship (compaction curve). Specimens for permeability testing were 
then remolded to a target condition of 95 percent of Standard MDD and wet of optimum, with a target 
of at or near 4 percent optimum based on the compaction curve. These target conditions were based on 
results of remolded permeability tests conducted in April and May 1994, described in On-Site Disposal 
Cell Pre-Design Activities Engineering Supplemental Report (PARSONS 1994b). Table 4-8 summarizes 
the results of these prior permeability tests. These tests were performed on a composite sample of brown 
and gray clay from 0 to 25 feet at boring G2-210, which is located approximately 600 feet south of the 
southern boundary of the proposed disposal facility foot print. Test specimens were remolded using 
standard effort at target water contents of optimum, +2 percent wet of OMC, and + 5  percent wet of 
OMC. These test data, though not conclusive, indicated that for samples remolded to densities 
corresponding to a standard compaction curve, the laboratory permeability (k) decreases from the lod 
to 10' range at approximately optimum moisture content to an approximate 10' to io-' range at 5 percent 
wet of optimum (PARSONS 1994b). These tests were performed at an effective confining pressure of 
720 psf (5 pounds per square inch [psi]) which approximately simulates the confining pressure at the top 
of the compacted clay layer of the proposed cap. . 

The Phase I1 investigation permeability tests concerned the preliminary evaluation of the permeability of 
compacted clays within the proposed footprint for use as compacted clay basal liner and berm materials. 
To evaluate the permeability of the compacted native clays for use in a compacted clay liner beneath the 
proposed facility, an effective confining pressure of 1,440 psf (10 psi) was chosen to simulate the typical 
overburden pressure acting upon the compacted liner due to the weight of the disposal facility structure 
above. Table 4-7 summarizes the results of Phase I1 permeability tests. The laboratory coefficients of 
permeability for the brown low plasticity clay (CL) tested ranged from 4.2 x 10' to 1.0 x lo8 cdsec  
for test specimens remolded at 94.6 to 97.0 percent of the Standard MDD and 2.1 to 3.9 wet of OMC. 

Phase I11 Remolded Permeabilitv Tests 

During the Phase I11 investigation, bulk samples of brown clay auger cuttings were collected at the 
shallow test boring locations using a 4-inch (outer diameter) auger powered by a hydraulic, hand-operated 
motor. The samples were sent to the A I T  Geotechnical Laboratory for testing. The clays augered to 
the surface for the bulk samples came from depth intervals of 1.5 to 5 feet. Grain size and plasticity tests 
were 
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performed on each bulk sample and to allow for classification. A standard compaction test (ASTM 
D 698) was performed on each bulk sample to establish the moisturedensity relationship. (compaction 
curve) for the sample. Specimens for permeability testing were then remolded to a target condition of 
95 percent of Standard MDD and wet of optimum, with a target at or near 4 percent wet of optimum 
based on the compaction curve. 

The Phase I11 investigation permeability tests concerned the preliminary evaluation of the permeability 
of the on-site clays for use as compacted clay in the proposed cap. The brown clay samples tested were 
collected from locations within the proposed footprint. The clays within the footprint were assumed to 
be similar to other potential nearby borrow sources (Le., the proposed borrow area to the south of the 
proposed footprint). An effective confining pressure of 576 psf (4 psi) was chosen to allow for evaluation 
of the sensitivity of the coefficient of permeability to confining pressure. 

Table 4-7 summarizes the results of Phase I11 permeability tests. The laboratory coefficients of 
permeability for the brown low plasticity clay (CL) tested ranged from 3.4 x lo6  to 1.3 x lo-' cm/sec 
for test specimens remolded at 94.4 to 96.2 percent of the Standard MDD and 2.8 to 4.0 percent wet of 
OMC. 

Remolded specimens from five of 12 tests of the Brown CL collected from 1.5 to 5 feet during the Phase 
111 investigation had laboratory coefficients of permeability greater than 1 x 10' cdsec.  For these five 
tests the percent relative compaction based on standard compaction tests ranged from 95.0 to 95.5 
percent, and the test specimens were remolded 3.6 to 3.9 percent wet of optimum. 

0 
The higher permeability of the Phase 111 remolded may be attributed to the characteristics of the low- 
plasticity clays. From Table 4-7 it can be seen that the clays tested in Phase I1 had slightly different 
compaction characteristics than those tested in Phase 111. The MDD from standard compaction tests of 
the clay tested during Phase I11 was about 4 to 5 pcf less than the clays tested during Phase 11. This may 
be attributed to brown clay variability with sample depth (Le., the Phase 111 samples came from an 
interval of about 1.5 to 5 feet, and the Phase I1 samples came from depths of about 2 to 7.5 feet [see 
Subsection 4.11). Thus, the specimens from Phase 11 were tested at slightly higher densities. Preliminary 
remolded permeability tests on a composite sample (0 to 25 feet) of brown and gray till from boring G2- 
209 (about 700 feet south of the footprint) provide some insight into the permeability characteristics of 
the clay remolded to higher densities. Table 4-9 presents the coefficients of permeability of the composite 
sandy clay sample (G2-209/Bulk) remolded at densities based on a Modified Proctor compaction test 
(PARSONS 1994b). 

Additionally, due to these differences in compaction characteristics and confining pressures between the 
clay samples tested in the Phase I1 and the Phase I11 programs, conclusions regarding the sensitivity of 
the coefficient of permeability to confining pressure are uncertain. Additional testing described below 
will provide additional data for this evaluation. OCOOSS a 
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Recommendations for Additional Testing 

The following general recommendations are suggested to provide additional data to evaluate 'the 
permeability of remolded on-site clays: 

1) Test materials from proposed locations and depths of on-site clay borrow materials 

2) Evaluate the laboratory coefficient of permeability of proposed on-site clay borrow materials over 
a range of densities, moisture contents, and confining pressures. Staged permeability tests 
performed on the same specimen at confining pressures of 2 and 5 psi are suggested to allow for 
evaluation of the effect of confining pressure on the coefficient of Permeability, and to allow for 
correlation of laboratory permeability test results with field scale permeability tests at a test pad. 

3) Based on results of laboratory permeability tests, construct a field scale test pad and perform field 
permeability tests 

4.7 Soil to Geosynthetic Friction Summary 

Scoping soil to geosynthetic, and geosynthetic to geosynthetic tests were performed at ATT to provide 
parameters for preliminary interface stability analysis. Three large-scale interface, direct shear tests 
(ASTM D 5321) were performed. The results of these tests are contained in Appendix J. Figure 4-12 
illustrates the general test configurations for this series of tests. The general test configurations for the 
three tests were based on providing friction parameters of preliminary stability analysis of critical layers 
within the layered conceptual cap section shown in Figure 2-2. Table 4-10 summarizes the test 
configurations for each series. 

The laboratory testing conditions and materials tested were chosen to simulate worst-case field conditions. 
This strategy was used in order to establish a lower bound for the range of strength parameters that can 
be expected from the candidate materials and their interfaces with the other materials. Using the 
measured shear strength values determined in this stage of testing and the proposed configuration of the 
disposal facility, the requirements for further testing of candidate materials was established (see Section 
6.4.3). 

The flexible membrane liner (FML) chosen for testing was a 60-mil thick, non-textured, HDPE liner 
manufactured by Gundle Lining Systems, Inc. The GCL chosen for testing was a Gundle Gundseal HD 
20, which consists of an FML coated on one side with a layer of bentonite. The geotextile used was a 
10 ounce per square yard, non-woven, needlepunched fabric manufactured by Nicolon and designated as 
Nicolon S1000. 
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Figure 4-12 - Large-Scale Direct Shear Testing, ASTM D 5321 Test Schematic 
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All shear tests were performed under saturated conditions. All shear tests involving the GCL were 
performed after hydration and consolidation for 2 hours under a normal load of 360 psf, which represents 
approximately 3 feet of overburden soils. It should be noted that actual field conditions are unlikely to 
result in a complete saturation of the GCL layers. In addition, consolidation pressures for the cover 
system GCL will be caused by an overburden thickness of approximately 6.75 feet. The liner system 
GCLs will be subjected to overburden loads up to an equivalent of approximately 50 feet of soil. It is 
recommended that additional testing, to more closely simulate field behavior, and geosynthetics to be used 
in the design, be performed in conjunction with design. These conditions should include simulation of 
long term loading at low rates of strain. Documented friction angles for textured FML/geotextile 
interfaces tested under expected conditions for the proposed disposal cell range from 15 to 33 degrees 
(Sharma and Lewis 1994). 

a 

Table 4-11 summarizes the results of the large-scale interface, direct shear tests. For all tests 
incorporating geosynthetics, flat plates were used as the supporting surface, thus the normal loading does 
not simulate overburden deformation characteristics. Of particular note in Test Series A by the laboratory 
is the fact that the bentonite gel was fully exposed to the clay surface during shearing. Bentonite was 

observed to adhere to the surface of the clay immediately after shearing. This contributed to a low 
peak/residual friction angle against the clay at these low normal loads and may actually reflect shear 
within the bentonite immediately below the interface. 

m -  4.8 Summary of Soil Bearing Parameters (Road Design) 

CBR and R-value test results from the Phase 111 investigation are summarized in Appendix G, Tables 
G-12 and G-13, respectively. 

4.9 Summary of Aggregate and Riprap Properties 

A limited amount of riprap and aggregate testing was performed during the Phase I11 investigation, on 
limestone stockpiled at the FEMP. These tests were bulk specific gravity and soundness tests. Appendix 
G, Table G-16, presents the sampling locations and the results of these tests. Additional rock testing is 
planned for an off-site borrow study. 
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SECTION 5 

EVALUATION AND ANALYSIS 

This section describes the engineering evaluations and analyses performed to support the disposal facility 
design recommendations found in Section 6. The evaluations and analyses are based on site-specific data 
from the geotechnical investigations described previously, and on supplemental technical data and 
methodologies, as required, from engineering literature. 

5.1 Site Materials Evaluation 

This section provides a preliminary evaluation of site materials for use in construction of the proposed 
facility. Additional data for this evaluation will come from a Borrow Study currently being undertaken 
by FERMCO. 

5.1.1 ComDacted Fills 

The source of the select borrow material for the Disposal Facility compacted clay liners has not yet been 
established. An on-site borrow study by FERMCO will provide data to assess the use of on-site clay 
materials from proposed'borrow areas for use in low-permeability liner and cap layers. Design 
recommendations of use of FEMP soils for select liner and cap materials should be based on the results 
of these planned field and laboratory testing activities. 

Permeabilitv Characteristics 

Laboratory permeability testing of remolded test specimens during the Phase I1 and Phase I11 
investigations provides insight into the expected behavior of recompacted brown clayey tills underlying 
the disposal facility footprint (see Subsection 4.6.2). In general, the predominant clay material in the 
Brown Till stratum is a low-plasticity clay, classified CL per USCS, ranging from a lean clay to a sandy 
'lean clay. High-plasticity, or fat, clay (CH) was also encountered at some borehole locations, within the 
brown till, generally at shallow depths. Laboratory plasticity tests of the brown CL material suggest that 
the PI and LL decrease with increasing depth within the brown till stratum (Le., the material has lower 
plasticity with depth [See Figures 4-4 through 4-61). 

Subsection 4.6.2 provides the details of laboratory permeability tests performed on remolded specimens 
of clay. In general, the density of the CL material that can be achieved using a standard compactive 
effort increases with depth within the brown till stratum (see Figures 4-7 through 4-10). This increase 
in density is probably a contributing factor to the lower coefficients of permeability of remolded CL 
samples from deeper in the brown till stratum. Additionally due to the difference in compaction 
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characteristics and confining pressures between clay samples tested in the Phase I1 and Phase I11 
programs, conclusions regarding the sensitivity of the coefficient of permeability to confining pressure 
are uncertain. It is recommended that the laboratory coefficient of permeability of proposed on-site clay 
borrow material be evaluated over a range of densities, moisture contents, and confining pressures (see 
Subsection 4.6.2). These additional tests to be conducted during the on-site Borrow Study will provide 
additional data for evaluation of the permeability characteristics of the recompacted clay. 

In situ soils have moisture contents very near complete saturation, exceeding 95 percent in almost all 
cases and being 100 percent in more than half the samples. The in situ moisture contents generally range 
from optimum to 5 percent wet of optimum moisture for standard effort compaction. These existing soil 
moistures are conducive to clay liner placement. The ability to obtain 95 percent compaction at a higher 
moisture content by additional compactive effort needs to be field verified. The extent of this additional 
compactive effort,.the permeability at selected moistures and compaction, and the feasibility of obtaining 
all this is usually determined by the field test pads. 

ComDaction Characteristics 

The compaction characteristics of the till are a potential concern. The compaction curves are relatively 
steep on the wet side of optimum moisture. This suggests that for a target moisture content at 4 percent 
wet of optimum, the average density is less than 95 percent of the maximum using Standard Proctor 
compactive effort. 

Since the strength is sensitive to disturbance and recompaction, it appears that required compaction should 
be held to 95 percent Standard Proctor, minimum. Also, for hydraulic conductivity, 95 percent Standard 
Proctor compaction may be required as a minimum. 

5.1.2 Toasoil and Oraanic Content 

In the grassy field at the proposed facility site, the majority of the visible vegetative root system and 
associated organic matter were encountered in the top 12 inches of soil. Fine rootlets were encountered 
at the grassy disposal facility site to depths of approximately 3 feet below the ground surface. In isolated 
areas, hair rootlets, having diameters of approximately 1132 inches, were discovered at depths up to 5 
feet below the ground surface. 

- 

Organics comprise 4 to 8 percent of the soil in the uppermost 6 inches for about 70 percent of the areas 
sampled, dropping to 2.5 to 3 percent below 6 inches depth. In the other 30 percent of the areas sampled, 
organic contents of 4.5 to 5 percent extended to depths of 18 inches. Typically, from review of various 
classification charts, classification systems for organic soils consider the material to be an organic soil 
(verses, a mineral, or inorganic soil) if the organic content is more than about 20 to 30 percent (Fang 
1991). Thus the FEMP topsoil, in general, may be considered an inorganic topsoil with organic content. 
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Because the majority of the organic materials visually encountered in the test boring at the proposed site 
consisted predominantly of fine hair roots of grass and tree root less the 1/4-inch in diameter, these 
materials are normally not considered sufficiently detrimental to justify wasting material containing minor 
amounts of these materials (USBR 1974). 

An average stripped depth of 12 inches should be sufficient to provide either suitable base for engineered 
fill or to expose borrow material to be used as liner compacted clay road fill, or other compacted fill 
(provided that permeability criteria can be met). Standard construction practice also includes stockpiling 
of topsoil for later use in revegetating disturbed areas. 

5.1.3 Potentiallv Unsuitable Fill and Rubble 

Fill materials were encountered in G2-SB-17, consisting of very stiff, moist clayey silt, with brick 
fragments, wire, and metal fragments. The hhddug  excavation was 2 feet deep and remained in fill 
materials throughout the entire interval. These fill materials were very stiff and moist. Although the soil 
materials encountered would be suitable for re-use as fill material, the overall rubble nature of the 
materials would require that they be cleaned and made free of such things as wire and metal fragments. 

Boring 11475 encountered several feet of materials that had organic characteristics. These organic 
materials were observed in samples retrieved from depths of about 10 feet. Such deposits would need 
to be removed and are considered unsuitable for use in the proposed disposal facility design. 

5.1.4 Excavation and Construction ODerations 

Excavation operations for the disposal facility should not prove unusually difficult, provided that 
schedules do not necessitate work during the winter. However, considerable care and effort may be 
required to suitably segregate and stockpile differing materials for later re-use. Recommendations for 
handling, stockpiling, and protecting excavated materials are discussed elsewhere herein. 

Pockets and lenses of sand or gravel, many times combined .with perched or trapped water, were 
encountered during exploration and should be anticipated during construction. 

Till Strenfzth 

The site's predominantly silty clay glacial till materials are moderately stiff to very stiff and possess good 
in situ shear strength. However, the clays are relatively sensitive to weathering and tend to soften and 
become slippery and difficult to handle after wetting. Triaxial compression strengths of remolded samples, 
compacted to 95 percent density, at moisture contents wet of optimum, showed strength parameter 
reduction compared to in situ strengths. Samples compacted to only 85 percent density at optimum 
moisture showed a greater reduction in strength. OPwr'C4c 
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5.2 Bearing Capacity 

The allowable bearing capacity of the disposal facility subsurface soils was determined to be 40,800 psf 
if the water table remains within the Great Miami Aquifer, or 23,500 psf if the water table is perched 
at a depth of 15 feet below the ground surface. This bearing capacity assumes that the entire width of 
the facility will behave as a large mat foundation. Consideration should be given to smaller areas (e.g., 
a 1-year cell, shallow footing, etc.). The allowable bearing capacity was calculated using a safety factor 
of 3. A cohesion value of 250 psf and an internal friction angle of 19 degrees, which are the average 
total shear strength parameters, were used in calculating the allowable bearing capacity of the glacial tills 
below the disposal facility. Other factors that were assumed for the allowable bearing capacity 
determination were a glacial till moist unit weight of 135.7 pounds per cubic foot, a disposal facility base 
depth of 5 feet below the existing ground surface, and a disposal facility base that would behave similarly 
to a large mat foundation. 

The non-uniform load produced by the On-Site Disposal Facility due to its sloping sides and gradually 
sloping top was converted to an average uniform load of 5,200 psf. The average uniform load was 
calculated by simplifying the cross section of the disposal facility to a trapezoid, a uniform load bounded 
on both sides with a linearly decreasing load having a slope of 5H: 1V. The linearly decreasing loads on 
each end of the trapezoid were further simplified by replacing them with equivalent uniform loads. The 
average uniform load was then determined by using the weighted average of the two uniform side loads 
and the uniform middle load. 

Recommendations regarding bearing capacity are found in Subsection 6.2. 

5.3 S ett I e m e n t 

This section provides an evaluation of the consolidation settlement of soils underlying the disposal facility, 
as well as settlement of the disposal facility earthen structure and wastes. The rate of consolidation is 
also evaluated. Figure 5-1 provides a graphical summary of estimated settlements for the proposed 
disposal facility. Recommendations regarding settlement are found in Subsection 6.3. 

- 

5.3.1 Settlement of the Underlvina Soils 

Settlement predictions of soils underlying the proposed disposal facility were performed at eight locations 
across the proposed site using data presented in Table 5-1. Four cross sections were evaluated along the 
north-south axis of the proposed facility. Settlement predictions were performed at the center and edge 
of the facility along each cross section. Determining the settlement at these locations allows the 
determination of differential settlement along the length of the center and edge of the facility and across 
the width of the facility, as well as maximum differential settlement over the entire facility. 
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The settlement predictions were based o x  consolidation test data from subsurface borings located within 
and near the proposed footprint of the disposal facility and vertical stress increases in the subsurface soils 
produced by construction of the disposal facility. Using the boring logs and geologic cross sections 
provided by FERMCO, simplified cross sections were developed of the subsurface stratkraphy below 
the proposed disposal facility. The simplified cross sections were then further divided according to the 
available consolidation data from nearby borings. 

The consolidation due to the vertical stress increase in each soil layer was determined using soil 
consolidation theory. Once the consolidation of each soil layer within each cross section was determined, 
the total settlement was determined for each cross section by summing the settlements of each individual 
layer. 

Total and Differential Settlement 

Due to the geometry of the proposed On-Site Disposal Facility, the vertical stress increase within the 
subsurface soils is much greater at the center of the facility than at the edge of the facility. As a result, 
the predicted settlements along the center of the facility were much greater than the predicted settlements 
along the edge. Predicted settlements along the center of the facility range between 1 1.6 and 15.7 inches, 
while the settlements along the edge range between 0.2 and 0.7 inches. As a result of the magnitude of 
the settlements along the center and edge of the facility, the maximum differential settlement across the a facility is 15.5 inches. 

. Rate of Settlement 

Using time rate of consolidation data from the laboratory consolidation tests, expected settlement having 
occurred at different times were estimated. The time rates were estimated assuming one-way drainage 
within the compressible soil strata would occur and that the facility load would occur immediately. Due 
to the massive size of the disposal facility and the design of the facility's clay liner, pore water within 
the compressible glacial tills can only drain downward toward the unsaturated portion of the Great Miami 
Aquifer. Any continuous or discontinuous sand seams within the compressible glacial till were ignored 
in the time rate determination. Sand seams would act as additional drainage layers and would reduce the 
amount of time for the consolidation of the compressible soils to occur by reducing the drainage path 
length. Therefore, ignoring the sand seams provides a conservative estimate of the time rate of 
settlement. 

- 

Assuming the load of the facility is placed immediately on the foundation soils, the time to achieve 95 
percent of the total settlement in the foundation soil ranges between 5 and 30 years. From the 
calculations performed, it appears the facility will settle more rapidly toward the south end of the 
proposed facility than toward the north end. The glacial till layer is thinner at the south end of the 
facility (30 feet at the south end versus 56 feet at the north end). As a result, pore water near the south 
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end of the facility has less distance to travel to relieve the excess pore pressures developed in the 
foundation soils due to the facility load. 

Assuming that the disposal facility load is placed immediately for the time rate of settlement is not how 
the site will actually be loaded. In reality, the facility will be built in compacted lifts and covered at the 
end of each work day. In addition, the facility will be built in cells. Therefore, the load increase due 
to the facility will be applied gradually and will not be uniform over the entire site. As a result, the 
actual time to achieve 95 percent of the expected total settlement will be longer due to gradual loading, 
and the differential settlements may be magnified by building the facility cell by cell. 

5.3.2 Settlement of the ComDacted Waste and Clav Berms 

Consolidation settlements of the compacted waste fill and the compacted clay berms due to the addition 
of the composite cap were also estimated. The settlement was estimated at the center of the facility, 
where the waste fill is the deepest, and at the deepest portion of the berms. Since there is no waste or 
compacted clay at the edge of the facility, no settlement calculations were performed. 

The settlement predictions of the compacted waste and clay berms assumed that the waste and clay would 
be placed in thin enough lifts and slow enough that little to no settlement would occur due to the waste’s 
and berms’ own weight. As a result, any settlement that would occur in the waste and berms results from 
the additional load of the proposed composite cap. 

Total Settlement 

The predicted consolidation settlements of the compacted waste and compacted clay berms are 16.0 and 
13.5 inches, respectively. These predicted settlements assume that the waste material would have 
consolidation properties similar to those of brown till samples compacted to 85 percent of maximum dry 
density as determined by Standard Proctor, and that the berms would have consolidation properties similar 
to those of the brown till samples compacted to 95 percent of maximum dry density as determined by 
Standard Proctor. 

Rate of Settlement 

The time rate of settlement was also predicted for the compacted waste and compacted clay berms, using 
data from the laboratory consolidation tests performed on soil samples compacted to 85 percent and 95 
percent of maximum dry density as determined by Standard Proctor. Due to the design of the proposed 
composite cap and composite liner, the excess pore pressures developed due to the cap load can only 
dissipate downward toward the leachate collection system. Therefore, the time rate of settlement 
predictions assume one-way drainage within the compressible waste and berms. e 
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It was predicted that 95 percent of the total predicted settlement within the compacted waste and clay 
berms would occur within 6 and 5 years, respectively. If the design of the clay cap wouid happen to 
change and a drainage layer would be placed between the clay cap and the waste, the time to achieve 95 
percent of the total settlement in the waste and the berms would be 1.5 and 1 year, respectively. 

Foundation Soils 

Center of Edge of Compacted t l - i  Facility Facility Waste Fill 

5.3.3 

Compacted 
Clay Berms 

Settlement Summary 

Max. Differential 
Settlement 

Min. Time for 
95 R Settlement 

Table 5-2 is a summary of the predicted consolidation settlements for the On-Site Disposal Facility. 
' Considering the settlement of the foundation soils and the settlements within the facility, the predicted 

settlements' across the facility range from 0.2 to 31.7 inches, and 95 percent of the consolidation 
settlement would be achieved between 5 and 30 years after construction. 

4.1 in. 0.50 in. N A  N A  

5 Yr 5 Y' N A  N A  

Table 5-2 - Summary of Predicted On-Site Disposal Facility Consolidation Settlement 

Max. Time for 
95 R Settlement 15 yr 30 yr 6 Yr 5 Y' 

Min. Settlement 1 11.6 in. I 0.2 in. I N A  I N A  

Max. Settlement I 15.7 in. I 0.7 in. I 16.0 in. I 13.5 in. 

Total 
Facility 

0.2 in. 

31.7 in. 

31.5 in. 

5 Y' 

30 yr 

5.3.4 Liauefaction Settlement and Lateral SDreadinq 

Referring to the liquefaction potential analysis (see Subsection 5 . 3 ,  it is unlikely that liquefaction would 
occur for an earthquake having a Richter scale magnitude 6 and a maximum horizontal ground surface 
acceleration of 0.13 g. As a result, liquefaction settlement would not occur unless the design earthquake 
was exceeded, and this liquefaction would occur only in the isolated sand zones having low factors of 
safety against liquefaction. 

- 

Using methods outlined in Sharma and Lewis (1994) the amount of settlement that would occur if the 
saturated cohesionless soil strata would liquefy was estimated. Sharma and Lewis propose using several 
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different properties of the saturated cohesionless soils to estimate the volumetric strain that would occur 
within the soil during liquefaction. Liquefaction settlement was analyzed using three different properties 
of the cohesionless soils: N,, qc,, and CSR (where N, is the SPT N-value normalized to 1 TSF of 
overburden, qc, is the tip resistance from the CPT and CSR is the cyclic stress ratio, TJCT,,’). 

Once the volumetric strain was estimated using each property, it was assumed that all of the volumetric 
strain would occur vertically due to the lateral confinement of the adjacent soils. This is a conservative 
assumption, since it attributes all of the volumetric strain to vertical strain. The settlement due to 
liquefaction of each cohesionless soil layer was then determined by multiplying the vertical strain by the 
thickness of the corresponding soil stratum. 

The method using the CSR values consistently estimated the largest liquefaction settlements, thus 
producing the most conservative estimates. According to the liquefaction settlement analysis, the 
maximum estimated liquefaction settlement is 0.71 inches. This settlement would occur in the vicinity 
of Boring No. 11479 which is located in the northern portion of the facility footprint. 

The 0.71 inches of liquefaction settlement includes 0.13 inches of liquefaction settlement that could 
possibly occur within the Great Miami Aquifer. The estimated amount of liquefaction settlement that 
could occur in the Great Miami Aquifer was determined using data from Boring No. G2-124. Boring 
No. G2-124 was used since the SPT N-values within the Great Miami Aquifer were lower than the N- 
values of any other boring that penetrated the Great Miami Aquifer. As a result of the lower N-values, 
the liquefaction potential and the liquefaction settlement would be the greatest at Boring No. G2-124. 

In addition to onedimensional liquefaction settlement, lateral spreading due to liquefaction was also 
investigated. Using a method to estimate liquefaction-induced lateral spreading was discussed in US EPA 
1995. Horizontal deformations resulting from liquefaction were estimated for four granular soil deposits 
exhibiting the lowest factors of safety against liquefaction. 

._ 

The method only takes into account the ground slope and thickness of the liquefiable layer. This method- 
does not consider the depth or density of the liquefiable layer and, therefore, the method may be overly 
conservative. Estimated lateral spreading deformations range between 2.6 and 4.5 inches. Though 
evaluated, for lateral spreading to occur the soils would first have to liquefy which is unlikely, referring 
to the liquefaction potential analysis (see Subsection 5.5.1). Additionally, lateral spreading estimates of 
this magnitude are minute in comparison to the facilities dimensions and would have little or no impact 
on structural integrity. 

- 
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5.4 Slope Stability 

This section summarizes the analyses performed to evaluate the stability of various aspects of the 
proposed disposal facility. For each stability evaluation, the technical approach used is discussed and the 
results presented. Recommendations for design based on the results for the evaluations are presented 
in Subsection 6.4. Subsection 5.4.1 presents the methodology and results of the analyses performed for 
the overall stability against slope failure for the proposed disposal facility configuration and the subgrade 
soils. The stability of the side berm slopes is discussed in Subsection 5.4.2. The potential for veneer 
sliding of the cover slopes and along the bottom liner system is evaluated and discussed in Subsection 
5.4.3. 

5.4.1 . Evaluation of Overall Stability of DisDosal Facilitv and Subqrade Soils 

Technical ADDroach 

The stability of the proposed disposal facility and subgrade soils was analyzed for the following four 
loading scenarios: 

1) Immediately postconstruction, undrained conditions 
2) Long-term drained conditions 

, 3) Long-term drained conditions with seismic loading 
- 4) Undrained conditions with seismic loading 

e 
: Each of these loading scenarios represents possible conditions that might arise during the design life of 

the disposal facility. 

The analyses were performed using the XSTABL slope stability computer model, developed by Interactive 
Software Designs, Moscow, Idaho. This model performs two-dimensional limit equilibrium analyses and 
incorporates a random surface generator for searching out the critical failure surface for a given slope. 
The static analyses were performed using Bishop's Simplified Method, and the seismic analyses were 
performed using Spencer's Method on the critical failure surfaces determined during the static analyses. 

The Corps of Engineers (U.S. COE 1970) consider the following minimum factors of safety to be 
acceptable for typical loading conditions of earthen dams: 

Long-term, drained conditions: 
Short-term, undrained conditions: 
Seismic loading conditions: 

F.S. = 1.5 
F.S. = 1.3 
F.S. = 1.0 
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These values were used for comparison with the calculated factors of safety for the overall stability of 
the proposed disposal facility, the stability of the side berms, and the veneer stability of the cover and 
liner systems. 

Analvsis Cross-Section 

The section chosen for analysis is a typical east-west cross section through the proposed facility. A 
geologic cross section provided by FERMCO was used for the cross section below the disposal facility. 
The profile of the liner, waste, berms, and cover system was developed from Figures 2-1 and 2-2, which 
show the proposed cross section through the cover and liner systems, and the general configuration of 
the disposal facility. Figure 5-2 shows the cross-section used to analyze slope stability. The drainage 
sand, cobbles, and gravel in the cover system were assumed to be one homogeneous layer. Potential 

these analyses. 

J failures along the geosynthetic layers incorporated in the cover and liner systems were not considered in 

Material ProDerties 

The material properties used for the slope stability modeling are presented in a table on Figure 5-2. 
These values were based on laboratory results from the Phase I1 and 111 investigations, and literature 
values. Laboratory analyses on remolded samples of the brown till were used to estimate unit weight and 
shear strength properties of the compacted clay liners, the side berms, and the waste materials. Literature 
sources for unit weight values used are summarized in Appendix L. The values chosen for use in the 
modeling are considered to be conservative values based on PARSONS’ experience with similar materials. 
For the seismic analyses, shear strength values were assumed to be equivalent to 80 percent of the static 
values, per standard engineering practice (US EPA 1995). 

Desim Earthauake 

The design basis earthquake used for the modeling has a maximum horizontal acceleration of 0.13g. This 
value is based on DOE-STD-1020-94 (DOE 1994b). The seismic coefficient used in the XSTABL 
modeling was assumed to be equivalent to one-half the maximum horizontal acceleration (US EPA 1995). 

Results 

Table 5-3 summarizes the factors of safety calculated using XSTABL for the scenarios described above. 
The factors of safety for each of the four scenarios are acceptable in comparison to the minimum 
recommended values (U.S. COE 1970). 

008083 
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stability analyses. 

b) Sand lenses within Gray Till were not incorporated into stability analyses. Based on 
laboratory testing. the sand has higher shear strength properties than the Gray T i l l .  

i-- 
.. .! 

Figure 5-2 - Cross Section of Proposed Disposal Facility Used for Stability Analysis with Drained and 
Undrained Failure Surfaces 
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Table 5-3 - Disposal Facility Overall Slope Stability Summary 

2 

3 

4 

Number I 
Long-term drained conditions 3.49 

Long-term drained conditions with seismic loading 

Undrained conditions with seismic loading 

2.05 

1.56 

Loading and Drainage Conditions Factor of Safety 

1 I Immediately postconstruction, undrained conditions I 2.62 

5.4.2 

The stability of the side berms was analyzed for the following two loading scenarios: 

Stabilitv of Side Berm SloDes 

1) Immediately postconstruction, undrained conditions 
2) Long-term drained conditions 

I; 

No seismic loading was considered because of the limited duration that the side berms will be exposed 
during construction of the disposal facility. The XSTABL slope stability model, described in Subsection 
5.4.1, was used for the analyses of the side berms. 

Analvsis Cross-section 

The section chosen for analysis is a cross-section through a simple triangular berm with a 2H: 1V slope 
face and a 5H: 1V slope face. Based on the configuration of the disposal facility presented in Figure 2-1, 
the maximum berm height chosen for analysis was 25 feet. Analysis of this assumed berm configuration 
is considered to be conservative because construction sequencing is likely to involve placement of waste 
materials at the toe of the berm prior to reaching a berm height of 25 feet. 

, 

The foundation of the berm is assumed to be native brown till. No liner materials such as drainage sand, 
compacted clay, or geosynthetics were included in the cross-section. 

Material Properties 

The material properties used for the berm and the foundation soil were based on laboratory results from 
the Phase 11 and 111 investigations and literature. ,Unit weights and shear strengths found for samples of 
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the brown till remolded to 85 percent of Standard Proctor maximum dry density (per ASTM D698) were 
used to determine appropriate values for the berm material. l 

1 

2 

Results 

Immediately postanstruction, undrained conditions 0 1.51 

Long-term static, drained conditions 1.95 

The technical approach, material properties, design earthquake, and sections used are essentially identical 
to those used in Subsection 5.4.1. except for the exposed slope section of the berm. 

Table 5-4 summarizes the factors of safety calculated using XSTABL for the scenarios described above. 
These values are adequate in comparison to the accepted factors of safety for earthen embankments 
discussed in Subsection 5.4.1. 

Table 5-4 - Side Berm Slope Stability Summary 

scenario /I Number 
Loading and Drainage Conditions /I Factor of Safety 

5.4.3 Veneer Slidina of the Cover and Liner Svstems 

Calculations were performed to analyze the potential for planar sliding along the components of the cover 
and liner systems. This type of analysis is critical for evaluation of candidate geosynthetics and their 
interaction with the soil components of the cover and liner systems. 

Technical Amroach 

The following slope failure scenarios were evaluated: 

1) 
2) 
3) 

Veneer sliding of 5 percent cover slope, static and seismic conditions 
Veneer sliding of 5H: 1V side slope, static and seismic conditions 
Sliding along components of the liner system, static and seismic conditions . 

The methodology used for these evaluations consisted of (1) identification of the critical sliding surface 
by estimation of the interface strength properties, and (2) calculation of the factor of safety against sliding 
along the critical interface. 

0~~08i3 
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a The design configurations of the cover and liner systems used in the calculations was the same as that 
described in Subsection 5.4.1. The analyses for both static and seismic loading were performed assuming 
infinite slope conditions. This is considered a conservative assumption for the 5H: 1V side slope because 
of buttressing effects at the toe of the slope which will increase the factor of safety against sliding. No 
buttressing effects are expected for the 5 percent cover slopes due to the break in grade to the 5H: 1V side 
slopes. 

The factors of safety considered acceptable for veneer stability are the same as those presented in 
Subsection 5.4.1 for the overall stability of the proposed disposal facility (U.S.COE 1970). 

Material Prouerties 

Laboratory direct shear testing was performed using candidate geosynthetics and FEMP earthen materials 
in order to evaluate potentially critical interfaces. As mentioned in Subsection 4.7, the direct shear 
testing conditions and the materials chosen for testing represent worst-case field conditions for the given 
configuration. Interface shear strength properties of materials not tested were assumed using literature 
values (Sharma and Lewis 1994). Unit weights of materials were estimated as described in Subsection 
5.4.1. 

# 

Results 

For the proposed cover configuration, the critical interface was determined to be within the GCL. The 
laboratorydetermined friction angle for the worst case GCL was 5.4 degrees, implying that to be stable 
under static conditions, the slope should not be significantly steeper than 5.4 degrees. The factor of 
safety fo; an infinite 5 percent slope under static conditions with a critical interface friction angle of 5.4 
degrees was calculated to be approximately 1.9. Taking into account the design earthquake loading, the 
factor of safety for an infinite 5 percent slope is less than 1.0, implying unstable conditions. For an 
infinite 5H:lV slope, the factors of safety under static conditions and seismic loading conditions were 
calculated to be less than 1.0. 

- _  

Additional analysis indicates that the minimum friction angle required for stability (F.S.= 1.0) under 
seismic loading conditions for the 5H: 1V slope is approximately 15 degrees. 

Evaluation of the liner system revealed that, similar to the 5 percent cover slopes, the critical interface 
involves the GCL. The bottom liner is currently designed at a minimum slope of 2 percent. Calculations 
were performed for an infinite slope of 3 percent. Under static conditions, the liner was calculated to 
have a factor of safety greater than 3.0. For seismic loading conditions, the factor of safety against 
sliding was calculated to be approximately 1.0. These results are conservative because of the 
configuration of the liner system and the overall disposal facility (Le., the loads above the liner system 
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are restrained against movement). Subsection 6.4.3 provides additional discussion of cover and liner 
stability and provides recommendations for additional interface friction testing. 

5.5 Liquefaction 

This subsection summarizes the results of a soil liquefaction potential analysis performed for the disposal 
facility. Subsection 6.5 contains recommendations regarding liquefaction. During earthquakes, the 
shaking of ground may cause a loss of strength or stiffness due to increase in pore pressure that results 
in settlement of buildings, landslides, the failure of earth dams, or other hazards. The process leading 
to such loss of strength is called soil liquefaction. It is a phenomenon associated primarily with saturated, 
cohesionless soils. The analysis determines the factor of safety (FOS) against liquefaction for the On-Site 
Disposal Facility site using established empirical correlations relating the occurrence or nonoccurrence 
of liquefaction to the intensity of ground shaking and the principal characteristics of cohesionless soils. 

According to the Seismic Design Guidance for Municipal Solid Waste L.uruifil1 Facilities ( U S  EPA 1995a) 
there are several quick initial checks that can be made to determine if soils are potentially liquefiable. 
The first check involves the age of the deposit. This document (US EPA 1995) says generally pre- 
Holocene soils do not liquefy, but liquefaction has been observed in some Pleistocene soils. The soils 
investigated belowathe proposed disposal facility are of Pleistocene origin and, therefore, liquefaction is 
unlikely but possible. 

'2  

The second screening check for liquefaction listed in Seismic Design Guidance for Municipal Solid Waste 
Lund?ll Facilities ( U S  EPA 1995a) is soils having greater than 15 percent clay fines by dry weight, liquid 
limits greater than 35 percent, and in situ water contents less than 0.9 times the liquid limit. These do 
not generally liquify. Looking at Table 5-4, most of the granular soils below the disposal facility do not 
meet the above criteria. As a result, it is possible that liquefaction may occur within the granular soils 
below the proposed disposal facility. 

+ 

The third criteria listed in Seismic Design Guidance for Mwu'cipal Solid Waste IandJill Facilities ( U S  
EPA 1995a) is that soils having degrees of saturation less than 80 to 85 percent do not generally liquefy. 
Saturation data is not readily available on the interbedded sand seams and the upper portions of the Great 
Miami Aquifer, but the boring logs indicate that most of the granular soils below the proposed disposal 
facility are wet (see Appendix D). Generally, wet soils can be interpreted as saturated soils. Therefore, 
most of the granular soils beneath the proposed disposal facility meet this requirement for liquefaction. 

- 

Seismic Design Guidance for Mwu'cipal Solid Waste Landfill Facilities ( U S  EPA 1995a) s&tes that 
liquefaction does not generally occur at depths below 50 feet, see Table 5-4. All of the soils investigated 
for liquefaction are at depths above 50 feet and are possibly liquefiable according to this criteria. 

ERAFSl\VOLl :RSAPF'S\RSDATA\ 
OU-2\PO-l40\REPORT. 1-4 5-17 12/11195,9:41am, Rev. No.: 0 



0 Finally the document (US EPA 1995a) gives several guidelines for normalized SPT blowcount (N,,). 
It states that generally soils with N,, above 22 do not generally liquefy but reports that some research 
has suggested that liquefaction can occur in soils having normalized blowcounts as high as 40. Again 
looking at Table 5-4, approximately half of the soils investigated had N,, values under 22, and all but 
one of the soils have N,, values below 40. 

Considering the above criteria, two soil strata have the potential for liquefaction during an earthquake 
and were evaluated. These strata are the till stratum that has thin seams of sand located randomly 
throughout and the saturated portion of the Great Miami Aquifer. 

5.5.1 Desian Earthauake 

The disposal facility was assumed to be categorized as PC2 for Natural Phenomena Hazards. This 
corresponds to an earthquake hazard annual probability of exceedance of lxlO-’ per DOE-STD-1020 
(DOE 1994b). The corresponding PGA for the FEMP site is 0.13 acceleration due to gravity (g) per 
Table C-5a of DOE-STD-1020-94. 

For the soil liquefaction analysis, a DesigdEvaluation Basis Earthquake with 0.13g PGA was used. The 
e corresponding Richter magnitude was taken as 6 (USGS 1980, Cain 1983). 

5.5.2 Technical ADDroach 

Seed, et al., proposed a method of determining the liquefaction potential of saturated, cohesionless soils 
using modified SPT N values (blow count). The procedure corrects the actual N values for various 
equipment and procedural variations of the SPT using a standard size sampler (ASTM D 1586). In the 
procedure, a measured N value is corrected for four variables: 

1) Energy effect 
2) Length of drill rod 
3) Sampling barrel effect 
4) Overburden 

Using the corrected N values and the amount of fines present in the cohesionless soil, an estimate of the 
average cyclic shear stress induced by the design ground motion to effective overburden ratio (cyclic 
stress ratio [CSR]) that causes liquefaction can be estimated using plots. The CSR value increases with 
increasing fines within the cohesionless soil. The actual CSR for‘the soil is calculated using an equation 
that was proposed by Seed et al. The CSR that causes liquefaction is divided by the actual CSR to 
determine the FOS against liquefaction. 
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The liquefaction analysis evaluated liquefaction potential based on the blow counts of individual SPT 
samples. This allowed for a conservative analysis which based the FOS on the blow counts of an 
individual sample. Individual SPT samples from borings that encountered sands within the glacial 
overburden were evaluated, as were individual SPT samples from the Great Miami Aquifer formation. 
All sand seams and the Great Miami Aquifer were assumed to be saturated to provide a conservative 
analysis for the site. 

For the saturated sands within the glacial overburden, the SPT blow counts from individual split-barrel 
samples from the geotechnical investigation were used as the measured blow counts. Water levels were 
assumed to be at the existing ground surface for the analysis. Assuming that the water table is at the 
ground surface is conservative, since it allows all the sand layers to be liquefiable. Unit weight data for 
the clay came from the averaged laboratory data, and unit weights for the sands were obtained from 
literature. 

5.5.3 Results 

The method described above was used to estimate FOS against liquefaction for the individual sample. 
Table 5-5 presents information about the SPT samples analyzed and gives the estimated FOS based on 

a the blow count of the individual sample. 

Till Overburden 

- The minimum FOS against liquefaction in the saturated sands of the glacial overburden within the facility 
footprint for the design earthquake is estimated to be 1.49. The SPT sample that resulted in this FOS 
came from a clayey sand encountered in Boring 11479. The analysis allowed credit for any liquefaction 
resistance provided by the minus 200 sieve fines within the siltyclayey sand. If minus 200 sieve fines 
data was not available for the investigated soils, the minimum value of fines from the same soil type was 
used. 

Great Miami Aauifer Sands and Gravel 

- 

For the saturated sands within the Great Miami Aquifer formation, the SPT blow counts from individual 
split-barrel samples from Boring G2-124 were used as the measured blow counts. Boring G2-124 had 
the lowest blow counts within the Great Miami Aquifer of any of the borings, and it was assumed that 
the lowest blow counts would result in the lowest FOS. Again the water table was assumed to be at the 
ground surface. Unit weights for the sands were obtained from literature. 'The minimum FOS against 
liquefaction in the saturated sands of the Great Miami Aquifer formation at the On-Site Disposal Facility 
site for the design earthquake was estimated to be 2.46. 

- 
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5.6 Pavement Evaluation 

This subsection presents methods for flexible pavement design of anticipated roadways that will support 
Disposal Facility construction and operations. Design and performance of existing roads at the FEMP 
site are discussed. The required thicknesses for both fulldepth asphalt and asphalt pavement with 
granular base are presented for CBR = 3 (consistent with the average test value) and for CBR = 6 (Ohio 
Department of Transportation [ODOT] estimate) for a full range of Traffic Indices (TIS). 

5.6.1 Desian Methods 

As described in the PO Plan, recommendations are presented for asphalt paved roads and parking areas 
for TIS 4 though 10. Several methods are available for the design of flexible (asphalt) pavements. They 
generally are based on either an empirical (experience) approach or a mechanistic (theoretical) approach. 
The empirical method used by ODOT, with minor exceptions as noted in the body of the text, has been 
used as the basis for preliminary thickness determination. 

5.6.2 

Subgrade preparation and strength is probably the greatest single factor governing performance of flexible 
(asphalt) pavement design. Subgrade strengths appear to be somewhat unclear and are a concern. Testing 
for CBR values indicates that the subgrade soils range from poor to very poor (see Figure 5-3). The a 
CBR values ranged from 1.5 to 4.25. This compares with an ODOT estimate of CBR = 6: Earlier 
Calvans R tests showed extremely low values but were disregarded because they were only for very 
shallow soils (see Figure 54). 

CBR results presented in Table G-12 of Appendix G are for remolded (compacted to 95 percent standard 
MDD) samples. The test values are quite low and would probably lead to overconservatism if used for 
in situ subgrade conditions. To provide additional information regarding CBR of natural subgrade 
material CPT data previously obtained were evaluated to estimate equivalent CBR values. 

Appendix C contains information regarding a preliminary evaluation of CBR in the general vicinity of 
proposed haul roads using CPT data. This evaluation estimated the CBR of the natural subgrade to be 
in a range of about 4 to 5. 

Additional relevant information can be found in archives. This source is a U.S. Army Corps of 
Engineers Report dated February 1952, and entitled Report of Foundation Investigation, Feed Materials 
Producn'on Center, Fernuld, Ohio (COE 1952) and hereinafter referred to as "1952 Report." 
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Figure 5-3 - Subgrade Strength Versus CBR Value 
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Figure 5-4 - Typical Relationship Between Several Measures of Soil Strength and Soil Support Value 
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a For the South Access Road the 1952 Report reports the CBR value of 4.8 for natural subgrade with no 
compaction. With rigorous compaction (e.g., 100 percent Standard Association of State Highway and 
Transportation Officials [AASHTO] or 90 percent modified AASHTO) the CBR rises to 8.0. 

For flexible pavement design the 1952 Report recommends that the top 6 inches of the subgrade in either 
cut or fill sections should be compacted to 95 percent of Modified AASHTO and further that deeper zones 
of all fill sections should be compacted to 90 percent Modified AASHTO density. 

For concrete pavement design, actually incorporated in the construction, the 1952 Report requires no 
compaction of subgrade cut sections and 90 percent Modified AASHTO for fill sections. 

To construct a quality asphalt pavement, it is imperative to have a solid, unyielding subgrade at the time 
of construction. Considering the information available thus far, it may prove necessary to enhance 
subgrade strength by adding a subbase consisting of 4 to 6 inches of locally available crushed gravel over 
a geotextile fabric, followed by wheeled traffic pre-rutting to mobilize the fabric prior to final smoothing 
and paving. (In some cases it may be beneficial to excavate down to the higher strength material.) 

5.6.3 . Existina Road Desian and Performance 

An examination of the design and construction records for the existing roads reveals that, except for the 
North Access Road, the roads were built in 1951 of concrete 7% inches thick, placed on clay subgrade. 
The subgrade modules used for design was 175 psi which is equivalent to a CBR of 7. 

No indication of generalized poor subgrade performance has been reported, although the records show 
that 29 road repair or overlay projects have been performed. Reportedly, nearly all roads were 
resurfaced with 3 inches of asphalt in the mid-1980s. It should be noted that for concrete pavements, 
uniformity of the subgrade, rather than its strength, is of the greatest importance. 

- - __ 
The N0-h Access Road was construct& in 1955 with 2-inches ofasphdt concrete-over 5 inches of 
Macadam (asphalt) base. Apparently, no roads with granular bases have been constructed on site, 
although the main parking area was constructed with 3 inches of asphalt over 4 inches of stone. 

No indication of unsatisfactory performance is known for the North Access Road. It is understood, 
however, that the bulk of heavy-load traffic used the South Access Road. 

5.6.4 Thickness Desian 

For the full range of TIS, 4 through 10, required thicknesses for both fulldepth asphalt and asphalt 
pavement with granular base were calculated for CBR = 3 (consistent with the average test value) and 
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for CBR = 6 (ODOT estimate). The range of preliminary thicknesses for both dkig’ns for each TI are 
shown in Table 5-6. 

ODOT design methodologies were used to determine the preliminary thicknesses, with the following 
exceptions : 

1) Subgrade resilient modules was determined by multiplying CBR by 1,500 (used by AASHTO and 
the Asphalt Institute) instead of the more conservative value of 1,200 used by ODOT. 

2) Structural number coefficient used for asphalt concrete is 0.40 (AASHTO) per inch thickness 
instead of the more conservative value of 0.35 used by ODOT. 

It appears that, in general, the required fulldepth asphalt thickness required is reduced by approximately 
20 to 25 percent for CBR = 6 compared with CBR = 3. It is evident from this that considerable savings 
will accrue if the subgrade strengths are, in fact, higher than now indicated or else can be improved or 
stabilized in a cost-effective manner. 
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DESIGN RECOMMENDATIONS 

This section presents PARSONS' recommendations regarding specific preliminary geotechnical and civil 
engineering design aspects of the proposed disposal facility tasked by FERMCO under PO-140 
(PARSONS 1995a). These design recommendations are general in nature and the actual design imd 
construction details will be defined during the disposal facility design. 

6.1 Earthwork and Site Preparation 

6.1.1 Removal of Oraanic Soils 

Organic soils should be removed by stripping the site to an average depth of 12 inches and stockpiling 
the materials for re-use as topsoil or as cap vegetative soil. The stripped depth probably can be reduced 
to just 6 inches for much of the site, but, in a few locations, may be required to depths of approximately 
18 inches. Planning for long-term stockpiling of these materials is required. 

Small roots and minor amounts of other organics are acceptable in general construction fill and care 
should be taken to minimize the amount of organic materials for the compacted clays in the liner and cap. 

6.1.2 Excavation 

Within the limits of proposed excavation and filling, vegetation and topsoil should be stripped. For 
estimating purposes, 12 inches of topsoil stripping should be assumed. The topsoil may be stockpiled 
outside the construction limits for use during final grading. 

Fill may be required in some areas to achieve proposed grades. Within existing swale areas it may be 
necessary to undercut soft sediments. Field evaluations will be required to determine the depth and lateral 
extent of undercutting. It is anticipated that undercut sediments will be wet. The materials should either 
be wasted or stockpiled according to future use. 

Stockpiles 

It is recommended that clearly defined stockpile areas be identified on the plans. During excavation, 
qualified geotechnical personnel should be present to observe materials being excavated and direct 
operators to the appropriate stockpiles. 

ERAFSl\VOLl :RSAPPS\RSDATA\ 
OU-2\pO-14O\REpORT. 1-4 6- 1 12/11/95,9:41arn, Rev. No.: 0 



The waste pile would be for wet sandy materials within the perched water table zone and wet sediments 
from undercutting swale areas. This material could be used for general embankment construction if 
needed. However, moisture contents will probably be higher than optimum moisture for best compaction. 

To facilitate optimum re-use of excavated materials, consideration should be given to selectively 
excavating, insofar as practical, and segregating in separate stockpiles different classes of material, as 
follows: 

1) Class A - Clay suitable for compacted clay layer in bottom liner or future cap. 

2) Class B - Clay with significant inclusions of sand or other materials and unsuitable for liner (re- 
use in berms, miscellaneous fills, cushion layer, etc.). 

3) Class C - Sands, gravels, and excessively wet soils (re-use in berms or miscellaneous fills). 

Proper stockpiling of materials should be considered in the overall project development and sequencing 
plan. 

Moisture Adiustment 

It is recommended that moisture adjustments be made in stockpile areas for the materials used for general 
embankments and especially for soil liner materials. Adjusting moisture in the stockpile will expedite 
fill placement. Moisture adjustment required will depend on seasonal conditions at the time of earthwork. 
Stockpiles should be graded to drains and sealed at the end of the working day if precipitation is 
predicted. 

Material Handling 

Recognizing the characteristic of the till materials to become very slippery and difficult to handle when 
wet, the stockpiled materials should be, as a minimum, "walked in" with bulldozers to compact the 
surface, ,and should be sloped to drain freely. The final lift in each area should be thoroughly "walked 
in." Lift thickness should not be more than approximately 12 inches for proper compaction. 

Erosion control and dust suppression are to be considered. Vegetation should be established early and 
supplemented with other measures, such as plastic covers, if and when necessary. To minimize 
maintenance problems associated with silt fences as primary control, consideration should be given to 
using stockpile perimeter interceptor ditches along the low side with controlled outlets and utilizing silt 
fences as supplemental or temporary measures. Runoff would then flow by gravity to the sedimentation 
pond@). 

000059 
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6.1.3 Surface PreDaration and Treatment of Unsuitable Soils 

After excavating to subgrade level for the compacted clay layer for the composite liner, wet pockets 
should be drained and stabilized sufficiently to support equipment without pumping, rutting, or heaving. 
These areas, plus predominantly silt areas or other suspicious zones should then be proofrolled. Materials 
that do not firm up after draining and/or rolling should be undercut and backfilled with suitable material. 
Where it is impractical to protect excavated or stockpiled areas and the soils become wet, major problems 
are possible and could result in construction delays. Further evaluation of the severity of this problem, 
particularly relating to schedule impacts, should be undertaken prior to beginning full-scale construction. 

There is no indication from the soils investigation that other problem soils, such as expansive, collapsible, 
or highly compressible soils, will be encountered. 

6.1.4 Shrinkaae/Bulkina Factors 

Shrinkage and bulking factors will be calculated from test results as needed for design. 

6.1.5 SloDes (Cut/Fill) and Slooe Protection 

As discussed in Subsection 5.1, the 
- as to exposure and wetting. These 

till is apparently sensitive to disturbance and recompaction as well 
issues, as well as freeze/thaw behavior will need to be considered 

- during design. 
F. 

6.1.6 ComDacted Fills 

General Fill Placement 

Following stripping and vegetation of topsoil, and undercutting of swale sediments, the top 6 inches in 
areas to receive fill should be scarified and recompacted in place to a minimum of 95 percent Standard 
Proctor density (ASTM 698). Any soft areas not stabilized by repeated compaction should be further 
undercut. 

ComDacted Soil Liner 

Locating and evaluating clay borrow material for the compacted soil liners of the proposed facility is a 
major step in the construction process. FERMCO is currently conducting a borrow study which 
investigates sources of potential clay borrow on site. A description of the field and laboratory activities 
can be found in Draj? Geotechnical Sampling and Tests Plan for &-Site Borrow Areas, w-Site Material 
Sources and f?ueruble 2 Unit Waste Units (FERMCO 1995b). Borrow study activities include laboratory 
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classification of clay materials, compaction tests, and remolded laboratory permeability testing. Design 
and construction criteria for the compacted clay liners should be based in part on the results of the borrow 
study. Additionally, as part of the design process, it is recommended that a test pad be constructed to 
allow for analysis of the critical liner and/or cap components (See Subsection 6.1.7). 

Compacted soil should be constructed in a series of thin lifts. It is anticipated that lifts for liner will be 
placed in horizontal layers. However, when liners are constructed on side slopes, the lifts can be placed 
either pballel to the slopes (for slopes up to 2.5H:lV, due to limitations of compaction equipment) or 
in horizontal lifts. Horizontal lifts require at least the width of one piece of construction equipment 
(about 12 feet). Generally, the lift thickness of the clay layers is 8 to 9 inches before compaction, and 
6 inches after compaction. Care should be taken to ensure that each lift of the clay liner is properly 
bonded to the underlying and overlying lifts. Scarification of the underlying lift surface prior to new lift 
placement is recommended. Mechanical kneading type compactors are best suited for compacting clay 
liners, and should be used. In place density tests should be performed to confirm the degree of 
compaction being obtained. 

Embankment Fill 

Embankment fill should be spread in near-horizontal lifts, about 8 to 9 inches before compaction, and 
6 inches after compaction. Scarification of the underlying lift surface prior to new lift placement is also 
recommended. Each lift should be compacted to a minimum of 95 percent Standard Proctor MDD prior 
to placement of additional lifts. In place density tests should be performed to confirm the degree of 
compaction being obtained. 

Construction Materials 

The brown till CL from depths below about 3 feet appears to be better material for use as compacted clay 
than the CL material at shallower depths, however, the permeability and constuctability of field scale liner 
from this material should be demonstrated and is recommended to be part of the design process. From 
the standard compaction test data, increasing the water content to greater than about 2 percent to 4 
percent wet of optimum will most likely result in relative compaction of less than 95 percent standard 
MbD. Compacting the clay materials using a greater compactive effort may result in additional decreases 
in the coefficient of permeability. 

Freeze-Thaw Factor 

The final design thickness of the cap should consider protecting the compacted clay material from 
potential freeze-thaw cycles. The design frost penetration depth for southwest Ohio is 30 inches. 

_ ’  . Construction and exposure of the liner and cap to freeze-thaw conditions should be avoided to reduce the 
potential for cracking and avoid difficulties in meeting field compaction requirements. 

ERAFSl\VOLl :RSAPPS\RSDATA\ 
U-2\W-14O\REPORT.1-4 oooaof 6-4 1Zlt 1195,9:41am, Rev. No.: 0 



' % - -  
6.1.7 Geotechnical Monitorins and Testina for Construction 

As part of the design process it is recommended that a test pad be constructed and tested to allow the 
performance and constructability of critical liner/and or cap components to be evaluated. Unlike 
laboratory tests, field hydraulic conductivity tests performed on a test pad allow flow through features 
such as macropores and fissures. Also, larger, more representative field samples provide more realistic 
permeabilities during field testing. PARSONS, therefore, recommends the use of a fill test and field 
hydraulic conductivity testing as part of the preconstruction quality assurance program for compacted soil - 
liners. Categories of field permeability tests applicable to low permeability soils are: 

1) Borehole tests 
2) Porous probes 
3) Infiltrometers 
4) Lysimeters 

As part of the preconstruction quality assurance testing, tests from these categories should be considered 
for field hydraulic conductivity testing of a compacted clay test pad liner. Often a Sealed Double-Ring 
Infiltometer is suitable for fine-grained clayey or low-permeability soils of a compacted liner. 

Two important aspects of liner construction are: 

1) Construction quality control (CQC) 
2) Construction quality assurance (CQA) 

CQC is designed to ensure that the materials used meet specifications and refers to tests and observations 
performed by the contractor. CQA refers to observations and tests performed by an organization 
independent of the contractor to verify that the constructed facility meets the requirements set forth in the 
plans and specifications. Technical-guidance for preparation of site-specific CQC and CQA plans is 
found in a recently published US EPA document entitled Quality Assurance and Quality Control for 
Waste Containment Facilities ( U S  EPA 1995b). 

In general, CQA testing for clay liners concerns: 

1) Clay borrow source testing 
2) 
3) Granular drainage blanket testing 

Clay liner testing during construction 

The frequency of testing should be specified in CQA plans or specifications. 
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e Clay borrow source testing should include index properties testing, moisturedensity curve development, 
and laboratory permeability testing of remolded samples. 

Clay liner testing during construction should include in place density (nuclear or sand cone) and index 
properties tests. Undisturbed samples are collected for dry density and permeability tests. Moisture- 
density tests are also conducted. 

Granular drainage blanket testing should include grain size, permeability, and carbonate content tests. 

For the disposal facility, a CQA program should be prepared. The CQA program should present 
observations to be made, tests to be performed, and reporting methods for each major component of the 
construction, including liners, berms, cap, and waste placement. The appropriate field and laboratory 
tests, testing frequency, and material acceptability criteria, and other inspections should be a part of the 
CQA program. Qualified personnel should be present during construction to make the observations and 
perform the tests outlined in the CQA documents. Personnel qualified in the area of geotechnical 
engineering should be present during construction activities, excavation, embankment construction, and 
clay liner construction, including waste placement. Personnel qualified to work with synthetic liner 
placement should be present during installation to observe the contractors performance and monitor their 
methods. 

6.2 Bearing Capacity 

As evaluated in Subsection 5.2, the average uniform load for the disposal facility (5,200 psf) is much less 
than the bearing capacity of the underlying glacial till (40,800 and 23,500 psf). As a result, the existing . 
subgrade soils will adequately support the On-Site Disposal Facility. 

6.3 Settlements 
- 

The estimated differential settlements described in Subsection 5.3 occurring across the On-Site Disposal 
Facility should not cause any problems with the facility's proposed cap and liner. The differential 
settlement across the top of the facility amounts to less than 1 percent of the distance between the 
centerline of the facility and the break in slope between the 5H: 1V side slope and the 5 percent top slope. 
As a result, positive drainage will remain once the facility completely settles. 

The differential settlement across the liner is less than 1 percent of the distance between the centerline 
and edge of the facility. This is an extremely small amount of differential settlement and should have 
little to no impact with regards to the integrity of the proposed composite liner. 
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Applying the maximum practical (95 percent standard or above desirable) compactive effort during 
construction of the compacted waste fill and compacted clay berms is recommended to reduce the amount 
of settlement. Increasing the compactive effort reduces the initial void ratio of both the waste and the 
clay berms, resulting in smaller consolidation settlements. 

One method that should be considered to further reduce the settlement of the disposal facility is to 
excavate the existing subsurface soils to a depth of 10 to 12 feet below the existing ground surface and 
found the facility at that elevation. Placing the base of the facility at a lower elevation would reduce the 
effective overburden pressure in the compressible layer, and thus reduce the total vertical stress acting 
within the compressible strata. In addition, placing the base of the facility at a lower elevation would also 
reduce the thickness of the compressible layer. Reducing the vertical stress and the thickness of the 
compressible strata would result in a reduction of the consolidation settlement of the disposal facility. 

Due to the actual loading conditions of the disposal facility, a more detailed time rate of consolidation 
analysis should be performed before the facility is actually designed. The analysis of time rate of 
consolidation typically requires the use of computer software due to the complicated loading sequence. 

." 
6.4 Slope Stability 

This section provides recommendations concerning overall stability of the disposal facility and subgrade 
soils, stability of the side berms and base, and the stability along the cap and liner system and its 
interfaces. These recommendations are based on the results of analyses described in Subsection 5.4. 

. 0 
..I. 6.4.1 Overall Stabilitv of DisDosal Facilitv and Subarade Soils 

The factors of safety considered acceptable for the disposal facility are 1.5 for permanent or sustained 
loading conditions, 1.3 for short-term loading conditions such as immediately postconstruction, and 1 .O 
for transient loads such as earthquakes (U.S. COE 1970). Comparing these acceptable factors of safety 
with the values from analysis using XSTABL described in Subsection 5.4.1, it is apparent that the 
disposal facility appears to be stable for the four loading and drainage scenarios considered. No changes 
to the proposed overall configuration are recommended. 

6.4.2 Stabilitv of Side Berm SloDes 

The stability analyses performed for the side berms resulted in acceptable factors of safety against slope 
failure for both short-term (undrained) and long-term (drained) conditions. The berm configuration 
analyzed consisted of a 25-foot high simple triangular berm with a 2H: 1V face and a 5H: 1V face. The 
analyses focused on failures within the berm material, which was assumed to have the properties of the 
local brown till compacted 
consideration was given to 

to 85 percent of Standard Proctor maximum density (ASTM D698). No 
failure along the geosynthetic interface at the bottom of the berni. This 
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potential failure mechanism, along with the maximum berm height expected during construction, should 
be investigated during the detailed design. 

It should be noted that construction sequencing of the berms and the waste material is likely to preclude 
the necessity for berms as high as 25 feet (as were considered in the stability analysis), and at the same 
time allow for a maximization of the volume within the cells for waste materials. 

6.4.3 Veneer Slidina of Cover and Liner Svstems 

Evaluation of the veneer stability of the cover and liner systems revealed that the critical failure surfaces 
are within the GCL layers and at the FML/geotextile interfaces. Based on laboratory direct shear testing 
using candidate materials, the friction angles determined for these surfaces were 5.4 degrees and 10.1 
degrees, respectively (see Subsection 4.7). Infinite slope analyses using either of these friction angles 
under seismic loading conditions results in slope failure of the cover system. The calculations show that 
a minimum friction angle of approximately 15 degrees is required for long-term stability of the cover 
system. In contrast, the liner system is expected to be stable for the conditions assumed in the analyses 
(see Subsection 5.4.3). 

As noted in Subsection 4.7, the laboratory direct shear testing modeled worst-case field conditions. 
Documented friction angles for GCLs measured under conditions that more closely model the expected 
field conditions range from 16 to 43 degrees (Sharma and Lewis 1994). Docamented friction angles for 
textured FML/geotextile interfaces tested under the expected conditions range from 15 to 33 degrees 
(Sharma and Lewis 1994). Based on these documented values, it is expected that the currently proposed 
configuration and material types of the cover system are acceptable with respect to veneer stability. 
Confirmation of this conclusion will be required during the detailed design. 

0 

It is recommended that further laboratory testing be performed to evaluate candidate materials under 
conditions that closely model the loading conditions expected in the field. This should include direct 
shear testing of the geosynthetics and cover soils following consolidation under the overburden pressures 
expected in the cover system. Testing should consider long term tests at low rates of strain. Candidate 
materials should include textured FMLs and reinforced GCLs. Analyses performed during the detailed 
design should incorporate the updated laboratory data on interface shear strengths and, if necessary, 
consider the effects of toe buttressing under the design seismic loading conditions. The analyses should 
also evaluate the stability of the liner system geosynthetics due to loading from the side berms and interim 
placement of the waste materials. 
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6.5 Liquefaction Potential 

The minimum FOS against liquefaction from the liquefaction potential analysis was estimated to be 1.49. 
According to Sharma and Lewis (1994) soil elements having low FOS (FOSS 1.1) would achieve 
conditions wherein soil liquefaction failure should be considered (Sharma 1994). The minimum FOS 
against liquefaction is well above the minimum FOS suggested by Sharma and Lewis, indicating that 
liquefaction of the foundation soils will not occur during the design earthquake. 

The granular soil having the FOS against liquefaction of 1.49 is located at a depth of 32 to 33 feet, which 
results in a sighificant confining pressure. This high confining pressure provides an additional margin 
of safety against liquefaction. In addition, the majority of the soil overlying the granular soil deposit with 
the minimum FOS against liquefaction value is a lean clay. The lean clay is liquefaction-resistant. 
According to Das (1993) overlying liquefaction-resistant stratum reduces the liquefaction potential of the 
underlying soil. 

6.6 Roadway Design 

This subsection presents design recommendations for roadways with respect to drainage, subbase 
preparation, and pavement design. a 

6.6.1 Drainaae 
c 

.I. 

Since drainage is also of major importance in asphalt pavement performance, it is justifiable to add 
subdrains at sag points in road profiles or in other situations where wet conditions are evident. This 
becomes a greater necessity if a granular base course is used, possibly trapping water against the 
subgrade. The general satisfactory performance of the existing road pavements indicates that subgrade 
drainage has not been a major problem. To facilitate drainage, roadway subgrade cross-slopes should be 
a minimum of 3 percent, with 5 percent desired for shoulders. Subgrades under parking areas should 
be sloped a minimum of 2 percent for positive drainage, and collector underdrains provided as necessary. 

6.6.2 PreDaration 

Soils with silt contents above 50 percent should be undercut to a minimum depth of 2 feet below subgrade 
for frost protection. This is consistent with ODOT practice except that the undercut is reduced from 3 
to 2 feet. Only a small percentage of soils sampled were this silty, requiring removal. 

Geotextiles are proposed for use over the subgrade. Their primary function is separation by preventing 
the clay soils from intruding into either the granular base or the asphalt. See "Separation in Pavements: 
a Valuable Geosynthetic Function," by S. DeBeradino, Geotechnical Fabrics Report, February 1995, and I 

[lcr'-: 03 
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"Separation: Perhaps the Most Underestimated Geotextile Function," by R. Koerner and G. Koerner, 
Geotechnical Fabrics Report, January 1994. 

6.6.3 Pavement Desian Recommendations 

Pavement construction is recommended to be fulldepth asphalt without the use of a granular base course 
(Spec 304-ODOT). This is the prevailing practice in the Cincinnati area. The City of Sharonville, for 
instance, has a high percentage of industrial traffic and prefers this method exclusively. Several 
advantages of fulldepth asphalt include the following: 

5)  

The constructed cost of fulldepth asphalt is approximately the same as for pavement with 
granular bases, and in many instances is less.. 

The closest source for crushed stone is approximately 60 miles away. The locally available 
crushed gravel is suitable as aggregate for asphalt or concrete, but questionable for use as 
granular base. The percent fines is quite high, apparently often exceeding the ODOT Specification 
304 limit of 13 percent. The generally recommended upper limit is 8 to 9 percent fines in high 
quality granular bases. 

I 

Fulldepth asphalt pavements are less likely to trap water and less conducive to a wet subgrade. 

Total overall pavement depth of fulldepth asphalt is less by 2-1/2 to 4 inches. In cut areas, this 
reduces the amount of required excavation and consequent disposal. 

- 

The cost for removing the pavement structure, if required because of contamination at final 
closure, will be reduced, as will the disposal cell volume occupied. 

To improve surface stability against deformation or damage and achieve modest cost savings, the 
pavement is not recommended to include the ODOT Specification 404 smooth-wearing surface, except 
possibly for the relocated North Access Road to be used by the general public. Elsewhere, the wearing 
surface should be asphalt concrete, ODOT Specification 402. 

Planned service lives of the haul road sections fall into the following three classes: 

1) 4 years 
2) 7 years 
3). 10 years 

The service life of the relocated North Access Road is more than 20 years. 

000107 
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CBR values adopted for subgrade strength should be as provided under Subsection 5.6.2. Requirements 
for subgrade preparation should consider the recommendations included in the 1952 Report as 
summarized herein in Subsection 5.6.2. However, consideration should also be given to whether rigorous 
compaction control is necessary to meet pavement service life requirements and are practical, considering 
influences of schedule, cost, and weather. 
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APPENDIX A 

TENTATIVE DETAILS OF DISPOSAL FACILITY 
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S i t e  Wide D i  soosd Faci 1 i t v  
PRELIM1 NARY DESIGN ASSUMPTIONS 

(As on November 30, 1994) 

Disoosal Faci 1 i t v  Desian D a t a  

Capacity : 2.500.000 cubic Yards 

Size: Foot P r i n t  Area - 1.290' X 2.390' ( 7 1  Acres) 

Height: Average 51' ( Max. 62.25'. .Min. 39.75')  

L iner Area: 342.567 Square Yards (For Typical L iner De ta i l .  re fer  t o  

Cap Area:. 

Side Slope: 

'Appendix E-6 OU-2 FS) 

345.491 Square Yards (For Typical Cap Detai 1 .  r e f e r  t o  
Appendix E-6 OLJ-2 FS) 

5-Horizontal t o  1-Vert ical  ( 5:l ) 

. Slope Top o f  Disposal F a c i l i t y :  Min. 3-percent. Max. 5-percent 

D i  sDosa1 Faci 1 i t v  Construction Oata 

S t a r t  Construction: February 1997 

S t a r t  Accepting wa.ste: August 1997 

No. o f  Cel ls :  5 

Cel l  Capacity: 500.000 Cubic Yards Each 

C e l l  Size: 1.290' X 480' ( 14.25 Acres) Each 

Cel l  Construction: 2 Phases each c e l l  

Phase s i ze :  645' X 480' ( 7 . 1  Acres) Each 

Intermediate Cover: As Requi red 

Staging Area (concrete): 160' X 160' 

Storage Area (Asphalt ic Concrete): 200' X 200' 

€qui pment and Personnel Decon. Saci 1 i t i e s  : 1 -Each 

Service Road: 15'-Wide w i t h  crushed rock surfacing 

Fencing: 6'-High chain l i n k  fence 

No. o f  Monitoring Wells: 50 Pairs 
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BORING AND CPT COORDINATES 
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0 Pre-Design (Phase II) Investigation - Geotechnical Boring Location and Depth 

F\USER\PRDO8P\P0140\COORD\COORD.WK3 



Boring 
ID 

Northing Easting Ground Surhce Depth 
Coordinate Coordinate EIevafion (feeiJ 
(WID 1927) ( M D  1927) (8-MSL) 

. .. 
I . .  .. 

G2-SB-13 
G2-SB-14 5.0 I 48281 3.99 1381 582.40 600.1 6 

482321 .a7 1381 61 1 -01 593.34 5.0 



0 Engineering Evaluation for On-Site Disposal Investigation - Boring Location and Depth . 

1751 
1752 

482740.00 1382575.00 607.00 28.0 
483620.00 1381 480.00 61 8.00 30.0 

1753 
M m  A 

483630.00 
4841 55.00 II 2/81 I 

1380000.00 61 0.00 8.0 
1382895.00 620.00 29.0 

II 4841 49.05 I 1383465.72 I 608.30 I . 120.0 11 



Central Storage Facility Investigation - Boring Location and Depth'') 

Boring 
ID 

Northing &sting Ground Surface Depth 
Coordinate Coordinate Elevafion (feet) 

I (NAD 1927) (NAD1927) (it-MSL) 
CSF-1 482386.14 1381 668.50 595.05 45.0 

(l) Coordinates and elevations estimated from ground features 

P:\USER\PRDO8O\PO140\C00RD\C00RD.WK3 

CSF-2 482375.20 1382068.34 599.54 
CSF-3 482332.5 1 1381 800.41 596.05 
CSF-4 482328.86 1381 933.70 596.53 
CSF-5 482286.1 8 1381 665.76 594.60 
CSF-6 482275.23 1382065.61 594.52 

45.0 
45.0 
45.0 
45.0 
45.0 



On-Site Disposal Cell Pre- Design Activities Investigation - Boring Location and Depth 

Boring Northing 
ID Coordinate 

Easting Ground Surface Depth 
Coordinate Elevation (feet) 

G2 - 201 

c 

(NAD 1927) (NAD 1927) (ft - MSL) 
478449.83 1381 723.93 580.57 24.5 



PI ,e-Design (Phase I) Investigation - Cone Penetrometer Location and Depth 

tu Depth rounded to nearest foot 

8 Q 0 1 2 9 P~IJ\~S~RWDXWOIWOORDKOORD.W 



Design (Phase ill) Investigation - Cone Penetrometer Location and Depth 

(') Depth rounded to nearest foot 

P W m I R I - 1 - O . w  

2 0 %  e 

'. -"\ 
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CONE PENETROMETER CBR CORRELATIONS e 
Introduction 

To provide a preliminary estimate of California Bearing Ratio (CBR) for proposed haul road design, Cone 
Penetrometer Test (CF'") data in the vicinity of the roads were used to develop an estimate of the CBR 
values for natural subgrade soils. 

Method of Analysis 

FERMCO provided PARSONS with electronic data files from the Phase I and Phase I11 investigations 
at the proposed disposal facility site. Additionally, files for CPT tests performed in Operable Unit 1 
(OU-1) (west of the former production area) were provided. The files contained various strength 
correlations provided by the CPT Contractor, Applied Research Associates, Inc. These data files 
included correlated values for undrained shear strength (SJ with depth for each sounding. Figure C-1 
shows the location of the CPTs relative to the proposed haul road. 

To perform the analysis, the digital S, values in the top 5 feet of the soil profile were used to obtain an 
average value for the 5 foot interval. An Intergraph GIS work station was used to manipulate the data 
to obtain maximum, minimum, and average values for the top 5 feet of S, CPT data. A chart (see Figure 
C-2) from Evaluation of AASHTO Interim Guides for Design of Pavement Structures (Van Til, et ai. 
1972) was then used to estimate the CBR value of the natural subgrade at each CPT location. Figure C-1 
presents all CPT locations used to develop averages for each area shown. 

a 

Table C-1 lists the minimum, maximum, and average S, values and the associated correlated CBR value 
from Figure C-2. Table C-2 summarizes the CBR values for the seven areas in the vicinity of the haul 
road. 

The estimated CBRs for the natural subgrade for Areas 1 through 4 ranged from about 3.2 to 4.2, while 
the CBRs for Areas 5 through 7 were greater than 6. On review of the CBR values from the individual 
CPTs for Areas 5 though 7, it can be seen that all individual CBR values from CPTs in these areas are 
not necessarily greater than 6. Furthermore, the CPT values that are greater than 6 predominantly came 
from soundings performed during the Phase I (1 14XX series) or the OU-1 (C6-X series) investigation. 
This suggests that possibly different equipment or test setup was used during the various investigations, 
or possibly that different ground-saturation conditions existed when the CPT soundings were performed. 
For the Phase 111 CPTs (CPT-XXX series), which were conducted at the end of March 1995, the ground 
was wet, sometimes resulting in the need to use a bulldozer to tow the CPT truck to test locations. 

- 
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2 0 7  
Table C-1 

Minimum, Maximum, and Average S, Values and Correlated CBR for Individual CPTs from Surface 
to 5 Feet Below Surface 

ERAFS 1\VOL1 :RSAPH\RSDATA\ 
OU-2\PO-14OUZEF’ORT. 114 c - 3  ‘12/13/95, 8:29em, Rev. NO.: 0 



I 
Soil Su~wrt  Value 

I I 
d N 

I 
in 

0 P 

Static CBR 
I I I I I 1  
d ru 0 P 0 1 0 )  

I I I 
d 

0 
d 

in 

I I I D-CBR 
d 

in 
0 VI 

I 
AASHTO 3 pt. 

I I 
d 

iu 
VI 

R Value (240 psi) 
I I I 
0 P 03 OD 

R Value (300 psi) 
I I I 

E 4 
d 

d 

R Value California 
I I I I 1 

s VI 0 
A R) 0 VI 

R Value (Washinaton) 
I I I 
0 d d R) 

0 VI 0 

CBR (Kentucky) 
I I I I I 

0 in g ir E P, d A 

Texas Triaxial Class r 
0 : Q) 

v) n 

Group Index ; 
8 I I 

5 
4 d 

n 
L? 2: VI ru 3 

5 
I I 
8 8 
8 -  8 Interim Guides for Design of 

* From Evaluation of AASHTO 

Pavement Structures, NCHRP 
128, Van Til, DJ., et al., 1972. 

P 5 
Q 
-t 

5 
iii 
3 
0 

Figure C-2 - Typical Relationship Between Several Measures 
of Soil Strength and Soil Suppa Value 
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Considering only the individual CPTs from the Phase I11 investigation, the average correlated CBR value 
for the natural subgrade was about 4. 

Conclusions 

A typical CBR value for the natural subgrade material along the proposed haul road, estimated from the 
CPT data, is about 4 to 5. This is corroborated by a "soaked CBR test" result of 4.8 for natural subgrade 
soil along the South Access Road described in the Repon of Foundation Investigation, Feed Materials 
Production Center, Femld Ohio (COE 1952). 

It should be noted that the CPT locations were not located along the center of the proposed road and were 
used to develop CBR values through correlations and charts. 

An alternative approach for estimating CBR can be found in Founa!ation Engineering (Fang 1991). 
Figure C-3 is a chart for approximate interrelationships between soil classification, bearing values, and 
some in situ parameters (Fang 1991). The chart presents a correlation that uses parameters from the CPT 
test directly (Le., cone tip bearing and friction ratio). Further evaluation of the CPT could be conducted 
using this correlation for comparison with the results of the analysis above. The utility of these 
correlations could be enhanced by performing additional CPT soundings along the centerline of proposed 
roads. 
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Rf - friction ratio (percent) 
Gpo - shear modulus at 0 percent strain 
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CBR - California Bearing Ratio 
Reference: Fang, 1991 

Figure C-3 - Chart for Approximate Interrelations Between Soil Classification, Bearing Values, and 
Some In Situ Parameters Qco1::8 
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APPENDIX D 

PHASE 111 INVESTIGATION - GEOTECHNICAL FIELD BORING LOGS 
AND GEOTECHNICAL LOGGING REPORTS 
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Geotechnical Logging Report ' 4 -  

Project Title: Phase 111 Geotechnical Investigation 
Project No: PO140 

Boring No. G2-120 Drilling Method: Mobile 5 6 1  HSA Date Started: 5 /2/95 

Coordinates: Geologist: R. Nicks Date Completed: 5 /2/95 

Ground Surface Elevation: GWLIDATE: 16.6 BGS15-2-95 Pege 1 of 1 
Notes: Semples collected per ASTM D 1586  and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488  and soil classification per ASTM D 2487.  Soil descriptions interpreted f rom 
field logs and laboratory results. 
ss = ' 

Depth 
(ft) 

- - 

0 

- 
10.5 

scattered gravel to 1 inch, very stiff, 
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FEMP ao03o~-~au0-003 I LITHOLOGIC LOG 
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, G Z - J L D  
SURFACE EwAnoW: GROUNDWATER LEVEL: O A E  nME: DATE STARTED: 

17'3' B t L  I././9c I / O W  a-/!J/g .r 
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L Page 2 of 2 
FEMP 

LITHOLOGIC LOG 20 03 O8-Ga I20-00 + 
RKUECT N4uyE: 

SAMPLE 

DATE AND 
NUMBER 

nuE. 

0 

300132 

BORING NUMBER: 

G% - /.tJ 
R E W R K S  

I 



4 1  

uorn: z I. 5- R 

I 



Boring No. G2-121 

Coordinates: 

Geotechnical Logging Report 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Mobile B-61 HSA Date Sterted: 4-27-95 

Geoloaist: J. Eriavec Date Cornoleted: 5-1-95 
~~ ~~~~~~~ 

Ground Surface Elevation: 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visuel description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted from 
field logs and laboratory results. 
ss = : 

Depth 

GWLIDATE: 1.5 BGS 15-1-95 Page 1 of 1 

0 

7.5 

9.5 

IF 

[ASTM Symbol] 





I Of _a FEMP page 3 LITHOLOGIC LOG 

100136 

OESCRIPTDN 
(Colon ~danUflod por lknvll Color C W )  

G2-12 I 

REMARKS 
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Geotechnical Logging Report zoz 
Croject NO: ~ 0 1 4 0  

Boring No. G2-122 Drilling Method: Mobile 561  HSA Dete Started: 5-1-95 

Coordinetes: Geologist: J. Erjavec Dete Completed: 5-1-95 

Ground Surface Elevation: GWLIDATE: D r y  15-1-95 Page 1 of 1 

Project Tide: Phase 111 Geotechnical Investigation 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted from 
field logs and laboratory results. 
ss = s 
Depth 

(ft) 

- 

0 

17 

I 

it-sooon Samole ST = Shelbv Tube Samole 
- ~~ 

Description Sample Sample Sample Blows per 6" Recovery 
[ASTM Symbol] No. Depth TVpe (in) 

(ft) 

- ~~ 

Description Sample Sample Sample Blows per 6" Recovery 
[ASTM Symbol] No. Depth TVpe (in) 

(ft) 

Lean cley, derk yellow brown to light 
olive brown with trace of sand, very 
stiff to hard, moist CL 

3-8- 1 2 

19-14-20 

10.0-12.0 I ST -1 N A - 1 2 2  I 404824 I 

~~ 

Laboratory Tests 

MC,, UW, GS, AL, CON, 
cu 

MC, MC,, UW,GS,AL, 
uu, UU', uu., 

404826 12.5-1 4.0 ss 9- 1 4-20 20 

404827 15.0-1 7.0 ST NA 24 

Lean cley, greenish-gray, with foesils 404829 17.5-19.0 ss 5-8-1 1 16 
and wood fragments, stiff, moist (CL) 

Note: ASTM symbols in parentheses . 
indicate visual classification 

a 

MC, UW, GS AL, CU,= 

I I I I I I 

I I I I 
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Der/ I S/  1 /47  1 ";;":a, S/ I  /+r 
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'5- uc 
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(Colon idolrcnkd pr MMull Cab, Chn) 
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Geotechnical Logging Report 

Coordinates: 

Ground Surface Elevation: 

4 -  

Geologist: D. Creek Date Completed: 4-26-95 

GWLIDATE: Psae 1 of 1 

Proiect No: PO140 I Proiect Title: Phase 111 Geotechnical lnvestiaation 

0 

~~ 

Boring No. G2-123 

Sandy lean cley, light olive brown to 
dark yellow brown, with scattered 
gravel, very stiff to hard, moist CL 

I Drilling M i h o d :  Mobile E61 HSA I Date Started: 4-26-95 

404794 

404796 

404797 

404799 

~~~ ~~ ~~ ~~~ 

2.5-4.5 ST NA 24 Hold 

5.0-6.5 ss 5-10-13 18 

7.5-9.5 ST NA 22 UW, GS, AL, CU 

10.0- 1 1.5 ss 12-1 9-26 17 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted from 
field logs and laboratory results. 
SS = Split-spoon Sample ST = Shelby Tube Sample 

13 

.- 
.:I 

Depth 
(ft) 1 

~ ~ 

Sandy lean clay, dark greenish gray 
with alternating trecaa of sand and 
gravel, very stiff t o  hard, moist CL 

' Note: ASTM symbols in parentheses 
indicate visual classificetion 

Description 
IASTM Symbol] 

~ 

404800 12.5-1 4.5 

404802 15.0-1 6.5 

404803 17.5-19.5 

404804 20.0-21.2 

404806 21.5-23.0 

Sample Sample Sample Blows per 6" Laboratory Tests I No. 1 D;w;h I T w e  1 

__ ~ ~ _ _ _  

ST NA 22 MC, MC,, UW, GS, AL, P 

ss 8-1 1-15 15 

ST NA 13 

ST NA 1 1  UW, GS, AL, CU 

ss 16-1 9-30 11 0 

404807 23.5-25.0 ss 5-21-21 7 

. . . - ,. 



I I I I 4-26-44 
tRIUffi COhTRACTOR: WATER USED DURING DRILLlffi: 
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BORlffi NUMBER: 

C 2 -  123 

SAMPLE 
TIME. 

DATE, AND 
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R E W R K S  
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1 Project No: PO140 Project Title: Phase 111 Geotechnical Investigation. 

Boring No. G2-124 Drilling Method: Mobile 5 6 1  HSA 1 Date Started: 4-1 2-95 

Coordinates: I Date Completed: 4-13-95 

Ground Surface Elsvetion: 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted from 
field logs and laboratory results. 
SS = SDlit-moon SamDle ST = Shelbv Tube SsmDle 

GWLIDATE: 35.8 BGS 14-1 3-95 Page 1 of 1 

Laboratory Tests I Description Sample Sample I [ASTM Symbol] I No. I Depth 
Depth 

(ft) 

I l8 I Lean clay, greenish black, very stiff, I 405001 I 2.5-4.0 I SS I 6-10-12 
O I  moist (CHI 

clay, greenish black, very stiff, I 405002 I 5.0-7.0 I ST I NA I 18 I UW, GS,AL, UU 
moist CH 

Lean clay, olive brown, very stiff to 
hard, moist CL carbonaceous pellets to 
9 feet with scattered gravel and a trace 
of sand, gravels to 2 inches at 18 feet 

405003 7.5-9.0 ss 5-9- 1 2 15.5 

465004 10.0-12.0 ST NA 21.5 UW, GS, SG, AL, CON, 
CON,, CON,,, CU 

405006 12.5-1 4.0 ss 5-9-1 4 18 

405007 15.0-17.0 ST NA 24 

I 405008 I 17.5-19.0 I SS I 7-22-20 I 14  I 
20 Leen clay, dark greenish gray, with 405009 20.0-22.0 ST NA 6 

scattered gravel and cobbles to 3 
inches. Very stiff, moist (CL) 1 

405010 22.0-24.0 ST NA 11.5 

25 Lean clay, greenish grey, with fine 40501 1 25.0-26.5 ss 6-8-22 18 MC, GS 
sand, and silt layers to 112 inch, very 
stiff, wet (CL) 

30 Sand, dark greenish gray to yellowish 405012 30.0-31.5 ss 9-9- 1 2 18 MC, GS 
brown, medium dense to dense, some 
grevel to Yi inch, wet (SM) 40501 3 35.0-36.5 ss 6-9-9 15 MC, GS 

well graded, well rounded (SW 

405021 80.0-82.0 ss 9-1 8-28-34 6 MC, GS 

Note: ASTM symbols in parentheses 
indicate visual classification 



FEMP 

I I I 

DATE STARTED 

Y / / I l 9 3  
OAT& C-TED 



WATER USED oumw o a u m  ? 
DATE COYPLETED: 

I 

REMAFIKS 



, :  

I I 



0 9 3 0  

I 
.d 
L) 

I 

;rU 



- 1  

REMARKS 

I I' 



Geotechnical Logging Report 

Coordinates: 

Ground Surface Elevation: 

. k .  2 0 7  

Geologist: R.  Nicks Dste Completed: 4-1 7-95 

GWLIDATE: 22.2 BGS I 4-1 7-95 Page 1 of 1 

roiect No: POIM I Proiect Title: Phese 111 Geotechnical lnvestiaation 1 
II 

~~ ~ ~~ ~~~~ -~ 

I I n g  No. G2-125 l % n g  Method: Mobile B-s HSA- lx te Started: 4-1 7-95 

and laboretory results. 
it-spoon Sample ST = Shelby Tube Sample 

0 

14 

1 

ll 
Laboratory Tests I Sample Sample I No. I Depth (in) 

Description 
[ASTM Symbol] 

of sand, and scsttered gravel, very stiff, 
moist CL 

Sandy leen clay, gray to dark grey, stiff, 
wet, with sand layers to 6 inches thick 
CL 



SURFACE ELEyAlloN: 

GEOLOUST: 

$ d ; c  L 

t i  I I I  

DATE STARTED: 

9 ,  J 7/5r 
DATE CWPLETED: 

I CROUWOWATER LEVEL: DATE: 

DATE: I GROUWWATERLEVEL: 

I I I 
f INSTRUYENT 1 BACKGROUND 1 DATE I nus I NOTES: 

c 

BETAIGAMY* 

TAMPLES COUECTEO PER ASTY STANDARD PENETRAllON TEST. 
-ILLUSWISOGEOnCMUTWO LOG Ep9 
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Geotechnical Logging Report 

roject No: PO1 40 

Boring No. G2-126 

Coordinates: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Mobile 6-61 HSA 

Geologist: D. Creek 

I Date Started: 4-24-95 

I Date Completed: 4-25-95 

Ground Surface Elevation: I GWDATE:  2.75 BGSI4-25-95 I Paoe 1 of 1 

Sandy lean clay, light olive brown, with 
trace of sand and gravel, stiff, moist to 
wet, becoming very stiff at 11.5 CL 

Sandy lean clay, dark greenish gray 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted from 
field logs and laboratory resulta. 
SS = Split-spoon Sample ST = Shelby Tube Sample 

404765 2.5-4.5 ST NA 27 Hold 

404767 5.0-6.5 

404768 7.5-9.0 ST NA 16 UW, GS, AL, CU 

404770 10.0-1 1.5 ss 1 4-1 9-1 8 ' 18 

404771 12.5-14.5 ST NA 23 MC, UW, GS, AL, CU, 

ss 4-9-14 15 

70 

- 

with trace of sand and scattered gravel, 
very stiff to hard, moist CL 

Description 
[ASTM Symbol] 

404773 15.0-17.0 ST NA 23 UW, GS, SG, AL, CON, 
CON,, CON,,, UU 

Sample Sample Blows per 6" I R e q ; e J r  Laboratory Tests 1 No. I Depth 

404776 20.0-21.5 ss 20-1 6-1 8 

I I l f t l  I I . I  I 

20 I 

Well graded sand with silt and gravel, 
light olive gray, very dense, dry to  wet, 
SW-SM 

Note: ASTM symbols in parentheses 
indicate visual classification 

404791 70.0-71.5 ss 501.4 6 MC, GS 

MC, GS 404792 75.0-76.5 

404793 80.0-81.5 ss 1 5 '  MC, GS 

ss 501.4 7 

25-41 -41 

wood fragment 18.5 I 404775 I 17.5-19.0 I SS I 10-11-15 I 15 I 

greenish gray, wet, very dense (SM) 

404789 I 60.0-61.5 I ss 30-80 12 MC, GS 

404790 I 65.0-66.5 I ss I 35-38-501.4 I 14 I MC, GS 

a 
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Geotechnical Logging Report 
' 4- . 

Project No: PO140 

Boring No. G2-127 Drilling Method: Mobile E61 HSA Date Sterted: 4-21-95 

Coordinates: Geologist: D. Creek Date Completed: 

Ground Surface Elevation: GWLIDATE: Dry 14-21-95 Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsall Color Chert. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 
from field logs and laboratory results. 
SS = Split-spoon Sample ST = Shelby Tube Sample 

Project Title: Phase 111 Geotachnical Investigation 

with trace of gravel 

wood fragments at 23.5 
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Geotechnical Logging Report 

1 
* . . * r  *.r 

Project No: PO1 40 

Boring No. G2-128 Drilling Method: Mobile 5 6 1  HSA Date Started: 4-19-95 

Coordinates: Geologist: R. Nicks Date Completed: 4-1 9-95 

Ground Surface Elevation: 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description par ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 
from field logs and laboratory results. 

Project Title: Phase 111 Geotechnical Investigation 

GWLIDATE: 19.5 BGS I 4-1 9-95 Page 1 of 1 

SS = SDlit-sooon Semde ST = Shslbv Tube Samole D = C 

Description 
[ASTM Symbol] 

Sample I No. 

0 Lean clay, dark yellow brown to light 
olive brown, firm, wet, becoming 
sandy at 5.0 and hard with trace of 
gravel CL 

7.5 Sandy laan clay with gravel, light olive 
brown, hard, moist CL I 405045 

12  

- 
115.0 

17.5 

- 

- 
23 

Clayey gravel with sand, light olive 
brown, very stiff, moist GC 

Sandy lean clay with gravel, dark grey, 
very stiff, moist (CL) 

Sandy lean clay with gravel, gray, very 405049 
stiff, wet, with cobbles to 3 inches 
K L )  405051 

Lean clay with send, dark greenish 405052 
gray, very stiff and wet (CL) 

406046 

405048 

I Note: ASTM symbols in parentheses I indicate visuel clessification 

I 

nison Samoler 

Sample Sample Blows per 6" Recovery Laboratory Tests 
Depth TYPe (in) 

(ft) 

2.5-4.5 ST NA 13 MC, GS, AL, UU 

5.0-6.5 ss 5-14-19 17 

7.5-9.5 D NA 24  MC, UW, GS, AL, CU, 

10.0-1 1.5 ss 12-21-36 12 

12.5-14.5 D NA 15 UW, GS, SG, AL, CON, 
CON,, 

15.0-1 6.5 ss 8-10-14 12  

17.5-19.5 D NA 24  MC, UW, GS, AL 

19 20.0-21.5 ss 

23.0-25.0 ss 1 5-1 2-1 0 18 

8-1 2-1 5 
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-J 
Geotechnical Logging Report 

404746 

Note: ASTM symbols in parentheses 
indicate visual classification 

r 

Project No: PO140 Project Title: Phase 111 Geotechnical Investigetion 

Boring No. G2-129 Drilling Method: Mobile E61 HSA Date Started: 4-1 8-95 
I 

~~ ~~ - 

40.0-42.0 D NA 24 Hold 

Coordinates: Geologist: D. Creek Dete Completed: 4-1 9-95 

Ground Surface Elevation: GWLIDATE: 10.95 BGS 14-19-95 Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Velue. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 
from field logs and laboratory results. 
SS = Split-spoon Sample ST = Shelby Tube Sample D = Denison Sampler - - 
Depth 
cnr 

- 
12.5 

Description 
[ASTM Symbol] 

Sample 
No. 

Sample 
Depth 
(h) 

Sample 1 Blows per 6"- I Re;;ry I Laboratory Tests 
TVpe 

Lean clay, yellowish brown, stiff to 
very stiff, moist CL 

404729 

with sand from 10.2 

Sandy lean clay, dark greenish gray, 
vary stiff to hard, moist CL 

with trace of gravel 22.5 - 42.0 

wet at 32.5 

404735 

2.5-4.0 ss 4-5-7 17 

5.0-7.5 ST NA 30 MC, MC,, UW, GS, AL 
uu 

7.5-9 .O ss 7-1 1-15 21 

10.0- 1 2.5 ST NA 15 MC, MC,, UW, GS, AL 

12.5-1 4.0 ss 7-13-19 15 

'15.0-17.5 . ST NA 30 

~~~~~ 

~ 

ss 10-22-37 20 

~ ss 6-1 2-20 10 

ST NA 24 UW, GS, AL, CU 

8-1 5-1 9 

7-9-1 2 

6-1 3-20 

ss 21 -50-49 
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* L6 Geotechnical Logging Report 

Troject No: Po140 

Boring No. G2-130 

Coordinates: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Mobile E61 HSA Date Started: 4-25-95 

Geologist: R. Nicks Date Completed: 4-26-95 

Ground Surface Elevation: 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency besed on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 
from field logs and laboratow results. 
ss = ' 

Depth 
(ft) 

- 

GWLIDATE: 73.0 BGS I 4-26-95 Page 1 of 1 

- 
0 10-14-20 18 

, NA 22 

8-1 1-14 14 

NA 24 

7.5 

10 

MC, MC,, UW, GS, AL, 
uu 

UW, GS, AL, CU 

15 

b 
405085 

405086 

405087 

30 

35 

~~ ~~ 

22.5-24.0 ss 5-9- 1 2 18 

25.0-26.5 ss 6-9- 1 7 18 

27.5-29.0 ss 6-1 2- 1 8 18 

40 

55 

Sandy leen clay with scattered gravel, 
dark greenish gray. very stiff, moist CL 

Silt, greenish gray, very stiff, moist to 
wet (ML) 

65 

I 

405088 30.0-32.0 D NA 24 UW, GS, AL, CU 

405089 32.5-34.0 ss 9-1 5-23 18 

405090 35.0-36.5 ss 7-9-26 18 

lit-spoon Sample ST = Shelbv Tube SamDle D = Denison SamDler 

Send, gray, dense to very dense, moist 
(SM) 

Gravelly sand, gray. dense to very 
dense, moist (SW 

Description 
[ASTM Symbol] 

405091 40.0-41.5 ss 22-30-31 18 MC, GS 

405092 45.0-46.5 ss 15-21 -1 8 MC, GS 

405093 50.0-51.5 ss 50 5 

405094 55.0-56.5 ss 35-32-41 16 MC, GS 

405095 60.0-61.5 ss 32-50 9 

4050.96 65.0-66.5 ss 21 -21 -24 16 MC, GS 

Sample Sample Sample Blows per 6" . Recovery Laboratory Tests I No. 1 D;tw;h I Type I 1 (in) 1 

Poorly graded sand with silt, gray, very 
dense, moist. with scattered gravel to 
314 inch, wet at 75.0 (SP-SM) 

Note: ASTM symbols in parentheses 
indicate visual classification 

Lean clay with sand, light olive brown, 
very stiff, moist. with scattered gravel 
to 1 inch, greenish gray at 5.0 CL 

405074 

405075 

405076 

405077 

405079 

Lean clay, dark gray. very stiff, moist 
CL 

405097 70.0-71.5 ss 14-20-22 18 MC, GS 

405098 75.0-76.5 ss 22-32-35 16 MC, GS 

405099 80.0-81.5 ss 15-25-49 10 MC, GS 

' 

Sandy lean clay, dark gray, very stiff, 

405083 

moist, with scattered gravel to 112 
inch CL 

7.5-9.0 

10.0-1 2.0 

12.5-14.0 

15.0-17.0 

17.5-19.0 

20.0-22.0 

6-8-1 2 

5-1 2-1 6 

UW, GS, SG, AL, CON, 
CON,, CON,=, UU 

NA I 24 I MC, UW, GS,AL,CU. 
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Page 1 of $/ 
FEMP 

600308G2i30dO7 I LITHOLOGIC LOG 
c m o ~ m -  

PROlECT NUYBER: PRQIECT NAYE: 

P a  r - e o t p r  X , , d  t, i s  ( / & H I  ~ 0 . 8 ~ .  O B '  
I RELATED FAL NOa: WMG NUYBER: 1 COOROlN&S: 

GZ- 136 - o 
DATE: TIYE: SURFACE ELEVATION GAOUNOWATER LEVEL: 

73 l.OGC v/z(r/k /or7 

ORILU 
IOArr: 1°F CEOLO(1ST: CROUWWATER LML: 

2 
WATER USED oumffi omuff i :  

SAMPLE 

DATE AN0 
NUUBER 

nyE. 

a 
4 
3 f 2 
- 
6 '  

--t 
12 

1 -- I 

I 

R E M R K S  



FEMP aOO3O8GaI30-008 Psge-of LL- LITHOLOGIC-LOG I 
soalwi NUMBER: PROJECTMUYE: 

I 

00016. 1 '  
I I 

R E M R K S  
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7 P  I 
*E 

SAYPLE 

OAT€ AND 
NUUBER 

nutz REMARKS 

.I- 



70 

SAUPLE 

DATL AN0 
NUYBER 

nu€ 

t . r  
1 6  
Y 9  

J o t  

8CiUNG NUYBER: 

Lt - /  20 I 

REMARKS 





Geotechnical Logging Report 

Project Title: Phase 111 Geotechnical Investigation 

Boring No. G2-131 Drilling Method: Mobile E61 HSA 

Coordinates: Geologist: K. Ernst 1 Date ComDleted: 4-1 7-95 

I Date Sterted: 4-1 2-95 

Ground Surface Elevation: 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and Soil classification per ASTM D 2487. Soil descriptions interpreted from 
field logs end laboratory results. 

I GWLIDATE: Dry I 4-1 7-95 I Pege 1 of 1 

ss = s - 
Depth 
(h) 

7.5 

11.5 

b 

60.0 

65.0 
- 

lit-spoon II Sample ST = Shelby Tube Sample D = Denison Sampler 

moist (CL) 

moist CL 

CL 

stiff at 30.0 

becoming very stiff at 40.0 

Note: ASTM symbols in parentheses 



C I  

t I 

10.0 

I 

I 
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aM308al3to09 I LITHOLOGIC LOG Page -Of 3 - A ?  

'Phcr5P lT G C ~ ~ ~ L - I ; \ \  1 % ~ = ~ & . j 4 ) i ~ ~  2 0  . 0 3 . 0 8  

FEMP CMROLNO 

PROJECT NAME PRaJECT NUMBER: f l  

BORING NUUSER: COORDINATES: 
GI- \ 3 \  

SURFACE ELEVATION: DATE STARTED: 

DATE COMPLETED: 

DRILLERRIELPER: 
'b' *IQATE: c CEOLOOST: CROU 

B U N G  CONTRACTOR: omurn EQUIPUENT: 

z2-ol - 1  

21. i 
L 
INSTRUMENT I EACKCROUND 

PIQ I 

I 
REMARKS 

\ 



.... 

INSTRUYENT I BACKGROUND 

PI0 I. 

I I I I 
I m u I I o   CONTRACT^ o m u f f i  EOUIPYEWT: ORILLEARIUPER: 

I 

REMARKS 



. .  

0 

a 

a 

I 

REMARKS 

- 
90.0 

. .  

.rI. 0 .  

1 -  
I +  

11 

.,1 
NSTRUYENT BACKGROUND 

I 

u o d  
IARO PENETRATION EST. 



I - 
35 
CW 

JZ 
1 0  
0 - 

.z 

.2 

REWLURXS 

I 
NARD PENETRATION -ST. 

yo) 



U 1 

. a  

REMARKS 



I 

7s 

I?. :i 0 

1 

t . 1  
IHSTRUYENT BACKCROUNO OATE ,)IoTE9: 

\RD PENETRATION TEST. 



I Page xq of 3 5 LITHOLOGIC LOG 

ALPHA 

BETIUCaYYI 

I 

NOTES: 
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Boring No. G2-132 

Coordinates: 

Ground Surface Elevetion: 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587; Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 

Drilling Method: Mobile 6-61 HSA Date Started: 427-95 

Geologist: R. Nicks Date Completed: 4-27-95 

GWLIDATE: 7.2 BGS I 4-27-95 Page 1 of 1 

from field logs and laboratory results. 
SS = Split-spoon Semple ST = Shelbv Tube Sa 

' 0  

1 1  

Depth 
(ft) I 

Lean clay, olive brown, stiff t o  very 
stiff, wet et 5.0, soft to stiff at 5.0 CL 

Lean;clay with sand, gray to dark 
greenish grey, very stiff, moist, with 
scattered gravel to 3-1 I2 inches CL 

Description 
IASTM Symbol] 

405101 

405102 

2.5-4.0 ss 3-45 14 

5.0-7.0 ST NA 24 MC, MC,, UW, GS, AL, 
uu, cu, 

15 I Sandy lean clay, gray to dark greenish 

405104 

405105 

405107 

405108 

405110 

4051 11 

7.5-9.0 ss 8- 1 2-24 18 

10.0-12.0 D NA 24 MC, MC,, UW, GS, AL, 
uu, uu, 

12.5-14.0 ss 7-9-1 1 18 

15.0-17.0 ST NA 22 UW, GS, AL, CU 

17.5-19.0 ss 5-6- 10 17 

20.0-22.0 ST NA ' 24 MC, MC,, UW, GS, AL, 
P 

wood fragments and twigs at 37.5 

Note: ASTM symbols in parentheses 
indicate visual classification 

D 

I 

grey, stiff to very stiff, moist, with 
scattered gravel CL 

0 

le D = Denison Sampler 

4051 13 

4051 14 

4051 15 

4051 16 

4051 18 

4051 19 

Sample Sample Sample Blows par 6" Recovery Laboratory Tests 
No. I D;;;h 1 Type I I (in1 I 

22.5-24.0 ss 5-6-7 15 

25.0-26.5 ss 4-50 8 

27.5-29.0 ss 5-6-1 1 12 

30.0-32.0 ST NA 10 

32.5-34.0 ss 4-5-10 18 

35.0-36.5 ss 5-6-8 26 

405120 

405121 

37.5-39.0 ss 3-5-8 22 

43.5-45.0 ss 5-9-1 5 18 



G . t - / J ; L  

(./ 
DATESTARTED: SURFACE ELEVATION: GROUNDWATER LEVEL 

7,2 A G L  6 2 s  +7/9r 
CEOLOClST: GROUNDWATER LEVEL. I DATE: . DATE COMPLETED: - 2 . d I i k J  
WATER USED DURlffi DRILLING: 

i 

REMARKS 

080137 
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REMARKS 
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Geotechnical Logging Report 

ect No: PO140 

Boring No. G2-133 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Mobile 5 6 1  HSA Date Started: 4-21-95 

Coordinates: 

Ground Surfece Elevation: 

Geologist: R. Nicks Date Completed: 4-24-95 

GWLDATE: 33.5 BGS 14-24-95 Pege 1 of 1 

depth Description Sample Sample 
[ASTM Symbol] ' No. Depth 

f f t )  
(ft) 

Sample Blows per 6" Recovery Laboratory Tests 
TWO (in) 



' 4 -  li 2o'g; 
I Page / of 2 

CO(TrROL No: FEMP -- a00308 ~a t33-00~,) LITHOLOGIC LOG 
PRQlECT NUMBER: 

PHNF Z Z  G E - ~ T G C H M ~ C ~  L ZUV~JTILRT/O N JD. P J . D f f  
r )  )COORDINATES: I RELATED FAL Noc 

. I GROUNDWATER LEVEL: I DATE: 1 DATE STARTED: SURFACE ELEVATION: 

ts 

I I I I 

I I IIBTRUYENT BACKGROUND DATE nyE NOTES 7 

. .  

YII 

%AYPW COUECTEO PER ASTY STANDARD PENETRATION TEST. 
7-EO-C- uxi EPS 



(I 

. 





Geotechnical Logging Report 

~ 

m n g  No. G2-134 

Coordinates: 

Ground Surface Elevation: 

ct No: PO140 I Project Title: Phase 111 Geotechnical Investigation it 
Drilling Method: Mobile B-61 HSA Date Started: 5-3-95 

Geologist: R. Nicks Date Completed: 5-3-95 

GWLIDATE: 4.0 BGS 15-3-95 Pege 1 of 1 

and laboratory results. 
it-moon SamDle ST = Shelbv Tube Samole D = Denison SamDler II 

Description 
[ASTM Symbol1 

Sample Sample Blows per 6" Recovery Laboratory Tests 1 No. I Depth I (in) 

Silty sand, brown, very dense, wet at 8 
- 8.5 EM) 

- 1  ... 



SURFACE ELEVATION: 

;il d c 4  
GE0LDC;IsT: 

J 

I INSTRUMENT I BACKGROUND 

D A E  nw: DATE STARTED: 

DATE I"-'L DATE COUPLETED: 

GROUNDWATER LEVEL: 

3% 6 G L  J/3/%- ,r/3/99J- 

I 373/9r 

GROUNDWATER LEVEL: 

C H  

I s k l h  < 

LL 

nyE .  no^ DATE 



J 
I I 
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APPENDIX E 

PHASE 111 INVESTIGATION - SHALLOW BORING/EXCAVATION FIELD 
BORING LOGS AND GEOTECHNICAL LOGGING REPORTS 

ERAFS l\VOLl :RSAPPS\RSDATA\ 
OU-2\PO-14O\REFORT. 1-4 12/11195,9:41am, Rev. No.: 0 

880207 



c 

ect No: PO140 

Boring No. G2-SB-1 

Coordinates: 

Geotechnical Logging Report 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Van 

Geologist: K. Ernst Date Completed: 4-24-95 

Date Started: 4-24-95 

000208 



h) o k a  
I .  

I I 
AEUARKS 



ject No: PO140 

Boring No. G2-SB-2 

Coordinates: 

Ground Surface Elevation: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Van Date Started: 4-24-95 

Geologist: K. Ernst Date Completed: 4-24-95 

GWLIDATE: 1 .O BGS I 4-24-95 Page 1 of 1 





Geotechnical Logging Report 

ct  No: PO140 

Boring No. G2-SB-3 

Coordinates: 

% 2 0 %  
' *-- 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Van Date Started: 4-21-95 

Geologist: K. Ernst Date Completed: 4-21 -95 
ir i I 

Ground Surface Elevation: GWLIDATE: Dry Page 1 of 1 

Notes: Samples collected par ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 

loas and laboratow results. - 
lit-sDoon SamDle ST = Shelbv Tube Sen 

Description 
IASTM Symbol] 

Silt, brown, firm to stiff, moist (ML) 

Lean clay, light brown to brown,-wet 
et 2.0 CL 

Note: ASTM symbols in  parentheses 
indicate visual clessification 

e B = Bulk Sample 

Sample Sample Sample Blows per 6" Recovery Laboratory Tests 
No. Depth TYPO (in) 

(ft) 

. .  . 



. . _- .- - 

I N o *  e 
I I 

I I I 
I I I I I 
DARD PENETRAllON TEST. 



Geotechnical Logging Report 

ct No: PO140 

Boring No. G2-SB-4 

Coordinates: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Van Date Started: 4-25-95 

Geologist: K. Ernst Date Completed: 4-25-95 



1-5- 7 . 7 '  



1 

Geotechnical Logging Report 

ct No: PO140 Project Title: Phase 111 Geotechnical Investigation 
I I 

n, with trace of sand, 



. I 

Lo I 

I I I I-! ! 
= Dc M 

'rw*MwoIEuNmy)LwER 

000217 



Geotechnical Loggiig Report 

ct  No: PO140 

Boring No. G2-SB-6 

Coordinates: 

Ground Surface Elevation: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Van Date Started: 4-21-95 

Geologist: R. Nicks Date Completed: 421 -95 

GWLIDATE: Dry 14-21-95 Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 
from field logs and laboratory results. 
ss = I 

Depth 
(ft) 

- 

'0 

2 

lit-sooon Samole ST = Shelbv Tube Samole B = Bulk SamDle 

Description 
IASTM Symbol) 

Sample Sample Sample Blows per 6" Recovery Laboratory Tests I No. I Dg;h I Type I I (in) 1 
Silt, light brown, medium stiff to stiff, 
moist (ML) 

MC, GS, AL, SP, P, 

I I I I I I 



1 
m o  

m 
PIP a* 

REMRKS 

c 



' 4 -  
Geotechnical Logging Report 

Boring No. G2-SB-7 

Coordinates: 

Ground Surface Elevation: 

Drilling Method: Geoprobe Van Date Started: 4-26-95 

Geologist: D. Creek Date Completed: 4-26-95 

GWIDATE: Dry 14-26-95 Page 1 of 1 



- 
/ -  - .*., .- 

/200 
Y -26-95 
*Yo16 92 

I Page -i of 1 FEMF 
LITHOLOGIC LOG 

CONTR0L)Io: 

mwKn w PROJECT NUMBER: 
PkakIIi W n ' e ~ a l  I n l r u r k e o -  2 e . o q  .os 

m N a  NULBW: COORDINATES: REUTED FAL NO&: 
C Z - S B -  3. 

SURFACE EuvAnow: GROUNDWATER LEVEL: DATE: nuE: DATE STARTED 

b r y  k L  4 -  Z G - S  
DATE COYPLETED: 

4 - 2 6 - 9 F  I" DATE: I GEOLOQST: GROUNDWATER LEVEL D. G d  

Ih 

3 
h c 

I 
5 .o 

1x5 L- 

1.0 - /  
mL 

-1. DC 

I 

I I 

0 

a 



Geotechnical Logging Report 

ct  No: PO140 

Boring No. G2-SB-8 

Coordinates: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Ven Date Started: 4-25-95 

Geologist: K. Ernst Date Completed: 4-25-95 

Ground Surface Elevation: 

'0 

GWLIDATE: Dry 14-25-95 Page 1 of 1 

2 

- 

I 

itit-spoon Sample ST = Shelbv Tube Sample B = Bulk Semple 

. Description 
IASTM Symbol] 

Sample Semple Sample Blows per 6" Recovery Laboretory Tests I No. I D;;;h I T w e  I I (in) I 
Cleyey silt, brown, moist to wet, with 
trace of gravel (ML) 

Lean clay, yellowish brown to olive 
brown, moist CL 

Note: ASTM symbols in parentheses 



I 

I -  

) 



Geotechnical Logging Report 

Very moist to wet at 3.0 

w 

\ 



I I 
LRD PENElRATION lE!il. 



I 

Geotechnical Logging Report 

~~~~ 

ject No: PO140 Project Title: Phase 111 Geotechnicel Investigation 

Boring No. G2-SB-IO Drilling Method: Geoprobe Van Date Started: 4-26-95 

Coordinetes: Geologist: D. Creek Date Completed: 4-26-95 



- 0.0‘ 

R E W R K S  

I 

080227 
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ject No: PO140 

Boring No. G2-SB-11 

Coordinates: 

Ground Surfece.Elevation: 

Geotechnical Logging Report 

Project Title: Phase 111 Geotechnical Investigation. 

Drilling Method: Geoprobe Van Date Started: 4-27-95 

Geologist: J. Erjevec Date Completed: 4-27-95 

GWLmATE: Dry / 4-27-95 . P a g e L o f  1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Stendard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil deSCriptiOn6 interpreted 
from field loas and laboratow results. 
ss = : 

Depth ,-T 
' 0  

5.0 

Description Sample Sample 
[ASTM Symbol1 No. Depth 

(ft) 

Sample Blows per 6" Recovery Laboratory Test6 
T w e  (in) 





: . i ,  

:i' . ,  

ject No: PO140 

Geotechnical Logging Report 

Project Title: Phase 111 Geotechnical Investigation 

Coordinates: Geologist: R. Nicks 

Borina No. G2-SB-12 I Drillina Method: Geoprobe Van I Date Started: 4-21-95 

Date Completed: 4-21-95 

Depth Description Sample Sample Sample Blows per 6" 
(ft) IASTM Symbol] No. Depth TvPe 

(ft) 

Ground Surface Elevation: I GWLIDATE: Dry 14-21-35 1 P a g e L o f L  

Recovery Laboratory Tests 
(in) 



I t Paw 1 of / 

RKYECTIUYE: I PROJECT MIUBER: 

FEMP 
LITHOLOGIC LOG 

coNlRoL)(o: 

I** e 
I 

,a, 



b- 20% 
b-- 

ject No: PO140 

Boring No. GP-SB-13 

Coordinates: 

Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: Geoprobe Van Date Started: 4-20-95 

Geologist: R. Nicks Date Completed: 4-20-95 

Ground Surface Elevation: GWLIDATE: Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 
from field logs and laboratory results. 
SS = Split-spoon Sample ST = Shelby Tube Sample B = Bulk Sample 



- .  6-4-Sb -1 3 I 
SURFACE ELEVATION: GROUNDWATER LEVEL: DATE: n e  DATE STARTED: 

Y / W W  
GEOCOUST: GROUNDWATER LEVEL: D ~ T E  C~YPLETED: 

WATER USED D u m f f i  omuffi: 
/ M A  

I IWTRUYENT I BACKGROUND 

I, I 

'. J,r,  

REMIRKS 

I I 



Geotechnical Logging Report 

ct  No: PO140 

Coordinates: 

Ground Surface Elevation: 

n +- b" 20'3: 

Project Title: Phase Ill Geotechnical Investigation 

Drilling Method: Geoprobe Van Date Started: 4-1 9-95 

Geologist: K. Ernst Date Completed: 4-19-95 

GWLIDATE: Page 1 of 1 

Depth Description Sample Sample 
(ft) [ASTM Symbol] No. Depth 

eft, 

Sample Blows per 6" Recovery Laboratory Tests 
TYPe (in) 



- I. .... 
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Geotechnical Logging Report 
. .  . 

ect No: PO140 Project Title: Phase 111 Geotechnical Investigation 

Drilling Method: HendlShovel Date Started: 5-12-95 



1 Pag. , of / 
'COt4lRCCMO: FEMP 

LITHOLOGIC LOG 
- pRoJEcTII*yE: 

I)BTRUUENT BACKCAOUND 
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- 
$1 
si 
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/ b  

P' 

- 

DATE NOTES. 

I 
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Geotechnical Logging Report .' 4 - 

ject No: PO140 Project Title: Phase 111 Geotechnical Investigation 

Boring No. G2-SB-16 Drilling Method: HendlShovel Date Started: 5 1  0-95 

Coordinates: Geologist: R. Nicks Date Completed: 5-10-95 

Notes,: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visuel description per ASTM D.2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 



IWTRUUENT BACKGROUND 

.a. 

I &/+ I -  I -  
W U W a  C r n C T O F I :  

I 

DATE nyE Nom I 

I 1 
MRD PENETRATION TEST. 

m 



5 b- 2 0 z Geotechnical Logging Report . *  +-- 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soil descriptions interpreted 



GR-3 D -1 7 I 
DATE: nuE: DATE STARTED. JRFACE E L E V A l W k  ' GROUNDWATER LEVEL: - - - 

S/,O /?s 
GROUNDWATERLEVEL: I DATE: DAIS COYPLEIED: 

e 

0 



Geotechnical Logging Report 

.,* 

c t  No: PO140 Project Title: Phase 111 Geotechnical Investigation 

Boring No. G2-SB-18 Drilling Method: Hand/Shovel Date Started: 5-5-95 

Coordinates: Geologist: R. Nicks Date Completed: 5-5-95 

Ground Surface Elevation: GWLIDATE: Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual description per ASTM D 2488 and soil classification per ASTM D 2487. Soii descriptions interpreted 
from field logs and laboratory results. 
SS = Spltt-spoon Sample ST = Shelby Tube Sample B = Bulk Sample 

Dipth Description Sample Sample Sample Blows per 6" 
(ft) IASTM Symbol] No. Depth TvPe 

(ft) 

t 
t 

I 



IO 
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Geotechnical Logging Report 

ctNo: PO140 

$- 2 0 z  
4- 

Project Title: Phase 111 Geotechnical Investigation 

~~~~~ ~ 

Coordinates: 

11 Boring No. G2-SB-19 

Geologist: R. Nicks Date Completed: 5-5-95 

I Drilling Method: HandlShovel I Date Started: 5-5-95 II 

Ground Surface Elevation: GWLDATE: Page 1 of 1 
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Geotechnical Logging Report 

ect No: PO140 Project Title: Phase 111 Geotechnical Investigation 

Borinp No. G2-SB-20 Drilling Method: HandlShovel Date Started: 5-5-95 



I Page I 1 
FEMP 

LITHOLOGIC LOG 
CONTROL110: 

I PROlEcTWIBfR: 
-- PRQlECTNAyE: 
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U 
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Geotechnical Logging Report 

ct  No: PO140 

Boring No. G2-SB-21 

Coordinates: 

6 2 0 z  
' 5 t -  

Project Title: Phase 111 Geotechnicel Investigation 

Drilling Method: HandIShovel Date Started: 5-5-95 

Geologist: R. Nicks Date Completed: 5-5-95 

Ground Surface Elevation: GWLIDATE: Page 1 of 1 

from field logs and laboratory results. 
SS = Split-spoon Sample ST = Shelby Tube Sample B = Bulk Sample 

Laboratory Tests 

R 
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APPENDIX F 

PHASE 111 INVESTIGATION - GEOTECHNICAL LABORATORY TESTING 
SUMMARY BY LOCATION 

ERAFSI \VOLl :RSAPPS\RSDATA\ 
OU-2\PO-14Ou1EPORT. 1-4 12/11/95,9:41am, Rev. No.: 0 

'- r OOQa,C-~O 



PO 140 
*eotechnical Testing Status Report 

12/08/95 

D4643 
MCm 

D2937 D422 D854 D4318 D2435 D2435 D243!jr 02435 D2850 D2850 D2850 04767 D4767 D4767 D698 D5084 D5084 02974 D2844 MUO.(RII C127 P A 9 0 3 8  EPA92.51 D1883 
S BSG SU CL CBR Pr OC R UW GS SG AL CON CONS CONr CONr85 UU UUr UUr85 CU Cur Cur85 SP P 

PARSONS POP (Rev. 1) Totals: 

RJ-R-JCRJCR-JC RJ-c RICRJC R J  c R J  c R I c- R I  c R I  c R I  c R I  c R I  c R I  c _  RICRI c RIC'RI c 

Total Requested 
Total Completed 
Total Remaining 

RICRICR-I c- R ]  c R I  c R J  c 

Notes: 

3 13 5 2 16 8 14 42 4 5 5 8 8 3 
5 4 5 5 8 8 3 

11 7 5 11 17 5 
14 66 11 7 5 11 17 5 3 13 

73 18 48 97 14 66 
73 18 48 96 8 14 42 2 16 ~. 

u o  

R - Indicates Requested Test 
C - Indicates Completed Test 

ST - Shelby Tube Sample 
SS - Split Spoon Sample 
D - Denison Sample 
B - Bulk Sample 

0 (I) 1 I 0 0 0 0 0 0 0 0 

(I) - Request for test cancelled, insufficient sample material. 
(*) - Total reflects two tests on sample 404746, boring G2-129. 

Testing of Hold Samples Not Requested, Samples Returned to FEMP 

0 

. .- 

I 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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-__ ______ - 6 G2-SB-2 404600 Bulk 0.0 0.5 
7 G2-SB-2 404601 Bulk 0.5 1.0 
8 G2-SB-2 404602 Bulk 1.0 1.5 
9 G2-SB-2 404603 Bulk 1.5 5.0 

10 G2-SB-2 404604 Bulk 4.5 5.0 
Total 11 111 11 ou 01 011 11 111 01 011 11 111 01 011 01 011 01 011 01 011 01 011 01 011 01 011 01 011 01 01 

11 
12 
13 
14 

15 
16 
17 
18 
19 
20 

G2-SB-3 404588 Bulk 0.0 0.5 
G2-SB-3 404589 Bulk 0.5 1.0 
G2-SB-3 404590 Bulk 1.0 1.5 
G2-SB-3 404591 Bulk 1.5 5.0 

Total 

G2-SB-4 404612 Bulk 0.0 0.5 
G2-SB-4 404613 Bulk 0.5 1.0 
G2-SB-4 404614 Bulk 1.0 1.5 
G2-SB-4 404615 Bulk 1.5 5.0 

G2-SB-4 404616 Bulk 4.5 5.0 
G2-SB-2,3,4,6 404617 Bulk 0.0 1.5 

Total 

21 G2-SB-5 
22 G2-SB-5 ' 

23 G2-SB-5 
24 G2-SB-5 
25 G2-SB-5 

404624 Bulk 0.0 0.5 
404625 Bulk 0.5 1.0 
404626 Bulk 1.0 1.5 
404627 Bulk 1.5 5.0 
404628 Bulk 4.5 5.0 

Total 

26 G2-SB-6 404592 Bulk 0.0 0.5 
27 G2-SB-6 -404593 Bulk 0.5 1.0 
28 G2-SB-6 404594 Bulk 1.0 1.5 
29 G2-SB-6 404595 Bulk 1.5 5.0 

Total 

40 G2-SB-9 
41 G2-SB-9 
42 G2-SB-9 
43 G2-SB-9 

44 G2-SB-10 
45 G2-SB-10 
46 G2-SB-10 
47 G2-SB-10 

404584 Bulk 0.0 0.5 
404585 Bulk 0.5 1.0 
404586 Bulk 1.0 1.5 
404587 Bulk 1.5 5.0 

Total. 
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Boring 

48 

Sample Type 
No. Depth Depth 

49 
50 
51 
52 
53 

54 

55 
56 
57 
58 

59 
60 
61 
62 

63 
64 
65 
66 

67 

68 

69 

70 

71 

72 

73 

74 

75 
76 
77 
78 

G2-SB-10 

G2-SB-11 
G2-SB-11 
G2-SB-11 
G2-SB-11 
G2-SB-11 

G2-SB-8,9,10.11 

G2-SB-12 
G2-SB-12 
G2-SB-12 
G2-SB-12 

G2-SB-13 
G2-SB-13 
G2-SB-13 
G2-SB-13 

G2-SB-14 
G2-SB-14 
G2-SB-14 
G2-SB-14 

G2-SB-15 

G2-SB-16 

G2-SB-17 

G2-SB-18 

G2-SB-19 

G2-SB-20 

G2-SB-21 

G2-120 

G2-121 
G2-121 
G2-121 
G2-121 

404638 Bulk 

404639 Bulk 
404640 Bulk 
404641 Bulk 
404642 Bulk 
404643 Bulk 

404644 Bulk 

404596 Bulk 
404597 Bulk 
404598 Bulk 
404599 Bulk 

404580 Bulk 
404581 Bulk 
404582 Bulk 
404583 Bulk 

404575 Bulk 
404576 Bulk 
404577 Bulk 
404578 Bulk 

404649 Bulk 

404650 Bulk 

405366 Bulk 

404648 Bulk 

404647 Bulk 

404646 Bulk 

404645 Bulk 

405124 ST- 

404808 ST 
404812 ST 
404814 ST 
404817 ST 

4.5 5.0 
Total 

0.0 0.5 
0.5 1.0 
1.0 1.5 
1.5 5.0 
4.5 5.0 

Total 

0.0 1.5 
Total 

0.0 0.5 
0.5 1.0 
1.0 1.5 
1.5 4.2 

Total 

0.0 0.5 
0.5 1.0 
1.0 1.5 
1.5 5.0 

Total 

0.0 0.5 
0.5 1.0 
1.0 1.5 
1.5 5.0 

Total 

1.0 2.0 
Total 

1.0 2.0 
Total 

1.0 -2.0 
Total 

1.0 2.0 
Total 

1.0 2.0 
Total 

1.0 2.0 
Total 

1.0 2.0 
Total 

5.0 7.0 
Total 

2.5 4.5 Hold 
10.0 11.7 
12.5 14.5 
17.5 19.5 

Total 
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Boring Sample Type Top Bot. Status 02216 04643 D2937 D422 D854 04318- D2435 D2435‘ 02435 02435 D2850 D2850 D2850 D4767 D4767 04767 D698 05084 D5084 
MC MCm UW GS SG AL CON CONS CONr CONr85 UU UUr UUr85 CU Cur Cur85 SP P Pr No. Depth Depth 

11 ft 

82 G2-123 
83 G2-123 
84 G2-123 
85 G2-123 

R I C - R I C  R I C  R I C  R I C  R I C ” R I C , , R I C , , R I C ,  R I  C . , R I C , , R I C , I R I C I , R I C R I C ~ R T C ( I R I , , R I C  

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

R I C  

G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 
G2-124 

405002 
405004 
40501 1 
40501 2 
40501 3 
40501 4 
40501 5 
40501 6 
40501 7 
40501 8 
40501 9 
405020 
405021 
405007 
405009 

ST 
ST 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ST 
ST 

5.0 
10.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
80.0 
15.0 
20.0 

7.0 
12.0 
26.5 
31.5 
36.5 
41.5 
46.5 
51.5 
56.5 
61.5 
66.5 
71.5 
81.5 
17.0 Hold 
20.5 Hold 

Total 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 
G2-126 

404765 
404768 
404771 
404773 
404778 
404783 
404785 
404786 
404787 
404788 
404789 
404790 
404791 
404792 
404793 

ST 2.5 4.5 Hold 
ST 7.5 9.5 
ST 12.5 14.5 
ST 15.0 17.0 
ST 25.0 27.0 
ST 35.0 37.0 
SS 40.0 41.5 
SS 45.0 46.5 
SS 50.0 51.5 
SS 55.0 56.5 
SS 60.0 61.5 
SS 65.0 66.5 
SS 70.0 71.5 
SS 75.0 76.5 
SS 80.0 81.5 

Total 

2 0 71 

- __________ __ __ 120 G2-127 404749 ST 5.0 7.0 Hold 

122 G2-127 404753 ST 10.0 12.0 Hold 
121 G2-127 404751 ST 7.5 9.5 x x x x x x x x x x x x  x x x x x x  
123 G2-127 404756 ST 15.0 17.0 
124 G2-127 
125 G2-127 404763 ST 28.0 30.0 

Total 

126 G2-128 405040 ST 2.5 4.5 
127 G2-128 405043 DEN 7.5 9.5 
128 G2-128 405046 DEN 12.5 14.5 
129 G2-128 405049 DEN 17.5 19.5 006325~% Total 
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Boring 

130 G2-129 
131 (32-129 
132 G2-129 
133 G2-129 

-Sample Type Top Bot. Status. D2216- D4643 D2937? D422 D854 -18 D2435 D2435 D2435' D2435 02850 02850 D2850 D4767 D4767 04767 0698 D5084 D5084- D2974' D2844- C127 p . P A m 8  EPAEJI D1883- 
No. Depth Depth M C  MCm -UW GS SG AL CON CONS CONr CONr85 UU U U r  UUr85 CU Cur C u e  SP P Pr OC R S B S 5 -  SU -cL Asp_ 

f t f t  - f I  C-Rl-C- R ] C  R I  C R I  C R I  C . % T c  R ]  C RrC- R 7  C R I  cL R I  C R I  6 R I  C R I  C R I  C C R F - R ( - R I  C -  R l  C R I C  R I  C' R I  C- 

134 G2-130 
135 G2-130 
136 G2-130 
137 G2-130 
138 G2-130 
139 G2-130 
140 G2-130 
141 G2-130 
142 G2-130 
143 G2-130 
144 G2-130 
145 G2-130 

R I T A  R-Lc- 

146 G2-131 
147 G2-131 
148 G2-131 
149 G2-131 
150 G2-131 
151 G2-131 
152 G2-131 
153 G2-131 
154 G2-131 
155 G2-131 
156 G2-131 

405377 Bulk surf surf 
405378 Bulk surf surf 
405379 Bulk surf surf 

157 G2-132 
158 G2-132 
159 G2-132 
160 G2-132 

1 x x  1 
-. 

--_ x x  ______  

161 G2-133 
162 G2-133 
163 G2-133 
164 G2-133 
165 G2-133 
166 '32-133 
167 G2-133 

405380 Bulk surf surf 

168 G2-134 

X . 7 7  - 
x x  

169 IFAP 
170 IFAP 
171 IFAP 
172 IFAP 

Total [ & / ~ [ ~ ~ ~ - & l l ~ ~ ~ ~ l ~ ~ ~ >  0 0 0 0 0 0 0 0 0 0 

173 AFAP 
174 AFAP 
175 AFAP 
176 AFAP 
177 AFAP 
178 AFAP 

0 0 0 0 0 0 0 0 0 0 0 0 O ~ o L  0 o 2 2 2 2 0~~~~~~~ 

405075 DEN 5.0 7.0 
405077 DEN 10.0 12.0 
405080 ST 15.0 17.0 
405083 ST 20.0 22.0 
405088 DEN 30.0 32.0 
405091 SS 40.0 41.5 
405092 SS 45.0 46.5 
405094 SS 55.0 56.5 
405096 SS 65.0 66.5 
405097 SS 70.0 71.5 
405098 SS 75.0 76.5 
405099 SS 80.0 81.5 

Total 

404701 
404704 
404709 
40471 3 
404716 
40471 9 
404723 
404724 
404725 
404726 
404727 

ST 
ST 
DEN 
DEN 
DEN 
DEN 
ss 
ss 
ss 
ss 
ss 

2.5 4.5 Hold 
7.5 9.5 

17.5 19.5 
27.5 29.5 
35.0 37.0 Hold 
45.0 47.0 
60.0 61.5 
65.0 66.5 
70.0 71.5 
75.0 76.5 
81.0 82.3 

Total 

405053 
405055 
405058 
405059 
405061 
405065 
405070 

ST 
ST 
ST 
DEN 
DEN 
DEN 
ST 

2.5 4.5 
7.5 9.5 

12.5 14.5 Hold 
15.0 17.0 
17.5 19.5 
25.0 27.0 
35.0 37.0 Hold 

Total 



e 
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Table G-1 - Summary of Index Properties, Disturbed and Undisturbed Samples (continued) 
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Table G-1 - Summary of Index Properties, Disturbed and Undisturbed Samples (continued) 
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Table G-1 - Summary of Index Properties, Disturbed and Undisturbed Samples (continued) 

Notes 

1. Sample Type ST 
DEN Denison Core Barrel Sample 
CJ 

Shelby Tube Sample (ASTM D 1587) 

Combined Jar Sample of Split Spoon Samples 

2. Moisture Content determined by ASTM D 221 6 

3. NP - Reported as non plastic from laboratory plasticity test (ASTM D 4318) 
NA - Not Analyzed 

(4) Classification determined by grain size analysis and visual classification 
(5) Specific gravity test performed on minus #10 seive portion of soil sample 
(6) Moisture content from CU, CON, CON,, UU testing, or P test. Value is average if more than one specimen in the sample interval was tested. 
0) Data represents subsamples of reported depth interval 
(*) Classification of fines portion determined from grain size anlaysis 
(9) Liquid Limit and Plasitic Limit test (ASTM D 431 8) results shown for Sample 11471, #402962 (1 5-37 were performed on composite of archive samples: 11471, #402984 (1 5-37 and #402961 (0-1 5') 
(lo) Visual classification 

11. Data Source: PO 132 Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132, July 1995; corresponds to FERMCO Phase I1 Investigation; borings located within th;! proposed disposal facility foot print. 
PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase 111 Investigation; borings/excavations located within the proposed disposal facility foot print and along proposed 

haul roads. 
PO 20 Central Storage Facility Subsurface Exploration, PARSONS Project Order 20, September 1993; borings located within the proposed disposal facility footprint. 
Nutting Engineered Waste Management Facility (EWMF) Investigation; DOE Technical Report 5.1A, June 1993; Geotechnical Laboratory Testing by The H.C. Nutting Co.. Cincinnati, Ohio; borings located within or near the perimeter of the 

proposed disposal faclilty foot print. 
PO 101 On-Site Disposal Cell, Pre-Design Activities Investigation. PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). 

\USER\FRD089\PO140\LABTAB\LABFNL.WK3 12/13/95 
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Table G-1A - Comparison of Moisture Content Results, Oven verses Microwave Methois 

Boring Sample MC MC 
No. I I Microwave 11 

B:\USER\PR DO89\POl40\LABTAB\BEAN.W K3 

msi\voLi :RSA~PS\RSDATA\ 
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Table G-2 - Summary of Unit Weight and Percent Saturation, Undisturbed Samples * 4 2 0 7  

I 

11468 I 403081 ST 
403084 

I 

I 14708 
I 14708 

114708 1 403154-1 I DEN 
11471 402963 

I 

402945 

4=891 S T  
4 0 2 9 T T -  

m 6 1  

ERAFS 1 \VOLI :RSAPPS\RSDATA\ 
OU-Z\PO- 140\REPORT. 1-4 G-7 12/11/95,9:41am, Rev. No.: 0 



Boring Sample 

402864 

7 11479 

I 
11480 402768 
11480 402773 

402777 

! 1481- L--...-403?_1_4_ 
.--..-I 
32-121 40481 2 
32-121 4 0 m  
32-121 4 0 4 8 3  

I 
323_?2--- 404824 
S2T122 ______. 4040T7 
92-1 23 404797 
32-123 404800 
32-1 23 4048- 
32-1 24 405002 

32-125 405023 
32-1 25 405026 
32-1 25 405029 
:?A 25 4 0 5 9 3  
32-1 26 404768 
32-126 404771 
32-1 26 404773 ' 
32-126 I 404770 

- 
* b  2 0 9  
' +- .Table G-2 - Summary of Unit Weight and Percent Saturation, Undisturbed samples (Continued) 

Depth (from field log) 
_(fee!) 

6.0 Brownish yellow Brown Till Lean Clay with Sand 2.73 PO 132 130.8 
4028640 ucs 24.4 124.3 

___- 

135.8 ' 

147.9 . '  

139.6 : 
141.5 
143.7 , 

ERAFS l\VOLl :RS APPS\RSDATA\ 
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Table G-2 - Summary of Unit Weight and Percent Saturation, Undisturbed Samples (Continued) 

CSFQ 
CSF-3 

a 

e 

0 

CSF-2'16 
CSF-3 / 10 

~~ 

Boring Sample 

CSF- 6 C S F m  I 
1735 3247 

I747 3252 

1751. + 2 

!731 3255 

I 

E O 1  I G2-201 14 
52-201 G2-201 / 2  ----I-- 

I 

Samplc 
Type 
~- 

ST 

ST 
ST 

ST 

ST 

ST 

ST 

ST 

ST 

ST 

ST 

ST 
ST 
-- 

___ 
ST 

13.01 15.C 
25.01 27.C 

I I 
1 I 1 I 
T 

Color 
(from field log) 

=Gray 

;ray 
lark Gray 

(ellowish Brown 

lark Gray 

i ray 

'ellowish Brown 

lrown 

'ellowish Brown 

)live Yellow 

'ellowish Brown 

'ellowish Brown 
)ark Yellowish Brown 
___-_ 

)ark Gray 

BrownTill 
B K T K  

GrayTil l  

I I u - ~ l ' d ~ u I  I 
96 1 2 . 7 3 1 ) p o l o l l  Lean Clay 

108.5 99 2.70 PO101 
102.8 75 2.70 PO 101 

2 c  cu 101.1 74 2.70 PO101 

ERAFS 1 \VOLl :RS APPS\RS DATA\ 
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Notes: 
1. Sample Type: ST 

DEN 

2. TestType: CON 
CON, 
cu 
CU-Stg 
P 
pc 
uu 
uw 
ucs 

. .... 

Shelby Tube Sample (ASTM D 1587) 
Denison Core Barrrel Sample 

Consolidation with time readings, (ASTM D 2435), specimen at natural moisture 
Consolidation with time readings, (ASTM D 2435), specimen at saturated conditions 
Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767) 
Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767), Staged Test 
Triaxial, Back-Pressure Permeability (ASTM D 5084) 
Rigid Wall, Constant Head Pem,eability (ASTM D 2434) 
Triaxial Shear, Unconsolidated, Undrained ASTM D 2850 
Unit Weight (ASTM D 2937) 
Unconfined Compressive Strength (ASTM D 2166) 

3. Data Source: PO 132 Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132, July 1995; corresponds to FERMCO Phase I1 Investigation; borings located within the proposed disposal faciliv foot print. 
PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; boringdexcavations located within the proposed dispos facility foot print and along proposed haul roads 
PO 20 
Nutting Engineered Waste Management Facility (EWMF) Investigation; DOE Technical Report 5.1A, June 1993; Geotechnical Laboratory Testing by The H.C. Nutting Co., Cincinnati, Ohio; borings located within or near the perimeter of the proposed disposal 
PO 101 On-Site Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). 

Central Storage Facility Subsurface Exploration, PARSONS Project Order 20, September 1993; borings located within the proposed disposal facility footprint. 
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Table G-3 - Summary of Consolidation Tests, Undisturbed Samples 

- 

' % -  2 0 7  
Overconsolidation Data 

Boring Sample Sample Ratio (OCR) Source 
No. No. (from fie!d log) Stratum Group Name Group 1.6 3.2 6.4 

0.E6 1.4 PO 132 
1.0 PO 132 

96 0.081 0.033 0.035 0.029 2085 2630 0.35 0.070 0.013 1.3 PO 132 
1.0 PO 132 
1.0 PO 132 

402831 ST 1469 
1471 402974 ST 10.3 149.4 135.4 CONS 

sc CONS 10.8 145.0 130.8 100 0.093 0.092 0.104 0.117 1414 2399 0.28 0.061 0.008 1.7 P O X  
CL CONs 12.2 142.9 127.4 

1472 402945 ST 
1474 402904 ST 14.0 16.5 Greenish gray 
1476 1- ST CL-ML CONS 13.8 140.5 123.5 95 0.042 0.069 0.064 0.132 
1477 402873 ST CL CONL 17.7 134.5, 114.3 99 0.016 0.022 0.018 0.032 

~ _ _  _ _  
100 0.028- - 0.035 0.035 0.041 2514 . 2455 0.28 0.050 0.010 

0.40 0.066 0.01 0 
0.49 0.114 0.016 

1448 1445 
2085 - 2089 

i2-126 404783 ST y Gray Till Sandy Lean Clay CL CONS 
i2-127 404751 ST CL CONS 
i2-129 
i2-129 

___._ 

0.013 
0.028 

2-133 405055 ST 13.7. 144.7 127.2 

;2-151 
i2131 

;SF-1 I CSF-1 14 ST 11 yish Brown Brown Till Lean Clay with Sand CL CONS 11 14.31 144.8 ' 120.9 91r 0.0731 0.0911 0.0891 0.1161 1250 . 398011 0.37 1 0.088 I 0.0171 3.211 PO20 
SF-2 -- I CSF-2/6 ST 1) Gray Till Sandy Silty Clay CL-ML CONS 11.9 144.5 129.1 971 0.026) 0.0501 0.077 I 0.054) 1520 2510)[ 0.28 0.070 I 0.0151 1.711 1.811 PO PO20 20 
;SF-3 I CSF-3/10 ST 1 ) Gray Till Sandy Silt ML CONS 10.7 148.4 134.1 971 0.051 I 0.1401 0.1381 0.1611 3600 631011 0.23 0.057 I 0.005) 

0.71 0.141 0.026 4.3 Nutting- 735 3247 ST 8.0 11 .O Yellowish Brown Brown Till Sandy Silt ML CONS 28.5 129.4 100.7 
742 3248 ST 18.0 21.0 Gray Gray Till Sandy Lean Clay CL CONs 13.1 139.7 123.5 90 (I) 0.010 0) 0.014 (I) 0.025 (I) 0.028 2668 5 2 3 4  0.40 0.099 0.018 2.0 Nutting- 
74 1 3249 ST 20.0 23.0 Gray Gray Till Sandy Lean Clay CL CONS 13.5 137.2 120.9 85 ('1 0.011 0) 0.012 0) 0.017 0) 0.021 2 9 3  4250 0.44 0.139 0.028 1.4 Nutting- 
745 3250 ST 6.0 9.0 Brown Brown Till S i h y y  with Sand CL-ML CONS 15.8 134.3 116.0 87 0, 0.039 (3) 0.044 (I) 0.041 (I) 0.044 1010 5167 0.51 0.115 0.017 5.1 Nutting 
748 3251 ST 9.0 12.0 Brown and Gray Brown Till Clayey Gravel with Sand GC CONs 11.1 136.8 123.1 75 0) 0.051 (I) 0.063 (I) 0.048 0) 0.024 1414 5167 0.41 0.134 0.030 3.7 3.1 Nutting- Nuttin 
747 3252 ST 12.0 14.5 Gray and Brown Gray Till Gravelly Lean Clay with Sand CL CONs 13.7 134.5 118.3 84 (I) 0.037 0) 0.049 (I) 0.027 0) 0.018 1785 5500 0.45 0.142 0.026 
751 3253 ST 8.0 11.0 Brown Brown Till Silty, Clayey Sand with Gravel SC-SM CONs 22.5 123.6 100.9 86 0) 0.006 0) 0.006 0)  0.004 (I) 0.003 1280 ' 3925 0.73 0.219 0.040 3.1 Nuttin:: 
731 3255 ST 8.0 11 .O Yellowish Brown Brown Till Silty, Clayey Gravel with Sand GC-GM CONs 14.9- 137.1 119.3 90 0) 0.008 0) 0.018 (I) 0.024 0) 0.029 1280 3300 0.46 0.103 0.01 6 2.6 Nutting- 

100 (I) 0.027 (I) 0.034 0) 0.036 0) 0.058 1280 . 5450 

1 

i2-203 1 203/10A( ST (1 22.5 1 24.5nDark Gray .. CL )I CONs 1 14.01 139.51 122.411 9311 0.131 1 0.145) 0.1351 0.16ol 33321 .395011 0.231 ' 0.0781 0.028 I 1.211 1.711 PO PO 101 101 
e204 I 204/4A1 ST 11 7.5 I 9.5 Yellowish Brown CL 11 CONS I 14.211 139.21 122.011 9611 0.1501 0.1831 0.181 I 0.14611 1184 489811 0.401 0.084 I 0.023 I 
S O 6  I 206/2A1 ST 1 2.5 1 4.5 Yellowish Brown CL CONS I 11.48 122.81 110.211 561 0.2121 0.2171 0.2081 0.1971 429 ' 151411 0.56 I 0.141 I 0.0381 3.511 PO 101 

Notes: 
1. Sample Type: ST Shelby Tube Sample (ASTM D 1587) 

DEN Denison Core Barrel Sample 1 

2. Test Type: CONs Consolidation with time readings. ASTM D2435. undisturbed specimen at saturated conditions 

3. Cv values are 150 values with loadings of 2. 4, 6, and 8 1st respectively 

4. Data Source: PO 132 Disposal Facility Pre-Design Geotechnical Investigation. PARSONS Project Order 132. July 1995; corresponds to FERMCO Phase II Investigation; borings located within the proposed disposal facility foot print. 
PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase 111 Investigation; boringslexcavations located within the proposed disposal facility foot print and,along proposed haul roads 
PO 20 Central Storage Facility Subsurface Exploration, PARSONS Project Order 20, September 1993; borings located within the proposed disposal facility footprint. 
Nutting Engineered Waste Management Facility (EWMF) Investigation; DOE Technical Report 5.1A, June 1993; Geotechnical Laboratory Testing by The H.C. Nutting Co., Cincinnati. Ohio; borings located within or near the perimeter of the proposed 

disposal faclilty foot print. 
PO 101 On-Ske Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101. April and July 1994; borings located outside of proposed disposal facility footprint (south). 
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Table G-4 - Summary of Unconsolidated, Undrained Triaxial Compression Tests, Undisturbed Samples 

XF-1 
X F - 3  

CSF-1/4 ST 6 ,  8 Dark Grayish Brown Brown Till Lean Clay with Sand CL uu 4000 2200 0 Field Moisture 99 PO20 
C S F 9 / 6  ST 10 12 Light OliveBrown Brown Till Silt with Sand ML . uu 8000 2900 0 Field Moisture 95 P O T  

100 PO20 

rlotes: 

XF-6  C S F 6 / 8  ST 20 22 Dark Gray Gray Till Lean Clay 

1. Sample Type ST 
DEN 

CL uu 4000 36% 0 Field Moisture 

Shelby Tube 
Denison Core Barrel Sample 

2. Test Type uu Unconsolidated, Undrained Triaxial Compression, ASTM D 2850, undisturbed specimen, single point test 

3. Data Source: PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; borings/excavations located within the proposed disposal facility 
foot print and along proposed haul roads. 

PO 20 Central Storage Facility Subsurface Exploration, PARSONS Project Order 20, September 1993; borings located within the proposed disposal facility footprint. 
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Table G-4A - Summary of Unconfined Compressive Strength Tests, Undisturbed Samples ' 4 -  &- 2 0 1  
Undrained 

Weight Compressive Shear 

Notes: 
1. Sample Type: 

ST = Shelby Tube Sample (ASTM D 1587) 

2. Test Type: 
UCS = Unconfined Compressive Strength (ASTM D 2166) 

':\ENG DATA\G EOnPO 1 32\LABTAB\UCS.WK3 711 5/95 
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Table G-5 - Summary of Mohr Circle Constructions from Consolidated, Undrained Triaxial Compression 

3248 ST 18.0 ._ ___ 
!74!- 3249 ST -2Q.Q. 23.0 
I742 

I748 3251 ST ~ 9.0 12.0 
I747 3252 ST 12.0 14.5 
I751 3253 ST 8.0 11.0 

_-__ 

I745 3250 ST_ -..--S.q ~ 9.0 _____ 

Tests, Undisturbed Samples 

21.0-ZTay --- Gray Till Sandy Lean Clay CL cu 350- 40 ____._ 200 20 Nutting 
Gray Gray ~ Till Sandy Lean Clay -- CL CU - 0 44 ___ 200 21 Ny$hg- 

Brown and Gray Brown Till Clay2y Gravel with Sand GC cu 0 42 0 26 Nutting 
Gray and Brown Gray Till Gravelly Lean Clay with Sand CL cu 400 34 4E- 20 Nutting 
Brown Brown Till Silty, Clayey Sand with Gravel cu 1150 29 - 300 21 Nutting1 

Brown Brown Till Silty Clay with Sand cu 900- 29 3_50 24 N Z K g ;  CL-ML 

SC-SM 

;2-201 G2-201 I 2  ST 2,- 4.5 Yellowish Brown Brown Till Lean Clay 
;2-202 G2-202 14 ST 7.5 9.5 Yellowish Brown Brown Till Sandy Lean Clay 
52-208 G2-208 12 ST 2.5 4.5 Yellowish Brown Brown Till Lean Clay 

22-204 G2-204 16 ST -1 2.5 14.5 Gray Gray Till Lean Clay with Sand 

;2-208 G2-208 I 4  ST 7.5 9.5 Yellowish Brown Brown Till Sandy Lean Clay 
;2-201 G2-201 I 10 ST .22.5 24.5 Gray Gray Till Sandy Lean Clay 

;2-205 G2-205 18 ST 17.5 19.5 Gray Gray Till Sandy Lean Clay ' 

;2-206 G2-206 I 10 ST 22.5 24.5 Gray Gray Till Sandy Lean Clay 

22 PO 101 
CL cu 200 26 450 15 PO101 
CL cu 300 30 250 22 PO 101 

CL cu 450 27 600 20 PO 101 

CL cu E? 24 300 - ~ 

CL cu 150 31 300 16 PO101 
CL cu 400 28 250 24 PO 101 

23 PO 101 CL cu 200 3 z  300 
CL cu 250 31 200 26 PO101 

Notes: 
1. Sample Type: ST Shelby Tube Sample (ASTM D 1587) 

DEN Denison Core Barrel Sample 

2. Test Type: cu 
Stg 

Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767) 
Staged test on one test specimen 

3. Values reported for Nutting Tests are from Parsons Evaluation of H.C. Nutting Test Data (PARSONS Calculation Package 140-16-4). 

4. Data Source: PO 132 

PO 140 

Nutting . 

PO 101.. 

Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132, July 1995; corresponds to FERMCO Phase II Investigation; borings located within the proposed disposal 
facility foot print. 
Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; boringdexcavations located within the proposed 
disposal facility foot print and along proposed haul roads. 
Engineered Waste Management Facility (EWMF) Investigation; DOE Technical Report 5.1 A, June 1993; Geotechnical Laboratory Testing by The H.C. Nutting Co., Cincinnati, Ohio; borings located 
within or near the perimeter of the proposed disposal faclilty foot print. 
On-Site Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). 

__-__ ~ _ _ _ _ _ _ _  _ _ _ ~  
12/13/95 

______ .. . ___-.--- ~ __ 
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Table G-6 - Summary of Laboratory Permeability Tests, Undisturbed Samples 
’ 4 -  

145.5 
cL I-Flmi 145.1 CL 

. B ~ E l B a n d y & e i x n - ~ ! a y  c a  4048008 I P I  10.7 141.5 1 2 _ 7 . 7 ~ ~ 3 . 5 E - 0 8 3 3 . 5 E - 0 8 E 3 . 4 E ~ ~ 3 ~ S E ~ O 8 l ~ ~ 2 0 8 8 r P O ~  

CL 4047638 142.1 1 ?5,~~E~E~~O9.5E-091 9.6F03 9 L 2 E ~ 9 ] [ ~ O ~ 1 1  4320 1IP0140- [ P I  132 

143.0 126.2 pT8EC7z:l 1.7E-08 I 1.7E-08 1 . 7 E ~ 0 8 ~ ~ ~ ~ 2 8 0 8 ( ~ - 0 ~ 4 0 -  

S a 2 1  404014 ST . 
52-121 404817 ST 
32-123- 404800 ST 12.5 14.5 rDjGreenishGray 

m 7  404763 ST 28.0 30.0 Dark Greenlsh Gray lGrayTillllSandy Lean Clay 

405061 19.5 Dark Greenish Gray F F i Y i y  Lean Clay 22-133 

S2-126 404778 S T Y -  25.0 I 27.0 -DTGreenish Gray ~z%-iimrs~dyLeanC-lay CL 4047788 I P I  13.0 142.1 125.8 I T E - 0 8 E - 8 - 2 E - 0 8 1 2 E a - 8  1 . 2 E ~ - E - l l 9 9 1 1 3 8 8 8 7 r P 0 1 ~ 0 -  

32-1 32 405111 ST 20.0 22.0 DarkGrav ~ r G 7 i i l r s a i m c i a y  CL 405111A y l - 9 1  141.2 1 2 4 T o l l 2 . 5 E - 0 8 E 2 . 3 E - 0 8 1 2 . 7 E - 0 8 1 0 8 -  2 5 . E - 0 ~ 1 l 1 1 - 3 m l 1 0 l i f ~  

3888 PO140 123.7 1.2E-08 1 1.3E-081 1.2L48 1.3E-08 ;2-133 405065 -1 27.0 Dark Greenish Gray G r a m  San& Lean Clay CL 

Notes: 
1. Sample Type: ST Shelby Tube Sample (ASTM D 1587) 

DEN Denison Core Barrel Sample 

2. TestType: P Triaxial, Back-Pressure Permeability (ASTM D 5084) 

3. Confining Pressure: Approximately 1 psi per foot of bottom depth was used to calculate the appropriate confining pressure. 

4. Data Source: PO 132 Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132. July 1995; corresponds to FERMCO Phase II Investigation; borings located within the proposed disposal facility foot print. 
PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase 111 Investigation; borings/excavations located within the proposed disposal facility foot print and along proposed haul roads 
PO 101 On-Site Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). 

__ ___ 
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Table G-7 - Summary of Index Properties and Standard Compaction Tests of Bulk Samples 

. Notes: 
1. Sample Type: Bulk Bulk sample 

2. Compaction Method: Standard Standard Proctor Compactive Effort (ASTM D 698. Method A) 

1 

t 

I 
3. Clay size particles defined as those smaller than 0.005 mm (Reference: ASTM D 422) 

4. Natural Moisture Content: 

5. NA Not available I 

Moisture contents shown for PO-132 bulk samples are average values from tests on Shelby tubes taken at or near the bulk sample depth Interval. Moisture contents shown for PO-140 bulk sample are moisture contents of the sample. 

6. Data Source: PO 132 
PO 140 

Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132, July 1995; corresponds to FERMCO Phase I I  Investigation; borings located within the proposed disposal facility foot , I  pint. 
Disposal Facility’ Geotechnical Investigation. PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase 111 Investigation; boringdexcavations located within the proposed disposal fa,&iv foot print and along 
proposed haul roads. 

PO 101 Onkite Disposal Cell, Pre-Design Activities Investigation. PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). 

__ -__ __ 
ifil33793 

--______ _____ ____~---____ -_ i ~ s ? - ~ . f i ~ B m D z s - x K 3 . -  _ _ = _ _ ~ ~ . _ _ _ _ _ _ _ _ ~ . . ~  
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+- -- 

Boring Sample Sample 
No. No. Type 

52-209 G2-209 / Bulk Bulk 

Table G17A - Summary of Index Properties and Modified Compaction Tests of Bulk Samples . 

Specific Compaction OrMoisture Maximum Dry 
Gravity [ F k n T l F  

0.0 2m Br and Gr Till )I Lean Clay with Sand CL 11 NA 11 27.7 I 13.2 14.5 3.0 27.0 40.0 39.0 2.80 1 Modified 1 1OL3 I 133.61- 

Grain Size Top B z m [ W S T o E l - T ; s g  Plasticity 
Depth Depth Stratum Group Name Moisture Index Gravel Sand Silt Clay, 
(feet) ( SyrnJol CoJtgnt (LL) (fl) ("/.I @) (") w-: @x.-..- Pd)- 

Notes: 
1. Sample Type: Bulk Bulk sample 

I 
2. Compaction Method: Modified Modified Proctor Compactive Effort (ASTM D 1557, Method A) 

3. Clay size particles defined as those smaller than 0.005 mm (Reference: ASTM D 422) 

4. NA 
, I  

Not available 

5. Data Source: PO 101 On-Site Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility fooiprint (south). 
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Boring Sample 
No. No. 

Table G-8 - Summary of Consolidation Tests, Remolded Specimens 
. . 

Coefficient of Consolidation (a) 
Square inchhinute, @ t90 

Density Saturation 6.4 Ratio 

+- -- 
' % -  ' E  2 0 7  

VI( 
Data 

Compression Recompression Source 
Index (Cc) Index (Cr) 

Notes: 
1. Sample Type: ST Shelby Tube Sample (ASTM D 1587) 

DEN Dennison Core Barrel Sample 
Bulk Bulk samples dug from test excavation by shovel 

CONr Consolidation with time readings. ASTM D2435, remolded specimen with 95 percent relative compaction at moisture content wet of optimum in accordance with ASTM D698 
CONr,, Consolidation with time readings. ASTM D2435, remolded specimen with 85 percent relative compaction at moisture content at or near optimum in accordance with ASTM D698 

2.  TestType: 

3. Indicates loading of 9.6 tsf 

4. NA - Not Available 

5.  Data Source: PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase 111 investigation; boringslexcavations located within the proposed disposal facility foot print and along proposed haul roads 
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Table G-9. - Summary of Mohr Circle Constructions from Unconsolidated, Undrained Triaxial . L. 

. . Compression Tests, Remolded Specimens I 

Sandy Lean Clay 
22-127 I 404751 I ST II 7.51 Lean Clav with Sand CL 

5140 I 12.0) 14.01) Dark Greenish Gray 11 Gray Till 11 Sandy Lean Clay- uu, 201 6 188 I 
~ 

Votes: 

1. Sample Type ST Shelby Tube 
DEN Denison Core Barrel Sample 

._ 2. Test Type uur Unconsolidated, Undrained Triaxial Compression, ASTM D 2850, remolded specimen with 95 percent relative compaction at moisture content wet of optimum 
Unconsolidated, Undrained Triaxial Compression, ASTM D 2850, remolded specimen with 85 percent relative compaction at or near optimum moisture content UUrM 

3. Data Source: PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; boringdexcavations located within the proposed 
disposal facility foot print and along proposed haul roads. 

__ 
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Table G-10 - Summary of Mohr Circle Constructions from Consolidated, Undrained Triaxial 
Compression Tests, Remolded Specimens 

U % C - S T T C S ]  
Stratum Group Name Group 

SYg!&! 
I 1468 403103 Bulk 2.0 CL 

CL 
CL 

-_c__ CL 

I1472 402959 Bulk 9.0 
I 1474 402896 Bulk 3.0 
I1478 402796 Bulk 3.5 
11478 402796 Bulk 3.5 __ CL ~ 

I 1478 402796 B3k 3.5 CL 

' % -  &* 2 0 1  
Compaction Opt. Moisture 

Method Content 

Standard 16.7 
("/) 

0 
0 

_- Standard 14.7 116.5 400 23' 300 
Standard -____ 14.7 175 28 125 

25 325 Standard 14.7 1 16.5 250 

Standard 12.0 
- Standard 13.7 119.2 200 

22-1 25 405023 ST 
22-126 404771 ST 
22-1 28 405043 DEN 
22-130 405083 ST 
22-1 32 405102 ST 

2.5 4.5 Brown Till Lean Clay CL Standard 14.5 (9 118.0 (9 CU,-Stg 18.2 111.6 250 30 125 

15.1 119.5 200 31 450 7.5 9.5 Brown Till Sandy Lean Clay with Gravel CL Standard 12.6 (5) 

5.0 7.0 Brown Till Lean Clay CL Standard 14.5 (5) 1 18.0 (') CU,-Stg 16.8 113.1 150, 20 300 

12.5 14.5 Gray Till Sandy Lean Clay CL Standard 11.3(9 125.0 (9 15.1 118.1 0 32 0 

20.0 22.0 Gray Till Lean Clay with Sand CL Standard 1 1.3 ( 5 )  125.0 (') 14.9 119.4 100 32 0 

CU,-Stg 

CUr-Stg 
123.0 ( 5 )  CU, 

$2-122 4048271 ST 15.0 17.0 Gray Till Lean Clay with Sand CL I Standard I 11.3 ( 5 )  125.0 (3 
22-1 33 4050531 ST 2.5 4.5. Brown Till Lean Clay CL 1 Standard I 14.5 (5) 118.0 (9 

22-209 G2-209/B~lk I Bulk 0.0 25.0 Br and Gr Till Sandy Lean Clay CL I Standard I 12.3 122.3 
22-210 G2-210/B~lk I Bulk 0.0 25.0 Brand Gr Till Lean Clay with Sand CL 1 Standard I 12.4 122.3 

Notes: 
1. Sample Type: 

18 PO140 CU,,, 11.2 107.3 225 25 50 I 
Cgrs&tg I 15.8 98.5 350 29 300 1 17 PO140 

cu,,, 12.1 117.1 150 25 1001 15 PO101 
13& PO101 cur*, 12.0 118.4 300 21 250 I 

ST 
DEN 
Bulk 

Shelby Tube Sample (ASTM D 1587) 
Denison Core Barrel Sample 
Bulk Sample of Auger Cuttings 

2. Compaction Method: Standard 

3. TypeTest: 

Standard Proctor Compactive Effort (ASTM D 698, Method A) 

Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767), 95 percent relative compaction at moisture content at or near optimum in accordance with ASTM D 698 
Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767), 95 percent relative compaction at moisture content dry of optimum in accordance with ASTM D 698 
Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767), 95 percent relative compaction at moisture content wet of optimum in accordance with ASTM D 698 
Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767), 85 percent relative compaction at moisture content at or near optimum in accordance with ASTM D 698 

Staged test on one test specimen 

4. Average Pre-test Moisture Content and Dry Density are average values of three test specimens, except for staged tests. 

5. Optimum moisture content and maximum dry density data listed are based on compaction data for FEMP soils from prior testing (PO 132). Compaction tests were not performed directly on soil from these samples, 

6. Data Source: PO 132 
PO 140 

PO 101 

Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132, July 1995; corresponds to FERMCO Phase I1 Investigation; borings located within ttte proposed disposal facility foot print. 
Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; borings/excavations located within the proposed disposal facility foot print and along 
proposed haul roads. 
On-Site Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). 
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Table G-1 1 - Summary of Laboratory Permeability Tests, Remolded Specimens 
4 

Notes: 
1. Sample Type: 

2. Compaction Method: 

Bulk Bulk sample 

Standard 
Modified 

Standard Proctor Compactive Effort (ASTM D 698. Method A) 
Modified Proctor Compactiie Effort (ASTM D 1557. Method A) 

Triaxial, Remolded, Back-Pressure Permeability (ASTM D 5084) p, 3. TestType: 

4. Target Remold Conditions: 4a. Minimum dry density: 95 %of the maximum Standard Proctor Dry Density; Moisture content: at or near 4 % wet of optimum moisture content 
4b. 95% of the maximum Standard Proctor Dry Density; Moisture content: at or near optimum molsture content 
4c. At or near optimum moisture content (-0.5%, +1.5%) at dry density in a band about +/4 pcf from compaction curve dry density 
4d. +2% wet of optimum (+/-1%) at dry density in a band about +I4 pcf from compaction curve dry density 
4e. +5% wet of optimum (+/-1%) at dry density in a band about +/4 pcf from compaction curve dry density 

5. Natural Moisture Content: Molsture contents shown for PO-132 bulk samples are average values from tests on Shelby tubes taken at or near the bulk sample depth Interval. Moisture contents shown for PO-140 bulk sample are molsture contents of the sample. 

6. Data Source: PO 132 
PO 140 
PO 101 

Disposal Facility Pre-Design Geotechnical Investigation, PARSONS Project Order 132, July 1995; corresponds to FERMCO Phase I I  Investigation; brings located within the proposed disposal facility foot print. 
Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase ill investigation; boringshxcavatlons located within the proposed disposal facility foot print and along proposed haul roads 
On-Site Disposal Cell, Pre-Design Activities Investigation, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal facility footprint (south). . 
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Table G-1 1A - Summary Statistics - Remolded CL Permeability Tests 

1 I I II I 

I ll I 

I I 

ll I I 

uscs- 
/=JJGroupName 

Brown Till, CL 
Conf. Press. = 1440 

Brown TIII, CL 
Conf. Press. = 576 

Notes: 
1. Sample Type: Bulk Bulk sample 

2. Compaction Method: Standard Standard Proctor Compactive Effort (ASTM D 698, Method A) 

3. Test Type: p, Triaxial. Remolded, Back-Pressure Permeability (ASTM D 5084) 

4. Target Remold Condiions: 

5. Natural Moisture Content: 

4a. Minimum dry density: 95 Yo of the maximum Standard Proctor Dry Density; Moisture content: at or near 4 % wet of optimum moisture content 

Moisture contents shown for PO-I32 bulk samples are average values from tests on Shelby tubes taken at or noar the bulk sample depth interval. Moisture contents shown for PO-140 bulk sample are moisture contents of the sample. 
3 .  

I1 F:\USER\FRD089\PO140UBTAB\PERSTAT.WK3 1 a 1  3/9! 
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I 

32-SB-17 405366 

Table G-12 - Summary of Laboratory California Bearing Ratio Test Results 

Notes: 

1. Bearing Ratios determined by ASTM D 1883 

2. SP Standard Proctor (ASTM D 698) 
OMC Optimum Moisture Content 
Bulk Bulk sample dug from test excavation by shovel 

3. Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; borings/excavations located within the proposed disposal facility foot print and along 
proposed haul roads. 

:\USER\FRD089\P0140\LABTAB\CBR.WK3 1211 3/9 

, 
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Table G-13 - Summary of Corrected R - Values of Compacted Soils 

Boring 
No. 

Sample Sample Color 
No. Type Depth (from field log) 

G2-SB-18 11 1 .o 404648, Bulk 
~~ 

G2-SB-19 1 .o 404647 

Notes: 

_ _ _ _ ~  

Dark Yellowish Brown 
Dark Yellowish Brown 
Dark Yellowish Brown 

- 

(from field log)- 
Lean Clay 
Lean Cla 
Lean c l a k  - 

_ _ _  II -.ive Brown Lean Clay 

General s t r a t , , 1 F F Z  Corrected 

Brown T T ' n E  
Brown Till 

Brown Till 

1 . Resistance R-value determined by "Resistance R-value and Expansion Pressure of Compacted Soils", (ASTM D 2844-89) 

2. Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase I I I  Investigation; 
borings/excavations located within the proposed disposal facility foot print and along proposed haul roads. 

F:\U SER\FRDO89\PO 1 40\LABTAB\R_VAL. W K3 . 12/13/95 
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Table G-15 - Summary of Chloride and Sulfate Concentrations 

Boring I Sample I Sample11 Top 1 Bottom 11 Color ][General]) USCS 

PO 140 
PO 140 
PO 140 
PO 140 
PO 140 
PO 140 
PO 140 
PO 140 

II 

Notes: 

1. Chloride concentrations determined by EPA 9251 

2. Sulfate concentrations determined by EPA 9038 

. .. 

II 
3. Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, November 1995; corresponds to FERMCO Phase Ill Investigation; borings/excavations located 

4. Visual descriptions from boring logs 

within the proposed disposal facility foot print and along proposed haul roads. 

I1 
F:\US ER\FRD089\PO 1 4O\LABTAB\CH EM. WK3 12/13/95 
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APPENDIX H 

MOHR CIRCLES 
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UNCONSOLIDATED UNDRAINED (UU) TRlAXlAL COMPRESSION TESTS m UNDISTURBED SAMPLES 
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Total 
Unit 

Weight 
(pcf )  

Dry  Axial Deviator 
Unit Strain Stress 

(psf)  Weight 
(pcf )  

Depth 
( fee t )  

Spec. 
No. 

141.4 124.6 15.16 15319 

Triaxial Compression Test  Report 
Boring 

12000 1- No. G2-122 Sample No. 4 0 4 8 2 4  Depth  10.0-12.0 f t  Descr ip t ion  - Liaht Olive Brown Sandy Lean Cloy CCLI 

L 10000 

% 

cn 
a. 8000 

cn 
cn 
.. 

Cohesion Friction 
I (ps f )  Angle 

7660 0 "  i 
To tbl  

4-J 

v, 
L 
U 4000 
al  
c 
v, 

2000 

0 
0 2000 4000 6000 8000 10000 12000 14000 

Norma 
6000 18000 20000 2 2 0 0 0  2 4 0 0 0  26000 28000 30000 

Stress ,  ps f  

Type o f  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: Max. Princide Stress Ratio 

I Moisture 
Content (1) Boring No. 

.\ 

,1404824 

10.0-12.0 I G2-122 

I 

1. At Field Moisture. 
2. N/A = Not Applicable 

* CI, 
CAD FILE: SKX03816.DGN OQCL 3& 



I2000 

10000 

8000 

6000 

4000 

2000 

0 

.Boring No. 

G2-124 

- Triaxial Compression Tes t  Report  

Depth 
( feet )  

5.0-7.0 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  p s f  

I 
Type o f  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: Max. Principle Stress Ratio 

1. At Field Moisture. 
2. N/A = Not Applicable 

r Initial 

Dry Axial Deviator Unit 
Moisture Total 

Strain Stress 
(psf )  Weight 

(pcf )  

Spec. 
No. 

I 127.8 I 105.1 I 13.57 I 7130 

(psf )  

Total Major 
Confining Principal 
Pressure Stress 
(signia3) (sigma 1 

(psf) (psf )  

1008 8138 

Principal 
Stress 
Ratio 

8.07 

CAD FILE: SKX03817.DGN 

.- . t 



, 

. Boring No. 

G 2  - 125 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Axial Deviator Pore Total Dry 

Initial Final (pc f )  (pcf )  

Depth Spec. Moisture 
( fee t )  No. Content ( % I  Unit 

Unit Strain Stress Pressure 
(psf)  (psf )  Weight Weight 

405026~ 14.0 141.0 123.7 13.33 4837 N / A  
~ ~~~ 

7.5-9.5 
~ _ _ _ _  

Bor ing  

Triaxial Compression Tes t  Report  
No. G2-125 Sample No. 4050260 Depth  7.5-9.5 f t  Descr ip t ion  - Yellowish Brown Sandy Lean Clay CCLI 

Cohesion F r i c t i on  
( p s f )  Angle 

To ta l  2419 0 "  

0 2000 4000 6000 8000 10000 12000 1 4 0 0 0  16000 18000 20000 22000 2'4000 26000 28000 30000 

Normal S t r e s s ,  p s f  

Type of  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: Max-. Principle Stress Ratio 
I I I I I I I I 

Total 
Confininc 
Pressure 
(sigma3) 

(psf)  
-- 

1368 

7-- 
000294 

1. A t  Field Moisture. 
2. N / A  = Not Applicable 

CAD FILE: SKX03818.DGN 



% 

m 
Q 

m 
m 
0 

v> 
L 
u 

Dry 
Unit 

Spec. Moisture Total 

Weight 
(pcf )  

Depth 
( fee t )  

L 
U 
0 
Iz 
v, 

Total 
Axial Deviator Pore Confining 

Strain Stress Pressure Pressure 
(psf )  (psf )  (sigma 

(psf)  

12000 

10000 

8000 

6000 

4000 

2000 

0 

405033 

Triaxial Compression Test  Report 

12.7 145.0 128.7 15.21 3972 N/A 2808 

Bor inq  No. G2-125 Sample No. 405033 Depth-17 .5-19 .5  f t  Descr ip t ion  - Dark Gray Sandy Lean  Clay CCLI 

Cohesion F r i c t i on  
( p s f )  Angle 

To tal 1986 0 "  
i 

, 

0 2000 4 0 0 0  6 0 0 0  8000 10000 12000 1 4 0 0 0  16000 18000 20000 2 2 0 0 0  24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

I Type of  Test: UU - Sinqle Point 

Boring No. 

~ 

G2-125 

Sample Type: In- Situ Failure Criteria: 15% Axial Strain 
I I I I I I I I 

17.5- 19.5 

Major 
Principal 
Stress 

(sigma 1 
(psf )  

Principal 
Stress 
Ratio 

1. At Field Moisture. 
2. N/A = Not Applicable 

CAD FILE: SKX03819.DGN 



t 

12000 2- 

V I , , , ,  I I I I I 1 , I I  I I I I I I I I I  
I 

cc- 
v, 
Q 

cn 
cn 
a, 

v, 

U 
a, 
Iz 
v, 

.. 

L 
-cJ 

L 

Cohesion F r i c t i on  
( p s f )  Angle 

To tal 2056 0 "  

I 
I , , , , , , , ,  , , , , , , , , ,  , I , , I , , , ,  I , , , , , , , ,  , , , , , ,  , ,  I I I I I I I I 

I I I I , I , , , ,  , , , , , , I , ,  

10000 

8000 

6000 

4000 

2000 

0 

Boring No. 

G2-126 

B- 2 0 7  Triaxial Compression Test  Report ' 4 -  

Dry Axial Deviator Pore Depth Spec. Content Moisture (%I Total Unit 
( feet )  No. Unit Strain Stress Pressure 

(psf)  (psf )  Weight Weight 
Initial Final (Pcf)  (pcf )  

404773 12.9 143.7 127.3 15.0 4112 N/A 
~ 

15.0-17.0 

Normal Stress ,  ps f  

Type o f  Test: UU - Sinqle P'oint Sample Type: In Situ 
~~~ 

Failure Criteria: 15% Axial Strain 

I 
I 
I 

2448 I 6560 I 2.68 

I 
1. A t  Field Moisture,. 
2.  N/A = Not Applicable 

CAD FILE: SKX03820.DCN 
.I /. . 



Spec. 
No. 

Moisture 
Content (1) Dry 

Unit 
Weight 
(pc f )  

Axial 
Strain 

Initial Final 

404751 11.8 13.8 

+ _- 
Triaxial Compression Test  Report 3 *- 2 0 1  

Descr ip t ion - L ight  Olive Brown Lean Clay w. Sand CCLI No. G2-127 Sample No. 4 0 4 7 5 1  Depth  7.5-9.5 f t  
12000 

1 0 0 0 0  

8000 

6000 

4000 

2000 

0 

Cohesion F r i c t i on  
( p s f )  Angle 

8076 0 "  Tota l  

0 2000 4000 6000 8000 1 0 0 0 0  12000 1 4 0 0 0  16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  ps f  

Failure Criteria: 15% Axial Strain Type of  Test: UU - Sinqle Point Sample Type: In Situ 

Total 
Unit 

Weight 
(pc f )  

Total 
Con finins 
Pressure 
(sigma3) 

(psf )  

Depth 
( fee t )  

Boring No. Deviator 
Stress 
(psf 1 

Pore 
Pressure 

(psf 1 

141.8 N/A 1368 17521 I 12.81 16153 

7.5-9.5 G2-127 

I I 

1. Saturated Test. 

2. N/A = Not Applicable 
CAD FILE: SKX03840.DGN 



t a 

Boring No. 

G2-128 

Boring 
12000 q------ 

Depth Spec. 
( feet )  No. 

405040 

2.5-4.5 

2000 

0 

Moisture Total 

Weight 

8000 

6000 

4000 

Total 
Dry Axial Deviator Pore contining 
Unit Strain Stress Pressure pressure 

(psf)  (psf )  (sigma 
(psf) 

Weight (%)  
(pc f )  

Triaxial Compression Test  Report 

13.2 

* f -  4 = 2 0 1  

N/A 648 15.3 140.4 124.1 13.34 7038 
.- 

No. G2-128 Sample No. 405040 Depth  2.5-4.5 f t  Descr ip t ion - Light Olive Brown Lean Clay w .  Sand CCLI 

7 

I 

Cohesion F r i c t i on  
( p s f )  Angle 

Tota l  3519 0 "  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  ps f  

11 Type of  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: Max. Principle Stress Ratio 1 1  - 

~~~ 

1. Saturated Test. 

2. N/A = Not Applicable 
CAD FILE: SKX03841.DGN 



12000 

10000 

8000 

6000 

4000 

2000 

0 

Spec. 
No. 

Boring 

Moisture 
Content (1) 

h 
Total 
Unit 

Weight 
(pc f )  

Triaxial Compression Test  Report 

Total Major 
Dry Axial Deviator Pore Confining Principal Principa 
Unit Strain Stress Pressure Pressure s t ress Stress 

(pcf )  
Weight ( % )  (psf)  (psf )  (sigma3 1 (sigma, Ratio 

(psf) (psf )  

NO. G2-129 Sample No. 404729 Depth  5.0-7.5 f t  Descr ip t ion  - Yellowish Brown Lean Clay CCLI 

Cohesion F r i c t i on  
( p s f )  Angle 

Total 3347 0 "  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 23000 26000 28000 30000 

Normal Stress ,  psf  

Type o f  Test: UU - Sinqle Point 

'Boring No. 

G2-129 

Depth 
( fee t )  

5.0-7.5 

Sample Type: In Situ Failure Criteria: Max. Principle Stress Ratio 

4047291 18.7 1 20.0 133.0 I 112.1 I 13.38 I 6694 I N/A 1 1080 I 7774 I 7.2 

1. Saturated Test. 

2 .  N/A = Not Applicable 
CAD FILE: SKX03842.DGN 



r 
VI 
W 

Dry 
Unit 

Spec. Moisture Total 

Weight 
(pcf )  

Depth 
( feet )  

c;. 

Total 
Axial Deviator Pore Confining 

Strain Stress Pressure pressure 
(psf)  (psf )  (sigma 

(psf)  

Boring 
I2000 j 

405075 

5.0-7.0 

10000 L 

1008 N/A 12.4 12.4 144.8 128.8 15.03 4186 

8000 

6000 

4000 

2000 

0 

I 

Triaxial Compression Test Report 

I I - 

No. G2-130 Sample No. 405075 Depth 5.0-7.0 f t  Descr ip t ion - Greenish Gray Lean Clay w .  Sand CCLJ 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  I 

I/ .Type o f  Test: UU - Sinqle Point Failure Criteria: 15% Axial Strain 
rl 

Sample Type: In Situ 

Boring No. 

G2-130 

5194 1 5.15 

1. Saturated Test. 

2.  N/A = Not Applicable 
CAD FILE: SKX03843.DGN 



I 

Boring No. 

G2-130 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Total Major 
Total Dry Axial Deviator Pore Confirling Principal Principal Content (1)  Unit 

Depth Spec. Moisture 
( fee t )  No. Unit Strain Stress Pressure Pressure s t ress Stress Weight Weight 

(psf)  (psf )  (sigma,) (sigma, Ratio Initial Final (Pcf) (pcf )  
(psf)  (psf )  

3.50 405080 11.0 10.6 146.1 131.7 15.07 6125 N/A 2448 8573 

15.0-17.0 

Triaxial Compression Test Report 
Boring No. G2-130 Sample No. 405080 Depth  15.0-17.0 f t  Descr ip t ion  - Dark Gray  Sandy Lean Clay CCLI 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  ps f  

Sample Type: In Situ 



;d 
P 0 

0 
P 

3 
I *  
3 

; 
n 
t3 w w 

Total 
Unit 

Weight 
(pc f )  

Dry 
Unit 

Weight 
(pcf )  

A -  

Triaxial Compression Test Repor t 
Boring No. G2-131 Sample No. 404704 Depth  7.5-9.5 f t  Descr ip t ion  - Yellowish Brown Lean Clay w. Sand CCLI 

12000 

10000 

8000 

6000 

4000 

2000 

0 

+ cn 
W 

rn 0 + 
cn 
Q 

cn 
cn 
Q) 

v, 

h 

L + 

L 
U 
a, 
1 
v, 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 2 8 0 0 0  30000 

Normal S t r e s s ,  p s f  

Type o f  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: 15% Axial Strain 

Moisture 
Content (%I Depth 

( fee t )  
Spec. 

No. 
Boring No. Principal 

Stress 
Ratio 

Initial Final 

104704 11.9 12.5 144.4 I 129.0 14.99 9260 I N/A I 1368 I 10628 7.77 

t G2-131 7.5-9.5 

2 oezaaoa I 

1. Saturated Test. 

2. N/A = Not Applicable 
CAD FILE: SKX03845.DGN 



cc 
m 
Q 

cn 
m 
a, 

0 

U 
a, 

0 

m 

L 
-cI 

L 

Boring No. 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Axial Deviator Pore Moisture Total Dry 
Unit Strain Stress Pressure 

Weight Weight (psf )  (psf)  (pc f )  (pcf )  

Depth 
( feet )  

Triaxial Compression Test Report  

Major 
Principal 
Stress 

(sigma, 
(psf )  

10429 

Bor ing  No. G 2 - I 3 1  Sample No. 404713 Depth  2 7 . 5 - 2 9 . 5  f t  Descr ip t ion  - Dark Gre 

Principal 
Stress 
Ratio 

2.45  

enish 

404713 

Gray 

6181 N/A 12.0 12.0 144.4 128.9 15.09 

Sandy 

G2-131 

Lean  Clay CCLI 

27.5-29 .5  

Cohesion Fr ic t ion  
( p s f )  Angle 

T o t d  3090 0 "  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 2 8 0 0 0  30000 

Normal Stress,  psf  

Type of  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: 15% Axial Strain 

Total 
Con fin i n 
Pressure 
(sigmas 1 

(psf)  

4248 -- 

-- 080303 
1. Saturated Test. 

2.  N/A = Not Applicable 
CAD FILE: SKX03846.DGN 



Triaxial Compression Test  Repor t  

Boring No. 

G2-131 

, 

Total 
Depth Spec. Content ( % )  Total Unit Dry Axial Deviator Pore ConfininG 
( fee t )  No. Unit Strain Stress Pressure Pressure 

(psf )  (psf )  (sigma3) 

Moisture 

Weight Weight (%)  
(pcf )  

(psf) 
Initial Final (pc f )  

404719 19.0 19.9 135.1 113.6 14.92 4171 N/A 6768 

45.0-47.0 

12000 

10000 

8000 

6000 

4 0 0 0  

2000 

0 

Principal Major 
St ress 

(sigma, ) 
(ps f )  

10939 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  psf  

Principal 
Stress 
Ratio 

1.62 

Type o f  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: 15% Axial Strain 

1. Saturated Test. 

2. N/A = Not Applicable 
CAD FILE: SKX03847.DGN 



Spec. 
No. 

Moisture 
Content ( % I  Pore 

Pressure 
(psf )  

Effective Major 
Confining Principal 
Pressure Stress 
(sigma3) (sigma, ) 

(psf) (psf )  
Initial Final 

405102 30.2 30.1 

Tr iaxial Compression Tes t  Report  . k  2 0 7  
' L  

Bor ing  
12000 2- 

No. G2-132 Sample No. 405102 Depth 5.0-7.0 f t  Descr iDt ion - Dark  Olive Brown Lean  Clay CCLI 

Cohesion Fr ic t ion  
(ps f )  Angle 

10000 
Tota l  513 0 "  

8000 

6000 

4000 

2000 

0 I 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  ps f  

11 Type o f  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: 15% Axial Strain 
~~ 

Total 
Unit 

Weight 
(pc f )  

Dry 
Unit 

Weight 
(pcf )  

Axial 
Strain 

(%I 

Deviator 
Stress 
(psf 1 

Principal 
Stress 
Ratio 

118.9 91.3 15.26 1026 2.02 

I I 

1. Saturated Test. CAD FILE: SKX03884.DGN 



a 

Spec. 
No. 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Axial Deviator Total Dry 

Initial Final ( P c f )  (pcf )  

Moisture 
Content ( % )  Unit 

Unit Strain Stress 
(psf )  Weight Weight (%)  

Triaxial Compression Test Report 

405105 

2 0 7  

14.2 13.5 140.7 123.2 14.98 4346 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  p s f  

Type of Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: 15% Axial Strain 

1. Saturated Test. 

2. N/A = Not Applicable 

, I I I I I 

Pore 
3- e ssur e 

(psf )  

N/A 

Total 
Con fininc 
Pressure 
(sigma3) 

(psf) 

1728 

Major 
Principal 
Stress 

(sigma 1 
(psf )  

6074 

Principal 
Stress 
Ratio 

3.52 

CAD FILE: SKX03848.DGN 
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Total Spec. Moisture 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Total Major 
Dry Axial Deviator Pore Confining Principal Principal 
Unit Strain Stress Pressure Pressure Stress Stress Weight (%)  

(psf)  (psf )  (sigma3) (sigma, Ratio (pcf )  
(psf)  (psf )  

Triaxial Compression Test Report  

405055 

Borinq No. G2-133 Sample No. 405055 Dep th  7.5-9.5 f t  Descr ip t ion  - Light Olive 

1368 12436 9.09 N/A 12.7 12.5 143.0 126.9 15.05 11068 

Brown Sandy Lean  c l a y  CCLI 

Cohesion F r i c t i on  
( p s f )  Angle 

Toto1 5534 0 "  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 2 i IOOO 26000 28000 30000 

Normal Stress ,  p s f  

Type of  Test: UU - Sinqle Point Sample Type: In Situ Failure Criteria: 15% Axial Strain 

1. Saturated Test. 

2.  N / A  = Not Applicable 
CAD FILE: SKX03849.DGN 
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Dry . 
Unit 

Weight 
(pcf )  

n 

cn 
cn 
a, 

m 
L + 

Total Major 

Strain Stress Pressure Pressure s t ress  
(psf)  (psf )  (sigmas) (sigma, 

Axial Deviator Pore Confining Principal 

L 
U 
a, 
1 
m 

127.6 

Boring 

12000 r 

15.14 3115 N/A 2016 5131 

Triaxial Compression Test Report  

Normal S t r e s s ,  p s f  

No. G2-134 Sample No. 4 0 5 1 4 0  Depth  12.0-14.0 f t  Descr ip t ion  - Dark  Greenish Gray Sandy L e a n  Clay CCLJ 

Cohesion Fr ic t ion  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Type of  Test: UU - Sinqle Point Sample Type: In Situ 

'Boring No. 

G2-134 

~~ 

Depth 
( feet )  

12.0-14.0 

1. 'Saturated Test. 

2. N/A = Not Applicable 

Spec. Moisture Total 

Weight 

4051401 12.6 1 12.1 I 143.7 

Failure Criteria: 15% Axial Strain 

Principal 
Stress 
Ratio 

2.55 

CAD FILE: SKXO385O.DGN 
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h) 
4 
+ 
t3 
VI 

w 
P 

.. 
w 

Boring No. 

G2-122 

12000 

Total Major 
Total Dry Axial Deviator Pore Confining Principal Principal Depth Content (%I Unit 

Spec. Moisture 

Unit Strain Stress Pressure Pressure s t ress  Stress 

(pcf 1 

( fee t )  No. 
Weight Weight 

(psf )  (psf )  (sigma3) (sigma, Ratio 
(psf)  (psf )  

Initial Final (Pcf) 

404824 14.9 15.1 136.3 118.5 15.01 1510 N/A  1728 3238 1.87 

10 .o - 12 .o 

Boring 
7 

10000 

+ 
v, 

8000 

v, 
v, 
Q) 
L 6000 

m 

U 4000 
Q) 
2z 
v, t L 

2000 

I 

Triaxial Compression Test Report 
- 6- ' 2 0 7  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  



12000 

10000 

8000 

6000 

4000 

2000 

Borinc 

i 

0 L-AL 

Triaxial Compression Tes t  Report 
-, 

Cohesion Friction 
(ps f )  Angle 

Total 981 0 "  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  p s f  



I 

Total 

Weight 

Spec. Moisture 

Bor ing 
I2000  7 

Dry Axial Deviator Pore Confining To tal 
Unit Strain Stress Pressure Pressure Weight 
(pcf )  (psf)   sf) (sigma 

(psf)  

6000 

4000 

404704 

2000 

0 

~~ 

16.8 16.5 136.9 117.2 11.71 1507 N/A 1368 

Triaxial Compression Test  Report  

G 2  - 131 

NO. G2-131 Sample No. 404704 Depth  7 . 5 - 9 . 5  f t  

7.5-9.5 

Descr ip t ion  - Yellowish Brown Lean  Clay w .  Sand CCLI 

Cohesion Fr ic t ion  
( p s f )  Angle 

Tota l  754 0 "  

i- -- e- 2 0 7  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 2 2 0 0 0  2 4 0 0 0  2 6 0 0 0  2 8 0 0 0  30000 

Normal S t r e s s ,  p s f  

Type of Test: UU - Sinqle Point Sample Type: 95% MDD' Failure Criteria: Max.'Principle Stress Ratio 

1.  Saturated Test. 3. Remolded Wet o f  Optimum Moisture 

2. N / A  = Not Applicable Content In Accordance with ASTM 0698 

Major 
Principal 
Stress 

(sigma 1 
(psf )  

Principal 
Stress 
Ratio 

CAD FILE: SKX03835.DGN 



;d 
P 
0 cn 
CI 
0 
VI 

l U  a P 
n 

w 

Boring No. 

12000 

Depth Spec. Content ( % I  Total Unit Dry Moisture 
Unit ( fee t )  No. 

Weight Weight 
Initial Final (pc f )  (pcf)  

405105 14.3 14.7 136.8 119.7 

10000 

G2-132 

+ 
cn 
a_ 8000 

cn 
cn 
Q) 
L 6000 

m 

h 

-P 

I 

10.0-12.0 

L 
0 4000 
Q) 
L 
m 

2 0 0 0  

0 

Triaxial Compression Test Report 
Borinq No. G2-132 Sample No. 405105 Depth  10.0-12.0 f t  Descr ip t ion  - Gray  L e a n  Clay w.  Sand CCLI 

1 1 A I 

Cohesion F r i c t i on  
( p s f )  Angle 

To ta l  864 0 "  

0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 20000 2 2 0 0 0  2 4 0 0 0  2 6 0 0 0  2 8 0 0 0  30000 

Normal S t r e s s ,  ps f  

Type of Test: UU - Sinqle Point Sample Type: 95% MDD Failure 

~ ~~ 

1. Saturated Test. 3. Remolded Wet o f  Optimum Moisture 

I 
~ 

14.99 1729 N/A 1728 3457 

Principal 
Stress 

3 
CAD FILE: SKX03834.DGN 000313 

2. N/A = Not Applicable Content In Accordance with ASTM D698 



w 
P 
0 
wl 
CI 
P 0 

I* 
3 
0 

Dry Spec. Moisture Total 
Unit 

Weight 
(pcf )  

Depth 
( fee t )  

3 
n 
h) w 
P 

9 
%. 

Total Major 
Axial Deviator Pore Confining Principal Principal 

Strain Stress Pressure Pressure s t ress  Stress 
( % )  (psf )  (psf )  (sigma3) (sigma, Ratio 

( p s f )  (ps f )  

r 
wl 
W 

405140 

a 
0 
C-r 
P 
0 

14.5 14.6 136.8 119.5 11.64 1294 N/A 2016 3310 1.64 

0 
2 

I I 1 

h) 
4 
CI g 
-1 
wl 
4 

I 

Triaxial Compression Test Report & -  2 0 7  

12000 

10000 

8000 

6000 

4000 

2000 

0 

Normal S t ress ,  p s f  

Type of  Test: UU - Sinqle Point Sample Type: Remolded 95% MDD3 Failure Criteria: Max. Principle Stress Ratio 

Boring No. 

G2-134 

1. Saturated Test. 3. Remolded Wet o f  Optimum Moisture 

2. N/A = Not Applicable Content In Accordance with ASTM 0698 
CAD FILE: SKX03836.DGN 080314 
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Deviator 
Stress 
(psf )  

Pore 
Pressure 

(psf)  

Total 
Confining 
Pressure 
(sigma3 I 

(psf) 

Major 
Principal Principal 
Stress Stress 

(sigma, Ratio 
(ps f )  

L-. -- 2 0 I Triaxial Compression Test Report 
Boring No. G2-122 Sample No. 404824 Depth  10.0-12.0 f t  Descr ip t ion  - Light Olive Brown Sandy Lean Clay CCLI 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Cohesion F r i c t i on  
Angle ( p s f )  

I To ta l  194 0 ”  
a 
0 
P 
+ 
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t3 
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+? 
’” 
0 

P 
4 f 

L Y 

A I I 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 .24000 26000 28000 30000 

Normal S t r e s s ,  psf  

1 1  Type o f  Test: UU - Sinqle Point Sample Type: Remolded 85% MDD3 Failure Criteria: 15% Axial Strain 

Boring No. r Total Dry 

Final (pcf )  (pcf)  

Moisture 
Unit 

Weight Weight 

Depth Spec. 
( fee t )  No. 

Axial 
Strain 

(%I 

105.4 =-I-=+ 388 1 N/A 14.96 

10.0-12 .o R_ I 
1. Saturated Test. 3. Remolded At or Near Optimum Moisture O@QZ%Qi CAD FILE: SKX03837.DGN 

2. N/A = Not Applicable Content In Accordance with ASTM D698 



;a 
P 
0 
P 
4 
wl 

Boring No. 

I 

Triaxial Compression Test Report 

Depth 
( fee t )  

Dry 
Unit 

Moisture Total 

Weight 
(pcf)  

Axial Deviator Pore 
Strain Stress Pressure 

(psf )  (psf )  

12.5 104.1 14.99 405 N/A 19.4 117.2 

k-  2 0 7  

Boring NO. G 2 -  127 Sample No. 4 0 4 7 5 1  Depth  7.5-9.5 f t  Descr ip t ion  - Light Olive Brown Lean  Clay w .  Sand CCLI 
12000 

10000 

8000 

6000 

4000 

2000 

0 

Cohesion F r i c t i on  
( p s f )  Angle 

r 
wl 
U Tota l  202 0 "  

0 
0, 
t4 
4 

I I 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

Sample Type: Remolded 85% MDD3 Failure Criteria: Max. Principle Stress Ratio 1 1  Type of Test: UU - Sinqle Point 
I I I  

Spec. 
No. 

Total 
Con finins 
Pressure 
(sigma ) 

(psf)  

Major 
Principal 
Stress 

(sigma 1 
(psf )  

Principal 
Stress 
Ratio 

1.30 404751 1368 1773 

I I I I I 1 I I I ]  

1. Saturated Test. 3. Remolded A t  or Near Optimum Moisture 
Content In Accordance with ASTM D698 2. N/A = Not Applicable 

CAD FILE: SKX03838.DGN 



rn 
P 
0 
VI + 
P 
0 

I= 
3 
3 
E 
0 

n 

P 

Total 
Unit 

Weight 
(pcf )  

I 

Triaxial Compression Test Report  

~~ 

Dry 
Unit 

Weight 
(pcf )  

Total 
Confining 
Pressure 
(sigma3) 

(psf)  

Major 
Principal 
Stress. 

(sigma 1 
(psf )  

Axial 
Strain 

(%I 

Deviator Pore 
Stress Pressure 
(psf )  (psf 1 

Initial Final 

14.96 377 N/A 

b~ 2 0 7  

Boring 

i 
No. G2-134 Sample No. 405140 Depth  12.0-14.0 f t  Descr ip t ion - Dark  Greenish Gray Sandy Lean Clay CCLI 
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0 

Cohesion Fr ic t ion  
(psf 1 Angle 

Tota l  188 0 "  
'b 
0 + 
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Q) 
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-w 0 
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L 
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Q) 
L 
v, 

I 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal  S t r e s s ,  p s f  

I1 I ll Sample Type: Remolded 8 5 1  MDD3 Failure Criteria: Max. Principle Stress Ratio Type o f  Test 

Boring No. 

G2-134 

UU - Sinqle Point 

Depth 
( fee t )  

Spec. 
No. 

Moisture 
Content ( % I  Principal 

Stress 
Ratio 

1.19 

SKX03839.DCN 

405140 117.3 I 105.8 

12.0-14.0 

I I 

1. Saturated Test. 3. Remolded At or Near Optimum Moisture 
Content In Accordance with ASTM D698 0063318 CAD FILE: 
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Triaxial Compression Test Report ,&- 2 0 7  

Spec. 
No. 

A 

B 

C 

0 

Moisture Total 

Weight 
Content (1) Unit 

Initial Final (Pcf) 

13.8 13.9 136.7 

16.8 16.5 136.5 

14.8 15.1 140.7 

2000 

Dry 
Unit 

Weight 
(pcf)  

4000 

Axial 
Strain 

6000 

16397 

6285 

8000 

Pressure 
(psf)  

4464 

1656 

10000 

Effective 
Confining 
Pressure 
(sigma,) (psf) 

5616 

2664 

12000 

Maj0.r 
Principal 
Stress 

(sigma (psf )  1 

22013 

8949 

14000 

3574 

16000 

475 1095 4669 

18000 

- L ight  Olive Brown Sandy Lean  Clay CCLI 

Cohesion Fr ic t ion  
(psf)  Angle 

Normal S t r e s s ,  p s f  

Type of  Test: CU w/pp Sample Type: lnsitu Failure Criteria: Max. Principal Stress Ratio 
I I I I I I I I 

Boring No. 

11468 

Depth 
( feet )  

9.0-11.5 

120.1 

116.9 

122.6 

Deviator 
Stress 
(psf)  

Principal 
Stress 
Ratio 

3.92 

3.36 

4.26 

CAD FILE: skx03565.dg1-1 



‘b 
0 
c--r 
P 
0 

Depth 
( feet)  

z 0 
3 

Total Dry Spec. Moisture 
No. Content (%I Unit Unit 

Initial Final (Pcf) (Pcf) 
Weight Weight 

0 
0 
R 

8987 

3873 

1908 

w 
0 
CI w 

6221 3859 12846 3.33 

2736 1584 5457 3.45 

490 259 2167 8.35 

12000 

10000 

8000 

6000 

4000 

2 0 0 0  

0 

Triaxial Compression Test Report 
Boring No. 11469 Sample No. 402821  Depth 3.0-5.5 f t .  

rt- _- 
k-. 2 0 7  

Descript ion - Yellowish Brown Lean Clay w i t h  Sand CCLJ 

Cohesion Fr ict ion 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  2 2 0 0 0  2 4 0 0 0  26000 28000 30000 

Normal S t r e s s ,  ps f  

I I  

Failure Criferia: Max. Principal Stress Ratio 11 Type of Test: CU w/pp Sample Type: lnsitu 

Boring No. 

11469 

I C I 14.7 I 16.2 I 130.8 I 114.1 

3.0-5.5 I D I 17.2 I 21.4 I 124.4 I 106.1 

I E I 19.1 I 24.9 I 122.2 I 102.6 

Axial 
Strain 

( % I  

5.89 

8.11 

1.90 

CAD FILE: skx03566.dgn 



VI 
W 

Total Spec. Moisture 

r 
VI 

Effective Major 
Dry Axial Deviator Pore Confining Principal Principal 

Weight Unit Strain Stress Pressure Pressure Stress Stress 
(psf )  (psf)  (sigma3) (sigma, 1 Ratio (pcf )  

(psf)  (psf )  

z 
0 
5 

J 

w 
0 

I 

C 15.7 14.7 137.8 119.1 5.09 13224 4925 5j55 18379 3.57 

4.13 D 18.7 17.4 131.9 111.1 4.61 11052 792 3528 14580 

Triaxial Compression Test  Report 

17.0 16.1 E 

12000 

10000 

8000 

6000 

4 0 0 0  

2000 

0 

135.0 115.3 6.14 3392 1253 4645 3.71 187 

0 2000  4000 6000 8000 10000 12000 14000 16000 18000 20000 22000  24000  26000 28000 30000 

Normal Stress ,  p s f  

Type o f  Test: CU w/pp Sample Type: lnsitu Failure Criteria: Max. Principal Stress Ratio 

Boring No. 

- 11470B 

Depth 
( fee t )  

8.0-10.5 

CAD FILE: skx03567.dgn 



Boring 
12000 : 

- 

10000 : 

- 

8000 - 

- 

6000 - 

- 

4000 

~ 

Type of Test: CU w/pp 

'2000 

0 

Dry 
Unit 

Moisture Total 

Weight Weight 
(pcf) (pcf) 

Triaxial Compression Test Report : t  y '  2 0 7  

Axial 
Strain 

(%)  

No. 11472 Sample No. 402956  Depth 23.0-25 .5  f t .  Description - Dark Bluish Gray Sandy Lean Clay CCLJ 

- Boring No. 

- 4 

4 

. . . . 
\ 
\ 

\ 

Depth 
(feet) 

1 

11472 

Cohesion Friction 
(ps f )  Angle 

23.0-25.5 

Effective 150 30" 
Total 300 20' 

12695 

8391 

4423 

0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

3.39 5314 18009 6206 

2563 3197 11588 3.62 

1541 1944 6367 3.28 

Sample Type: lnsitu 

Spec. 
No. 

A 

B 

C 

12.7 I 10.9 I 144.3 I 128.0 I 6.19 

12.3 I 11.0 I 144.4 I 128.6 I 10.43 

12.7 I 12.0 I 144.1 1 127.8 I 4.34 
I I I I 

Failure Criteria: Max. Princiml Stress Ratio 

000323 CAD FILE: skx03568.dgn 



e- 
4 -  

Boring No. 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Depth Spec. Content (1) Total Unit Dry Axial Deviator 
( fee t )  No. Unit Strain Stress 

Moisture 

(psf) Weight Weight 
Initial Final (Pc f )  (pcf)  

A 12.7 11.8 141.6 125.6 5.31 10976 

Triaxial Compression Test Report 

11475 

Boring No. 11475 Sample No. 403258 Depth 11.0-13.5 f t .  Description - 

B 16.8 15.2 137.5 117.7 7.15 5571 

C 20.1 19.7 133.1 110.9 5.89 3211 

11.0-13.5 

Yellowish Brown Lean Clay with Sand CCLJ 

Cohesion Fr ict ion 
(ps f )  Angle 

3 4" Ef fect ive 125 
Tolial 525 19 O 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal  S t r e s s ,  p s f  

Type of Test: CU w/pp Sample Type: lnsitu Failure Criteria: Max. Principal Stress Ratio 
It I I I I I I 1 

2 0 7  

800324 CAD FILE: skx03569.dgn 



e 

Effective 
Dry Axial Deviator Pore Confining 

Strain Stress Pressure Pressure 
(psf)  (psf)  (sigma, ) 

Spec. Moisture Total 
Unit 

Weight 
(pc f )  

(psf)  

Depth 
( feet )  

w 
0 

Major 
Principal Principal 
s t ress Stress 

(sigma, ) Ratio 
(psf )  

Cr 
-1 

14.0-16.5 

Cr 
0 

B 8.4  8.0 144.4 133.2 19.75 11268 2621 31- 

Boring 
12000 1 

- 

10000 - 

ce - 
cn 
a. 8000 1 
cn - 
cn - 
h 

a, 
-c, 

v, 6ooo b 
L 
U 4000 
a, 
1 
v, 

2 0 0 0  & 
0 

Triaxial Compression Tes t  Report 
No. 11476 Sample No. 402998 Depth  14.0-16.5 f t .  Soil Descr ip t ion  - Gray  Sil,ty, Clayey Sand CSC-SMI 

I 
l , ,  

I 
I , , ,  I , , , , I  , , I  

Cohesion Friction 
( p s f )  Angle 

E f f e c t i v e  0 3 8" 
400 21 O Tota l  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000  30000 

Normal S t r e s s ,  ps f  

Type o f  Test: CU W / D D  Samde Type: lnsitu Failure Criteria: Max. PrinciDal Stress Ratio 

Boring No 

~ 

11476 
I A I 8.7 I 7.7 I 146.2- I 134.4 I 5.93 I 14391 I 7142 I 4378 I 18768 I 4.29 

I C I 10.0 I 9.4 I 146.1 I 132.8 I 2.53 I 3663 I 1066 I 1191 I 4854 I 4.07 
I I 

. . : . .  . :  . . . . .  . CAD FILE: skx03570.dgn 000325 



Boring No. 

11477 

Depth Spec. 
( fee t )  No. 

A 

14.0-16.5 B 

A 

Total 

Weight 

Moisture 

(pcf )  

Dry Axial 

Weight Unit Strain 

(pcf )  

13.2 5.12 12.5 140.9 124.4 

4 -  =- 2 0 9  Triaxial Compression Test Report 
No. 11477 Sample No. 4 0 2 8 7 3  Depth  14.0-16.5 f t .  Descr ip t ion - Dark  Gray Sandy Lean  Clay CCLI 
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8000 
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4 0 0 0  

2000 

0 

Cohesion F r i c t i on  
( p s f )  Angle 

3 2" 
20" 

E f f e c t i v e  180 
To ta l  250 

w 
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-I 
P 
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0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000  24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

Sample Type: lnsitu Failure Criteria: Max. Principal Stress Ratio - 

Major 
Principal 
Stress 

(sigma 1 
(psf)  

Deviator 
Stress 
(psf)  

Principal 
Stress 
Ratio 

13.1 I 11.7 I 142.3 I 125.9 I 8.26 13042 6149 I 5371 18413 3.43 

11.8 I 10.9 I 144.1 I 128.9 I 6.20 7456 2779 I 2i81 10437 3.50 

3095 1138 I 1122 3.76 4217 L 

CAD FILE: skx03571.dgn 



Principal 
Stress 
Ratio 

2.80 

3.17 

5.04 
- 

, 
'Ef fect ive Major 
Confining Principal 
Prdssure Stress 
(sigma3 1 (sigma 1 

(psf)  (psf)  

4522 1 I:/":," 

2117 

389 1959 
- 

Spec. Moisture Total 

Weight 

Depth 
( feet )  

Dry 
Unit 

Weight 
(pc f )  

Axial 
Strain 

(1) 

Deviator Pore 
Stress Pressure 
(psf)  (psf )  

2 . 2 4  1570 4 3 2  

B- 4 - g 0 7  Triaxial Compression Test  Report 

12000 r Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  325 26" 

1 I 
10000 

8000 

6000 

4000 

2000 

0 

15 O 

I 

Y 

1 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  ps f  

Type o f  Test: CU w/pp c-- Failure Criteria: Mux. Principal Stress Ratio 1 1  - Sample Type: lnsitu 

II Boring No 

i..:: 1 8133 1 5558 

4596 2203 

I A I 17.5 I 15.8 I 134.9 I 114.8 

3.5-6.0 I B I 19.4 I 19.9 I 126.8 I 106.2 11478 

I C I 25.3 I 29.0 I 120.1 I 95.8 
I I I I I 0 0 0 3 2'7 

CAD FILE: skx03572.dgn 



r 
0 
2 
w 
0 

Dry 

(pcf)  

Unit 
Weight 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Axial Deviator 
Strain Stress 

(psf )  

Boring No. r 
133.0 

128.8 

129.0 

Triaxial Compression Test Report 

5.94 14632 

8.8 8427 

4.32 4047 

Normal S t r e s s ,  p s f  

Failure Criteria: Mux. Principal Stress Ratio Sgmple Type: lnsitu - Type o f  Test: CU w/pp 

Depth Spec. Moisture Total 

Weight 
( fee t )  No. 

11481 I= 1 1 1 1  

15.5-18.0 I B I 12.3 I 11.3 I 144.7 

11.7 144.3 C 11.9 

CAD FILE: skx03573.dgn 



Triaxial Compression Test Report 

Effective 
Confining 
Pressure 
(sigma3 

(psf)  

Major 
Principal 
Stress 

(sigma 1 
(psf )  

Spec. 
No. 

A-STG1 

Moisture Total 

Weight 
Content (1) Unit 

Initial Final (pc f )  

11.1 12.0 144.7 

4-STG2 

4-STG3 

11.1 12.0 145.0 

11.1 12.0 , 146.4 

k- 8 0 7  

NO. G2-121 Sample No. 404812 Depth 10.0-11.7 f t  Descr ip t ion - L iqht  Olive Brown Sancq Lean  Clav CCLI Boring 
12000 

10000 

Q) 
L 6000 

m 
L 
0 4000 
Q) 
1 
m 

2 0 0 0  

0 
0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  22000 24000 2 6 0 0 0  2 8 0 0 0  30000 

Normal  S t r e s s ,  ps f  

I I  Failure Criteria: Max. Principal Stress Ratio 'Type o f  Test: CU w/pp - STAGED Sample Type: In Situ 

Dry 
Unit 

Weight 
(pcf )  

Dep'th 
( fee t )  

Boring No. Axial 
Strain 
(1) 

Deviator 
Stress 
(psf)  

Pore 
Pressure 

(psf )  

Principal 
Stress 
Ratio 

4.41 

3.53 

3.11 

130.2 1.88 4421 432 1296 * 130.5 2.14 8419 994 G2-121 10.0-11.7 

131.8 4.74 15878 7531 I 23409 2549 

CAD FILE: SKX03795.DGN 



12000 

10000 

8000 

6000 

4000 

2000 

0 

Total 
Unit 

Weight 
(pcf )  

Tr iaxial Compress ion Tes't Report 

Axial Deviator Dry 

(pcf )  

Unit Strain Stress 
(psf) Weight 

Borinq No. G2-122 SamDle No. 404821 D 

138.0 

139.9 

142.4 

Nepth 5.0-7.0 f t  Descr ip t ion - L ight  Olive Brown Lean Cloy CCLJ 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  425 2 0" 
To tal  500 16 

119.5 1.53 2136 

121.2 1.57 5985 

123.3 4.52 9141 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

Type o f  Test: CU w/pp - STAGED Sample Type: In Situ Failure Criteria: Maximum Pore Pressure 

Pore 
Pressure 

(psf )  

10 1 

1627 

2189 
I I I 

Effective 
Confining 
Pressure 
(sigma3) 

(psf)  

907 

2693 

7891 

Major 
Principal 
Stress 

(sigma 1 
(psf) 

3043 

8678 

17032 

Principal 
Stress 
Ratio 

3.35 

3.22 

2.16 

080230 CAD FILE: SKX03803.DCN 



Depth 
( feet )  

7.5-9 .5  

Total Dry 

Initial Final (pc f )  (pcf )  

Moisture Spec. 
No. Content (%I Unit Unit 

Weight Weight 

A-STG1 13.6 12.9 139.6 122.9 

A-STG2 13.6 12.9 142.9 125.8 

A-STG3 13.6 12.9 145.1 127.8 

Triaxial Compression Tes't Repor t  
Bor ing  No. G2-123 Sample No. 404797 Depth 7.5-9.5 f t  Descr ip t ion - Dark  Yellowish Brown Sandv Lean  Clav CCLI 

12000 

10000 

8000 

6000 

4000 

2000 

0 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 2 6 0 0 0  28000 30000 

Normal Stress ,  ps f  

Type o f  Test: CU w/pp - STAGED Sample Type: In Situ 
I I I I 

Failure Criteria: Max. Principal Stress Ratio 
-- 
Effective 
Confining 
Pressur e 
(sigma 

(psf 1 

I 

Major 
Principa I 
Stress 

(sigma ) 
(psf)  

Boring No. Axial 
Strain 

I l l  

Deviator 
Stress 
(psf 1 

Pore 
Pressure 

(psf )  

Principal 
Stress 
Ratio 

2.41 2819 461 907 

2750 
-- 

2.47 8171 1570 .. G2-123 10922 I 3.97 

4.59 21670 2779 

880351 CAD FILE: SKX03798.DGN 



+ 
cn 
Q 

cn 
cn 
Q) 

v, 

U 
Q) 
c 
v, 

h 

L 
-Q 

L 

Total 

Weight 

Moisture 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Axial Deviator Dry 

(pcf )  

Unit Strain Stress 
(psf)  Weight 

Triaxial Compression Tes't Report 

Depth 
( fee t )  

Boring No. G2-123 Sample No. 404804 Depth  20.0-21.2 f t  

Spec. 
No. 

Descr ip t ion - Dark Greenish Gray Sandy Lean Clay CCLI 

12.7 

12.7 

12.7 

Cohesion F r i c t i on  
( p s f )  Angle 

~ 

12.2 143.7 127.5 2.17 3279 

12.2 144.7 128.5 2 . 7 3  6770 

12.2 146.1 129.7 4.41 14634 

E f f e c t i v e  0 31 " 
To ta l  0 22" 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 2 4 0 0 0  26000 28000 30000 

Normal Stress ,  ps f  

Type o f  Test: CU w/pp - STAGED 

Boring No. 

G2-123 

1 

A - S T G l  

20.0-21.2 t A-STG2 r- A-STG3 

Sample Type: In Situ 
~~ 

Failure Criteria: Max. Principal Stress Ratio 

Pore 
Pr essurf 

(psf)  

1440 

2563 

5270 

Effective 
Con f inin< 
Pr e s w r  e 
(sigma,) 

(psf)  

3197 

6250 

I 

4863 I 3.07 

9967 I 3.12 

20883 I 3.34 

CAD FILE: SKX03804.DGN 



Triaxial Compression Test  Report 

Boring No. 

G2-124 

@- pa 2 0 7  

Depth Spec. 
( fee t )  No. 

A-STG1 

10.0-12.0 A-STG2 

A - S T G 3  

Effective 
con fin in g 
Pressure 
(sigma,) 

(psf)  

634 

2174 

4723  

Major 
Pr in c ip a I Principal 
Stress Stress 

(sigma, Ratio 
(psf )  

3130 4.94 

6886 3.17 

14248 3.02 

Axial 
Strain 
(1) 

Deviator 
Stress 
(psf)  

Boring 
12000 7 

8000 

6000 

4000 

2000 

0 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

I 
Moisture 

Content (1)  
Total 
Unit 

Weight 
(pc f )  

Dry 
Unit 

Weight 
(pcf )  

Pore 
Pressure 

(psf)  
Initial Final 

131.0 3 . 0 4  I 2496 1094 21.1 

21.1 

19.8 

19.8 

108.2 

109.3 132.4 2146 
~ 

19.8 110.9 5357 21.1 134.2 



12000 

10000 

8000 

6000 

4000 

2000 

0 

Total Moisture 

Weight 
(pc f )  

Triaxial Compression Tes't Report 

Effect ive Major 
Dry Axial Deviator Pore Confining Principal Principal 

Strain Stress Pressure Pressure stress Stress Unit 
Weight 

(psf )  (psf )  (sigma3) (sigma, Ratio (pc f )  
(psf)  (ps f )  

I , , ! , , , , ,  I 

A - S T G l  9.9 8 . 7  148.5 

A-STG2 9.9 8 . 7  149.7 

A-STG3 9.9 8 . 7  150.7 

0 2000 4000 6000 8000 10000 12000 14000 

135.2 1.36 2579 1238 850 3428 4.03 

136.3 1.55 6349 2030 2290 8639 3.77 

137.1 6.15 18349 3370 6710 25059 3.73 

16000 18000 20000 22000 24000 26000 2 8 0 0 0  300 

Norma S t r e s s ,  ps f  

Type o f  Test:  CU w/pp - STAGED Sample Type: In Situ Failure Criteria: Max. Principal Stress Ratio 

00 

000334 
CAD FILE: SKX03802.DGN 



Triaxial Compression Tes't Report  

Total 
Unit 

Weight 
(pcf )  

142.4 

Dry 
Unit 

Weight 
(pcf )  

125.5 

Axial 
Strain 

( % )  

Deviator 
Stress 
(psf)  

Bo r ing .  No. G2-126 Sample No. 404768 D p th  7 . 5 - 9 . 5 f t  Descr ip t ion - L ight  Olive Brown Sandy Lean Clay CCLI e 12000 

10000 

8000 

6000 

4000 

2000  

0 

Cohesion F r i c t i on  
( p s f )  Angle 

. E f f e c t i v e  225 
Tota l  175 

3 3" 
2 5" 

. . . . 
\ . g - - 

a 
A 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000  24000  26000 28000 30000 

Normal Stress ,  p s f  

1 1  Type o f  Test: CU w/pp - STAGED Sample Type: In Situ Failure Criteria: Maximum Pore Pressure 

Spec. 
No. 

Effective 
Confining 
Pressure 
(sigma 1 

(psf 1 

Moisture 
Content (%I Depth 

( feet )  
Pore 

Pressure 
(psf )  

Boring No. 

G2-126 

A-STG1 3896 I 4.04 4 0 3  

1814 

965 

2506 

5904 
-- 

4-STG2 13.5 I 12.3 145.0 I 127.8 9219 I 3.68  

13.5 I 12.3 147.0 I 129.6 4 . 4 5  1 14887 20791 1 3 .52 4-STG3 4176 

CAD FILE: SKX03801.DGN 



I' 

Boring No. 

G2-127 

+ 
cn 
Q 

cn 
cn 
a, 

cn 
U 
a, 
II: cn 

h 

L 
-P 

L 

Effective Major 
Dry Axial Deviator Pore Confining Principal Principal Unit 

(pc f )  (psf )  (psf )  (sigma3) (sigma, 1 Ratio 

Depth Spec. Moisture Total 
( fee t )  No. Strain Stress Pressure Pressure stress Stress 

Content (1) Unit 

Initial Final (Pcf)  
Weight Weight 

(psf)  (psf )  

A 12.4 12.0 144.7 128.7 4.20 4797 893 1555 6352 4.08 

3.91 

C 11.0 11.0 142.7 128.6 5.08 11789 6278 5242  17030 3.25 

2606 10198 15.0-17.0 B 12.7 12.2 143.6 127.4 4.22 7592 3154 

12000 

10000 

8000 

6000 

4000 

2000 

0 

Triaxial Compression Test  Report  
Boring No. G2-127 Sample No. 4 0 4 7 5 6  Depth  15.0-17.0 f t  Descr ip t ion - Dark Greenish Gray Sandy Lean  Clay CCLI 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  550 29" 
Tota l  1125 16 O 

& c 

I 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000  2 8 0 0 0  30000 

Normal S t r e s s ,  p s f  

CAD FILE: SKX03794.DGN 000356 



Triaxial Compression Tes't Report 

Moisture 
Content ( % I  

Initial Final 

12.9 11.7 

c 

b- 2 0 7  
LI - 

Total 
Unit 

Weight 
(Pcf) 

144.7 

Bor ing  No. G2-129 Sample No. 404740 Depth  24 .0 -26 .5  f t  Descr ip t ion  - Dark Greenish Gray Sandy Leon Clay CCLI 
I2000  7 

G2-129 

10000 

8000 

6000 

4000 

2000 

0 

24.0-26.5 

Cohesion F r i c t i on  
Angle ( p s f )  

10.6 

E f f e c t i v e  4 2 5  2 7" 
Tota l  550 18 O 

10.2 144.1 

0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  2 2 0 0 0  24000 26000 28000 30000 

Normal Stress ,  p s f  

Type of Test: CU w/pp Sample Type: In Situ Failure Criteria: Maximum Principle Stress Ratio 

I 
(feet) I Depth 

Boring No. 

I 
I 

Spec. 
No. 

A 

B 

C 

12.6 I 12.4 I 141.7 

Dry 
Unit 

Weight 
(pcf )  

128.2 

125.8 

130.3 

Effective 
Axial Deviator Pore Confining 

Strain Stress Pressure Pressure 
( % )  

4.20 I 6272 I 3499 I 2261 

6.97 I 12972 I 6091 I 5429 

7266 I 3.30 

=--I-= 18401 
I I I 

CAD FILE: SKX03829.DGN 



12000 

10000 

8000 

6000 

4000 

2000 

0 

I 

Type o f  Test: CU w/pp Sample Type: In Situ Failure Criteria: Maximum Principle Stress Ratio 

I. 

Depth 
( fee t )  

Boring No. 

Triaxial Compression Test  Report 

Content (1) Unit Dry Axial 
Unit Strain 

Total Moisture Spec. 
No. 

Weight Weight 
Initial Final (pcf )  (pc f )  

127.1 4.30 A 14.0 13.1 144.9 

Boring No. G2-130 Sample No. 405077 Depth '10.0-12.0 f t  Descr ip t ion - Dark  Gr 

G2-130 

' ay  Lean Clay 

B 19.2 17.9 134.8 113.0 6.92 

7.71 C 

10.0-12.0 

10.5 9.9 '146.9 132.9 

w .  Sand CCLJ 

Cohesion F r i c t i on  
( p s f )  Angle 

Eff lect ive 50 29" 
Tota l  200 19 O 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  2 2 0 0 0  24000 26000 2 8 0 0 0  30000 

Normal Stress ,  ps f  

Deviator 
Stress 
(psf)  

2235 

4776 

13265 

I I 
I 

I 

662 I 1066 I 3301 I 3.10 

1901 1 2419 I 7195 I 2.97 

5069 I 5011 I 18277 1 3.65 
I I I 

CAD FILE: SKX03830.DGN 



- _- 

Boring No. 

Tr iaxial Compression Tes't Report 

Total Dry  Spec. Moisture Depth 
( feet )  No. Unit Content (%I Unit 

Boring No. G2-130 Sample No. 405088 Depth  3 0 . 0 - 3 2 . 0  f t  Desc i ip t ion  - Dark Gray Sondy Lean  Clay CCLI 
1 2 0 0 0  2- 

7100 

&- L -  2 0 7  

1958 2650 9750 3 .68  I 

Cohesion F r i c t i on  
( p s f )  Angle 

A 

E f f e c t i v e  400 3 2" 
To tal  4 2 5  23"  

~~~ ~ 

11.2 11.0 146.0 131.3 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  p s f  

C 

Type of  Test: CU w/pp Sample Type: In Situ Failure Criteria: Maximum Principle Stress Ratio 

11.7 11.1 144.7 129.5 15901 4925 6595 22496 3.41 

G2-130 I 30.0-32.0 I B I 11.1 I 10.7 I 146.8 I 132.2 

Axial 
Strain 

( % )  

3.37 

4.21 

8 .42  

7890 I 2405 I 3355 I 11245 I 3.35 I/ 
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Triaxial Compression Tes't Report 
Bor ing  No. G2-132 Sample No. 4 0 5 1 0 8  Depth  15.0-17.0 f t  Descr ip t ion  - Gray Sandy Lean Clay CCLI 

12000 -I- 

\ 
\ 
\ 
\ 
I 
I 
I 

10000 

8000 

6000 

4000 

2000 

0 

Total Spec. Moisture 

k- - ' 2 0 7  

Effective Major 
Dry Axial Deviator Pore Confining Principal Principal 

Strain Stress Pressure Pressure s t ress  Stress Unit 
Weight 
(pcf I (psf )  (psf )  (sigma, ) (sigma, Ratio 

(ps i )  (psf )  

Cohesion F r i c t i on  
( p s f )  Angle 

A 11.9 11.7 

B 12.4 11.8 

C 11.7 11.7 

E f f e c t i v e  575 30" 
Tota l  550 20" 

145.8 130.3 2.52 4016 1339 1109 5124 4.62 

145.3 129.3 5.07 6814 2837 2923 9737 3.33 

3.32 145.2 130.0 8.53 13082 5890 5630 18712 

I 
I 
I I  

0 2000 4000 6000 8000 10000 1 2 0 0 0  14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  psf  

I 

Type of  Test: CU w/pp Sample Type: In Situ Failure Criteria: Max. Principle Stress Ratio 1 1  
I I I I I I I I I I I  

000340 



Triaxial Compression Test Report 

Dry 
Unit 

Total Moisture 

Weight 
(pc f )  

12000 I 

Axial 
Strain 

10000 

8000 

6000 

4000 

2000 

0 

Deviator 
Stress 
(psf )  

. , 

Effective Major 

Pressure pressure Stress Stress 
(ps f )  (sigmas) (sigma, 1 Ratio 

Pore Confining Principal Principal 

(psf)  (ps f )  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 '20000 2 2 0 0 0  24000  26000 2 8 0 0 0  30000 

10.7 10.2 146.5 

11.3 10.6 146.8 

9.0 9.5 149.3 

Normal Stress ,  ps f  

132.4 2.52 

131.9 3.36 

137.0 6.76 

I Type o f  Test: CU w/pp 

1238 

3355 

5112 
1 I 

12'iO 4797 3.97 

2405 9334 3.88 

6408 23237 3.63 

Sample Type: In Situ 
I I I 

Failure Criteria: Max. Principle Stress Ratio - 

3588 

6929 

16829 



12000 

10000 

8000 

6000 

-4000 

2000 

0 

Boring No. 

Triaxial Compression Test Report  

Dry Axial Deviator 
Unit Strain Stress Weight ( % )  

Depth Moisture Total 
( feet )  

(psf )  (pc f )  

No. 1742 Sample No. L - 3 2 4 8  Depth 18.0-21.0 f t  Descr ip t ion 

1742 

- Gray  Sandy Lean Clay CCLI 

1 13.3 12.5 144.1 127.2 5.8 3460 

18.0-21.0 2 13.4 12.0 144.4 127.3 5.3 5060 

3 15.1 9.6 148.4 128.9 5.8 9700 

1- 
L .  

f 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  350 4 0" 
To tal 200 20" 

0 2000 4000  6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  ps f  

2 0 7  

I Type of  Test:  CU w/pp Sample Type: In Situ Failure Criteria: Max. Principal Stress Ratio I I  

3269 I 1060 

6365 I 2280 11980 5.25 
I 

CAD FILE: SKX03811.DGN 



Triaxial Compression Test Report  

Boring No. 

Bor ing  No. 1741 Sample No. L-3249  Depth  2 0 . 0 - 2 3 . 0  f t .  Descr ip t ion  
12000 4 I I I 

Depth 
( fee t )  

10000 

8000 

6000 

4000 

2000 

0 

Spec. Moisture Total 

Weight 

4- 

- Gray  Sandy L.ean Clay CCLJ 

Axial Deviator Pore Dry 

(pcf )  

Unit Strain Stress Pressure 
Weight ( p s f )  (psf )  

Cohesion F r i c t i on  
( p s f )  Angle 

1 

2 

3 

E f f e c t i v e  0 
Tota l  2 0 0  

1512 2980 

5740 3326 

10040 7330 

4.7 

4.3 

5 .7  

14.1 142.4 127.8 11.4 

14.2 13.5 142.6 124.9 

13.9 12.5 142.6 125.2 

4 4" 
21 

1741 

I 

20.0-23.0 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 2 2 0 0 0  2 4 0 0 0  2 6 0 0 0  2 8 0 0 0  30000 

Normal S t r e s s ,  p s f  

Type of  Test: CU w/pp 

1 

Sample Type: lnsitu Failure Criteria: Mae. PrinciDal Stress Ratio 
I I I I I I 

E f f e i: t iv E 
Con finins 
Pressure 
(sigma3) 

(psf) 
-- 

640 

1000 

1320 
-- 

Major 
Principal 
Stress 

(sigma 1 
(psf )  

Principal 
Stress 
Ratio 

3620 1 5.66 

6740 1 6.74 

11360 1 8.61 

Data Source: H.C. Nutting Co., data file: 3250, 5/18/92 CAD FILE: SKX03810.DGN 



Triaxial Compression Test  Report  

Dry 
Unit 

Spec. Moisture Total 

Weight 
(pcf )  

Depth 
( feet )  

Bor ing,  No. 1745 Sample No. L -  3250 Depth 6.0-9.0 f t  
12000 3- 

Axial 
Strain 

10000 

8000 

6000 

4000 

2000 

0 

17.9 1 

Descr ip t ion - B rown  Sil ty Clay with Sand CCL-MLI 

16.7 138.3 117.3 3.7 

c ' 6 -  4 -  - 2 0 7  

3 

Cohesion Friction 
( p s f )  Angle 

E f f e c t i v e  900 29" 
To tal  350 2 4" 

14.1 11.0 143.4 125.7 4.7 

0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 2 4 0 0 0  26000 28000 30000 

Normal S t r e s s ,  ps f  

Boring No. L 
, 1745 

Sample Type: In Situ 
I I I I I 

6.0-9.0 I 2 I 14.4 I 15.4 I 140.8 I 123.1 1 4 .8 

I I I I I I 

Data Source: H.C. Nutting Co., data file: 3250, 5/20/92. 

Failure Criteria: Max. PrinciDal Stress Ratio 
I I I I 

I 
I I I 

7100 I 2189 I 2140 I 9240 I 4.32 

12620 I 5861 I 2780 I 15400 I 5.54 
I I I I 

CAD FILE: S K X 0 3 8 0 5 . D G N  

000344 



Triaxial Compression Tes't Report  

Effective 
Confining 
Pressure 
(sigma3) 

(psf 1 

10000 

8000 

6000 

Major 
Principal Principal 
Stress Stress 

(sigma Ratio 
(psf )  

Bor ing ,No. 1747 Sample No. L -  3252 Depth  12.0-14.5 f t  Description - Gray and Brown Gravelly Lean Clay with Sand CCLJ 
12000 - 

/ 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  400 3 4" 
Tota l  400 20" 

Moisture Total 

Weight 

4000 

2000 

0 

Dry Axial Deviator Pore 
Unit Strain Stress Pressure 

(psf)  (psf )  Weight 
(pcf  1 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 2 6 0 0 0  28000 30000 

Normal S t r e s s ,  ps f  

13.4 12.1 142.2 

13.6 12.9 143.5 

12.4 11.2 143.9 

Type o f  Test: CU w/pp Sample Type: In Situ Failure Criteria: Max. Principal Stress Ratio 

1397 

3096 

5414 

3260 3 .6  

7.1 6240 

9620 6 .2  

125.4 

126.3 

128.0 

I I I I I 1 -  

760 

1220 

3220 

- 

4020 5 .29  

7460 6.11 

12840 3.99 

1 

2 

3 

Data Source: H.C. Nutting Co., data file: 3252,  5 /26 /92 .  

1. CU Test Data Sheet Describes Test Specimens as 'Gray and Brown Sandy Lean Clay w i t h  Gravel and Rock 

CAD FILE: SKX03307.DCN 



Triaxial Compression Tes t  Report  

Dry 
Unit 

Moisture Total 

Weight 
(pcf )  

i- -- 

Axial 
Strain 

(%)  

4 -  'e 2 Q 7  

Depth 
( feet )  

Bor ing No. 1748 Sample No. L -  3251 Depth 9.0-12.0 f t  Descr ip t ion  - Brown and  Gray Clayey Gravel  with Sand CGCI 
12000 j I 

Spec. 
No. 

10000 

8000 

6000 

4000 

2000 

0 

9.7 

11.2 

12.0 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  0 4 2" ! Toto1 0 26" 

3.1 

131.5 3.2 

129.1 4.5 

10.8 148.0 134.9 

11.7 146.2 

10.9 144.6 

0 2000 4000 6000 8 0 0 0  10000 12000 14000 16000 18000 20000 22000  24000 26000 28000  30000 

3740 4896 

Normal Stress ,  psf  

18800 5.03 

Type of  Test: CU w/pp 

-Boring No. 

1748 i- 9.0-12.0 

Sample Type: In Situ 
I I I 

Data Source: H.C. Nutting Co., data file: 3251, 5/18/92. 

Failure Criteria: Max, Principal Stress Ratio 

Deviator 
Stress 
(psf)  

4540 

6580 

15060 

I 
I 

3240 I 1080 I 7660 I 7.09 

CAD FILE: SKX03806.DGN 

1. CU Test Data Sheet Describes Test Specimens as Brown and Gray Sandy Lean Clay with Gravel and Rock 



cc 
m 
(1 

Depth 
( feet )  

.. 
m 
m 
Q) 

v> 
L * 

Spec. Total Dry 

Initial Final (pc f )  (pcf)  

Moisture 
Unit Content (1) Unit No. 

Weight Weight 

1 11.2 11.0 147.3 132.5 

L 
U 
Q) 

' C  
v> 

Axial 
Strain 

( % I  

12000 

10000 

8000 

6000 

4000 

2000 

0 

Deviator Pore 
Stress Pressure 
(psf)  (psf)  

Triaxial Compression Tes t  Report 

3.6 

3.0 

5.1 

Bor inq  No. 1751 Sample No. L -  3253 Depth  8.0-11.0 f t  

4620 1786 

5480 3989 

10260 5328 

Descr ip t ion  - Brown Silty, Clayey Sand w i t h  Gravel  CSC-SMJ 

12.0 

12.2 

2 

3 

8.0-11.0 

Cohesion F r i c t i on  
(ps f )  Angle 

E f f e c t i v e  1150 29" 
Total 300 21 

~ ~~ 

10.9 144.0 128.6 

12.1 142.6 127.1 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  p s f  

Type of  Test: CU w/pp Sample Type: In Situ 

Boring No. 

1751 

Data Source: H.C. Nutting Co., data file: 3253, 5/27/92. 

~~ 

Failure Criteria: Max. Principal Stress Ratio 

E f fec tivc 
Con fininc 
Pr e si; u r E 
(sigma3) 

(psf)  

389 

340 

3320 
-- 

-- 

5000 I 13.15 I 
5820 I 17.12 I 
13580 1 4 .09 1 

CAD FILE: SKX03809.DCN 
00034'7 

1. CU Test Data Sheet Describes Test Specimens as Brown Sandy Lean Clay with Silt Lenses, Graveland Rock. 
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CU TRlAXlAL COMPRESSION TESTS - REMOLDED 95% MDD 

AT OR NEAR OPTIMUM MOISTURE CONTENT 
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13 0 
Y 

Axial 
Strain 

Spec. Moisture Total 
Unit 

Weight Weight 

0 
2 

Effective Major 
Deviator Pore , Confining Principal Principal 
Stress Pressure Pressure Stress Stress 
(psf)  (psf )  (sigma3) (psf)  (sigma, (psf) Ratio 

w 
0 
CI 

tr 
!? 

i;l 
P 

w 

A 

6 

C 

Triaxial Compression Test Reporlt 0 -  - - 2 0 7  

8.37 1957 965 475 2432 5.12 

2146 1454 5718 3.93 

3.22 

16.3 22.7 123.3 106.0 

16.0 20.3 123.2 106.2 15.27 4264 

15.8 19.0 122.7 105.9 10.20 6544 4248 2952 9496 

12000 

10000 

8000 

6000 

4000 

2000 

0 

11468 

0 2000 4 0 0 0  6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  2 2 0 0 0  24000 2 6 0 0 0  28000 30000 

2.0-6.5 

Normal  S t r e s s ,  ps f  

Type o f  Test: CU w/pp Sample Type: Remolded Failure Criteria: Max. Principal Stress Ratio 
I I 

~ 

1. Tarqet Conditions for Remolded Test Specimens CAD FILE: skx03658.dgn 

Minimum Dry Density: 95% o f  Max. Std. Proc. Dry Density; Moisture Content: a t  or near optimum moisture content (OMC) 
2. Bulk Sample 403103 Std. Proc. Compaction Data: Max. Dry Density = 110.5 pcf,  OMC = 16.7% 0@035'7 



Y 

Boring No. 

\o 
\o cn 

Effective Major 
Axial Deviator Pore Confining Principal Principal Depth Spec. Moisture Total 

( feet )  Strain Stress Pressure Pressure stress Stress Unit 

(psf )  (psf )  (sigma,) (sigma, 1 Ratio 
(psf)  (psf)  

Triaxial Compression Test Report 

9.0-12.0 11472 

12000 

10000 

8000 

6000 

4000 

2000 

0 

A 11.4 13.3 132.5 118.9 10.13 6154 4594 2606 8760 3.36 

B 11.5 14.1 132.6 119.0 10.21 3108 2189 1411 4519 3.20 

C 11.9 15.5 132.6 118.5 6.73 1177 994 446 1624 3.64 

0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  22000 2 4 0 0 0  26000 2 8 0 0 0  30000 

Normal S t r e s s ,  p s f  

Type o f  Test: CU w/pp Sample Type: Remolded Failure Criteria: Max. Principal Stress Ratio 
I I I I I I I 
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10000 : 

8000 - 

6000 - 

2000 - - 

w 
0 
Y - 

- 

- 

- 

k 
0 
3 

Boring No. 

11474 

0 
$: 

Effect ive Major 
Dry Axial Deviator Pore Confining Principal Principal Depth Spec. Moisture Total 

( feet )  No. Content (%I Unit Unit 
Strain Stress Pressure Pressure Stress Stress Weight Weight 

(pcf)  (pcf )  (psf )  (ps f )  (sigma3) (sigma, Ratio Initial Final (psf)  (ps f )  

A 13.2 15.7 128.7 113.7 11.88 7430 4277 2923 10354 3.54 

3.0-7.5 B 12.6 16.2 128.0 113.7 10.05 3923 2045 1555 5478 3.52 

C 12.7 18.3 127.9 113.5 6.66 1500 979 461 1961 4.26 

w 
0 
t-r 

t-r 

cn 
w 

+? 
co 

4000  

Boring 

i 

0 

Triaxial Compression Test  Report 
No. 11474 Sample No. 402896 D e p t h  3.0-7.5 f t .  Descr iDt ion - Brown Lean Clay w i t h  Sand CCLI 

P- - 2 0 7  

Cohesion F r i c t i on  
( p s f )  Angle 

3 0" E f f e c t i v e  200 
T o t a l  0 19 O 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t r e s s ,  ps f  
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111.6 

112.9 

114.2 

~ 

1.51 2790 504 936 3726 3.98 

3.05 7118 662 2938 10056 3.42 

3.66 12137 1627 5573 17710 3.18 

Triaxial Compression Test Report 4 -  Q- 2 0 7  

No. G2-125 Sample  No. 405023 Depth  2.5-4.5 f t  Boring 
1 2 0 0 0  1 

- 

10000 1 

- 

8000 - 

- 

6000 - 

- 

4000 - 

- 

2000 1 
-. 

.Deskr ip t ion  - Dark  Yellowish Brown Lean  Clay CCLJ 

Cohesion F r i c t i on  
( p s f  1 Angle 

30' 
2 7' yyl Lo,  . 0 0 

Tota l  E f f e c t i v e  250 125 U 
0 
Y 

e 
0 

0 . 
0 

N 
4 
+ 
+ + 
E- 
.. 
0 
4 

0 

0 I 
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000  26000 2 8 0 0 0  30000 

Normal S t r e s s ,  ps f  

~ 

Type o f  Test: CU w/pp - STAGED Sample Type: 95% MDD ' Failure Criteria: Max. Principle Stress Ratio 

Depth 
( fee t )  

Spec. 
No. 

Moisture 
Content (%I 

Total 
Unit 

Weight 
(pcf)  

131.9 

133.5 

Boring No. 

Initial Final 

~ 
A - S T G l  

G2-125 2.5-4.5 A - S T G 2  

A - S T G 3  135.0 

1. Remolded Wet of Optimum Moisture 
Content In Accordance with ASTM 0698 

CAD FILE: SKX03858.DGN 
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Depth 
( fee t )  

12000 

10000 

8000 

6000 

4000 

2000 

0 

Spec. 
No. 

Triaxial Compression Test  Report 

Dry 

Weight 
(pcf )  

Unit 

Bor ing  No. G2-126 Sample No. 

Axial Deviator 
Strain Stress 

(psf )  

4 0 4 7 7 1  Depth  12.5-14.5 f t  Descr ip t ion  - 

118.1 

123.2 

125.3 

Dark Greenish Gray Sandy Lean Clay CCLI 

4.22 1487 

3.53 3626 

4.62 8103 

I 

15.1 

15.1 

15.1 

Cohesion Fr ic t ion  
( p s f )  Angle 

~ 

11.3 135.9 

11.3 141.8 

11.3 144.2 

E f f e c t i v e  0 3 2" 
Toto1 0 19 

749 

2074 

3614 

0 2000 4 0 0 0  6000 8000 10000 12000 14000 16000 18000 20000 2 2 0 0 0  24000 26000 2 8 0 0 0  30000 

Normal S t r e s s ,  p s f  

691 2179 3.15 

1526 5153 3.38 

3586 11689 3.26 

Type of  Test: CU w/pp - STAGED 

Boring No. 

' G2-126 

I STG1 

12.5-14.5 

Sample Type: Remolded 95% MDD' Failure Criteria: Max. Principle Stress Ratio 

Moisture Total 

Weight 

1. Remolded Wet of Optimum Moisture 
Content In Accordance with ASTM 0698 CAD FILE: SKX03822.DGN OO93GL'B 



Moisture Total 

Weight 

Depth 
( fee t )  

Dry Axial Deviator Pore 
Unit Strain Stress Pressure 

(psf)  (psf)  Weight 
(pcf )  

13.6 136.1 118.2 13.55 2404 657 

. Bi'-"ao? *- Triaxial Compression Test Report 
Boring No. G2-128 Sample No. 405043 Depth  7.5-9.5 f t  Descr ip t ion  - L iqht  Olive Brown Sandy L e a n  Clay w .  GravelCCLl 

12000 

10000 

8000 

6000 

4000 

2000 

0 

P 
wl 

Cohesion F r i c t i on  
( p s f )  Angle r 

wl 
W 

E f f e c t i v e  200 
Total 450 

31 O 

17 O 

f 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal Stress ,  p s f  

Type o f  Test: CU w/pp Sample Type: Remolded 951 MDD ' Failure Criteria: Max. Principle Stress Ratio 

Sffective 
:on fining 
3- es sur e 
(sigma3 1 

(psf)  

Boring No. 

11.8 I 137.1 I 119.5 I 12.04 1 7281 I 4133 3067 10349 1 3.37 

G2-128 12.7 , I  136.3 I 118.1 I 8.54 I 3835 I 2030 1570 
l---+-- I C I .  15.1 7.8 3 

-- 
1. Remolded Wet of Optimum Moisture 

Content In Accordance with ASTM 0698 
CAD FILE: SKX03821.DGN 



20.0-22.0 

119.4 4.19 1630 

4.75 4350 

3.69 8586 

STG1 14.9 12.1 137.1 

STG2 14.9 12.1 140.9 122.6 

STG3 14.9 12.1 143.6 125.0 

Triaxial Compression Test Repor t  
Bor ing No. G2-130 Sample No. 405083 DeDth 20.0-22.0 f t  Descr ip t ion - Dark Gray  Leon Clay w. Sand CCLI 

12000 2- 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  100 3 2" 
To tal 0 22" 

8000 - 

- 

6000 - 

- 

4000 - 

- 

2 0 0 0  1 
7 

1 0' 0 

0 
4 . . . 

\ 
\ 
\ 
\ 
I 

A 0 I I 
0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  2 2 0 0 0  24000 26000  2 8 0 0 0  30000 

Normal S t r e s s ,  ps f  

Type of T e s t :  CU w/pp - STAGED Sample Type: Remolded 95% MDD' Failure Criteria: Max. Principle Stress Ratio 

Effective 
Con finin9 
Pressure 
(sigma,) 

(psf) 

Depth 
I f n n + \  

:Boring No. 

677 763 

1800 

3701 

-- 

-- 

2393 I 3.14 

-- G 2 - 1 3 0  1800 

3499 
o@Qz<;.G 

CAD FILE: SKX03823.DGN 1. Remolded Wet o f  Optimum Moisture 
Content In Accordance with ASTM 0698 



i _ -  

Spec. Moisture Total 

Weight 

Depth 
( fee t )  

Triaxial Compression Test Report  

Effective 
Dry Axial Deviator Pore Confining 
Unit Strain Stress Pressure pressure 

(psf)  (psf )  (sigrr:a 
(psf )  

Weight ( % )  
(pcf )  

bo- 2 0 7  

5 .0 -7 .0  

I 2 0 0 0  

10000 

8000 

6000 

4000 

2000 

0 

S T G l  16.8 21.1 132.2 113.1 0.08 1636 274 1166 

STG2 16.9 21.1 136.5 116.8 0.17 2807 2074 1526 

STG3 16.8 21.1 142.4 121.9 5.29 5321 2390 4810 

- 

- 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 2 2 0 0 0  24-000 26000 28000 30000 

Normal S t r e s s ,  ps f  

~~ ~~ ~ ~ 

Type of  Test: CU w/pp - STAGED Sample Type: Remolded 95% MDD' Failure Criteria: Princ. Stress Ratio = 2.5  

Boring No. 

G2 - 132 

2 8 0 3  I 2.40 

4333 I 2.84 

10131 I 2.11 
I I I I I I I I I I I 

CAD FILE: SKX03824.DCN 1. Sclturated Test 
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Axial 
Strain 

Effective Major 

Stress Pressure Pressure Stress 
Deviator Pore Confining Principal 

C - 2  17.9 19.1 130.6 

Triaxial Compression Test Report k- - -  2 0 7  
Boring No. 11478 Sample No. 402796 D e p t h  3.5-7.5 f t .  Descr ip t ion - Brown Lean Clay w i t h  Sand CCLI 

12000 

10000 

8000 

6000 

4000 

2000 

0 

2 5" 
15 O 

0 2 0 0 0  4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t ress ,  ps f  

Failure Cri ter io: Type o f  Test: 

Boring No. 

11478 

cu w/pp Sample Type: Remolded Max. Principal Stress Ratio 

Depth 
( feet )  

Dry 
Unit 

Weigh 
(pcf)  

Moisture Total 

Weight 
(pcf 1 

Principal 
Stress 
Ratio 

8.44 1 5866 1 4032 I 3168 I 9034 2.85 A - 2  I 17.9 I 16.8 I 130.9 111.1 

110.7 

110.8 

3.5-7.5 3.19 B-2 I 18.3 I 18.5 I 130.9 

3.87 

1. Tarqet Conditions for Remolded Test Specimens CAD FILE: skx03663.dg1-1 
Minimum Dry Density: 95% o f  max. Std. Proc. Dry Density; Moisture Content: at  or near 4% w e t  o f  OMC 

2. Bulk Sample 402796 Std. Proc. Compaction Data: Max. Dry Density = 116.5 pcf, OMC = 14.7% 



Moisture 
Content (1) 

Initial Final 

14.4 17.7 

13.5 17.8 

Total 
Unit 

Weight 
' (Pcf) 

126.5 

127.1 

Pore 
Pressure 

(psf )  

Effect ive Major 
c dn fining P r in c i p a I 
Pressure Stress 
(sigmaJ) (sigma, 1 

(psf)  (ps f )  

Triaxial Compression Test Report 2 0 9  * -* 
4- 

Lean Clay w i t h  Sand CCLI 
12000 

10000 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  4 0 0  2 3" 
T o t a l  300 15 O 

8000 

6000 

4000 

2000 

0 

0 
2 
w 
0 * 
P 

0 2000 4000  6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t ress ,  p s f  

I 

I Type o f  Test: CU w/pp Sample Type: Remolded Failure Criteria: Max. Principal Stress Ratio 

Boring No. I Spec. 
No. 

Dry 

(pcf)  

Unit 
Weight 

Depth 
( feet )  

Axial 
Strain 
(1) 

Deviator 
Stress 
(psf)  

Principal 
Stress 
Ratio 

A 110.6 15.28 6725 3816 I 3384 I 10109 2.99 

112.1 10.18 3.07 3.5-7.5 B 

C 

3373 

1885 13.7 I 19.8 I 126.3 4.85 111.2 8.33 

CAD FILE: skx03661.dgn 1. Tarqet Conditions for Remolded Test Specimens 
Minimum Dry Density: 95% o f  Max. Std .  Proc. Dry Density; Moisture Content: a t  or near optimum moisture content (OMC) 0003c'8 

2. Bulk Sample 402796 Std. Proc. Compaction Data: Max. Dry .Density = 116.5 pcf,  OMC = 14.7% 



0 
=t 

Axial Spec. Moisture Total 

Strain 
Depth 
( feet )  

w 
0 

Effective Major 

Stress Pressure Pressure Stress 

(psf)  (psf)  

Deviator Pore Confining Principal 

(psf )  (psf)  (sigma3) (sigma, 1 

+ 
13 

w 
0 
5 

3.5-7.5 

12000 

10000 

8000 

6000 

4000  

2000 

0 

A- 1 11.3 15.9 123.1 110.7 11.87 6588 3802 3398 9986 

B-1 11.1 17.7 123.0 110.7 10.11 3168 2088 1512 4680 

C-1 11.2 20.1 123.0 110.7 14.95 1470 922 518 1988 

Triaxial Compression Test Report  
Boring No. 11478 Sample No. 402796 D e p t h  3.5-7.5 f t .  Descr ip t ion - Brown Lean Clay w i t h  Sand CCLI 

*- 9-- 2 0 7  

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 

Normal S t ress ,  ps f  

II 11 Type o f  Test: CU w/pp Sample Type: Remolded Failure Criterici: Max. Principal Stress Ratio 

Boring No. 

11478 

CAD FILE: skx03662.dgn 1. Tarqet Conditions for Remolded Test Specimens 
Minimum Dry Density: 951 o f  M a x .  Std. Proc. Dry Density; Moisture Content: a t  or near 3 1  dry of  OMC 

2. Bulk Sample 402796 Std.  Proc. Compaction Data: Max. Dry Density = 116.5 pcf ,  OMC = 14.7% 

I I  
Principal 
Stress 
Ratio 
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Triaxial Compression Test  Report 

Boring No. 

G2-122 

Bor ing No. G2-122 Sample No. 404827 Depth  15.0-17.0 f t  Descr ip t ion - Greenish Gray  Lean Clay w.  Sand CCLI 
12000 2 

- 

10000 - 

- 

8000 - 

- 

6000 - 

- 

4000 - 

Effect ive Major 
Total Dry Axial Deviator Pore Confining Principal Principal 

Spec. Moisture Depth 
( feet )  No. Unit Strain Stress Pressure Pressure Stress Stress 

Content (%I Unit 

Initial Final ( P c f )  
Weight Weight (%)  

(psf)  (ps f )  (sigma3) (sigma, ) Ratio (pc f )  
(psf)  (psf)  

A 10.4 11.7 118.5 107.3 7.01 6773 4090 3110 9883 3.18 

15.0- 17.0 B 11.7 14.2 117.5 105.2 15.66 3613 1397 2203 5817 2.64 

C 11.5 16.3 118.0 105.9 13.73 1453 907 533 1986 3.73 
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1. Remolded At or Near Optimum Moisture 
Content In Accordance with ASTM 0698 

CAD FILE: SKX03826.DGN 0003373 
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G2-133 

Triaxial Compression Test Report 

Effective Major 
Depth Spec. Total Dry Axial Deviator Pore Confining Principal Principal Content (1) Unit 

Initial Final (Pcf)  

Moisture 

Unit Strain Stress Pressure Pressure s t ress Stress 
(psf)  (ps f )  (sigma, (sigma , 1 Ratio (pcf )  

98.5 3.76 1998 1037 403 2401 5.95 

( feet )  No. 
Weight Weight ( % )  

(psf)  (psf)  

STG1 15.8 22.6 114.0 

2 .5-4 .5  STG2 15.8 22.6 112.0 

STG3 15.8 22.6 116.6 

96.7 4.36 3654 2088 1512 5166 3 .42  

100.8 8 .24  6740 4378  2822 9562 3.39 

- Dark Gray ish Brown Lean  Clay CCLI 

Cohesion F r i c t i on  
( p s f )  Angle 

E f f e c t i v e  350 29" 
To tal  300 17 O 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 2 0 0 0 0  22000 24000 2 6 0 0 0  28000 30000 

Normal S t r e s s ,  p s f  
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APPENDIX I a COMPACTION CURVES 
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Boring: 11468 Sompie Number: 403103 Depth: 2.0-6.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 16.7% Moximum Dry Density: 110.5 Ibs/ft3 

Specific Grovity: 2.75 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, inc. Dote Tested: 3 /03/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

3103c.m(2473.ws415) po14O@ws415. Tue Oct 31 13:00:59 CST 1995 



Boring: 11468 Somple Number: 403104 Depth: 9.0-13.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 11.6% Moximum Dry Density: 125.0 Ibs / f t3  

Specific Gravity: 2.78 Compaction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 2/28/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Standard E f f o r t  

-. . . . .  . . . .. . . -. . . -. . . .... .. . .- . . . . . . - . ... . .. .. - 

R403104c.m(2456.ws415) po14O@ws415. Tue Oct 31 12:47:13 CST 1995 
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Boring: 11469 Somple Number: 402824 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 13.9% Moximum Dry Density: 118.5 Ibs/ft3 

Specific Grovity: 2.70 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq. Inc. Dote Tested: 3/14/95 

L 
z 

Note: Standard E f fo r t  

’5 20 25 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

)2824c.m(2472.~~415) po14O@ws415. Tue Oct 31 13:00:32 CST 1995 
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R402828c.m(2474.~~415) po14O@ws415. Tue Oct 31 13:01:27 CST 1995 
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Boring: 11470B Sample Number: 403169-1 Depth: 3.5-7.5 f t  

Description: Brown Sandy Silt (ML) 

Optimum Moisture Content: 11.1% Maximum Dry Density: 125.0 Ibs/ft3 

Specific Grovity: 2.70 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3/03/95 

25 
MOISTURE CONTENT 

IN PERCENT OF DRY WEIGHT 

3169c.m(2455.ws415) po14O@ws415. Tue Oct 31 12:45:09 CST 1995 



Boring: 11470B Somple Number: 403170-1 Depth: 7.5-12.0 f t  

Description: Brown Sandy Silt (ML) 

Optimum Moisture Content: 11.4% Moximum Dry Density: 124.0 Ibs/ f t3  

Specific Grovity: 2.72 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/09/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R403170c.m(2454.ws415) po14O@ws415. Tue Oct 31 12:44:23 CST 1995 
QP@OZEj.p . (  
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Boring: 11471 Somple Number: 402966 Depth: 3.0-7.5 f t  

Description: Brown Fat  Clay (CHI 

Optimum Moisture Content: 19.3% Maximum Dry Density: 105.6 Ibs/ f t3  

Specific Crovity: 2.72 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 3/03/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

- 
R462966c.m(2471.ws415) po140@ws415. Tue Oct 31 13:00:04 CST 1995 



Boring: 11471 Somple Number: 402978 Depth: 7.5-10.5 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.4% .Maximum Dry Density: 110.6 Ibs/ f t3 

Specific Grovity: 2.71 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/01/95 

Note: Standard Ef for t  

15 20 25 
MOISTURE CONTENT 

IN PERCENT OF DRY WEIGHT 

R402978c.m(2470.ws415) po14O@ws415. Tue Oct 31 12:59:37 CST 1995 

O(-(-JZ&3 
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Boring: 11472 Somple Number: 402958 Depth: 3.5-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.4% Moximum Dry Density: 119.0 lbs/ f t3  

Specific Grovity: 2.74 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/13/95 

I 2.90 
7 2.00 

t 1 L 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

a. 
R402958c.m(2453.ws415) po14O@ws415. Tue Oct 31 12:42:59 CST 1995 



Boring: 11472 Somple Number: 402959 Depth: 9.0-12.0 f t  

Description: Brown Sandy Lean Clay (CL) 

Optimum Moisture Content: 12.0% Maximum Dry Density: 124.9 Ibs/ft3 

Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/18/95 

IN PERCENT OF DRY WEIGHT 

R402959c.m(2469.~~415) po14O@ws415. Tue Oct 31 12:59:08 CST 1995 

o(30CES 
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Boring: 11473 Somple Number: 402923 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay wi th  Sand (CL) 

Optimum Moisture Content: 15.1% Moximum Dry Density: 116.7 Ibs/ f t3 

Specific Grovity: 2.76 Compoction Method: ASTM D 698 Method A 

L 

2.90 
2.00 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

2923c.m(2468.~~415) po14O@ws415. Tue Oct 31 12:58:38 CST 1995 

000386 
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Boring: 11473 Sample Number: 402925 Depth: 7.5-12.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 13.7% Moximum Dry Density: 120.6 Ibs/ft3 

Specific Grovity: 2.76 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/16/95 

Note: Standard E f f o r t  \ 

MOISTURE CONTE 
IN PERCENT OF DRY 

NT 
WEIGHT 

. .- ~. . .... . . - . . .. - - ... .- . . . . . . . . . . . - .. . . - . . . . .. . . . . -. . ... . . ~ . .  .-. -.. . . . 

R402925c.m(2452.ws415) po14O@ws415. Tue Oct 31 12:42:32 CST 1995 
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Boring: 11474 Somple Number: 402896 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 13.7% Moximum Dry Density: 119.2 Ibs/ f t3  

Specific Grovity: 2.79 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/14/95 

.3 

-4.:. 

) 20 25 
MOISTURE CONTENT 

IN PERCENT OF DRY WEIGHT 



Boring: 11474 Somple Number: 402901 Depth: 9.7.5-12.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 12.8% Maximum Dry Density: 122.6 Ibs/ f t3  

Specific Gravity: 2.76 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/16/95 

10 1 

te: Standard E f f o r t  

Curves of 100% Saturation 
For Specific Gravity 

\\ 

I 20 25 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R40290lc.m(2466.ws415) po14O@ws415. Tue Oct 31 125 151 CST 1995 
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Boring: 11475 Sample Number: 403264 Depth: 4.5-8.5 f t  

Description: Brown Lean Clay with Sand (Fill) (CL) 

Optimum Moisture Content: 18.1% Moximum Dry Density: 108.3 lbs/ f t3  

Specific Grovity: 2.71 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Ter ra  Testinq, Inc. Date Tested: 3/06/95 

Y 

i .L' 

I . . 
>:&, 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

3264c.m(2465.ws415) po140@ws415. Tue Oct 31 12:51:24 CST 1995 
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Boring: 11476 Sample Number: 402993 Depth: 3.5-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.6% Maximum Dry Density: 117.4 Ibs/ft3 

Specific Gravity: 2.72 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3/09/95 
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~~ 
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I 

O 0  
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Note: Standard Effort  0 

& '/2 Std. Effo r t  0 

c 10 15 20 L 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402993c.m(2448.~~415) po140@ws415. Tue Oct 31 12:37:41 CST 1995 
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Boring: 11476 Sample Number: 403010 Depth: 12.0-15.0 f t  

Description: Gray Lean Clay with Sand (CL) 

Optimum Moisture Content: 10.5% Maximum Dry Density: 127.3 Ibs/ f t3  

Specific Grovity: 2.75 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3/09/95 

IN PERCENT OF DRY WEIGHT 

3010c.m(2451.ws415) po14O@ws415. Tue Oct 31 12:41:43 CST 1995 



6oring: 11477 Sample Number: 402866 Depth: 3.5-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.6% Maximum Dry Density: 116.0 Ibs/ft3 

Specific Gravity: 2.79 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 2/28/95 

IN PERCENT OF DRY WEIGHT 

R402866c.m(2449.ws415) po14O@ws415. Tue Oct 31 12:38:52 CST 1995 

ocx.. 5 3  
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Boring: 11477 Somple Number: 402874 Depth: 14.0-18.0 f t  

Description: Gray Sandy Lean Clay (CL) 

Optimum Moisture Content: 10.5% Moximum Dry Density: 128.4 Ibs/ f t3 

Specific Gravity: 2.72 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3/14/95 

urves of 100% Saturation 
OT Specific Grovity 

\ 

I I I I 

5 10 li 20 
MOISTURE CONTENT 

IN PERCENT OF DRY WEIGHT 

2874c.m(2464.ws415) po14O@ws415. Tue Oct 3 1 125057 CST 1995 



Boring: 11478 Somple Number: 402796 Depth: 3.5-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.7% Moximum Dry Density: 116.5 Ibs/ft5 

Specific Gravity: 2.71 Compaction Method: ASTM D 698 Method A 

. Lob: Advanced Terra Testinq, Inc. Date Tested: 3/09/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402796c.m(2463.~~415) po14O@ws415. Tue Oct 31 12:50:30 CST 1995 

0 0 0 ~ ~ ~  
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Boring: 11478 Somple Number: 402813 Depth: 7.5-10.0 f t  

Description: Brown Sandy Lean Clay (CL) 

Optimum Moisture Content: 12.7% Moximum Dry Density: 122.6 Ibs/ft3 

Specific Grovity: 2.71 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/16/95 

\ Note: Standard Ef for t  

i, 

4;. 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

)2813c.m(2462.~~415) po14O@ws415. Tue Oct 31 12:50:03 CST 1995 



Boring: 11479 Somple Number: 403048 Depth: 3.5-7.5 f t  

. -  _ .  

R403048c.m(2461.ws415) po14O@ws415. Tue Oct 31 12:49:36 CST 1995 

Description: 

. e- 

Brown Sandy Lean Clay (CL) 

Optimum Moisture Content: 11.8% Moximum Dry Density: 123.3 Ibs/ft5 

Specific Gravity: 2.75 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/06/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: 11480 Somple Number: 402771 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 15.2% Moximum Dry Density: 113.8 Ibs / f t3  

Specific Grovity: 2.78 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 3/17/95 

Note: Standard E f f o r t  

10 15 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

20 25 

_ .  _ _ _  _- - - -  
R402771c.m(2450.ws4i5)~p0140@WS415. TU& 05 31 12:39:22 CST 1995 

: . 0@0:59 



8oring: 11480 Somple Number: 402774 Depth: 7.5-12.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 12.5% Moximum Dry Density: 123.5 Ibs/ f t3  

Specific Grovity: 2.76 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/16/95 

Note: Standard E f fo r t  ii 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

~ ~~~~~~ 

12774c.m(2459.ws415) pol4O@ws415. Tue Oct 31 12:48:41 CST 1995 
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Boring: 11481 Sample Number: 403230 Depth: 3.5-7.5 f t  
Description: Brown Sandy Lean Clay with Gravel (CL) 

Optimum Moisture Content: 13.4% Maximum Dry Density: 120.2 Ibs/ft3 

Specific Gravity: 2.74 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3/16/95 ‘ 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R403230c.m(2458.ws415) po140@ws415. Tue Oct 31 12:48:12 CST 1995 
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Boring: 11481 Sample Number: 403231 Depth: 13.5-18.5 f t  

Description: Gray Lean Clay w i t h  Sand (CL) 

Optimum Moisture Content: 12.5% Moximum Dry Density: 122.2 Ibs/ft3 

Specific Grovity: 2.69 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/14/95 

w 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



8oring: G2-SB-1 Somple Number: 404608 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.5% Moximum Dry Density: 104.8 Ibs/ f t3  

Specific Grovity: 2.73 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: 5/18/95 
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MOISTURE CONTENT 

IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-2 Sample Number: 404603 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.0% Moximum Dry Density: 107.5 Ibs/ft3 

Specific Grovity: 2-69 

Lab: Advanced Terra Testinq, Inc. Date Tested: 5/23/95 

Compoction Method: ASTM D 698 Method A 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



G2-SB-2, 
Boring: 3 I ,  4 6 Somple Number: 404617 Depth: 0-1.5 f t  

Description: Top Soil 

Optimum Moisture Content: 17.7% Moximum Dry Density: 105.6 Ibs/ft3 

Specific Grovity: 2.61 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 6/02/95 

\ Note: Standard E f fo r t  

1 1 I 20 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-3 Sample Number: 404591 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.8% Moximum Dry Density: 105.8 Ibs/ f t3 

Specific Grovity: 2.67 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 5/25/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-4 Somple Number: 404615 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 17.2% Moximum Dry Density: 107.5 Ibs/ft3 

Specific Grovity: 2.70 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5/18/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

25 
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Boring: G2-SB-5 Somple Number: 404627 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 
I 

Optimum Moisture Content: 18.2% Maximum Dry Density: 106.8 Ibs/ f t3  

Specific Gravity: 2.71 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5 /28/95 

R404627c.m(2476.~~415) po14O@ws415. Tue Oct 31 13:44:38 CST 1995 
oso4os 



Boring: G2-SB-6 Sample Number: 404595 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.3% Moximum Dry Density: 106.3 Ibs/ f t3  

Specific Grovity: 2.66 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5/31/95 
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Note: Standard Ef fo r t  
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



Boring: G2-SB-7 Sample Number: 404-632 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 
Optimum Moisture Content: 18.5% Maximum Dry Density: 109.6 Ibs/ f t3  

Specific Grovity: 2.72 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 5/18/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 





G2-SB-8, 
Boring: g,10,11 Sample Number: 4046’44 Depth: 0-1.5 f t  

Description: Topsoil 

Optimum Moisture Content: 19.3% Maximum Dry Density: 105.3 Ibs/ f t3 

Specific Grovity: 2.67 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 6/07/95 
~~ ~ 

Note: Standard E f f o r t  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



3 c 
C 
r 
r 
r 
c 
C 
4 

: 
C 
3 

Ll 
- - 

Boring: G2-SB-9 Somple Number: 404587 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 19.2% Moximum Dry Density: 107.2 Ibs/ft3 

Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5/31/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-10 Somple Number: 404637 

Description: Brown Lean Clay w i t h  Sand (CL) 

Optimum Moisture Content: 17.1% Moximum Dry Density: 109.9 Ibs/ f t3  

‘Specific Grovity: 2.77 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 6/02/95 I 

Depth: 1.5-5.0 f t  

Note: Standard E f f o r t  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

080414 



Boring: G2-SB-11 Sample Number: 404642 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.3% Moximum Dry Density: 119.0 Ibs / f t3  

Specific Grovity: 2.77 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 5 /25/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



'. 1 

1 .  .. '...d :'. ' . 
i'. .. ?. : I '. . 

Boring: G2-SB-12 Somple Number: 404596 ' Depth: 1.5-4.2 f t  

Description: Brown Fat  Clay (CHI 

Optimum Moisture Content: 18.1% Moximum Dry Density: 106.1 Ibs/ft3 

Specific Grovity: 2 .73 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: 6/08/95 

L I 
10 15 20 25 
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Boring: G2-SB-13 Sample Number: 404583 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 16.6% Maximum Dry Density: 112.1 Ibs/ft3 

Specific Grovity: 2.68 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 6 /02/95 
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Boring: G2-SB-14 Sample Number: 404578 Depth: 1.5-5.0 f t  

Description: Brown Fa t  Clay (CH) 

Optimum Moisture Content: 18.7% Moximum Dry Density: 107.1 Ibs/ft3 

Specific Grovity: 2.78 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Ter ra  Testinq, Inc. Dote Tested: 6/07/95 
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Boring: G2-SB-15 Somple Number: 404649 Depth: 1.0-2.0 f t  

Description: Brown Lean Clay w i th  t race  Sand (Visual Descript ion) 

Optimum Moisture Content: 21.4% Moximum Dry Density: 101.0 Ibs / f t 3  

Specific Grovity: NM@ Compaction Method: ASTM D 698 Method A' 

Lob: Advanced Ter ra  Testinq, Inc. Dote Tested: 6 /30 /95  

Notes:@Standard E f fo r t  
@NM = No t  Measured 
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Boring: G2-SB-16 Somple Number: 40.465.0 Depth: 1.0-2.0 f t  

Description: Brown Lean Clay (Visual Description) 

Optimum Moisture Content: 20.9% Moximum Dry Density: 103.9 Ibs/ f t3 

Specific Gravity: NM@ Compoction Method: ASTM D 698 Method A’ 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 6 /29/95 

Notes:@Standard Ef for t  
@NM = Not Measured 

For Specific Gravity 
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Boring: G2-SB-17 Sample Number: 405366 Depth: 1.0-2.0 f t  

Description: Clayey Silt (Visual Description) 

Optimum Moisture Content: 19.3% Maximum Dry Density: 109.1 Ibs / f t3  

Specific Grovity: NMQ Compoction Method: ASTM D 698 Method A@ 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 6/29/95 

No tes:@S tandar d E f f o r t  
'NM = Not Measured 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Composite 201, 202, 203, 204 
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L 0 a t i 0 n (PO-101) 

12.0% Optimum Moisture Content 
122.7 pcf Maximum Dry Density . 

ASTM D 698, Method A Method of Compaction 

0 
MOISTURE CONTENT IN  X OF DRY WEIGHT 

5 10 15 20 2 5  
150 

140 

130 

120 

110 

2 

. ?  

.I L 

100 

90 

. .  

COMPACTION TEST DATA 

.3 

.7 

. 3  

ADVAHCfD TtRRA TtJTIllS 

0004:22 



a 

LL 
- .- 

~ 

0 - 24.5 Sample No. G2-205-208 Depth Elevation 

Soil 

Location 

Composite 205, 206, 207, 208 

Proposed On-Site Disposal Cell (PO-101) 

Maximum Dry Density 
MTM D 698, Method A __ 

Method of Compaction 

MOISTURE CONTENT IN % OF DRY WEIGHT 
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Elevation 2 d) 0 - 25 Simple NO. G2-209 Depth 
B r o ~  'and+Gray Sandy *Lean Clay (CL) Soil 
Prop.qsed70n-Site..D$Rosal 1 s, I , . .,. Cell (PO-101) Location 
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Sample No. G2-210 Depth - 25 Elevation &Lo 2 0  
Brown and Gray Lean Clay with Sand (CL) Soil 

Location Proposed‘On-Site DSposal’CeU (Po-101) 

Optimum Moisture Content 

Maximum Dry Density 

12.4% 

122.3 pcf 

ASTM D 698, Method A 
Method of Compaction 
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INTRODUCTION . 

This laboratory test program report is for the exclusive use of SAIC/Parsons ERA and consists 
of three large scale interface direct shear test series performed on select geosynthetic interfaces 
supplied to ATT by Parsons ERA. Each test series was run at three normal stress levels ranging 
from 360 to 1440 psf. 

The large scale direct shear tests were run in accordance with ASTM D 5321 "Determining the 
Coefficient of Soil and Geosynthetic or Geosynthetic and Geosynthetic Friction By the Direct 
Shear Method". The testing was carried out on ATT's large direct shear box which utilized a 
12 in x 12 in (300 mm x 300 mm) upper (stationary) box and a 12 in x 16 in (300 mm x 400 
mm) lower (traveling) box. Figure 1 presented at the end of this report illustrates the ATT shear 
box and some general test configurations for this series of tests. 

GEOSYNTHETICS AND SOIL MATERIAL 

Three geosynthetic materials were supplied by Parsons ERA for use in the test program: 

* 

* 

* 

A 60 mil (1.5 mm) thick smooth high density polyethylene (HDPE) geomembrane 
manufactured by Gundle Lining Systems, Inc. 
A geosynthetic clay liner (GCL) manufactured by Gundle Lining Systems, Inc. 
and designated as Gundle Gundseal HD20. 
A 10 oz./yd2 non-woven needle punched geotextile (GT) manufactured by Nicolon 
and designated as Nicolon SlOOO. 

* 
The soil material was a F E W  brown clay (CL) supplied to ATT by Parsons ERA in 11 sample 
numbers. As requested by Parsons ERA, the following sample numbers were combined into one 
compacted clay sample for DS Test Series A and B: 

. . .  

. -. - . . . 

DS Test Series A - FEMP Sample Numbers 404608, 404591,404627,404632, 404587. 

DS Test Series B - FEMP Sample Numbers 404603, 404615,404595, 404621, 404637, 
404583 

All FEMP clay samples were compacted to 95% MDD and +2% OMC in the upper (stationary) 
box away from the direct shear machine. 

-. . . . . - . . - 
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TEST PROGRAM AND GENERAL PROCEDURES 

The interface direct shear .tests, as requested by Parsons ERA, were configured as shown in 
figure 1. 

As requested by Parsons ERA, for all test series incorporating geosynthetics, flat plates were 
used as the supporting surface. Thus, normal loading does not simulate overburden deformation 
characteristics. Geosynthetics were fmed to either the top (stationary) or bottom (traveling) box. 

For DS Test Series A, the Gundseal HD20 GCL was hydrated and consolidated under 360 psf 
for each point before applying desired normal load and shearing. 

Fresh geosynthetics were used for each test point in all DS Test Series and all specimens were 
cut and prepared so that direction of shear was in the manufactured machine direction of the 
geosynthetics. 

The A I T  large scale direct shear box design includes a lower (traveling) box with a larger 
surface area than the upper (stationary) box, and thus all tests are performed using a constant 
effective sample area requiring no area correction when computing normal and shear stresses. 

For all DS Test Series, fresh geosynthetics and soils were prepared for each normal stress 
condition and each specimen was sheared at a constant displacement rate immediately after 
application of the desired normal load. The shear constant displacement rate for the HDPE 
geomembrane to geotextile test series was 0.2 in/min (5mm/min) and the HDPE to Clay and Clay 
to GCL hydrated test series were run at 0.04 in/min (1 mm/min). Normal stress levels ranged 
from 360 to 1440 psf as directed by Parsons ERA in order to model required loading conditions. 

DS TEST SERIES A 
Type of Interface: 
Material on Top: 

Geosynthetic Clay Liner (GCL) to Compacted Clay 
FEMF' Brown Compacted Clay (CL), 95 % Standard MDD, 

@ OMC +2% (FEMP Sample Nos. 404608, 404591, 

404627, 404632, 404587) 

Material on Bottom: 

Manufacturer: Gundle Lining System, Inc. 

Geosynthetic Clay Liner (GCL) - Gundle GundseaI HD20 

Number of Tests: 3 (points) 
Normal Load: 360, 720, 1440 psf 

. 1 . 4 5 3  880430 
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Hydrating Conditions: 

Other Test Conditions: 
j 

d -  

DS TEST SERIES B 

Type of Interface: 

Material on Top: 

Material on Bottom: 

Manufacturer: 

Number of Tests: 

Normal Load: 

Other Test Conditions: 

DS TEST SERIES C 

Type of Interface: 

Material on Top: 

Material on Bottom: 

Manufacturer : 

Number of Tests: 

Normal Load: 

Other Test Conditions: 

Free swell under 360 psf for 24 hours 

Shear Rate - 0.04 in/min 

Consolidation for 2 hours under 360 psf for each point 
before shear 

HDPE Geomembrane to Compacted Clay 

FEMP Brown Compacted Clay (CL), 95% Standard MDD, 

@ OMC +2% (FEMP Sample Nos. 404603, 404615, 

404595, 404621, 404637, 404583) 

HDPE Geomembrane, smooth - 60 mil thickness 

Gundle Lining Systems, Inc. 

3 (points) 

360, 720, 1440 psf 

Shear Rate - 0.04 in/min 

Geotextile to HDPE Geomembrane 

Non-Woven Geotextile, 10 ozlyd’ 

HDPE Geomembrane, smooth - 60 mil thickness 

Nicolon (Geo tex tile) 

Gundle (Geomembrane) 

3 (points) 

360, 720, 1440 psf 

Shear Rate - 0.2 in/min 

Saturated Interface 

\ 
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TEST RESULTS - INTERFACE DIRECT SHEAR 

Test Series 
Number 

DS Series A 
DS Series B 

The direct shear resistance of the three test series were evaluated for each applied normal stress. 
the actual test data are shown in Appendix A. The test data were plotted on a graph of shear 
force versus shear displacement. The peak value of shear force and the residual value of shear 
force were used to calculate peak and residual shear strengths for each DS test series. The total 
stress peak and residual shear strengths were plotted on a graph of shear stress versus 
corresponding normal stress. The total stress peak and residual interface friction angle is 
obtained by a best fit straight line drawn through three data points. The summary plots of shear 
stress versus applied normal stress are also presented in Appendix A. A summary of the 
interface friction angles and apparent adhesions are summarized in Table 1. 

Normal Peak Strength Residual Strength 
Stress Range 

(PSF) Friction Adhesion Friction Adhesion 
Angle (6) (PSF) Angle (6) (PSF) . 

360-1440 5.4 0.5 5.4 0.5 
360-1440 13.1 126 10.3 * 88 

Table 1 
Interface Direct Shear Test Results 

SAIC/Parsons ERA 
P.O. 140 

Of particular note in DS Test Series A is the fact that the bentonite gel was fully exposed to the 
clay surface during shearing. Bentonite was observed to adhere to the surface of the clay 
immediately after shearing. This obviously contributed to a low PeaWResidual friction angle 
against the clay at these low normal loads and may actually reflect shear in the bentonite 
immediately below the interface. 

This concludes our report for large scale interface direct shear testing performed on three 
interfaces as requested by SAIC/Parsons ERA. The results reported apply only to the materials 
tested and do not apply. to other materials or test conditions. - 
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DIRECT SHEAR DATA TEST SERIES 

Geotextile vs.' HDPE Test C 
12x12 inch Bdx . 

CLIENT: Saic/Parsons PO 140 
PROJECT NO: 2059-13N 
PROJECT: Fernald 

Date: 8-8-95 
Date Tested: 8-8-95 

i! 

Displacement 
(inches) 

0'. 001 
0.05 

0.126 
0.218 
0.295 
0.386 
0.467 
0.556 
0.63 

0.727 
0.805 
0.896 
0.973 
1.065 
1.145 
1.234 
1.313 
1.406 
1.486 
1.577 
1.659 
1.747 
1.83 
1.92 

2.002 

Normal Normal 
Force=360 psf Force=720 psf 
Shear Stress Shear Stress 
(PSf) (PSf) 

0 
52 
72 
70 
70 
70 
70 
68 
67 
65 
65 
63 
65 
63 
63 
63 
63 
62 
62 
60 
60 
60 
58 
58 
58 

0 
108 
136 
134 
133 
133 
131 
129 
129 
128 
126 
124 
124 
123 
123 
123 
121 
121 
119 ' 

121 
119 
118 
118 
118 
118 

Normal 
Force=1440 psf 
Shear Stress 
(PSf) 

0 
2 60 
2 64 
257 
252 
247 
244 
242 
239 
235 
234 
230 
229 
229 
227 
225 
225 
225 
224 
222 
222 
222 
220 
220 
219 
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DIRECT- S F A R  DATA-.I TEST SERIES 
12x12 inch Box 

Clay vs. Hydrated GCL Test A 
I... 

CLIENT: Saic/Parsons ~ 0 . 1 4 0  
PROJECT NO: 2059-13N 
PROJECT: Fernald 

D i spl acemen t 
(inches) 

0 
0.024 
0.082 
0.139 
0.198 
0.254 
0.312 
0.369 
0.425 
0.483 
0.542 
0.597 
0.651 
0.711 
0.765 

. 0.821 
0.875 
0.934 
0.987 
1.042 
1.099 
1.155 
1.21 

1.265 
1.324 
1.379 
1.438 
1.493 
1.549 
1.607 
1.664 
1.722 
1.778 
1.84 . 

1.894 
1.953 
2.009 

Normal 
Force=360 psf 
Shear Stress 
(PSf) 

0 
36 
38 
36 
38 
38 
38 
38 
38 
36 ' 

36 
36 
36 

' 38 
36 
36 
36 
34 
34 
36 
36 
36 
36 
36 
36 
34 
36 
36 
36 
36 
36 
38 
39 
31 
31 
29 
29 

Date: 8-7-95 
Date Tested: 8-3-95 

2 0 1  &- 
- -  

Normal 
Force=720 psf 
Shear Stress 
(PSf) 

0 
56 
54 
54 
54 
53 
54 
54 
54 
54 
54 
54 
54 
54 
56 
56 
54 
56 
56 
56 
56 
56 
58 
58 
58 
58 
58 
58 
59 

61 
61 
61 
59 
61 
61 
61 

Normal 
Force=1440 psf 
Shear Stress . 
(PSf) 

0 
106 
116 
118 
118 
119 
119 
12 3 
124 
12 6 
128 
129 
129 
129 
129 
131 
131 
13 1 
131 
13 1 
131 

133 
133 
134 
134 
134 
134 
134 
134 
136 

138 
138 
136 
138 

. 131 

138 

138 
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DIRECT SHEAR DATA TEST SERIES 

Clay vs. 60 mil HDPE Test B 
12x12 inch Box 

CLIENT: Saic/Parsons PO 140 
PROJECT NO: 2059-13N 
PROJECT: Fernald 

Normal 
Force=360 psf 

Displacement Shear Stress 
(inches) (PSf) 

0 
0.017 
0.073 
0.131 
0.188 
0.247 
0.302 
0.361 . 

0.418 
0.474 
0.53 

0.591 
0.644 

0.7 
0.756 
0.814' 
0.868 
0.924 
0.979 
1.036 

1.147 
1.201 
1.259 
1.316 
1.37 

1.426 
1.485 
1.545 

1.6 
1.657 
1.717 
1.774 
1.83 

1.888 
1.948 
2.003 

1,. 09 

0 
193 
180 . 
175 
173 
173 
170 
170 
168 
166 
166 
166 
165 
163 
160 
158 
156 
156 
155 
155 
155 
153 
151 
151 
150 
151 
153 
151 
151 
150 
150 
150 
151 
151 
151 
150 
148 

Date: 8-2-95 
Date Tested: 8-1-95 

Normal 
Force=720 psf 
Shear Stress 
(PSf) 

0 
319 
287' 
272 
266 
2 62 
257 
256 
252 
249 
249 
247 
247 
246 
244 
241 
239 
239 
239 
237 
236 
234 
232 
231 
229 
231 
231 
229 
229 
229 
229 
227 
.2 2 7 
227 
227 
227 
227 

Normal 
Force=1440 psf 
Shear Stress 
(PSf) 

0 
433 
453 
423 
413 
407 
398 
393 
388 
383 
380 
377 
375 
373 
372 
367 
365 
363 
3 63- 
362 
358 
357 
355 
353 
352 
353 
352 
352 
352 
350 
350 
348 
348 
350 
348 
347 
347 

- - . . . . . . . . . . -. . . .. . -. . . - . . . . 

: 

1 4 6 4  



-. 
i 

ii 

c 

I .  
. I  

0 0 0  0 0 0 0 0 0 0 0  
0 I n 0  In O I n O I n O I n  
Lo d- d- r) m o 1 C v -  v 

c 
(D 
0 

0 
d- 
c 

II 
-W 
U 
0 
-1 

i 
0 
Z 

('sd) S S e J T S  JDaqS 

1 4 6 5  00044.2 



= a ,  c 
-I 
.- 



co co 
Q) 
L 

$; 

I- 

m 

2 
0 
Q, 
U 
M 
0 
T 

II 

G 

1 4 6 1  



Figure I 
Large Scale Direct Shear Testing 

ASTM D 5321 
Test Schematic 

E 
.! 

E 

GCL (Hydrated Gundseal HD2O 

I 1 Plate 

DS Test Series A - Schematic 

HDPE 

I I Piate 

DS Test Series B - Schematic 

. .  

HDPE 

r ~ ~~ 1 Plate 

DS Test Series C - Schematic 00044-s 

e 
This page added 8/29/95. 

1 4 5 4 A  





APPENDIX K 

DESCRIPTION OF GEOTECHNICAL DATA BASE 

ER4FSl\VOLl :RSAPPSWSDATA\ 
OU-Z\PO-l40\REPORT. 1-4 12/11/95,9:41am, Rev. No.: 0 



GEOTECHNICAL DATA BASE 

The Geotechnical Data Base is comprised of a collection of soil boring and Cone Penetrometer Test 
(CPT) data that were obtained during tasks completed under PO’S 20, 101, 132, 140 and from the H.C. 
Nutting Report. The Geotechnical Data Base has been tailored to a data-specific format and resides on 
an Oracle Data Base system that is integrated with the Intergraph Modular GIS Environment (MGE) and 
Environmental Resource Management Application’s (ERMA) software platform. The bulk of the data 
base functionality is governed by the Relational Interface System (RIS) which serves as the software link 
between the data base and the geological/mapping application’s programs. 

Overview of Soil Boring Data Base Attributes 

The Geotechnical Data Base contains ten attribute tables for the soil borings. These tables are part of the 
data regiment that represents the geotechnical and soil boring results of the above-mentioned tasks. 

Tdle  Name Brief Description 

log-hdr Log Header Information: including State Plane coordinates, ground surface 
elevation, depth intervals, dates and other appropriate header information. 

log - lith Log Lithology Data: 
elevation, SPT blow count data and a unique lithology flag. 

Sample number, intervals and type, ground surface 

consol 

density 

indexqrop 

compaction 

Consolidation Properties: Moisture content, wet density and dry density before 
and after testing. Test type and other observed consolidation test properties of 
the soil sample dataset. 

Soil Density Properties: Includes test method, wet density, dry density and 
percent saturation values. 

Index Properties: Moisture content, Liquid Limit, Plastic Limit, Plasticity Index, 
UCSC designations and soil sample visual qualifiers. Also includes lithology 
percentages, specific gravity and compaction test method. 

Compaction Data: 
compaction curve plots as well as test method utilized. 

Moisture content and dry density values for five-point 

ERAFS l\VOLl :RSAPPSWDATA\ 
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hyd-con 

UCS 

tx-uu 

Hydraulic Conductivity: Test method, moisture contents and density values. 
Permeability data. 

UCS: Moisture content, wet and dry density values. Strain, maximum deviation 
and undrained shear strength values. 

TX-UU (Triaxial Compression, Unconsolidated, Undrained) test data: dataset 
populated with moisture contents, wet densities, dry densities, confining pressure 
data, strain and failure parameters associated with the compression tests. 
Information output in Mohr Circle plots. 

TX-CUPP (Triaxial Compression, Consolidated, Undrained) test data: dataset 
populated with moisture contents, wet densities, dry densities, confining pressure 
data, strain and failure parameters associated with the compression tests. 
Information output in Mohr Circle plots. 

Status of Geotechnical Data Base CPTs 

Because of the application-specific format required for the loading of CPT data, those data have not been 
directly entered into the geotechnical data base. Rather, CPT data have been archived into flat ASCII 
files for storage. Loading of CPT data is not covered under the scope of this task. 

Loading Procedure for the Geotechnical Data Base 

Approximately 98 percent of the geotechnical data were loaded into the geotechnical data base from two 
main sources - hard copy output and digital file formats (Lotus 1-2-3 Re1.3 and flat ASCII). The 
remainder of the data (approx. 2 percent) were directly loaded into the data base through key-in. 

Data from hard copy sources were compiled into Lotus spreadsheets, then validated for accuracy. After 
validation, the data were loaded through the Well Data Translator (WDT) Software (an ASCII format data 
loader). After loading, hard copy printouts of tables were created and cross-checked for data integrity 
and quality assurance. 

A similar procedure was used for the loading of digital format file data without the added step of 
compiling data into Lotus spreadsheets. The process first entailed the proper formatting of the digital data 
for subsequent transfer into the data base through the WDT Software. ASCII Files were directly fed into 
the WDT Software. Lotus files were first dumped into an ASCII file format, then processed using WDT. 
As a final step for quality assurance, all data base records were output into hard copy format and back- 
checked for data integrity and quality assurance. 
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Data that were keyed directly into the data base wereflagg& as key-in using a data identifier field in the 
particular record being loaded. Records were then output into hard copy format and back-checked for 
quality assurance. 

Data Base Structure 

The tables within the data base are linked by two fields which are present in all tables - the bor-id and 
sample-no (Boring Identifier and Sample Number) attribute columns. The use of these key fields was 
necessary to permit the creation of joined tables and the subsequent development of table views (tables 
which contain criteriadefined unique attributes from two or more tables). 

It was determined that one table (log-hdr) would be required to provide the links necessary to develop 
an adequate graphical point datdrecord interface that would be used to post data points within graphics 
files (design files). Since the log-hdr table is linked to graphical point data, it can be accessed through 
the Modular GIs Environment (MGE) data base interface as well as through the ERMA Data Manager 
interface. 

The graphical links embedded in the data base records provide the means for a single record or series 
of records to be queried and the linked graphic data element to be located within.a specific design file. 
Conversely, a graphic element can be queried within the design N e  to retrieve the corresponding table 
and/or table views which are linked to the graphic element. Once a graphic element is chosen, the data 
base, record for that element will be displayed (as well as any table views that have been created). 
Because of this functionality, the log-hdr table can be used to plot well symbols representing soil borings 
and CPTs in various basemap and subsurface map and cross-section formats. 

I 7 :  
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Both the MGE Geologic Mapper (MGLM) software and the MGE Geologic Analyst (MGLA) software 
rely on the log-hdr table for accurate posting of soil borings and CPTs in map and cross-section format. 

Access to the Geotechnical Data Base 

Typical access to the geotechnical data base for the geotechnical user will be accomplished using 
Intergraph's DB Access software in conjunction with the ERMA Data Base Access Menus. At its most 
basic level, this interface will permit the user to perform criteria-based queries directly on the data base 
using a series of formsdriven Structured Query Language (SQL) templates. Output can either be to the 
screen or to ASCII data base reports (formatted or unformatted). 

Since the power of the DB Access menus also provides a means of modifying and updating the data base, 
it is at the discretion of the Data Base Administrator (DBA) to grant such access to individual users. 
Because of the possibilities for data corruption, the DBA will have control over permissions granted to 
users for general geotechnical data base access. 
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To assist the general user, data base queries that are used repeatedly can be stored into a Query Library 
for subsequent retrieval and use. Queries within a library can be recalled for use on a particular dataset 
or series of datasets. 

In Review Mode, a distinct number of attributes can be highlighted for data base review allowing for a 
comparison of a number of similar records within a table structure. These reviews can subsequently be 
output to an ASCII text file. 

Reports 

The ERMA Data Manager allows for the development of specific report forms through the use of the RIS 
Report Writer. Individual forms can be generated using the Report Writer Interface. A wide variety of 
report formats are available. Data base reports that are generated through RIS Report Writer should be 
stored in a designated data base report library as specified by the DBA. Output from reports can be used 
as subsequent input for analysis packages, text reports, or as flat ASCII files to be archived. Access to 
the RIS Report Writer will be limited to those authorized by the DBA and Lead Discipline Engineer 
&DE). 

Access to the Geotechnical Data Base will not be granted to any user without the approval of the Data 
Base Administrator. Strict guidelines have been adopted to maintain a controlled environment that will 
ensure the continued integrity of the data base and will restrict unauthorized access to the data base or 
any of its components. 

Brief Description of Access to the Data Base 

Once authorized, the user will access the Geotechnical Data Base using the following procedure: 

1) Log into the PO-140 Account on a Unix (MGE specified) workstation using the Workstation User 
Menu (Figure K-1) 

Account name' PO1402 
Password (from System Manager) 

2) Log into the PO-140 Window using the pulldown menu. 

Username pol40 
Password (from System Manager) 

- . _ _  __ - -  _ -  _ .  - - - 
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Figure K-1 - MGE Project Manager Form 

K-5 12/11/95,9:41am, Rev. No.: 0 

080451' . '  



3) Unix $ prompt: mge 

4) MGE Project Manager Form - Access the Application Button (Figure K-2) 

5) Applications Form - Choose MGE Environmental Manager (Figure K-3) 

6)  Applications Form 2 - Choose DBMenus - ERMA Data Base Menus (Figure K-4) 

7) ERMA Data Base Access Main Menu - Key-in one of the below "table names" in the Existing 
Tables or choose it from the Pulldown Menu (Figure K-5) 

compaction 
consol 
dens@ 
hyd-con 
i n d e x y o p  
log-hdr 
log-lith 

tX_CUPP 
a-uu 
ucs 

8) "table name" TABLE FORM (Figure K-6) 
Enter query item (9a) directly into data base form or choose Edit SQL Query Button to enter the 
Build SQL Query Form (9b). 

9a) Choose Execute Query Button. 

or 

9b) Enter Query using the Build SQL Query Form Interface (Figure K-7) 
Accept the Query (hit Accept button) 
Check out of the Fom (upper right of form) 

System prompts in bold for clarity. 
User key-ins italicized for clarity. 

. .  . .  
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Figure K-2 - Workstation User Form 
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_ _  - . - .  Figure K-3 - MGE-Applications Form-. - - - - -  - - -  - --  _ _  
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Figure K-4 - MGE Applications Level 2 Form 
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. -. . . . Figure-K-5 - E W A  Data Base-Access Main Menu Form - . .__ 
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Figure K-6 - Index Properties Table 
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Figure K-7 - SQL Query Form 
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Some Examples of Data Base Queries'for the Geotechnical Data Base 

1) All samples from indagrop table that have both al-USCS and group-USCS attributes that are CL- 
ML (results in Figure K-8) 

0 
2) All samples from the log-Zith table that have a sample top depth > = 5.0 ft and a sample bottom 

depth < = 10.0 ft (results in Figure K-9) 
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Figure K-8 - Query Review Form 
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Figure K-9 - Example Query 
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APPENDIX L 

UNIT WEIGHTS USED FOR SLOPE STABILITY, CONSOLIDATION 
SETTELEMENT, AND LIQUEFACTION ANALYSIS 
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Unit Weights Used for Slope Stability, Consolidation Settlement and Liquefaction Analyses 

Soil Type Moist Unit SaturatedUnit , Reference I Comments 
Weight @c9 Weight @c9 

(Holtz and Kovacs 1981) I saturated value is the maximum of the given I range, moist value assumed 
112.3 I loo-o I vegetative 

soil 

cobbles 

pea gravel 

compacted 
clay 

brown till 

(Holtz and Kovacs 1981) I saturated value is an average of the range given 
for sands and gravels, moist value assumed I sand I 125.0 1 134.2 

125.0 134.2 (Hola and Kovacs 1981) I ssturated value is an average of the range given 
for sands and gravels, moist value assumed 

(Holtz and Kovacs 1981) I saturated value is an average of the range given 
for sands and gravels, moist value assumed 

(SAIC 1995) I moist value for average of tests performed on compacted 
samples, saturated value assummed 

(PARSONS 1995b) and (SAIC 1995) I moist value an average from data, 
saturated value assumed 

125.0 134.2 

133.1 145.0 

135.7 145.0 

waste 
materials 

(PARSONS 1995b) and (SAIC 1995) I moist value an average from data, I saturated value assumed 
150.0 I 143.0 I gray till 

112.2-115.0 125.0 (SAIC 1995) I moist value for average of tests performed on compacted 
samples, saturated value assummed or 85% of the maximum dry density 

multiplied by one plus the optimum moisture content, saturated value 
assumed 

sand and I 140.0 I 149.8 I (Holtz and Kovacs 1981) I saturated value is the maximum of the given 
range, moist value assumed I I 
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