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SECTION 1 

INTRODUCTION 

This report summarizes the results of geotechnical testing and analysis performed on samples from 
proposed on-site soil borrow areas at the Fernald Environmental Management Project (FEMP), Fernald, 
Ohio. The borrow material will be used for construction of an on-site waste disposal facility (an 
aboveground waste containment structure with a soil/geosynthetic liner and cover). Figure 1-1 shows the 
locations of the proposed On-Site Disposal Facility (OSDF), East Field BOKOW Area (EFBA), South Field 
BOKOW Area (SFBA), and Operable Unit 2 (OU-2) subunits (waste units). Figure 1-2 shows the 
topography of the proposed borrow areas. The geotechnical investigation was performed to characterize 
and define the geotechnical properties of clay material available from on-site borrow areas for use as part 
of the liner and cover materials and for potential use as construction fill for berms, waste unit backfill, 
etc.; and to evaluate material performance relative to preliminary recommendations for excavation: 
grading, and site restoration. The report summarizes the data from geotechnical field and laboratory 
tests, and provides recommendations based on analyses of these data. 

1.1 Scope and Objectives 

PARSONS was tasked by the Fernald Environmental Restoration Management Corporation (FERMCO) 
under Project Order 154 (PO-154) (PARSONS 1995a) to provide geotechnical engineering services for 
a geotechnical investigation at the EFBA and SFBA. Specifically, PARSONS' scope was to: 

_ _ I .  - 

.-, . 

1) Provide geotechnical sampling oversight during field activities 
_ -  

2) Provide geotechnicd laboratory testing services 

3) Perform preliminary geotechnical engineering 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 borrow areas: 

1) Borrow materials 
2) Slope stability 

1-1 
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Figure 1-2 - Location and Topographic Map of East and South Field Borrow Areas I 
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3) Geotechnical monitoring and testing 
4) Site restoration 

1.2 Organization of Report 

This report is divided into five sections. Section 1 provides an introduction and outlines the scope and 
objectives of the report. Section 2 provides background information regarding the proposed locations and 
estimated volume of on-site soil borrow material, the proposed EFBA intermediate design excavation 
case, prior geotechnical investigations at the EFBA, and the general subsurface conditions at the proposed 
borrow area sites. Section 3 summarizes the geotechnical field and laboratory test program implemented 
under PO-154. Section 4 summarizes the results of the geotechnical laboratory testing conducted as part 
of the investigation. Section 5 summarizes' the geotechnical evaluations and analyses performed based 
on the data summarized in Section 4, and contains specific geotechnical recommendations. 

? 
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SECTION 2 

This section provides background information regarding the volume of borrow soils required for 
construction of the OSDF and considerations regarding the, selection of EFBA and SFBA sites for 
geotechnical investigation. The proposed excavation case for the EFBA site is presented to provide a 
basis for the geotechnical evaluation and slope stability analyses presented in Section 5. Additionally, 
a summary of prior geotechnical investigations and subsurface conditions at the EFBA is provided. 

2.1 Volume and Locations of Soil Borrow Material 

In support of the design and construction of the OSDF, geotechnical and engineering data on soils from 
the potential on-site borrow sources are required. 

Based on intermediate design estimates, approximately 904,000 cubic yards of clay, soil, and select 
backfill will be needed for construction of the OSDF. Of this volume, approximately 294,300 cubic 
yards of clay within the footprint of the disposal facility will be excavated for liner construction; 
however, an additional estimated 606,600 cubic yards of soil is needed for construction of other 
components of the facility. In addition, approximately 60,000 cubic yards of soil will be needed for use 
as backfill at the Solid Waste Landfill (SWL), and Lime Sludge Ponds (LSP) after materials therein have 
been removed for disposal. 

The EFBA has been identified by FERMCO as the primary on-site location for the clay borrow area. 
Selection of the EFBA as the primary potential borrow area considered the proximity to the OSDF, 
availability of large volumes of non-contaminated clays, availability of existing geotechnical data, ability 
to convert existing roads to haul roads, and drainage (FERMCO 1995). 

The SFBA has been identified by FERMCO as a secondary, or contingent, clay borrow area. The SFBA 
is estimated to potentially provide 220,000 cubic yards of usable soils (including a 50,000 cubic yard 
reserve volume) located adjacent to and underneath the Inactive Flyash Pile and South Field Waste Units. 
Clay material from this area would be used for construction of the OSDF cap and/or berms in the event 

. that additional waste is designated for on-site disposal resulting in the need for construction of 
contingency cells described in current plans. Selection of the SFBA as a potential borrow area considered 
its proximity to the LSP, SWL, and OU-1 Waste Pits; availability of large volumes of non-contaminated 
clay; some geotechnical data in the vicinity; that the east terrace face adjacent to Paddys Run would be 
excavated leaving a similar landscape; and that the bottom of the excavation would be above the 100- and 
500-year flood plains (FERMCO 1995). 

. . I  

(BOQOlS 
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1 
2.2 East Field Borrow Area Intermediate Design Excavation 

Figure 2-1 shows the proposed excavation contours at the EFBA from the intermediate design currently 
in progress. Figure 2-2 illustrates cross sections for this excavation. The estimated quantity of soil that 
can be obtained from this excavation is roughly 618,000 cubic yards. 

2.3 Prior Geotechnical Investigations 

Prior geotechnical investigations at the EFBA were conducted in 1991 and 1992 (DOE 1993) as part of 
the Fernald Remedial InvestigatiodFeasibiIity Study, in 1993 and 1994 for a predesign geotechnical 
investigation for a proposed OU-2 only disposal cell (PARSONS 1994a and 1994b), and in 1994 and 
1995 as part of pre-design and design investigations for the sitewide OSDF (DOE 1995 and PARSONS 
1995b). Table 2-1 summarizes the boring and cone penetrometer locations, testing performed, and 
reference documents for these prior geotechnical investigations of the EFBA. Figure 2-3 shows the 
locations of test borings and cone penetrometer tests from the prior investigations, as well as the 
geotechnical test borings and shallow borings completed during the PO-154 investigation. 

Geotechnical data from these prior investigations along with the data collected during the PO-154 
investigation provide the geotechnical basis for the evaluation and analyses presented in Section 5. 
Specific laboratory test data from these prior investigations are included with the PO-154 data in the 
laboratory test data summary tables found in Section 4. Geotechnical laboratory test data from the PO- 
154 testing provided the data for evaluation of the SFBA site: 

OUDATA\OU-2\FO 1 S4\E&S-BAGR 2-2 6/11/96, 1:23pm, Rev. No.: 0 
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Table 2-1 - Summary of Geotechnical Testing for Prior Investigations of the East Field Borrow Area (Continued) 

~ ____ ~ ~ ~ 

Summary of Testing 

Standard penetration tests 

~ 

Boring or CFT Test Location 
~ ~ ~ 

Reference 

(PARSONS 1995b) Geotechnical Test Borings 
G2-120 and G2-134 

CPT Test Locations 11428, 11456, 11458, 
11466, 11468, 

CPT Test Locations G2-CPT-500 (1 1664), 
G2-CPT-50 1 ( 1 1663), G2-CPT-502 (1 1662) 

Moisture content 
Specific Gravity 
Unit Weight 
Atterberg Limits 
Grain-size 
Consolidation (remolded) 
Strength (UU) (undist) 
Strength (UU) (remolded) 

Cone Penetrometer Tests (DOE 1995) 

Cone Penetrometer Tests 

See Section 6 for reference list 
CU - Consolidated Undrained Triaxial Compression Test 
UU - Unconsolidated Undrained Triaxial Compression Test 
undist - undisturbed sample 
remolded - remolded specimens 

2-7 
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2.4 Subsurface Conditions 

Subsurface materials throughout the FEMP site generally can be placed into five major categories: 

1) Fill 
2) Stratified glacial deposits 
3) Brown till 
4) Gray till 
5)  Great Miami Aquifer 

Although all of these materials are relatively common throughout the FEMP site, it is typical to find some 
combination of these materials at any particular location, and not necessarily a complete section of each, 
at all specific drilled locations. To promote clarity in the engineering evaluation, and provide a reasonable 
set of labels for the purpose of discussing these various materials, wmmon names have been used without. 
particular emphasis on depositional environments. For purposes of this evaluation, the following general 
descriptions broadly address each of the five general material types. After the general descriptions, a 
general discussion focuses on the various types and combinations of materials encountered during the 
detailed investigation of the EFBA and the SFBA. 

2.4.1 Generalized Material TvDe Descrbtions 

1) 

Understandably, fill materials consist principally of mixtures of the other material types (with the 
exception of the GMA) found across the FEMP site. These mixtures are typically clayey, moist, and 
have a wide range of consistencies and thickness. 

-2) Stratified Glacial Deoositq 

Stratified glacial deposits consist of mottled mixtures of brown till and gray till deposits, as well as 
localized areas and zones of well sorted materials of various depositional origin and composition. These 
deposits are typically higher in silt and sand content than other glacial deposits at the site, and seem to 
be less gravelly. Stratified glacial deposits exhibit a wide range of consistencies, densities, and moisture 
contents; from soft to stiff, loose to very dense, and from moist to wet. Typically however, the materials 
are stiff, dense, and moist. They also display localized clear stratification, as well as zones of mottled 
coloration; mainly mixtures of brown and gray. 
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. . '  ,, 3) BrownTill " .  

The Brown Till consists predominantly of low to medium plasticity siltklay mixtures with localized 
pockets of high-plasticity clay or silt. The till matrix commonly has scattered gravel throughout, with 
some local, predominantly silty or clayey sand lenses. Typically the till is stiff to very stiff, and moist. 

4) Grav Till 

The Gray Till consists predominantly of low-plasticity sandy clay mixtures with scattered gravel 
throughout. Sand, silty sand, or clayey sand lenses with scattered gravel, are present locally. Typically, 
the till is very stiff to locally hard, and moist. 

The GMA consists of sandlgravel mixtures that are typically dense to hard. The upper portion of this 
stratum lies in the vadose zone, and is typically dry. 

2.4.2 General Discussion 

Subsurface materials investigated and sampled generally consist of varying mixtures of fine-grained and 
coarse-grained soils typical of glacial till and glacio-fluvial deposits. Fine-grained soils within the 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; sand contents generally increase with depth. 
Consistency (firmness or stiffness) of the lean clay generally increases with depth (through both the brown 
and gray till layers) from stiff to very stiff and hard; 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. The 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. 

Locally, there are areas of stratified glacial deposits composed of fine-grained materials that have been 
deposited in thinly laminated to massive, alternating layers ranging in thickness from fractions of an inch 
to a few feet. These materials are predominantly silts with less common sandhilt mixtures. Where the 
alternating materials were observed, saturation was common and the soils displayed relatively high in- 
place consistencies and densities as measured by the pocket penetrometer, laboratory testing, and standard 
penetration test. Underlying these stratified materials are deposits of brown till and gray till underlain 
in turn by the Great Miami Aquifer (GMA). 

In the general area of the SFBA, and adjacent to the west side of the south access road, there is 
noticeably more stratified material than typically observed elsewhere in the proposed borrow areas (e.g., 
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the East Field). The alternating silts and clays with laminae of fine sand, and the generally mottled 
coloring of the mixed brown and gray clays of the till deposits has resulted in gradational contacts 
between strata within the till deposits and between those of the till and GMA. 

Directly below the till are sands and gravels of the GMA. Borings G2-163, G2-166, G2-168, G2-170, 
and G2-171 (drilled as part of another study, see Figure 2-3) encountered the sands and gravels of the 
GMA at depths ranging from 22 to 38 feet. Bedrock was not encountered in any of the PO-154 field 
investigation borings and is not expected to be encountered as part of the local remediation activities. 

2.4.3 East Field 

The EFBA is a pasture with gently rolling topography and is approximately divided in two by the 
northwest-southeast trending South Access Road. For the PO-154 investigation boring numbers (32-148 
through G2-155 were drilled in the East Field to depths ranging from 13.8 feet to 29.0 feet. Boring 
numbers G2-SB-50 through G2-SB-81 are generally referred to as "shallow borings" and were typically 
10.0 feet or less in depth. Materials encountered consisted entirely of till and associated glacio-fluvial 
deposits. Figure 2-2 shows geologic cross-sections at EFBA. The geologic interpretation is from a three- 
dimensional (3-D) model provided by FERMCO. The USCS symbols shown are from laboratory test 
data. Brown till is present below topsoil to the depths shown in Figure 2-2. Below the Brown Till, the 
Gray Till overlies the sands and gravels at the GMA. 

Within the predominantly fine-grained till materials are deposits having a wide range of grain sizes. 
Based on the drilling program cobbles, although present, are rare whereas mixtures of sand and gravel 
with various percentages of silt and clay are common but not readily predictable because of their apparent 
lack of clearly defined continuity. 

Where visual classifications in the field identify a fine-grained component to coarse-grained deposits, the 
coarse-grained deposits tend to be classified as moist. Coarse-grained materials lacking a visually 
identified fine-grained component are classified typically as wet, and likely to be affected by highly 
variable,'seasonally fluctuating, perched water conditions. 

2.4.4 South Field 

The SFBA is predominantly planted pine woods with the southeast corner having been cleared and used 
as an area for localized disposal of construction rubble and ash. For the PO-154 investigation boring 
numbers G2-156 through G2-159 and boring numbers G2-SB-82 through G2-SB-90 were drilled in the 
SFBA. Borings G2-156 through G2-159 were drilled to a depth of 20 feet. The shallow borings ranged 
from 7.2 feet to 10.2 feet deep. Borings G2-164 and G2-167 as well as G2-SB-95, 96, 98, and 99 were 
also drilled in the SFBA and are reported in the South Field and Fly Ash Piles Geotechnicul Report 
(PARSONS 1996). Boundaries of the SFBA and the South Field Waste Units area overlap somewhat. T.,' I 
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Figure 2-4 shows geologic cross-sections at the SFBAr The.GMA elevation came from a 3-D model 
provided by FERMCO. Interpretation of subsurface conditions of the glacial overburden above the GMA 
are from PO-154 boring logs. The USCS symbols shown are from laboratory test data. 

Borings G2-156 through G2-158 are along the northeast side of the designated SFBA; G2-159 is in the 
north central portion of the SFBA (See Figure 2-3). 

Boring G2-156 encountered Brown Till as Lean Clay, typically stiff to very stiff, and moist to a depth 
of about 9 feet where the material graded into a gray and gray green till, also moist and very stiff. Below 
about 15 feet the materials became more sandy as a Sandy Lean Clay with Gravel. Boring G2-157 
intercepted Brown Till in the form of Lean Clay to a depth of about 6 feet where the clay color became 
mottled and began to transition to the underlying greenish gray Clay-Gray Till. At this location an 
increasing amount of silt was clearly present below about 10 feet. Boring G2-158. in the northeast comer 
of the SFBA, although displaying near-surface Fat Clay to a depth of about 4 feet, showed the highly 
plastic material was underlain by Lean Clay and Silty Sand. Near the north central portion of the SFBA 
in Boring G2-159 the materials consisted mainly of Silt and Silt/Sand mixtures above the Gray Till with 
Silty Clay and Clayey Silt becoming predominant below about 18 feet. 

Shallow borings G2-SB-82, 83, and 84 along the north side of the southeast portion of the area, display 
predominantly Lean Clay with interbeds of Silt up to about 1 foot in thickness. Of the three borings, 
only G2-SB-84 intercepted the Gray Till which was present in that boring at about 8 feet. The other two 
borings ended in Brown Till at a depth of 10 feet. 

Near the center and west central portion of the SFBA, in borings G2-SB-85 and 86, Fat Clays were found 
to a depth of about 5 feet. At that depth the material graded into Lean Clay with Sand interbeds up to 
about 2 feet thick in G2-SB-86. Of these two borings, only G2-SB-86 encountered the Gray Till, and that 
was at a depth of about 9 feet. 

In the northern portion of the SFBA Borings G2-SB-88 and 89 display similar profiles; Fat Clay from 
about 1.5 feet to 5 feet underlain by Lean Clay-all in the Brown Till. Borings G2-SB-87 and 90 are also 
similar to one another but unlike G2-SB-88 and 89 in that the former displayed a profile of alternating 
layers of Silt and Sand with interbeds of Lean Clay. 

Of all of the borings drilled, Borings G2-SB-87 and G2-SB-90 are the most representative of the Stratified 
Glacial Deposits. Although interbedded features are present to varying degrees in the East Field and 
South Field areas, nowhere else but in these two borings is the thinly laminated nature of the Sands, Silts, 
and Clays so well demonstrated and preserved. G2-SB-90 clearly demonstrates thinly laminated structures 
that have been deformed from their originally horizontal depositional orientation. 
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SECTION 3 

FIELD AND GEOTECHNICAL TESTING PROGRAM 

This section describes the geotechnical field and laboratory test program implemented per the Draft 
Geotechnical Sampling and Testing Plan for &-Site Clay Borrow Areas, m-Site Material Sources and 
Operuble Unit 2 Waste Units (FERMCO 1999, as revised by Field Change NoticeNariance documents. 
Fifteen geotechnical test borings and 41 shallow borings were advanced at the EFBA and SFBA during 
September 1995. Geotechnical laboratory testing was performed by Advanced Terra Testing, Inc. (ATT), 
Lakewood, Colorado; Accu-Labs Research Inc., Golden, Colorado (chloride and sulfate tests); and 
FERMCO (modal diameter tests) during September 1995 through January 1996. The laboratory data 
sheets from this testing are compiled in a geotechnical laboratory data report entitled Ear? and South Field 
Borrow Areas Geotechnical Investigation Geotechnical Laboratory Data Report (S AIC 1996a), with the 
exception of geotechnical test data from borings G2-164, G2-167, G2-SB-95, G2-SB-96, G2-SB-98, and 
G2-SB-99 which are found in F'ly Ash Piles and South Field Waste Units Geotechnical Investigation 
Geotechnical Laboratory Data Report (SAIC 1996b). Geotechnical field and laboratory activities were 
conducted following the guidelines of the Sitewide CERCLA Quality Assurance Project Plan (DOE 1994). 
Additionally, as part of the laboratory program, modal diameter tests of soil samples collected during the 
field investigation were performed by FERMCO at the on-site laboratory. 

3.1 Soil Test Borings 

Fifteen geotechnical test borings (G2-148 through G2-159, G2-164, G2-167) 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. Appendix A summarizes 
the Ohio State Plane Coordinates and ground surface elevations for the test borings. 

Typically, the test borings were advanced with 4-1/4 inch, insidediameter, hollow-stem augers to depths 
ranging from 13.8 to 25 feet. For SFBA boring G2-167 an 8-1/4-inch ID, hollow-stem auger was used 
as temporary casing in zones of shallow subsurface contamination. This boring was advanced and 
sampled using an 8-1/4-inch ID auger (14-inch outer diameter) to a depth of about 4 feet below the 
estimated depth of contamination. The drill string was then raised to vacate the bottom of the boring to 
allow for an approximate 3-fOOt bentonite seal to be installed by tremie. Following hydration of the seal, 
drilling and sampling were continued below the zone of contamination using a 3-1/4-inch ID hollow-stem 
auger. 

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. I 
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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 (GSTP) (FERMCO 1995). Variations in the 
GSTP due to conditions encountered in the field were documented on Field Change Notice/Variance 
documents provided to FERMCO. 

Uponwmpletion of each boring, the soil test borings were backfilled with a bentonite grout tremied into 
the borehole. A PARSONS geotechnical engineer or geologist oversaw the grouting operations. 

Appendix B contains a field boring log and a Geotechnical Logging Report for each of the geotechnical 
test borings from the investigation. The Geotechnical Logging Report updates the soil classification based 
on the results of laboratory classification tests and lists tests performed on selected samples. 

3.2 Shallow Borings 

Forty-five shallow borings (G2-SB-50 through G2-SB-90, G2-SB-95, G2-SB-96, G2-SB-98, and G2-SB- 
99) were conducted at the EFBA and SFBA sites. The shallow boring depths ranged from approximately 
5 to 10 feet. Figure 2-3 shows the locations of the shallow borings. Appendix A summarizes the Ohio 
State Plane Coordinates and ground surface elevations for the shallow borings. Various sampling 
equipment was used by FERMCO sampling technicians to collect bulk samples of soil to depths of about 
10 feet for classification and remolded laboratory tests. The equipment used was based on the required 
sample volume and planned depths for the geotechnical tests listed in the GSTP and included van-mounted 
Geoprobe core samplers and augers, a hydraulic power auger, and hand sampling equipment. During 
sampling, a PARSONS geotechnical engineer or geologist was at the shallow boring location to visually 
classify the soil samples, log the borings, and record water levels if groundwater was encountered. 

The shallow borings were backfilled with a bentonite grout. A PARSONS geotechnical engineer or 
geologist oversaw the grouting operations. 

Appendix C contains a field boring log and a Geotechnical Logging Report for each of the geotechnical 
shallow borings. The Geotechnical Logging Report updates the soil classification based on the results 
of laboratory classification tests. 
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Table 3-1 - Sumqmy of Geotechnical Laboratory Program 

Test Method Title Number 
Performed 

1 85* ASTM D 2216 Method for Laboratory Determination of Water Content of Soil 
and Rock (natural moisture) WC]' 

ASTM D 43 18 Test Method for Liquid Limit, Plastic Limit, and Plasticity 
Index of Soils [AL] 

1 45 

ASTM D 422 Test Method for Particle-Size Analysis of Soils [GS] 109 

1103 ASTM D 854 Test Method for Specific Gravity of Soils [SG] 

ASTM D 2974 Test Method for Moisture, Ash, and Organic Matter of Peat 
and Other Organic Soils [OC] 

94 

Test Method for Laboratory Compaction of Soil Using Standard 
Effort [SP] 

32 ASTM D 698 

ASTM D 5084 10 Test Method for Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Permeameter 
(two-stage test at 2 and 5 psi effective confining pressures, for 
five pre-test density/moisture conditions) Ip,J 

Test Method for Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Permeameter 
(two-stage test at 2 and 5 psi effective confining pressures) IpJ 

13 ASTM D 5084 

10 ASTM D 5084 Test Method for Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Permeameter 
(single-stage test at 5 psi effective confining pressures using 
FEMP supplied leachate as permeant) IpJ 

ASTM D 4767 Test Method for Consolidated-Undrained Triaxial Compression 
Test on Cohesive Soils (undisturbed samples) [CUI 

3 

ASTM D 4767' 1 Test Method for Consolidated-Undrained Triaxial Compression 
Test on Cohesive Soils (remolded specimen at 85 percent 
relative compaction) [CU,,] 

Test Method for Unconsolidated, Undrained Compressive 
Strength of Cohesive Soils (single-point tests of undisturbed 
samples) VU] 

ASTM D 2850 5 
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Table 3-1 - Summary of Geotechnical Laboratory Program (Continued) 

Test Method Title Number 
Performed 

~ 

ASTM D 2850 

ASTM D 2435 

EPA 9038 

Test Method for Unconsolidated, Undrained Compressive 
Strength of Cohesive Soils (two-point tests of remolded 
specimens at 90 percent relative compaction) WUJ 

Test Method for One-Dimensional Consolidation Properties of 
Soils (remolded specimens at 85 percent relative compaction) 
[CON,,I 

Sulfate (turbidimetric method) [CL] 

6 

1 

25 

EPA 9251 I Chloride (ferricyanide method) [SUI I 25 

EPAl60018- 
851002 @g. 23) 

Modal Diameter Test 23 

Notes: 

Symbols in brackets [ ] correspond to test code from GSTP. 
Additional natural moisture contents were determined in conjunction with organic content tests. 
Specific gravity tests were performed in conjunction with hydrometer (Le., grain-size analyses). 
Consolidated, undrained (CU) triaxial compression tests (with pore pressure measurements) 

1 

2 

3 

4 

3.3 Geotechnical Laboratory Testing 

Geotechnical laboratory testing of soil samples was performed by Am. The laboratory testing program 
was directed toward classification of the in situ and remolded soils, and determination of their engineering 
properties. A variety of index tests were performed on selected samples to aid in classification and to 
extend the utility of the more sophisticated strength, consolidation, and permeability tests. Table 3-1 lists 
the number of tests performed and the laboratory test methods. The testing was performed on split-spoon 
samples, bulk samples (collected from auger cuttings, Geoprobe core samples, and hand samplers), 
Shelby tube samples, and Denison tube samples obtained during the field investigation. A PARSONS 
geotechnical engineer assigned laboratory tests after reviewing the test plan, field boring logs, and sample 
recovery. 

Triaxial compression tests were performed on relatively undisturbed samples from Shelby tubes and 
Denison core barrels, Table 3-2 summarizes the test conditions for the undisturbed samples. 

0000~0 
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Consolidation and triaxial compression strength tests were performed on test specimens remolded from 
materials from bulk samples. Table 3-3 summarizes the test conditions for remolded specimens. Target 
Maximum Dry Densities (MDDs) and Optimum Moisture Contents (OMCs) for remolding of the test 
specimens from large volume bulk samples (5-10 gallon containers) of auger cuttings were determined 
from Standard Proctor compaction tests of material from the bulk samples. 

Permeability tests were perfoqed on test specimens remolded from materials from bulk and Shelby tube 
samples. Table 3-4 summarizes the test conditions for the remolded specimens. Target MDDs and 
OMCs for remolding of the test specimens from large volume bulk samples (5-10 gallon containers) of 
auger cuttings were determined from Standard Proctor compaction tests of material from the bulk 
samples. Some of the two-stage permeability tests designated by GSTP test code "Pll' were also 
performed on material from Shelby tube samples. For these specific tests, the target MDD and OMC 
for remolding were based on standard compaction test data for FEMP soils obtained during the Disposal 
Facility he-Design Investigation (PARSONS 199%). Table 3-5 summarizes the MDD and OMC data 
that the geotechnical laboratory used as target values for remolding specimens obtained from the Shelby 
tube samples. 

Permeability tests of remolded specimens using a site-specific leachate permeant were performed by ATT 
personnel at the FEMP on-site laboratory. Chloride and sulfate tests were performed by Accu-Labs 
Research, Inc., at Golden, Colorado. 

Additionally, modal diameter tests of soil samples collected during the field investigation were conducted 
by FERMCO at the on-site laboratory. 

I 

2 
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Table 3-2 - Undisturbed Sample Test Conditions, Strength Tests 

Triaxial Compression, Unconsolidated, 
Undrained (TX-vv), In Situ 

(ASTM D 2850) 

uu 
~ ~ ~~~~~~ 

Existing overburden pressure at sample depth (used 
1 psi per foot of depth) 

Tests performed at saturated condition 

Triaxial Compression, Consolidated, Undrained w/Pore 
Pressure 

(TX-CUw/pp), In situ 
(ASTM D 4767) 

cu 
If sample depth was 5 to 15 feet: 
1st Specimen: 5 psi 
2nd Specimen: 10 psi 
3rd Specimen: 20 psi 

If sample depth was greater than 15 feet: 
1st Specimen: 10 psi 
2nd Specimen: 20 psi 
3rd Specimen: 40 psi 

UU = Unconsolidated, undrained triaxial compression, ASTM D 2850, undisturbed sample. 
CU = Consolidated undrained triaxial compression with pore pressure measurements, ASTM D 4767, undisturbed sample. Three samples to be used 

at three different confining pressures. If three samples were not available, a staged test was performed on one sample. 
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Table 3-3 - Remolded Specimen Test Conditions, Consolidation and Strength Tests 

Triaxiil Compression Test, 
Unconsolidated, Undrained, (TX-UU), 

Remolded, 90 percent r.c., 
(ASTM D 2850) 

GSTP Test Code 

Triaxiil Compression Test, 
Consolidated, Undrained, (TX- 

CUw/pp), Remolded, 85 percent r.c., 
(ASTM D 4767) 

~ 

rarget Remolding Requirements 

CON, 

Drv Density: 85 percent of the Standard 
Proctor Maximum Dry Density 

Confining Pressure 

~ ~ ~~~ ~~~~ 

uu, cu, 

Drv Density: 90 percent of the Standard 
Roctor Maximum Dry Density 

Drv Density: 85 percent of the Standard 
Roctor Maximum Dry Density 

Consolidation Test Conditions 

Moisture Content: at or near optimum 

First Specimen: 10 psi 
Second Specimen: 20 psi 

Perform test at saturated condition 

Standard Compaction Data to Use 
for Remolding Specimens 

Moisture Content: at or near optimum 

5 psi 
10 psi - 
20 psi 

Consolidation Test, Remolded, 85 
percent r .e., 

(ASTM D 2435) 

Moisture Content: at or near optimum 

at saturated condition 

Used max. dry density and OMC from 
Standard Compaction Test of material 
from same bulk sample same bulk sample from same bulk sample 

Notes: 
CON, = Consolidation with time readings, ASTM D 2435, remolded sample with 85 percent relative compaction at optimum moisture content in accordance 

with ASTM D 698. 

Unconsolidated, undrained triaxial compression, ASTM D 2850, remolded sample with 90 percent relative compaction at optimum moisture content 
in accordance with ASTM D 698. 

Consolidated, undrained triaxial compression with pore pressure measurements, ASTM D 4767, remolded sample with 85 percent relative 
compaction at optimum moisture content in accordance with ASTM D 698. Three samples tested at three different confining pressures. If three 
samples were not available, a staged test was performed on one sample. 

uu, = 

cu, = 

. 

E7%. 
I 

r.c. = relative compaction (Le., dry density relative to standard MDD). eo 

a 
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Table 3-4 - Remolded Specimen Test Conditions, Permeability Tests 

Moisture/Density Triaxial Permeability, Two-stage, 
Remolded, 97 percent r.c., 

(ASTM D 5084) 

CSTP Test Code prs p, 

Target Remolding Test 1: 100 96 r.c. @ OMC 
Requirements 

Minimum Drv Density: 97 percent of the 
maximum Standard Proctor Dry Density 

Moisture Content: at or near 4 percent wet of 
optimum 

Test 2: 
Test 3: 
Test 4: 
Test 5: 

97 96 r.c. @ +2% wet of OMC 
99 96 r.c. @ +296 wet of OMC 
95 96 r.c. @ +4% wet of OMC 
97 96 r.c. @ +496 wet of OMC 

(see Note 2) (see Note 2) 

Effective Confining Pressure Stage 1: 2 psi 
Stage 2: 5 psi 

Stage 1: 2 psi 
Stage 2: 5 psi 

Permeant Water Water 

Head Pressure 2 psi 2 psi 

Triaxial Permeability with 
FEMP Leachate, Remolded, 97 

percent r.c., 
(ASTM D 5084) 

Pd 

Minimum Drv Density: 97 
percent of the maximum Standard 
Proctor Dry Density 

Moisture Content: at or near 4 
percent wet of optimum 

(see Note 2) 

5 psi 

FEMP Leachate 

, 2psi 
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Table 3 4  - Remolded Specimen Test Conditions, Permeability Tests (Continued) 

Standard Compaction Data 
to Use for Remolding 

Use max. dry density and OMC from Standard I Compaction Test of Material from same bulk sample 
Specimens 

Notes: 

1. Explanation of AbbreviationslGSTP Test Codes: 

Triaxial Permeability, Two-stage, 
Remolded, 97 percent r.c., 

(ASTM D 5084) 

Use max. dry density and OMC from 
Standard Compaction Test of Material from 
same bulk sample; or where compaction data 
is not available (i.e., material from tube 
samples) use Table 3-5 for max. dry density 
and OMC. 

~ ~ 

Triaxial Permeability with 
F E W  Leachate, Remolded, 97 

percent r.c., 
(ASTM D 5084) 

Use max. dry density and OMC 
from Standard Compaction Test of 
Material from same bulk sample 

Pd = Five, Two-stage Permeability tests, ASTM D 5084, remolded sample with compactions and moisture contents in accordance with ASTM D 698 as shown: 

k t  Percent of OMC Percent of Standard Proctor Densitv (MDD) 

+O 
+2 
4-2 
+4 
+4 

100 
97 
99 
95 
97 

P, = 

P, = 

r.c. = 
OMC = Optimum Moisture Content 
MDD = Maximum Dry Density 

Two-stage Permeability, ASTM D 5084, remolded sample with 97 percent relative compaction at moisture content wet 4 percent above optimum 
(in accordance with ASTM D 698) with effective confining pressures of 2 psi and 5 psi. 
Permeability, ASTM D 5084, remolded sample with 97 percent relative compaction at moisture content wet 4 percent above optimum (in accordance 
with ASTM D 698) with effective confining pressure of 5 psi. This test shall be performed w i h  leachate provided by FERMCO. 
relative compaction (Le., dry density relative to standard MDD). 

2. If the target compaction density cannot be achieved due to high saturation, the test specimen was compacted to the maximum density reasonably achievable at that water 
content. If the density of the specified remolded criteria of 97 percent relative compaction at 4 percent wet of optimum dropped below 95.5 percent relative compaction, 
then the test specimen was remolded to the maximum achievable density using a moisture content of only 3 percent wet of optimum. + 
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I -  

Material 

Brown CL 

Table 3-5 - Standard Proctor Maximum Dry Density and OMC Criteria for Remolded Tests of Material from Tube Samples 

Approximate Sample Depth Standard Proctor Standard Proctor 
(feet) Maximum Dry Density Optimum Moisture Content 

2 - 7.5 118 14.5 

(PCf) (percent) 

Brown CL 

Gray CL 

Brown CH 

Brown ML 

7.5 - 13 123 12.6 

(see Note 3) 125 11.3 

(see Note 3) 106 19.3 

(see Note 3) 125 11.3 

Notes: 
1. 

2. 

3. 

This table applies to remolded tests of material from Shelby tubes, Denison tubes or split-barrel samplers where compaction test 
data were not available. 
The data for soils are derived from the Disposal Facility Pre-Design Investigation (PO-132) Standard Compaction Test (ASTM D 
698, Method A) results of FEMP Soils. 
In general for till above the sand and gravel stratum, the brown colored soil material comes from depths less than about 10 - 15 
feet; the gray colored soil material comes from depths of greater than about 10 -15 feet. 

4. If sample conditions (Le., color, USCS classification, depth) did not fall within the criteria listed in this table, a PARSONS 
geotechnical engineer provided the testing laboratory with MDD and OMC target values for remolding specimens, based upon 
review of boring log, classification data, and compaction data for similar FEMP soils. The sample identification number, MDD 
and OMC the affected samples are listed below. 

Boring Sample No. DeDth (fee0 
G2- 157 410142 10 - 12 
(32-158 410150 10 - 12 

MDD ( D C ~  OMC (96) 
125.0 11.3 
123.0 12.6 
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.SECTION 4.: ~ 

Data Source Code on Data 
Summary Table 

Nutting 

PO 101 

LABORATORY TEST RESULTS 

Reference Document 
(see Section 6) 

(DOE 1993) 

(PARSONS 1994a, b) 

This section summarizes the results of the geotechnical laboratory testing of samples collected at the 
EFBA and SFBA during the PO-154 field investigation. These data are presented in a series of tables 
that incorporate the sample's identification number, as well as the sample's color, Unified Soil 
Classification System (VSCS) group symbol, and USCS group name. Additionally, for completeness, 
laboratory testing data from prior investigations at the EFBA are summarized in these tables. The "Data 
Source" for the specific geotechnical laboratory data is presented on each table. ' Table 4-1 provides a 
cross reference for data source codes listed on the summary tables. 

PO 140 

PO 154 

Table 4-1 - Geotechnical Laboratory Test Data Source Code Cross-Reference 

(PARSONS 1995b) 

Data from PO-154 Geotechnical 
Investigation 

4.1 Index/Classification Tests 

For the PO-154 investigation, moisture content tests (ASTM D 2216) were performed on selected samples 
to provide natural soil moisture profiles at the borings. Moisture content was also determined as a routine 
part of test procedures for the organic content (ASTM D 2974) tests and other strength, consolidation, 
and permeability tests. Plasticity tests (ASTM D 4318), commonly referred to as Atterberg limits, and 
grain size analyses (ASTM D 422) were conducted for classification (ASTM D 2487) of the materials. 
Table 4-2 presents a summary of the moisture content test results along with the liquid limit, plastic limit, 
plasticity index, grain size, and specific gravity of the materials tested. Also shown in the table are these 
properties from tests performed during prior investigations. Figures 4-1 through 4-6 present a series of 
plasticity charts for the fine-grained till samples tested from the EFBA. Figures 4-7 though 4-9 provide 
a similar presentation for the fine-grained samples tested from the SFBA. 
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Table 4-2 - Summary of Index Properties, Disturbed and Undisturbed Samples 
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Table 4-2 - Summary of Index Properties, Disturbed and Undisturbed Samples (Continued) 
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Table 4-2 - Summary of Index Properties, Disturbed and Undisturbed Samples (Continued) 
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1 Notes 

1. On-Site Location: EFBA East Field Borrow Area 
SFBA South Field Borrow Area 
SF/SFBA South Field (Waste Unit) / South Field Borrow Area 

2. SampleType: Bulk Bulk Sample 
CJ Combined Jar 
DEN Denlson Sample 
ss Split Spoon Sample 
ST 

Minus #200 selve material 

Shelby Tube Sample (ASTM D 1587) 

3. Sin and Clay: 

4. NP - Reported as nonplastic from laboratory plasticity test (ASTM D 4318) 
NT - Not Tested 

Boring G2-208 Is locatad approximately 200 leet east of EFBA boundary 

6. USCS Group Name (v) Visual Classification; not classified from laboratory test data 

7. Data Source: Nutting 
PO 101 
PO 140 
PO 164 

H.C. Nutting Technical Report 5.1A, Engineering Evaluation Report for On-Site Disposal. U.S. DOE Fernald Field Office, June 1993 (H.C. Nutting Laboratory Data). 
On-Site Disposal Cell Pre-Design Activities Engineering Report, PARSONS Project Order 101, April 1994. 
Geotechnical lnvestlgatlon On-Site Disposal Facility, Soil Investigation Data Report, PARSONS Project Order 140, December 1995. 
East and South Field Borrow Areas Geotechnlcal lnvestlgatlon, Geotechnicai Laboratory Data Report, PARSONS Project Order 154, March, 1996 ('EFBA' and 'SFBA' On-Site Locations). 
Flyash Piles and South Field Waste Units Geotechnicai Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, February, 1996 ('SF/SFBA' On-Site Locations). 
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LIQUID LIMIT (LL) 
Brown Till Sample 

Number of Samples = 112 
o Gray Till Sample 

Sources PO-154,PO-101,PO-140.Nutting Source of Plasticity Chart: 'ASTM D 2487 
. .. . . _._ . -_ - . .- 

Plas tic; t y C har t 
Brown and Gray 
Fine-Grained Till 
Samples; EFBA 

Figure 4-1 - Plasticity Chart, East Field Borrow Area, Brown and Gray Fine-grained Till Samples 
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Figure 4-3 - Plasticity Chart, East Field Borrow Area, Gray Fine-grained Till Samples ' 
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Figure 4-6 - Plasticity Chart, East Field Borrow Area, Brown Fine-grained Till Samples, 
Depth 10 - 15 feet 
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Figure 4-9 - Plasticity Chart, South Field Borrow Area, Fine-grained Samples, Depth 5 - 12 feet 
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Table 4-3 summarizes the natural unit weight of soils at the EFBA and SFBA. These data come from 
measurements on undisturbed samples taken during the PO-154 investigation and prior investigations. 

During the PO-154 investigation, samples of topsoil were collected at various boring locations for organic 
content tests (ASTM D 2974). Table 4-4 contains the results of the these tests. Soil samples were also 
tested for chloride and sulfate concentrations to provide data for designers to evaluate potential reactivity 
of soils with underground concrete structures. Table 4-5 summarizes these test results. 

Modal particle diameter tests were performed on soil samples to provide data for air modeling. The tests 
were performed by FERMCO at the on-site laboratory as part of the PO-154 investigation. The 
procedure used for the modal diameter tests was adapted from a field procedure presented in the United 
States Environmental Protection Agency ( U S  EPA) document Rapid Assessment of Exposure to 

Particulate Emissionsjiom Surface Contmhation Sites ( U S  EPA 1985). The procedure and test results 
are contained in Appendix D. 

4.2 Compaction Tests 

Standard Proctor compaction tests (ASTM D 698) were performed on bulk samples collected during the 
PO-154 field investigation from shallow borings/excavations to provide information to evaluate the 
compaction characteristics of the soils, and to determine the maximum dry density and the optimum 
moisture content of the soils to provide a basis for remolding test specimens for consolidation, strength, 
and permeability tests. The amount of compaction and degree of wetting/drying operations required 
during earthwork operations can be estimated from the compaction test results. Table 4-6 summarizes 
the optimum moisture contents and maximum dry densities from Standard Proctor compaction tests on 
bulk samples tested during the PO-154 investigation. Also listed on the table are Standard Proctor 
compaction tests results from the prior PO-101 investigation at the EFBA. Table 4-7 contains the results 
of a modified Proctor compaction test from the prior PO-101 investigation at the EFBA. Appendix E 
contains compaction curves for the samples tested. 

Figure 4-10 presents the family of Standard Proctor compaction curves for the Brown Till from the EFBA 
tested for the PO-154 investigation. These soils come from depths of about 1.5 to 10 feet. Figure 4-1 1 
shows the results of Standard Proctor compaction tests for two samples from the EFBA of the Gray Till 
taken near the brown till/gray till interface. Figure 4-12 presents compaction curves for samples from 
the SFBA. The figures show the range of expected optimum moisture contents and maximum dry 
densities for the shallow soils. In general, the samples with higher sand contents (i.e., the sandy clays) 
had higher achievable MDDs at lower optimum moisture contents than the soils with less sand (i.e., the 
lean clays and lean clays with sand). This variability is an important consideration when developing 
moisturedensity-permeability specifications for critical compacted clay barriers. 
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iFBA 
IFEA 
iFEA 
iFEA 

iFEA 
iFBA 
IFEA 

IFBA 
IFEA 
lFBA 
iFBA 
:FBA - 

Notes: 

1. On-Site Location: EFEA East Field Borrow Area 
SFEA South Field Borrow Area 

* 2. SampleType: ST Shelby Tube Sample (ASTM D 1587) 
DEN Denison Core Berrrel Sample 

3. Test Type: CON, 
cu 
cu-SI0 
P 

Consolidation wlth time readings, (ASTM D 2435). specimen at saturated conditions 
Ttiaxial Shear, Consolidated. Undrained with Pore Pressure Measurements (ASTM D 4767), Three Points 
Tdaxhl Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767). Staged Test 
Tdaxhl. Back-Pressure. Permeability (ASTM D 5084) 
Rigid Wall, Constanl Head Permeability (ASTM D 2434) 
Ttiaxial Shear, Unconsolidated, Undrained ASTM D 2850 
Unit Weight (ASTM D 2937) 

Pc 
UU 
UW 

4. Datesource: Nutting H.C. NutUng Technical Report 5.1A. Englneeting Evaluation Report for On-Site Disposal. US. DOE Femald Field Office. June 1993 (H.C. Nutting Laboratory Dale). 
PO 101 On-Sile Disposal Cell Pra-Design Activities Engineeting Report. PARSONS Project Order 101, &til 1994. 
PO 140 Geotechnicei Investigation On-Site Disposal Facility, Soil InvesligaUon Data Report. PARSONS Projecl Order 140, December 1995. 
P o  154 East and sot~lh Field Bmow Areas Geotechnlcal Investlgatlon, Qeolechnlcal Laboratory Data Report, PARSONS Pdect Order 154. March. 1996. , 
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Table 4-4 - Summary of Organic Content Tests 

Notes: 

1. On-Site Location: EFBA East Field Borrow Area 
SFBA South Field Borrow Area 
SFISFBA South Field (Waste Unit) I South Field Borrow Area 

2. Sample Type: Bulk Bulk Sample 

3. Total organic content determined by ASTM D 2974. 

4. Data Source: PO 154 East and South Field Borrow Areas Geotechnical Investigation. 
Geotechnical Laboratory Data Report, PARSONS Project Order 154, 

Flyash Piles and South Field Waste Units Geotechnical Investigation, 
Geotechnical Laboratory Data Report, PARSONS Project Order 154, 
February, 1996 ('SF/SFBA' On-Site Locations). 

. March, 1996, ('EFBA' and 'SFBA' On-Site Locations). 

IUSER\FRW89\POl54VAB\ORGCON.WK3 
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Notes: 

1. On-Site Location: EFBA East Field Borrow Area 
SFBA South Field Borrow Area 

2. Chloride concentrations determined by EPA 9251 

3. Sulfate concentrations determined by EPA 9038 

4. USCS Group Name (V) Visual Classification; not classified from laboratory test data 

5. Data Source: PO 154 East and South Field Borrow Areas Geotechnical Investigation, Gecxhnical Laboratory Data Report, P, RSOr S Project Order 154, March, 19--. 

0611 0/96 :\USER\FRD089\PO 1 54\LAB\CH EM.W K3 
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1. On-Slte Location: EFBA East Field Borrow Area 
SFBA South Fleld Borrow Area 
SF/SFBA South Fleld (Waste Unit) I South Field Borrow Area 

2. SampleType: Bulk Bulk Sample 

3. Compaction Method: 

4. Boring 62-208 Is located approximately 200 feet east of EFBA boundary 

Standard Standard Proctor Compactive Effort (ASTM D 698) 

5. Data Source: 
, 

PO 101 
PO 154 

On-Sie Disposal Cell Pre-Design Activities Engineering Report, PARSONS Projecl Order 101, April 1994. 

FIyash Piles and South Field Waste Units Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, February. 1996 ('SFISFBA' On-Site Locations). 
East and South Field Borrow Areas Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, March, 1996 ('EFBA' and 'SFBA' On-Site Locations). 

I 

6. See S a l o n  5 for statlstical summary of compactlon data. 

I 
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Table 4-7 - Summarv of Index ProDerties and Modified ComDaction Tests of Bulk SamDles 
F 
%. - 

1. Sample Type: 
' Notes: 

Bulk Bulk sample 

2. Compactlon Method: Modified Modified Proctor Compactive Effort (ASTM D 1557) I 

3. NT Not Tested 

4. Data Source: PO 101 On-Site Disposal Cell Pre-Design Activities Engineering Supplemental Report, PARSONS Project Order 101, July 1994. 

0412515 F:\USER\FRDO89\PO154UAB\MDGSOL.WK3 
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Compaction Curves, Brown Till, East Field Borrow Area 

MOISTURE CONTENT IN PERCENT OF DRY WEIGHT 2 > 
W I 
d 
LL 

Depth ( 1 1 )  USCS Group compaction Curves are for Standard Proctor Boring Sample 

Compactive E f fo r t  (ASTM D698) G2-SB-50 409811 1.5-5.0 Lean Clay with Sand 
G2-SB-50 409812 5.0- 10.0 Lean Clay with Sand 
G2-SB-51 411165 5.0-10.0 
G2-33-53 409815 1.5-5.0 Lean Clay 
G2-SB-55 409831 1.5-5.0 Sandy Lean Clay 
G2-SB-57 409823 1.5-5.0 Lean Clay 
G2-SB-57 409824 5.0-10.0 Sandy Lean Clay w. Grovel 
G2-SB-59 409819 '1.5- 5.0 Lean Clay with Sond 
G2-SB-61 409827 1.5-5.0 Lean Clay with Sand 
G2-SB-64 409835 1.5-5.0 Lean Clay with Sand 
G2-SB-66 409839 '1.5-5.0 
G2-SB-68 409843 
G2-SB-68 409844 5.0-10.0 Lean Clay with Sand 
G2-SB-70 409847 1.5-5.0 Lean Cloy with Sand 
G2-SB-72 409852 5.0-10.0 Lean Clay with Sand 
G2-SB-73 409855 1.5-6.0 Lean Clay with Sand 
G2-SB-74 409858 
G2-SB-76 409862 
G2-SB-78 409865 '1.5-5.0 Lean Clay with Sand 

Sandy Lean Clay G2-SB-80 409869 1.5-5.0 
G2-SB-81 409873 :1.5-5.0 Sandy Lean Clay 

Lean Clay with Gravel . .. 

Curves of 100% Saturat ion 
For Specific Grav i ty  

Sandy Lean Clay 
or Sondy Lean 
Clay w i t h  Gravel 

- - - - _ _  

I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I 1 I I 

I I I I I I I . I  I I I I I I I I 
I , I  I I I I I I I 

I I I I 
I 

I I 1 I I 

I I 

I I I I I I I 
I I I I I 

I I I I I I I I I '  I I I 

5 10 1 '5 20 
90 
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Figure 4-12 - Compaction Curves, South Field Borrow Area 
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4.3 Consolidation Tests 

Consolidation testing of undisturbed samples was conducted during prior PO-101 investigation of the 
EFBA. Table 4-8 summarizes the results. 

For the PO-154 investigation, consolidation tests (ASTM D 2435) were performed on remolded 
specimens of soil. Materials for remolding came from bulk samples collected from shallow borings. The 
MDD and OMC for remolding were based on the results of standard compaction tests performed o n  
material from the bulk sample. Table 4-9 summarizes the results of the tests. Taylor’s square root of 
time method was used to establish time-rate of consolidation data that are reported in Table 4-9. The 
samples collected from the EFBA were tested at 95 percent relative compaction at a moisture content wet 
of optimum to provide consolidation data for evaluation of settlement of linerherm materials placed under 
similar conditions. Table 4-9 also shows results of a consolidation test performed on material from the 
SFBA, representing conditions of about 85 percent relative compaction at optimum moisture conditions. 

4.4 Strength Tests 

Two types of laboratory triaxial compression strength tests were conducted on soils from the EFBA and 
SFBA. These tests are: 

1) 
2) 

Unconsolidated, Undrained (VU) triaxial compression tests 
Consolidated, Undrained (CU) triaxial compression tests (with pore pressure measurements) 

These tests provide 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. 

4.4.1 Strenath Tests of Undisturbed Samdes 

Consolidated, undrained triaxial compression tests with pore pressure measurements (ASTM D 4767) 
were performed on undisturbed samples from the EFBA. Table 4-10 summarizes the friction angles and 
cohesion intercepts determined from Mohr circle construction prepared using test results. These results 
are from the PO-154 investigation, and prior investigations. Unconsolidated, undrained triaxial 
compression tests (ASTM D 2850) were also performed on undisturbed samples from the EFBA and 
SFBA collected during the PO-154 investigation. Table 4-1 1 summarizes the cohesion from friction angle 
equal zero analyses of test results. Additionally, test results from location G2-134 along the northern 
perimeter of the EFBA from.the disposal facility design investigation (PO-140) are included in the table. 
The undisturbed test results from G2-134, when compared to the test results of the same soil material 
remolded to 85 percent and 95 percent relative compaction (see Table 4-12), illustrate the reduction in 
strength experienced by the till following remolding. 

OUDATA\OU-2\PO lS4\E&S-BAGR 4-24 6/11/96. l :Upm, Rev. No.: 0 

0080&;8 



Table 4-8 - Summary of Consolidation Tests, Undisturbed Samples 

I 
Notes: 

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

2. TestType: CONS Consolidation with time readings. ASTM D 2435, undisturbed specimen at saturated conditions 

3. Cv values are 150 values with loadings of 2.4.6, and 8 tsf respectively 

4. Data Source: PO 101 On-Site Disposal Cell Pre-Design Activities Engineering Report, PARSONS Project Order 101, April 1994. 
Nutting H.C. Nutting Technical Report 5.1A. Engineering Evaluation Report tor On-Site Disposal, U S .  DOE Femald Field Office, June 1993 (H.C. utting Laboratory Data). I 

I am -- m R V q  D O 8 9 W ~ B 3 " 3 3 E i O L . W  K3 

4-25 6/11/96. 1:23pm, Rev. No.: 0 

i 



Table 4-9 - Summary of Consolidation Tests, Remolded SPecimens 
I 
I 

On-Site 
Location 

EFBA 
EFBA 
EFBA 
EFBA 
SF/SFBA 
EFBA 

___I __ 

Boring Sample Sample Top Bottom 
No. No. Type Depth Depth (Irom field log) Stratum 

(feet) (feet) 
G2-SB-55 409831 Bulk 

G2-SB-74 409858 Bulk 
G2-SB-59 409819 Bulk 1.5 5.0 Dark Yellowish Brown 

G2-SB-81 
G2-SB-99 
G2-120 

1. On-Site Location: EFBA East Field Borrow Area 

2. Sample Type: Bulk Bulk Sample 

SFISFBA South Field (Waste Unit) I South Field Borrow Area 

3. Test Type: CONr 
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 
Consolidation with time readings. ASTM D2435, remolded specimen with 85 percent relative cornpaction at optimum moisture content in accordance with ASTM D698 

(') Indicates a loading schedule of 1.6, 3.2, 6.4, and 12.8 tsf. 

I 

I 
I 

5. DataSource: PO 140 
PO 154 

\USER\FRW89\PO154UAB\CONSOLR.WK3 

Geotechnical lnvestlgation On-Site Disposal Facility, Soil Investigation Data Report, PARSONS Project Order 140, December 1995. 
East and South Field Borrow Areas Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, March, 1996 ("EFBA' and "SFBA' On-Site Locations). 

--------_ _-____ -~ 
04/25/96 i 

. ._., 
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On-Site 
Location 

EFBA 
EFBA 
SFBA 

i Z S ] r T z r T i v , e  No. No. Type Depth Depth (from field log) Stratum Group Name Group Cohesion Friction Angle Cohesion Friction 

--~=====-Zf-- 
~- --__ Sample 

~ ~ ~ i C J - ” Z V i ~ ~ ~ S C S  
9.5 Yellowish Brown Brown Till Lean Clay with Sand 

Boring ~ Sample 

- -_______- __---.__ SY mb0L -- __ -.SPSf) -A!!x Lee.) -.--. .__.L-(Pa-- .. (des reesL __ ~ ---.- -(feet)=. (feet)- - -___ ___ 
CU-Stg - 100 , 31 _ _ _ _ _ _  100 25 PO 154 

SC-SM CU-Stg -___ 150 ~ _ _ _ _  I 34 __-__ 125 __ 32 P O  154 
250 I 31 400 21 PO154 

14.5 Olive Brown Brown Till b y e y  Sand with Gravel 71 G2-148 410573 DEN 7.5 
G2-152 410282 ST 12.5 
G2- 1 56 410131 ST 

EFBA 1745 
EFBA 1747 
EFBA 1748 

Notes: 
1. On-Site Location: 

2. Sample Type: 

-__- ---- - 

GC cu 

3250 ST 6.0 9.0 Brown 
3252 ST 12.0 14.5 Gray and Brown 
3251 ST 9.0 12.0 Brown and Gray 

3. TestType: 

‘ 

EFBA East Field Borrow Area 
SFBA South Field Borrow Area 

EFBA G2-201 G2-201 / 2  ST 2.5 4.5 Yellowish Brown Brown Till Lean Clay 
EFBA G2-201 G2-201 / 10 ST 22.5 24.5 Gray Gray Till Sandy Lean Clay 
EFBA G2-202 G2-202/4 ST 7.5 9.5 Yellowish Brown Brown Till Sandy Lean Clay 
EFBA (32-204 G2-204/6 ST 12.5 14.5 Gray 
EFBA G2-205 G2-205/8 ST 17.5 19.5 Gray 
EFBA G2-206 G2-206110 ST 22.5 24.5 Gray Gray Till Sandy Lean Cla 

_______ 
Gray Till ‘Lean Clay with Sand 
-- Gray Till /Sandyean Cla 

Bulk 
ST 

Bulk Sample 
Shelby Tube Sample (ASTM D 1587) 

cu 
CU-Stg 

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

4. Data Source: Nutting 
PO 101 
PO 154 

, H.C. Nutting Technical Report 5.1A, Engineering Evaluation Report for On-Site Disposal, U.S. DOE Fernald Field Office, June 1993 (H.C. Nutting Laboratory Data). 
On-Site Disposal Cell Pre-Design Activities Engineering Report, PARSONS Project Order 101, April 1994. 
East and South Field Borrow Areas Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, @arch, 1996. 

I 

I 
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On-Site 
Location 

EFBA 
EFBA 
EFBA 
-FBA 
SFBA 
:FBA 

___ 

Table 4-1 1 - Summary of Mohr Circle Constructions from Unconsolidated, 

Boring Sample Sample Top Bottom 
No. (from field log) Stratum Group Name 

uu 
G2-153 410287 ST 
G2-154 410171 ST 
G2-155 410175 ST 7.5 . .- ~ 1368 - . 2375 
G2-157 410140 ST 1368 1839 
G2-134 405140 DEN 

__ 

12.0 14.0-Dark Greenish Gray - __- 

iotes: 
1. On-Site Location: EFBA East Field Borrow Area 

SFBA South Field Borrow Area 

2. Sample Type: DEN Denison Sample 
ST Shelby Tube Sample 

3. Test Type: UU Unconsolidated, Undrained Triaxial Compression, ASTM D 2850, undisturbed specimen, single point test 

-. - 
al --_ Testing 
Friction Angle// Condition 

0 Saturated 

.- 0 Saturated 

______ 

4. Data Source: PO 140 Disposal Facility Geotechnical Investigation, PARSONS Project Order 140, December 1995, Rev 0. 
PO 154 East and South Field Borrow Areas Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, March, 1996. 
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Table 4-12 - Summary of Mohr Circle Constructions from Consolidated, 

On-Site Boring 
Location No. 

SF/SFBA G2-SB-99 
EFBA G2-209 
IFBA 62-210 

%. b- - - 8 5 5  
- -I_ --.- Sample Sample Top Average 

Stratum Group Name Group 

12.3 G2-209 / Bulk Bulk 0.0 
G2-210 I Bulk Bulk 0.0 12.4 

No. Type Depth . 
_(teet)- Lfkia- 

409923 Bulk 1.5 5.0 Fill 
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i Appendix F contains the Mohr circle constructions for the undisturbed CU and UU tests. 

4.4.2 Strenath Tests of Remolded Samdeq 

Consolidated, undrained triaxial compression strength tests (A!j”M D 4767) were performed on two bulk 
samples from the EFBA as part of the prior PO-101 investigation. Table 4-12 lists the results. These 
samples were remolded to target conditions of 95 percent MOD at or near OMC based on standard 
compactive effort. Additionally, a remolded consolidated, undrained test was performed on a sample of 
fill material from SFBA shallow boring G2-SB-99 that was remolded to 85 percent MDD at or near 
OMC. Table 4-12 contains the results of this test. Appendix F contains the Mohr circle constructions. 

Unconsolidated, undrained triaxial compression strength tests (ASTM D 2850) were performed on 
remolded test specimens of material from the EFBA. For the PO-154 investigation, the test specimens 
were remolded at the laboratory to minimum target dry densities of 90 percent MDD, at or near OMC. 
Table 4-13 summarizes the cohesion intercepts evaluated from the test results. Additionally, prior testing 
results from location G2-134 along the northern perimeter of the EFBA are presented in the table. These 
strength tests were performed on specimens remolded to 95 percent and 85 percent relative compaction 
based on standard compactive effort. Appendix F contains the Mohr circle constructions. 

4.5 Laboratory Permeability Tests 

This subsection summarizes the results of laboratory permeability tests of soil materials from the EFBA 
and SFBA. The testing concentrated on the permeability characteristics of remolded brown till. The test 
results are summarized individually for the EFBA and SFBA. Existing laboratory permeability data from 
prior investigations of the EFBA are also summarized. 

4.5.1 East Field Borrow Area Permeabilitv Test Results 

Results from laboratory permeability tests of undisturbed and remolded soils from the EFBA are 
summarized below. 

Laboratorv Pe rmeabilitv Test Data from Prior Investiaation 

Laboratory permeability tests were performed on undisturbed samples collected at the EFBA during the 
PO-101 investigation (PARSONS 1994a). The results of these tests are summarized in Table 4-14. 
These tests provide data regarding the laboratory permeability of the in situ brown till. 

Additionally, as part of the PO-101 investigation, remolded permeability tests were conducted in April 
and May 1994 (PARSONS 1994b). Table 4-15 summarizes the results of these prior permeability tests 
in which samples were remolded based on Standard Proctor compaction data. As part of the testing, 
laboratory tests were performed on a composite sample of brown and gray clay from 0 to 25 feet 
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Table 4-13 - Summary of Mohr Circle Constructions from Unconsolidated, 
Undrained Triaxial Compression Tests, Remolded Specimens 

I 

3 5  i 
P: 
b.  

dotes: 

1. On-Site Location: EFBA East Field Borrow Area 

2. Sample Type: 

3. Test Type: 

Bulk Bulk Sample 

uur 
UU,, 
UU,, 

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 90 percent relative compaction at or near optimum rpoisture content 
Unconsolidated, Undrained Triaxial Compression, ASTM D 2850, remolded specimen with 85 percent relative compaction at or near optimum moisture content 

i 
4. Two-point tests performed at confining pressures of 1440 psf and 2880 psf 

5. Data Source: I PO 140 
PO 154 

Geotechnical Investigation On-Site Disposal Facility Soil Investigation Data Report, PARSONS Project Order 140, December 1995. 
East and South Field Borrow Areas Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS Project Order 154, March, 1996. 

I - 
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Table 4-14 Summary of Prior Laboratory Permeability Results, Undisturbed Samples, 
I$rI' 3 5  
ia, - 

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

2. TestTyp: P Trlaxlal, Back-Pressure Permeability (ASTM D 5084) 

3. Confining Pressure: Approximately 1 psi per foot of bottom sample depth was used to calculate the appropriate confining pressure. 

I 4. Data Source: PO 101 On-Site Disposal Cell Pre-Design Activities Engineering Report, PARSONS Project Order 101, April 1994. 

I 04/25/96 F:\USER\FRDO89POl 54UABWERM.WK3 

i 
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Table 4-15 - Summary of Prior Laboratory , 1  Permeability Results for Test Specimens Compacted Using Standard Proctor Compactive Effort, 
East Field Borrow Area , 

Bo- No./ 
Sample No. 

' '02-210lBuu buu 95.3 

02-210iBulk 0-2s 120 pcf QP 12.4% 720 (5 P 3  i 98.1 , 0.4 1.9 I 106 

02-210lBuu 0-25 118 pcf @ 14.4% 118.0 Compacted2 petcent wyst of 13.8 

dadywith ioa bdlbout+4pcf 
from ~0mp.ctiooauvo dq dsnrity 

C o m p d  5 percat wu of 

de&& within bud .boutL4 pcf 
from eompnctioo m e  dq dtority 

o p t l m u m * d M d d q  

16.9 
opt imummoiehua~mddly  

02-2 l0lBuu 112 pcf @ 17.4% 113.5 0-25 4.5 3.6 x 1V 

Notes: 

I . , . !  I . .  , , , , . ,  ' . , ,  i . ,..I. I . '  1 ,,:.:, :. . . ,  

(1) Soil description and classification:. Brown and gray Lek 1 . .  Clay with , .  Sand (CL) 
(2) Standard Proctor compaction data: Sample G2-210/Bulk maximum dry density = 122.3 pcf, optimum moisture content = 12.4 

percent 
(3) Tolerance for moisture content: 4.5 percent, + 1.5 percent j * I I I 

i '  (4) Tolerance for mobtbte t&Wnt:'fl .O percent ( t ,  j I 

Percent Relative Compdioh = (Pre-Test Dry Density/Maximum,Dry I 

" 

1 I  
I (  

(5) Average of last four coef$iknt of permeability determinations from &e laboratory test 
(6) Density) x 100 

I 
I I 63 

i 
8 ,  . ,  1 

j 6/11/96, I:Upm, Rev. No.: 0 a3 
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collected from Boring G2-210. Test specimens from Boring G2-210 were remolded using Standard 
Proctor compactive a r t  at target water contents of OMC, +2, and +5 percent wet of OMC. Data 
from these tests, though not conclusive, indicated that for samples remolded to densities corresponding 
to a standard compaction curve, the laboratory permeability (k) decreases from the [lo6 to lo5 cdsec] 
range at approximately OMC to an approximate [log to l@' cdsec] range at 5 percent wet of OMC 
(PARSONS 1994b). 

These tests were perfbrmed at au effective confining pressure of 720 pounds per square foot (5 pounds 
per square inch [psi]) which approximately simulates the confining pressure at the top of the compacted 
clay layer of the proposed cap. r ,  - 

Also during the PO-101 investigation, remolded permeability tests on a composite sample (0 to 25 feet) 
of brown and gray till from Boring G2-209 provided some insight into the permeability characteristics 
of the clay remolded to higher densities. Table 4-16 presents the coefficients of permeability of the 
composite sandy clay sample (G2-209Bulk) remolded at various densities based 0n.a modified-Proctor 
compaction test (PARSONS 1994b). 

Permeabilitv 'Jk& Data from th e PO-15 4 Invest i .  - . . . .  . .  . . .  - 
--.- - - .. 1 . . . 

Two-stage laboratory permeability tests (ASTM D 5084) were performed on remolded test specimens 
from bulk samples of brown till from the EFBA. A series of five tests were performed by A m  at 
Lakewood, Colorado. Each of the five tests had a specific target density and moisture condition for the 
remolded test specimen based on a Standard Proctor compaction test for the bulk sample. The target 
remold criteria were: 

1) Test 1: 100 percent relative cornpaction at OMC 
2) Test 2: 97 percent relative compaction at +2 percent wet of OMC -: a<: : :L ?.:I a . . - . I . .  .- . 

4) Test 4: 95 percent relative compaction at +4 percent wet of OMC .; f :. - -:- . : .  

. .- < I -.. ' . .  
. .  
. .  3) Test 3: 99 percent relative compaction at +2 percent wet of OMC :'c>.! j. $2 ;-.. 1 .  . . . - .  

. .  

.. - . 5) Test 5: 97 percent relative compaction at +4 percent wet of OMC - :-: . - .  . 

Each permeability test (i.e., Test 1, Test 2, etc.) of the same remolded test specimen was performed in 
two stages. In the first stage, an unconsolidated specimen was confined. at 2 psi, saturated, and 
permeability measurements were taken. Upon completion of the first stage test, a second stage test of 
the consolidated specimen at an effective confining pressure of 5 psi was performed. This two stage 
approach was performed to provide data regarding the effect of confining pressure on the coefficient of 
permeability, and to allow for evaluation of future Test Pad permeability testing results with respect to 
Test Pad confining pressures less than that anticipated for the proposed OSDF cap. If the target 
compaction density could not be achieved due to high saturation, the laboratory was directed to compact 
the test specimen to the maximum density reasonably achievable at that water content. If the density of 
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Table 4-16 - Summary of Prior Laboratory Permeability Results for Test Specimens Compacted Using Modified Proctor Compactive Effort, 
East Field Borrow Area 

Effective 
coofioiog - @st) 
720 (5 psi) 

Target Remolding Criteriaa' 

Compacted at or near optimum 
moisture content"' and dry density 
within a band about 4 pcf from 
compaction curve dry density 

SpeeimCYP'tu Bo150gNo.l 
k p l e  No. 

G2-2091B~lk 

G2-2091B~lk 

G2-2091B~lk 

3 at OMC 

Depth 
(feet) 

0-25 

0-25 

0-25 

4 +2% OMC 720 (5 psi) 

5 @ + 5 %  OMC 

~~~~ 

Compacted 2 percent wet of 12.1 
optimum moisture conted4 and dry 
density within a band about 2 4 pcf 
from compaction curve dry density 

720 (5psi) 

PreTest 
Moisture 

content (%) 

Compacted 5 percent wet of 
optimum moisture content'" and dry 
density within a band about 2 4 pcf 
from compaction curve dry density 

14.9 

10.0 

120.9 90.5 120.9 

I -  

90.5 

Percent 
wet of 
OMC 

-0.3 

1.8 

4.6 

coemcient of 
Permeability 

(CmlSeCp 

2.5 x 10'' 

8.3 x 109 

1.9 x 1q 

.. 

(1) 
(2) 

(3) 

(4) 
(5) 
(6) 
(7) 

Soil description and classification: Brown and gray Sandy Lean Clay (CL) 
Standard Proctor compaction data: Sample G2-209/Bulk: maximum dry density = 122.3 pcf, optimum moisture content = 12.3 
percent 
Modified Proctor compaction data: Sample G2-209/Bulk: maximum dry density = 133.6 pcf, optimum moisture content = 10.3 

Tolerance for moisture content: -0.5 percent, + 1.5 percent 
Tolerance for moisture content: +1 .O percent 

. 

percent f T '  
1 

Average of last four coefficient of permeability determinations from the laboratory permeability test 
Percent Relative Compaction = (Pre-Test Dry Density/Maximum Dry Density) x 100 

w 
w 
a 
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. specimens specified to ,e remolded at 97 percent relative compaction and 4 percent wet of OMC dropped 
below 95.5 percent relative compaction, then the test specimen was remolded to the maximum achievable 
density using a moisture content of only 3 percent wet of OMC. 

Table 4-17 summarizes the results of the remolded laboratory permeability tests (GSTP Test Code Pd) 
on 10 bulk samples (eight brown till, two gray till) from the EFBA. Table 4-17 also provides summary 
statistics for results of the EFBA tests. Figures 4-13 through 4-20 illustrate the results of each of the 
brown till bulk samples tested. The figures illustrate the tests that had laboratory permeabilities less than 
1 x lo7 cdsec  as circles. Triangles show the tests that exceeded 1 x lQ7 cdsec  maximum permeability. 
The two tests that did not achieve 1 x lQ7 d s e c  were clays remolded at 100 percent MDD at or near 
OMC. However, when remolded wet of optimum test specimens of the same soil consistently achieved 
laboratory permeabilities of less than 1 x lQ7 cdsec. It should also be noted that, in general, results 
of Tests 3, 4, and 5 (99 percent MDD, +2 percent OMC; 95 percent MDD, +4 percent OMC; and 97 
percent MDD, +4 percent OMC target criteria) plot above the Standard Proctor compaction curve, often 
near the theoretical Zero Air Voids curve (100 percent saturation), suggesting that achievingthesetarget 
conditions in the field may require compaction using slightly greater than standard compactive effort. 
The laboratory often had difficulty remolding specimens to the 97 percent h4DD at +4 percent pretest 
criteria due to high sample saturation. Figure 4-21 shows all the brown till Pn results on a single 
graphic. 

.. .. 

Also shown on Table 4-17 are the results of permeability tests using F E W  site-specific leachate (GSTP 
Test Code PJ conducted by AT" personnel at the FEMP on-site laboratory. For the P,, tests, single 
stage remolded laboratory permeability tests were performed on samples taken from the same bulk 
samples that underwent the P6 testing. FERMCO provided the site-specific leachate for the P,, tests. 
The target remold conditions for these tests were 97 percent relative compaction at 4 percent wet of 
OMC. The test results show no adverse changes in the laboratory coefficient of permeability due to the 
leachate. Table 4-18 summarizes the characteristics of the leachate used-as the.-permeant-fop theSe-tests,,\ - .- 
and provides a comparison of the permeant results with the perched groundwater results of the 
Distribution Coefficient (Io study performed as part of the Predesign Investigation (DOE 1995). The 
I(d study provided data for the development of an OSDF site-specific &. Appendix G contains a tabular 
summary of the radiological and chemical test results performed on the permeant by a FERMCO contract 
analytical laboratory. Further evaluation and discussion of the laboratory permeability test results are 
found in Subsection 5.1. 
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Boring: G2-SB-53 Sample No.: 409815 Depth: 1.5-5.0 f t  SG: 2.72 Description: Yellowish Brown Lean Cloy [CLI 

MOISTURE CONTENT IN PERCENT OF DRY WEIGHT 
I os0074 
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Figure 4 - 1 3  - Summary of EFBA Brown T i l l  F i v e - P o i n t  Remolded P e r m e a b i l i t y  Test - S a m p l e  No. 4 0 9 8 1 5  
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Boring: G2-SB-57 Sample No.: 409824 Depth: 5.0-10.0 f t  SG: 2.76 Description: Yellowish Brown Sondy Leon Clay with Grovel[CLl 
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Test Target Remold Criteria 

Test 1 - 1OOX Relative Compaction ,(Standard Effort)  at OMC 

Test 2 - 97% Relative Compoction'(Standard Effort)  *2% Wet of OMC 

Test 3 - 99X Relative Compactioni(Standard Effort)  *2% Wet of OMC 

Test 4 - 95% Relative Compaction (Standard Effort)  * 4 %  W e t  of OMC 
Test 5 - 97% Relative Compactionl(Standord Effort)  - 4 %  Wet of OMC 
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Circles indicate tests at 5 psi effective confining 
pressure with K < l ~ l O - ~  cm/sec 

Triangles indicate tests at 5 psi effect ive confining * pressure with K > l ~ l O - ~  cm/sek 

1 

I I \ I \ :  ' I\ 
I I I /  / I I I I I I I 
I I /v I I I I I I I 

I 
I I 

I I I I I I I 
/' I I I I I I 

I I 
I I ,  

' ,  I I I I / I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1, I\ 

.y 
I I I I I I I I I I I I I 

. 

I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 'I I I I 

10 15 20 
n(ll MOISTURE CONTENT IN PERCENT OF DRY WEIGHT 

Figure 4-15 - Summary of EFBA Brown Till Five-Point Remolded Permeability Test - Sample No. 409824 
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Boring: G2-SB-66 Sompie No.: 409839 Depth: 1.5-5.0 f t  SG: 2.68 Description: Yellowish Brown Leon Clay with Sand CCLl 

I 

Figure 4-16 - Summary of EFBA Brown Till Five-Point Remolded Permeability Test - Sample No. 409839 
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Boring: G2-SB-68 Sample No.: 409844 Depth: 5.0-10.0 f t  SG: 2.83 Description: Oork Yellowish Brown' Leon Cloy w. Sand CCLI 
I I 
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Boring: G2-SB-74 Somple No.: 409858 Depth: 1.5-5.0 f t  SG: 2.76 Description: Light Olive Brown Le& Cloy with Sand CCLl I 

Figure 4-18 - Summary of EFBA Brown Till Five-Point Remolded Permeability Test - Sample No. 409858 I 
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Boring: G2-33-78 Sample No.: 409865 Depth: 1.5-5.0 f t  SG: 2.63 Description: Yellowish Brown Lean: Cloy with Sond CCLI 
I 

Test Target Remold Criteria 

Test 1 - 100% Relative Cornpaction (!Standard Effort )  at OMC 

Test 2 - 97% Relative Compaction !Standard Effort )  +2% Wet of OMC 

Test 3 - 99% Relative Compaction (Standard Effort )  *2;! Wet of OMC 

Test 4 - 95% Relative Compaction /Standard Effort )  *4% Wet of OMC 
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Curves of 100% Saturation 
For Specific Gravity 

I- - - - - t - - - 
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MOISTURE CONTENT IN PERCENT OF DRY WEIGHT 

Figure 4-19 - Summary of EFBA Brown Till Five-Point Remolded Permeability Test - Sample No. 409865 
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Boring: G2-SB-81 Somple No.: 409873 Depth: 1.5-5.0 f t  SG: 2.75 Description: Yellowish Brown Sondy Lean Clay CCLI 
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Summary of  Five-Point  Remolded Permeabil ity Tes t  Results, East Field Borrow Area Brown Til l  

Figure 4-21 - Summary of EFBA Brown Till Five-Point Remolded Permeability Test Results 
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Table 4-18.- Summary of Leachate Characteristics used for Laboratory Permeability Tests, 
Remolded Specimens, and Comparison with I<d Study Data 

Pd Laboratory 
Permeability Test 

Permeant 

Result Qualifier 

Kl Study 

Result Qualifier Units 
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Qluminum 

4ntimony 

Qrsenic 

3arium 

60.2 U mg/L 

5.5 U mg/L 

2 U mg/L 

65.2 - mg/L 



Table 4-18 - Summary of Leachate Characteristics used for Laboratory Permeability Tests, 
Remolded Specimens, and Comparison with I<d Study Data (Continued) 

Pd Laboratory Kd S-aY 
Permeability Test 

Permeant 

Result Qualifier Result Qualifier Units 
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356 

Result Qualifier 

a. - 
Table 4-18 - Summary of L&ciiate Characteristics &d for’laboratory Permeability Tests, 

Remolded Specimens, and Comparison with K,, Study Data (Continued) 

Units 
~~ ~ ~ 

Result Qualifier 

Water Quality 

TOX 19.7 

TOC 10.2 

Phenols 5 

Sulfides 1 

Alkalinity 324 

Sulfate 122 

Chloride 25.3 

Fluoride 0.78 

Conductivity 820 

Total Phosphates 139 

N03M02-N 0.153 

Ammonia 0.03 

TKN 0.1 

TON 0.1 

K,, Study I 
UJ Pg/L 

J mg/L 

U P d L  

U mg/L 

- mg/L 

- mg/L 

m g k  

- mg/L 

- pMHOS/ 
cm 

UJ PgJL 

- 

U mg/L 

U mg/L 

U 

U mg/L 
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Table 4-18 - Summary of Leachate Characteristics used for Laboratory Permeability Tests, 
Remolded Specimens, and Comparison with I<d Study Data (Continued) 

Pd Laboratory ga study 
Permeability Test 

Permeant 

Result Qualifier Result Qualifier Units 

1. The Predesign Investigation IC,, Study (DOE 1995) used contaminated perched groundwater from 
monitoring wells in the development of an OSDF site-specific I(d. The permeant used for laboratory 
permeability testing was collected in the same manner as for the IC,, Study water. 

2. Abbreviations: 
I(d = Distribution Coefficient 
TOX = total organic halides 
TOC = total organic carbon 
N03/N02-N = nitrate/nitrk as nitrogen 
TKN = total kjeldahl nitrogen 
TON = total organic nitrogen 

3. Qualifiers: 
J = estimated results 
U = nondetected 
UJ = nondetected estimate 

(-) = no data qualifier 
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4.5.2 South Field Borrow Area Permeabilitv Test Results 

Two-stage laboratory permeability tests (ASTM D 5084) were performed on remolded test specimens 
from bulk samples of shallow soil from the SFBA collected during the PO-154 investigation. The target 
remold criteria for the test specimens was 97 percent relative compaction at +4 percent wet of OMC. 

As with the Pd tests, each permeability test of the same remolded test specimen was performed in two 
stages. In the first stage, an unconsolidated specimen was confined at 2 psi, saturated, and permeability 
measurements were taken. Upon completion of the first stage test, a second stage test of the consolidated 
specimen at an effective confining pressure of 5 psi was performed. If the target compaction density 
could not be achieved due to high saturation, the laboratory was directed to compact the test specimen 
to the maximum density reasonably achievable at that water content. If the density of specimens specified 
to be remolded at 97 percent relative compaction and 4 percent wet of OMC dropped below 95.5 percent 
relative compaction, then the test specimen was remolded to the maximum achievable density using a 
moisture content of only 3 percent wet of OMC. For tests of samples from Shelby tubes, where a 
compaction curve was not available, an MDD and OMC for remolding was assumed based on prior 
compaction data available for FEMP soils (sea Table 3-5). 

Table 4-19 summarizes the results of the remolded laboratory permeability tests (GSTP Test Code P,) on 
samples from the SFBA. Figure 4-22 illustrates the SFBA test results. Table 4-19 also provides 
summary statistics for results of the SFBA tests. Further evaluation and discussion of the laboratory 
permeability test results are found in Subsection 5.1. 

4-5 1 
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Table 4-19 Summary ot PU-154 Kemolded Laboratory Permeability Tests, South Field Borrow Area 

Stetlstlcs - 1.5-12 feet (excludes flii) 

Noles: 

1. On-Site Location: EFBA East Fleld Borrow Area 
SFBA South Fleld Borrow Area 
SFISFBA South Field (Waste Unit) I South Field Borrow Area 

2. SampleType: Bulk Bulk Sample 

3. Compaction Method: 

ST Shelby Tube Sample 

Standard Standard Proctor Compactlve Effort (ASTM D 698) 

, 4. TestType: p, Two-stage, Triaxlal. Remolded. Back-Pressure Permeability (ASTM D 5084) 

6. Target Remold Condltlons: 

6. Formulas: 

7. Average permeability Is Ihe average of the last tour delermlnatlons trom Ihe test. 

8. Assumed values for optimum moisture COntent and maximum dry density based on PO 132 compaction data. 

9. c.p. - Connning Pressure 

97% relative compaction at 4% wet of optlmum molsture content 

RelaIlve Compactlon - (Pretest Dry Density/Maximum Dry Density) x 100% 

Stetlstlcs - CL, 1.5-12 feet (excludes FIN, CL-ML, and ML Samples) 

10. DataSource: PO 154 East and Swth Field Borrow Areas Geotechnical Investigelion. Geotechnical Laboratory Dala Report. PARSONS Project Order 154, March. 1996. ('EFBA' end 'SFBA' On-Site Locations). 
Flyash Piles end South Field Wasle Units Gsolechnlcal Investigation. Geotechnical Laboratory Data Report. PARSONS Project Order 154, Febnrary, 1996 ('SF/SFBA' On-Site Locations). 

, _ii...--&i. - .-- - __ .. - .  - 
~ u - ~ ~ ~ ~ R - D ~ 8 ~ ~ ~ ~ . ~ R ~ - ~ ~ - ~ - ~ - - -  -___ 
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--  SECTION 5 . .._ 

EVALUATION, ANALYSES, AND RECOMMENDATIONS 

This section presents evaluations and analyses performed in support of the borrow material investigation 
conducted in the EFBA and the SFBA. Based on these data, recommendations are made regarding the 
general suitability of the materials tested for use as landfill liner and cover, test pad design, geotechnical 
monitoring and testing, conceptual borrow excavation plans, and borrow site restoration. 

The recommendations given in this section are based on the sibspecific ptechnical data for the EFBA 
and the SFBA presented in Section 4, prior test data from the disposal facility footprint area, preliminary 
analysis of geotechnical data presented in the Test Pad Work Plan (Geosyntec 1996), and on supplemental 
technical data and methodologies, as presented in engineering literature and the citations defined in the 
final Record of Decision (ROD) for Remedial Actions at Operable Unit 2, ,dated May 1995. The 
geotechnical data are assumed to be representative of the conditions at the EFBA and the SFBA, though 
variations in properties of the excavated soils from these areas are expected. 

5.1 Borrow Materials Evaluation 

As described in Section 1 and shown in Figure 1-2, two potential borrow source areas were investigated 
for this report; the EFBA and the SFBA. The planned usage of 'the excavated materials from the borrow 
areas is for construction of the recompacted soil components of the bottom liner, cover, and berms, and 
for general construction fill for the proposed on-site disposal facility and reclamation of waste units. 

This subsection discusses regulatory acceptance criteria for the borrow source materials and other soil 
properties that may impact the use of the borrow source materials for low-permeability barriers. It also 
summarizes and evaluates the geotechnical laboratory data from the two borrow source areas that are 
relevant to use of the materials in construction of the recompacted soil components of the OSDF. 

5.1.1 . Material Accentance Criteria and Desian/Construction Considerations . 

In accordance with the final ROD, the materials used for recompacted soil liners must meet certain 
Applicable or Relevant and Appropriate Requirements (ARARs) as identified in the Ohio Solid Waste 
Disposal Regulations, OAC 3745-27-08 (C)(l), (2), (3), (4), (3, (6), (3, and (9). The specific ARARs 
pertaining to material properties that the borrow source soils must meet are presented in Table 5-1.. 
These specific ARARs include grain size and permeability requirements. The other ARARs presented 
in Table 5-1 pertain to specifications that must be met during construction (Le., maximum clod size, loose 
lift thickness, placement moisture, and density requirements) and, therefore, are not relevant to this 
evaluation of the borrow source areas. 

a s O S O 9 0  
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Table 5-1 - Applicable or Relevant and Appropriate R e q h m e d s  
for Compacted Clay Liner and Cap Materials 

FEMP On-Site Disposal Facility(') 

CITATION 

)hi0 Solid Waeto Dispoeal 
Legdatiom OAC 3745-274 
c)(1) 

Notes: 

~~~ ~~ 

Tbe-mpactsdeoil linashallbe: 
c o d u a i n g  loose lifte 8 in. thick with a maximumpamPbiMy d n X W c m i a  

0 c o d o f  a eoil with a maximum clod SiEe of 3 in. or h.lf dm lift1P-4 rhiehacria 

0 C 0 - d  of mil with: 
g=-* 

- 1OOpsrccntoftba~hpvingamaximum ~ a o c g r e r p a ( b 2 i a .  

- not lese than 50 percent of the particles, by weight, PISging thmugb tb aMmash sisve. 

- not lsss dLon 25 percent of thepadcles, by weight, having a m a t i r r m r m  - mgrenter 

- not thnn 10 paOeZlt Of the P d C h ,  by Weight, h8Vhlg 8 - w ( b . I l . 7 5  h. 

than 0.002 Iuilh&m. 
* compacted to at Lenet 95 pacent of the maximum "Slnndard 

t~ comppctbd at a moieave content at or wet of optimum. 
Altanoeivba for the abovertquiranente may be used if it ie dsmonshrt#lb the ssbiefscrion of the 

Dmmitf using AS"M D 698 
or at 90 percent of the maximum "Modified Proctor Dmsity" wing AslzId D 1557. 

Dirsctorthntthe mptairle and tdmiqueswill d t  in each lift hvhg a muiumm- * -  

L io7 cmle. 
AdditioMlly, the nwmqmcd soil liner shrill: 

of 

~ ~ b O C O m p I i d O f e o l i d W P e t s .  
be coactduaing the ~ ~ 1 1 1 6  number ofpasseed lift thickaese, .ad tbs sum of similar type 
and weight of compaction equipment esEpblished by tesring. 

rco&onapnpubdsurfPcethntshall: 
- b e h o f  debrie, foraignolatmid, Paddslsasriouemptmi.l, 
- be able to bsu the weight of the lnndfill and ita coMhuctim opei.tioasari(hclt UILsing or 

- not have my abnIpt changesin grade that may d t  in dpmpgeto geosynthetice. 
&wing a failure of the liner to occurthtpugb scaling; and 

_ _  
- .- 

Cap system Recompacted Soil Barrier Lay# 

a minimum of 18 inches thick and constluctcdin aocordPlPeewitb the qecikdorm oydincd above 
for c%m&w&o * n of the mxmpctdeoil liner for a tpndtill fdiv ((C)(l)(a) to (C)(lXg) aad 
(C)(lxe) and (C)(l)(m) through (Q(l)(o) of OAC 3745-2748) with chd excepCiort that the 

h e  rscomppcttdmil barrig layer of the cap shpll be: 

maximualpsrmeobility of the rscompoctedeoil borria shsbe 1 x lob cds; 
1 be OOnetMctedof a eoil witb 1oOpgcentof the puriclse having nnximum diamnsion not greeter 
thnn 2 incheaandwitb not mom than 10 percart ofthe pprticlsa, by weight, having a dimension 
greatex tbpn 0.75 inches. 

D 698 or at least 90 pmxnt of the maximum "Modified Proctor DensiW" uRkrg ASTM D 1557. 
1 be compactsd to at least 95 percent of the maximum 'Standard proctor Density' using ASTM 

. .. 

-- 

(1) ?he following t e ~ o l o g y  ia ustd: compacted clay b e r  = recompacted soil liner in Ohio solid waste Disposal 
Regulatio~; and compacted clay cap .= cap system recompacted soil barrier layer of the Ohio regulati~~. 

More stringent criteria for clay cap thicknese (24 inches) and maximum pennepbility (1 x lo' cde)  have been adopted 
in the actual obsits Disposnl Facility ddgn. 

(2) 

00003% 
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The materials in the upper 15 feet (excluding topsoil) of the EFBA have properties that are indicative of 

though ARARs are not always met for grain size, the hydraulic conductivity requirements can be met 
with proper compaction, thereby minimizing the importance of the grain size criteria. 

1 soils that perform well in recompacted soil liner applications. Laboratory testing results suggest that 

b- 3 5 6  
La. - 

; t;, 1 ' q  I + ,  I' " I  

Because of the purpose of recompact& soil liners as hydradic barriers, the primary acceptance criteria 
of proposed materials are based on achievable hydraulic conductivity. As discussed in the Draft Test Pad 
Work Plan (Geosyntec 1996), the hydraulic conductivity requirement for the recompacted soil components 
of both the bottom liner and the cover systems is 1 x IO' dsec .  The hydraulic conductivity of a given 
soil is impacted by several factors, including compactbe effort and molding water content. Because of 
this, it is recommended that an acceptable permeability zone (APZ) be established for the proposed soil 
prior to initiation of construction of the liner components (US EPA 1993). The APZ for a given soil is 
established by evaluating the relationship between moisture content, dry density, and hydraulic 
conductivity. As shown in Figure 5-1, the boundaries of the APZ for a given soil typically are defined 
by the optimum moisture content and maximum dry density determined by compaction testing, lines of 
acceptable percent saturation, and a qualitative assessment of workability at varying moisture contents. 

Other properties that may potentially impact the design and construction of recompacted soil liners include 
shear strength and swell/consolidation characteristics. The shear strength of the recompacted soils will 
impact the maximum slope angle at which the soils can be placed and considered stable in the long-term. 
Excessive swelling of the recompacted soil may affect the integrity of the liner systems. 

5.1.2 Material Promrties of East Field Borrow Area : - 

Based on laboratory permeability testing of compacted brown till samples from the EFBA, it is apparent 
that the hydraulic conductivity requirement of 1 x lo7 cdsec  is readily achievable. All of the brown 
till samples that were compacted in the laboratory in the band ranging from a m h h u m  of 97 percent of 
MDD at 2 percent to 4 percent over OMC to a minimum of 95 percent 0f:MZ)W at $,percent over OMC 
were measured to have laboratory permeabilities less than 1 x l@' cdsec, -which meets the ARAR. 
specified in Table 5-1 (see Table 4-17). Comparing results of samplesdested at effective confining 
pressures of 2 psi and 5 psi, it is apparent that increasing confining pressure slightly decreases the 
measured hydraulic conductivity, though for the soils tested, the hydraulic -conductivity differences are 
minimal (less than a half-order of magnitude). Additionally, the soil samples tested with a site-specific 
leachate showed no adverse changes in hydraulic conductivity due to the leachate. Considering the APZ 
concept discussed in Subsection 5.1.1 and the results of the Proctor compaction testing, preliminary 
approximate APZs for two soil horizons within the brown till were developed from laboratory test data 
consistent with the approach described in Geosyntec 1996. This is due to the variability in soil 
characteristics with depth, which causes differences in optimum water contents, maximum dry densities, 
and permeabilities corresponding to varying compaction conditions. These APZs will assist the designer 

0804g~ . (  1 
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ACCEPTABLE PERMEABILITY ZONE (APZ) CONCEPT 

.. . . 

BOUNDARY BASED ON 
100% DEGREE OF 
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- CLAY WORKABILITY 

AND SHEAR STRENGTH 

BOUNDARY BASED ON 
OPTIMUM MOISTURE CONTENT 

BOUNDARY BASED ON 

BOUNDARY BASED ON 

DRY DENSllY 

~ > ._I-__ -_ -_ 
MOISTURE CONTENT 
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-I_.__ - -. . ...... . . - 

-_ . : >  . .  ,Ac. .; . .-\ 
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NOTE: Fgum from (GeoSyntec 1996) 

NCITTOSCAU 
- -. . .  

_-_ -- - - 

Figure 5-1 - Acceptable Permeability Zone Concept 000093 
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in evaluating whether the variability insoil characteristics crktes a significant shift in APZ for the brown 

Geotechnical Property 

Percent Greater than 0.75 inches 

Percent Passing No. 200 Sieve 

Percent Smaller thanO.002 mm 

Natural Moisture Content 

Optimum Moisture Content' 

Maximum Dry Density' 

Plasticity Index 

Activity* 

till horizons. 

0-15 Feet 0-5 Feet 5-10 Feet 10-15 Feet ARAR 
BGS BGS BGS BGS 

Avg. Std. Avg. Std. Avg. Std. Avg. Std. 
Dev. Dev. Dev. Dev. 

1 3 1 2 1 3 4 7 I; 10 

73 14 78 11 68 12 65 17 250  

23 7 26 7 20 7 19 4 2 25 

18 4 19 4 15 3 13 2 NA 

16 2 16 2 14 2 NA NA NA 

116 5 115 5 120 4 NA NA NA 

17 7 21 6 13 5 7 4 NA 

1.0 NA 1.0 NA 0.9 NA 0.5 NA NA 

The other ARARs relevant to material properties are based on grain size distributions of candidate 
materials. As presented on Table 5-2, the average values for grain sizes of 83 brown till samples tested 
show that ARARs are met for percent greater than 0.75 inches and for percent passing the No. 200 sieve. 
However, the average value of particles smaller than 0.002 mm for the 83 samples is approximately 23 
percent, in contrast to the ARAR of greater than or equal to 25 percent. Out of the 83 samples tested, 
three samples were measured to have particles with dimensions greater than 2 inches. This contrasts with 
the ARAR for 100 percent of the particles with a maximum dimension of 2 inches. It should be noted 
that the sampling method used during the field sampling was not conducive to collection of particles 
greater than 2 inches, suggesting that the testing results may not correctly represent the quantity of 
particles greater than 2 inches within the upper 15 feet of the EFBA. 

Table 5-2 - Average and Standard Deviation of Geotechnical Properties 
for the EFBA by Depth with ARARs 

Notes: 
As determined by Standard Proctor (ASTM D 698) 
Calculated Using Average of Percent Soil Smaller than 0.002 mm and Average of Plasticity Index 

NA Not Applicable 
BGS Below Ground Surface 

000094 
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Considering the shear strenjghs determined for recompacted brown till and preliminary stability analyses, 
significant problems associated with slope stability are not expected. As presented in Table (3-10 of the 
Geotechnical Investigation Report for PO-140 (PARSONS 1995b) for similar soils from the area of the 
disposal facility footprint, the shear strength values determined for brown till remolded to approximately 
95 percent of the measured (or estimated) dry density at water contents ranging from 1.3 percent to 3.7 
percent above optimum water content typically are higher than the values used in the preliminary stability 
analyses, which resulted in adequate factors of safety against slope failure. 

The average value of activity for the 83 samples tested from the EFBA is 1.0. The activity is the ratio 
between plasticity index and clay fraction. This value corresponds to soil with relatively low potential 
for swelling which corresponds to free swell of less than 1.5 percent using a chart presented in Holtz and 
Kovacs (1981). Based on this conclusion, the EFBA soils are not expected to undergo enough swelling 
to compromise the integrity of the liner systems. 

To simplify data presentation for the EFBA, results of geotechnical testing are separated into depth 
intervals of 0 to 5.0 feet below ground surface (bgs), 5.0 to 10.0 feet bgs, and 10.0 feet to 15.0 feet bgs. 
These approximate depth intervals were also chosen to investigate potential differences in grain sue 
characteristics, Atterberg limits, and results of compaction testing performed on samples from each 
interval. In general, the following trends are apparent with increasing depth; increasing fraction of 
coarse-grained particles, decreasing plasticity index, increasing maximum dry density, and decreasing 
optimum water content. This subsection discusses the material properties relevant to the acceptance 
criteria and other desigdconstruction considerations for each of the depth intervals stated above. 

EFBA DeDth Interval 0 feet to 5.0 feet (Excludinv ToDsoii) 

Table 5-2 presents average values and standard deviations for percentage of particle sizes for 40 brown 
till samples collected from 0 feet to 5 feet bgs of the EFBA. Comparing the ARARs to the average 
values for percent greater than 0.75 inches, percent passing the No. 200 sieve, and percent smaller than 
0.002 mm, the materials appear to meet the requirements for grain size. It should be noted that one 
sample out of the 40 samples tested had particle(@ greater than 2 inches in diameter. The ARARs include 
the requirement for 100 percent of the particles having a maximum dimension not greater than 2 inches. 
In addition, to use the materials of this interval for recompacted soil liner applications, it will be 
necessary to separate out vegetation, roots, and other organic materials prior to placement. Based on 
field observations made during the investigations for PO-140 and this report, the roots extend down to 
approximately 1 to 2 feet bgs. 

As shown on Table 5-2, the average natural water content for this depth interval is 19 percent. The 
average OMC, as determined from Standard Proctor compaction testing (ASTM D 698), is 16 percent, 
suggesting that the in situ soils are within the desired water content range for placement of a compacted 
clay liner (i.e., 2 percent to 4 percent greater than OMC). 
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' The average activity for the materials from this depth iritenkd is 1.0. Based on conclusions made in 
Holtz and Kovacs (1981), the soils from this interval have relatively low swell potential. 

As summarized on Table 4-17, the laboratory permeability testing performed subsequent to the Standard 
Proctor compaction testing resulted in all brown till samples that were compacted in the band ranging 
from a minimum of 97 percent MDD at 2 percent to 4 percent over OMC to a minimum of 95 percent 
MDD at 4 percent over OMC passing the ARARs. Each of the samples compacted to the conditions 
described above were measured to have laboratory permeabilities less than 1 x lo7 cdsec.  This suggests 
that the brown till from this depth interval are acceptable with respect to the ARARs regardless of the 
results of the grain size analyses. 

EFBA Denth Interval 5.0 feet to 10.0 feet 

Table 5-2 presents average values and standard deviations for percentage of particle sizes for 32 brown 
till samples collected from this depth interval of the EFBA. The materials appear to meet the 
requirements for grain size except for the percentage smaller than 0.002 mm. The average value of 
particles smaller than 0.002 mm is 20 percent, as opposed to the requirement of greater than or equal to 
25 percent. In addition, one sample out of the 32 samples tested had particle(s) greater than 2 inches in 
diameter. The ARARS include the requirement for 100 percent of the particles having a maximum 
dimension not greater than 2 inches. 

As shown on Table 5-2, the average natural water content for this depth interval is 15 percent. The 
average OMC, as determined from Standard Proctor compaction testing (ASTM D 698), is 14 percent, 
suggesting that a minimal amount of additional water will be required during construction to place the 
soils from this interval within the desired range for compacted clay liners (i.e., 2 percent to 4 percent 
over OMC). 

The average activity for the materials from this depth interval is 0.9. Based on conclusions made in 
Holk and Kovacs (1981), the soils from this interval have relatively low swell potential. . .  

As summarized on Table 4-17, the laboratory permeability testing performed subsequent to the Standard 
Proctor compaction testing resulted in all brown till samples that were compacted in the band ranging 
from a minimum of 97 percent MDD at 2 percent to 4 percent over OMC to a minimum of 95 percent 
MDD at 4 percent over OMC passing the ARARs. Each of the samples compacted to the conditions 
described above were measured to have permeabilities less than 1 x lo7 cdsec.  This suggests that the 
brown till from this depth interval are acceptable with respect to the ARARs regardless of the results of 
the grain size analyses. 
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EFBA Death Interval 10.0 feet to 15.0 feet 

Table 5-2 presents average values and standard deviations for percentage of particle sizes for 11 samples 
collected from this depth interval of the EFBA. The materials appear to meet the requirements for grain 
size except for the percentage smaller than 0.002 mm. The average value of Particles smaller than 0.002 
mm is 19 percent, as opposed to the requirement of greater than or equal.to 25 percent. In addition, one 
sample out of the 11 samples tested had particle(s) greater than 2 inches in diameter. The ARARs include 
the requirement for 100 percent of the particles having a maximum dimension not greater than 2 inches. 

As shown on Table 5-2, the average natural water content for this depth interval is 13 percent. The 
average optimum water content, as determined from Standard Proctor compaction testing (ASTM D 698) 
for the interval from 5 feet to 10 feet, is 14 percent, suggesting that a minimal amount of additional water 
will be required during construction. 

The average activity for the materials from this depth interval is 0.5. Based on conclusions made in 
Hole and Kovacs (1981), the soils from this interval have relatively low swell potential. 

Laboratory permeability testing was not performed on brown till samples from this depth interval. 

ComDarison of EFBA and Disaosd Facility FootDrint Comaaction Curves 

Compaction test of soils within the proposed Disposal Facility footprint were conducted during prior 
investigations (PARSONS 1995b and 199%). The footprint of the proposed disposal facility lies 
immediately north of the eastern portion of the EFBA (see Figure 1-1). Current plans are to use soils 
from within the footprint for construction of the liner, with additional soils required coming from on-site 
borrow areas. To allow for comparison of the compaction characteristics of soils fiom the EFBA and 
disposal facility footprint, three graphics have been prepared which show the compaction curves for three 
general depth intervals. Figure 5-2 shows the compaction curves for brown till from ground surface 
(excluding topsoil) to 5 feet depth. The figure shows the compaction curves for the EFBA (PO-154) soils 
and the disposal facility footprint soils (PO-132 and PO-140). Appendix H contains a tabular summary 
or the compaction test results from the disposal facility footprint and has a map showing sample locations. 
Figure 5-3 shows the compaction curves for brown till from 5 to 10 feet deep. Figure 5-4 shows 
compaction curves for gray till which lies below the brown till. These gray till compaction curves are 
from test of soils from depths of about 11 to 18 feet below the ground surface. 

The figures illustrate that the till from the disposal facility footprint and the EFBA exhibit the same 
compaction characteristics. The characteristic behavior of increasing Maximum Dry Density (MDD) and 
decreasing Optimum Moisture Content (OMC) with depth is seen in the samples tested from both areas. 
This general trend can be attributed to the generally increasing sand content of the till with depth 
(Geosyntec 1996). The brown till from the two depth intervals (horizons) within the brown till, and the 
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gray till show the same general range of OMCs and MDDs for both areas. These data support the 
finding in Geosyntec 1996, that within each horizon of the brown till, there are not significant differences 
in material properties between the EFBA and disposal facility footprint area. 

ProDosed Target Comr>action Criteriq 

To construct compacted soil barriers for the OSDF, the designer will have to specify a range of densities 
and moistures for the construction contractor to use for placement of the candidate clay soils. This 
section proposes target density and moisture conditions for placement of the brown till based on the 
laboratory permeability testing of remolded brown till samples from the disposal facility footprint (PO-132 
and PO-140) and the EFBA (PO-101 and PO-154). The designer may modify these proposed ranges 
based on the field scale testing results of the test pad program and other design considerations. 

Figure 5-5 shows a plot of the laboratory coefficient of permeability verses relative compaction (based 
on Standard Proctor compactive effort) for remolded laboratory permeability tests of brown till clay 
samples from the disposal facility footprint and EFBA. The data points on the figure indicate the pre-test 
moisture content (molding water content) relative to the optimum moisture content. The figure illustrates 
that specifying a target density and water content range based on a compaction curve data for the soil is 
a viable method to specify placement to achieve the desired permeability. 

The results of laboratory permeability testing of remolded samples of brown till during PO-101, PO-132, 
PO-140 and PO-154 provide a basis for establishing a target moisture and density range for field 
placement. The proposed target ranges for the brown till clay soils at the EFBA and Disposal Facility 
Footprint are: 

1) Density: 
2) Moisture: 

95 to 97 percent of MDD based on Standard Proctor compactive effort 
+2 to +4  percent wet of OMC based on Standard Proctor compactive effort 

The laboratory test results from PO-101 (Tables 4-15 and 4-16) suggest that compacting the till at water 
contents of greater than about +4 percent wet of OMC (for example +4  to +6 wet of OMC) using a 
standard compactive effort will also achieve acceptable hydraulic conductivities. In this situation, based 
on the shape of the Standard Proctor compaction curves for the brown till, the density of the compacted 
soils would likely fall within a range from about 90 to 95 percent MDD based on Standard Proctor 
compactive effort. 

Preliminam Estimate of APZ for Brown Till from Laboratorv Testing 

Figure 5-1 illustrates the concept of the APZ. The APZ graph provide a means to field verify that the 
compacted clay barriers achieve acceptable permeability. During construction, Construction Quality 
Control field measurements of density and moisture of various compacted soil lifts of the barrier are taken 
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and compared with the acceptable moisturddensity zone of the APZ graph. Measurements that are within 
the APZ indicate that the maximum coefficient of permeability limit for the lift (1 x lom7 cdsec  for the 
proposed disposal facility) has been met. 

From the laboratory tests performed during PO-132, PO-140 and PO-154, preliminary approximate 
estimates of APZs were developed for the brown till to provide information for the Test Pad Program. 
Figures 5-6 and 5-7 show the estimated APZ for two approximate depth intervals (horizons) within the 
brown till. These APZs are preliminary, are based on laboratory testing, and they will need to be 
modified based upon testing conducted during the planned Test Pad program. 

A preliminary APZ was developed for the following approximate depth intervals consistent with the 
approach described in the Draft Test Pad Work Plan (Geosyntec 1996): 

1) 
2) 

Brown Till - 0 to 5 feet bgs, excluding topsoil (upper horizon) 
Brown Till - 5 to 10 feet bgs (lower horizon) 

These depth intervals were selected based on the availability of Standard Proctor compaction test data and 
associated remofded permeability testing (Le., PO-132, PO-140 and Po-154). 

Development of the preliminary A p z s  used the five point EFBA permeability test results illustrated in 
Figures 4-13 through 4-20, and the results of single point permeability tests of brown till from the 
disposal facility footprint area (PO-132 and PO-140, Appendix H). The results of these tests were 
superimposed on the same graphic as the corresponding representative compaction curves of the samples 
tested from each horizon. This allowed for estimation of the zone having less than 1 x lo7  hydraulic 
conductivity. 

All the laboratory permeability test results within the APZ have hydraulic conductivity less than 1 x 10'' 
cdsec.  Because test data had few samples with coefficients of permeability greater than 1 x lo7  cdsec,  
the 1 x lo7 c d s e c  lower boundary line is estimated. The percent saturation of the 1 x IO7 cdsec  
boundary line shown on the Apz graphics is about 90 to 92 percent, assuming a specific gravity of 2.70. 
Additionally, the lower right bound of the APZ was established as 95 percent of the MDD of the 
representative compaction curve with the lowest h4DD. The upper bound to the APZ represents an 
approximation of the 100 percent saturation curve for the soils based on the permeability and specific 
gravity test results. The applicability and, if applicable, value of a vertical right bound to the APZ based 
on workability and shear strength should be evaluated as part of the test pad program. 

Comuarison of APZ for Brown Till Horizons 

Comparison of Figures 5-6 and.5-7 suggest that a single APZ could be used to "envelope" both of the 
brown till horizons. This should be verified by the Test Pad Program. The hatched area of both curves 
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is essentially the same. Figures 5 4  and 5-7 illustrate that the majority of the 0 to 5 foot brown till 
samples that underwent permeability tests had lower MDDs and higher OMCs than the brown till samples 
from 5 to 10 feet. The samples tested from the 5 to 10 foot horizon showed a much tighter grouping of 
compaction curves, and generally had MDDs higher, and OMCs lower than the brown till within the 
0 to 5 foot horizon. Sample #a2966 (see Figure 5-7) is a fat clay from boring 11471 (PO-132). 
Considering that similar zones fat clay could be encountered within the 5-10 foot horizon extends the 
APZ zone into the range of lower MDD and higher OMC typical of the 0 to 5 foot brown till horizon. 

5.1.3 Material Pronetties of South Field Borrow Area 

Typically in the SFBA the brown tilllstratified glacial deposits depth ranges between 12 and 15 feet. 
Table 5-3 presents average values and standard deviations of index properties and compaction data for 
the SFBA soil samples tested during PO-154 geotechnical investigation. Comparing the ARARs to the 
average values for percent greater than 0.75 inches, percent passing the No. 200 sieve, and percent soil 
particles less than 0.002 mm, the materials appear to comply with the grain size requirements. No 
samples tested had any particles greater than 2 inches in diameter, which complies with the ARARs 
requirement of no particles greater than 2 inches in diameter. 

As reported in Table 5-3, the average natural moisture content for the 0 - 12 foot interval in the SFBA 
is 20 percent by weight. The average OMC as determined by Standard Proctor compaction test (ASTM 
D 698) is 14 percent by weight, approximately 6 percent over optimum moisture content. Assuming that 
the borrow materials are placed at 2 to 4 percent above optimum moisture, the moisture content of the 
SFBA soils will need to be lowered before they are placed in the liner or cap of the OSDF. 

The average soil activity and plasticity indexes of the SFBA soil are 0.8 and 18 percent. According to 
Holtz and Kovacs 1981, these values are indicative of soils having low swell potential. 

As summarized in Table 4-19, the laboratory permeability testing on the SFBA soil samples, compacted 
to 97 percent of MDD and +4 percent of OMC as determined by Standard Proctor, the average. 
permeability tested at 5 psi effective confining pressure was 7.0 x lo* cdsec.  The average value is less 
than the maximum value for hydraulic conductivity specified in the ARARs (1 x lo7 cdsec). Although 
the average satisfies the ARARs requirements, two individual test results were greater than 1 x lo7 
cdsec.  The samples with measured permeabilities greater than 1 x lo7 c d s e c  were classified as sandy 
silt (ML) and silty clay (CL-ML) according to USCS'. These permeability tests were from samples 
located at depths greater than 5 feet below the ground surface. 

The soils in the SFBA was divided into two depth intervals to determine if the material index and physical 
properties varied between the two depth intervals. The depth intervals considered as potential borrow 
areas are 0 to 5.0 feet bgs (excluding topsoil) and 5.0 to 12.0 feet bgs. These depth intervals were 
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Optimum Moisture Content' 
Maximum Dry Density' 
Plasticity Index 
Activity 

chosen to determine if differences existed in grain size characteristics, Atterberg limits, and Standard 
Proctor compaction tests performed on samples from the two depth intervals. 

14 1 14 NA 14 1 NA 
119 2 118 NA 119 2 NA 
18 11 26 10 11 5 NA 

0.1 NA 0.8 0.2 0.9 0.2 0.6 

Table 5-3 - Average and Standard Deviation of Geotechnical Properties for the SFBA 
by Depth with ARARs 

Percent Greater than 0.75 inches 
Percent Passing No. 200 Sieve 
Percent Smaller thGO.OO2 6 
Natural Moisture Content 

Notes: As determined by Standard Proctor (ASTM D 648) 
NA Not Applicable 
BGS Below Ground Surface 

SFBA DeDth Interval 0 feet to 5.0 feet (Excluding ToDsoil) 

Table 5-3 presents average values and standard deviations for percentage of particle sizes for 13 samples 
collected from this depth interval of the SFBA. Comparing the ARARs to the average values for percent 
greater than 0.75 inches, percent of soil particles passing the No. 200 sieve, and percent of soil particles 
smaller than 0.002 mm, the material appears to satisfy the grain size requirements in the ARARs. It 
should be noted that'one sample out of the 13 samples did not have 25 percent of the soil particles that 
were less than 0.002 mm in diameter, but all the ARARs grain size requirements were met by the 
remaining samples. 

As reported in Table 5-3, the average natural moisture content of the soil for this interval is 21 percent 
by weight. A Standard Proctor compaction test was performed on only one sample from this depth 
interval. The optimum moisture content reported was 14 percent by weight. As a result, the soil from 
this depth interval may have to be dried between 2 and 4 percent before being placed in the OSDF, 
depending on the moisture requirements specified for cap and liner of the OSDF. 
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The average activity and plasticity index of the soil from 0 to 5.0 feet are 0.9 and 26 percent. According 
to Holtz and Kovacs (1981), these values suggest that the soils have a low to medium swell potential. 
It should noted that four of the 13 samples tested exhibited high swell potentials (between 5 and 25 
percent according to Holtz and Kovacs [1981]) and were classified as fat clays with varying amounts of 
sand. 

As summarized in Table 4-19, two permeability tests were performed on remolded soil samples from this 
depth interval. One sample was categorized as brown till, the other as fill. The tested samples were 
remolded to 97 percent of the maximum dry density and +4 percent wet of the OMC as determined by 
Standard Proctor compaction test using a 5 psi effective confining pressure. The permeability reported 
for the remolded brown till lean clay sample was 3.0 x 10' cdsec  and 1.4 x l o 8  cm/sec for the 
remolded fill. 

SFBA DeDth Interval 5.0 feet to 12.0 feet 

Table 5-3 presents average values and standard deviations for percentage of particle sizes for 10 samples 
collected from this depth interval of the SFBA. Comparing the ARARs to the average values for percent 
greater than 0.75 inches, percent passing the No. 200 sieve, and percent soil particles less than 0.002 
mm, the materials appear to comply with the grain size requirements except for the percent of soil 
particles less than 0.002 mm in diameter. No samples tested had any particles greater than 2 inches in 
diameter, which complies with the ARARs requirement of no particles greater than 2 inches in diameter. 

As reported in Table 5-3, the average natural moisture content for the soil for this interval is 20 percent 
by weight. The average OMC as determined by Standard Proctor compaction test (ASTM D 698) is 14 
percent by weight. Assuming that specifications will require the borrow materials for the cap and liner 
of the OSDF are placed at 2 to 4 percent above OMC, the moisture content of the excavated SFBA 
(natural moisture content) soils may need to be lowered before they are placed in the liner or cap of the 
OSDF if no drying occurs during excavation, hauling, and stockpiling. 

The average activity and plasticity index of the soil from 5.0 to 12.0 feet are 0.6 and 11 percent. 
According to Holtz and Kovacs (1981), these values suggest that the soils have a low swell potential (less 
than 5 percent). 

As summarized in Table 4-19, 10 permeability tests were performed on remolded soil samples. from this 
depth interval. The tested samples were remolded to 97 percent of the maximum dry density and +4 

percent of the optimum moisture content as determined by Standard Proctor compaction test. The 
average of the 12 samples tested for permeability was 7.4 x 10' cdsec  using a 5 psi effective confining 
pressure. 

5-19 6/11/96, 1:Uprn ev. No.: 0 :I80oloe3 



. .  
- Comoarison of the Two SFBA DeDth Intervals 

In general, the o to 5.0 feet interval samples are finer grained than the 5.0 to 12.0 feet interval samples. 
On average, the 0 to 5.0 feet interval samples contain approximately 10 percent more clay (minus 0.002 
mm material) than the 5.0 to 12.0 feet samples. All the samples in the 0 to 5.0 feet interval classified 
as lean clays or fat clays with varying amounts of sand according to the USCS, while two of the samples 
in the 5.0 to 12.0 feet interval classified as either silty sand or silt. The remaining samples from the 5.0 
to 12.0 feet interval classified as silty clay or lean clay with varying amounts of sand. Between 12.0 and 
15.0 feet, approximately half of the SFBA soil samples classified as silty sands. 

Overall, the liquid limit and plasticity index results for the 0 to 5.0 feet interval are higher than the 
reported values for the 5.0 to 12.0 feet interval. The plastic limit values reported are similar between 
the 0 to 5.0 and 5.0 to. 12.0 feet intervals. As a result of the higher plasticity indices and clay contents, 
the activity values of the 0 to 5.0 feet samples were higher than the 5.0 to 12.0 feet samples. The higher 
activity values indicate that there may be increased possibility of swell in 0 to 5.0 feet interval soils once 
recompacted. 

The SFBA depth intervals both have in situ moisture contents that are approximately 6 percent by weight 
greater than the optimum moisture content determined by Standard Proctor compaction test. As a result, 
both the 0 to 5.0 feet interval and the 5.0 to 12.0 feet interval would need to be dried between 2 and 4 
percent by weight to achieve a goal of 2 to 4 percent above optimum moisture content in the liner and 
cap of the OSDF. if the SFBA soils are to be used for compacted hydraulic barriers, the acceptable 
compaction moisture content range will have to be determined for the SFBA materials through 
determination of the APZ. To determine the APZ, additional permeability tests should be performed on 
recompacted samples from the SFBA at varying density and moisture contents, similar to the permeability 
tests performed on the EFBA soil samples. 

All of the clay samples in the SFBA meet the ARARs requirement for permeability when the samples are 
confined at 5 psi, compacted to 97 percent maximum dry density (Standard Proctor), and compacted at 
approximately 4 percent above optimum moisture content as determined by Standard Proctor compaction 
test. Two samples in the 5.0 to 12.0 feet interval had measured permeabilities above the ARARs 
requirement of 1 x 10' cdsec; these samples classified as sandy silt (ML) and siltyclay (CL-ML) 
according to USCS. 

Additional Geotechnical Properties in the SFBA 

Currently results from one consolidation test are available on a remolded sample from the SFBA. The 
sample was remolded at 85 percent of maximum dry density at or near OMC as determined by Standard 
Proctor compaction test. Borrow materials for the OSDF cap, liner, and berms will be compacted to at 
least 95 percent of maximum dry density as determined by Standard Proctor. As a result, additional 
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consolidation data should be collected on recompacted SFBA soils similar to the compaction conditions 
expected in the construction of the OSDF to accurately estimate settlement if the SFBA soils will be used 
in construction of the OSDF. Table 4-9 summarizes the results of the available consolidation data in the 
SFBA. 

If borrow soils from the SFBA are used for construction of the OSDF, shear testing should be performed 
on recompacted SFBA soils that simulate the expected compaction requirements in the OSDF. Tables 
4-12 and 4-13 summarize the available shear strength data on remolded SFBA soils. 

Another concern when recompacting soils is the workability of the soils during compaction. According 
to H o b  and Kovacs (1981), the workability of soils can be estimated using the USCS symbol of the soil. 
The majority of the fine-grained SFBA soils tested were classified as CL soils (lean clays), and the 
remaining soils classified mainly as CH soils (fat clays). In general lean clays exhibit good to poor 
workability characteristics where the workability is expected to become worse as the moisture content 
rises above optimum moisture content. As a result, the soils used for general fill (berms and reclamation 
of waste unit areas) compacted near optimum moisture content as determined by Standard Proctor 
compaction test should be fairly easier to work with than soils used in select fill (caps and liners) where 
the moisture content will be higher than the optimum moisture content. Usually CH soils are considered 
to have poor workability. Due to their high plasticity and clay contents, they tend to stick badly to 
equipment when wet, and make compaction and hauling difficult when wet. If the CH soils were kept 
dry of, or near, OMC for general use the workability of the soils may be better than if the soils were wet 
in the case of select fill. 

5.1.4 Recommendations 

This subsection presents a summary of relevant findings and recommendations for use of the EFBA and 
SFBA materials based on the evaluations and analyses presented in Subsections 5.1.2 and 5.1.3. 
Consideration is given to the ARAB presented in Table 5-1 and standard engineering practice for the 
design and construction of landfills. 

East Field Borrow Area 

The brown till in the upper 15 feet (excluding topsoil) of the EFBA is expected to perform well in 
recompacted soil liner applications. Although not all of the samples meet the ARARs relating to grain 
size, the required hydraulic conductivity of 1 x lo' cdsec  can readily be met if the soils are properly 
compacted. Consistent with Table 5-1 and the Draft Test Pad Work Plan (Geosyntec 1996), it is 
permissible to forgo the grain size ARARs if it is demonstrated that the materials used for the 
recompacted soil liner can consistently be placed with a maximum permeability of 1 x l o 7  cdsec.  Based 
on the results of the compaction testing and the laboratory permeability testing of compacted samples, 
the brown till from the upper 10 feet of the EFBA (excluding topsoil) are expected to have permeabilities 
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less than 1 x lo7 cdsec if they are compacted in the band rangag from a minimum of 97 percent MDD 
at 2 percent to 4 percent over OMC to a minimum of 95 percent MDD at 4 percent over OMC. The 
only brown till clay samples from the EFBA that were measured to have laboratory permeabilities less 
than the ARAR of 1 x lo7 cdsec  were compacted at approximately MDD at OMC. 

Because of particles with dimensions greater than 2 inches encountered at the EFBA, some field she 
control may be required prior to soil placement. As described previously, a minimal number of brown 
till samples collected from the EFBA were measured to have particles greater than 2 inches though the 
sampling methods were not conducive to collection of particles of this size. The degree of field size 
control that will be required will be determined during excavation for construction of the test pad. It 
should be noted that a relatively small amount of oversize particles should not impact the overall 
hydraulic conductivity of the compacted soils if care is taken during placement to ensure that segregation 
of the oversize particles is- minimized (Shelley and Daniel 1993). This conclusion can be confirmed 
during large-scale field testing of the Test Pad. 

As described in Subsection 5.1.2, the materials at the EFBA tend to have an increasing percentage of 
coarse-grained particles with depth. The primary functional impact of this difference in soil type (Le., 
grading downward from lean clay and lean clay with sand to sandy lean clay) is to cause variations in 
the compaction properties. In general, the maximum dry density increases and the optimum moisture 
content decreases with increasing percentage of coarse-grained particles. Because of this variability, it 
is recommended that Proctor curves and APZs be developed for the materials from approximately 0 feet 
to 5 feet, and below 5 feet. This can be done in conjunction with construction of the Test Pad. These 
Apzs  can be used to confinn whether a single APZ is appropriate for the brown till. Proctor compaction 
testing will be required during Test Pad construction to verify which of the APZs is appropriate for 
comparison. It is also recommended that large-scale, field hydraulic conductivity testing be performed 
during Test Pad construction to allow for correlation with laboratory testing results. These 
recommendations are consistent with the Draft Test Pad Work Plan (Geosyntec 1996). In addition, 
though the hydraulic conductivity differences at varying confining pressures are minimal, it is 
recommended that laboratory hydraulic conductivity testing model effective pressures in the field as 
closely as practical. 

As presented on Table 5-2, the average moisture content of the brown till at the EFBA is approximately 
18 percent. This compares with the average OMC of the EFBA soils determined from compaction testing 
(Le., 16 percent), indicating that brown till excavated from the EFBA are within the range.of desired 
water contents for placement of compacted clay liners (i.e., 2 percent to 4 percent above OMC). This 
conclusion is illustrated in Figure 5-8, which shows moisture content versus depth for the EFBA in 
addition to the measured OMC versus depth. The actual quantity of water that will need to be added will 
be determined during construction based on field moisture content analyses and compaction testing. 
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Based on results of shear strength testing k d  slope stabilih analyses performed for the Geotechnical 
Investigation Report for PO-140 (PARSONS 1995b), problems with respect to slope stability are not 
expected for brown till of the EFBA that is compacted to at least 95 percent of the maximum dry density. 
Although the shear strength testing mentioned above was performed on soil samples collected from below 
the proposed footprint of the on-site disposal facility, the brown till from the EFBA is expected to behave 
similarly. Results of unconsolidated undrained tests performed for this report show significant strength 
increases for samples remolded to 90 percent of the maximum dry density as compared to those remolded 
to 85 percent of the maximum dry density. Consideration should be given to performance of additional 
strength tests on brown till samples collected from the EFBA remolded to conditions anticipated for use 
in applications which are specified at less than 95 percent MDD (e.g., general backfill). 

Based on results of index testing of the brown till from the EFBA and conclusions made in Holtz and 
Kovacs (1981), swelling is not expected to be a problem for the compacted soils from the EFBA. 

In summary, the brown till of the EFBA is considered good material for recompacted soil liner 
applications. As shown in the laboratory, brown till materials to about 10 feet bgs (excluding topsoil) 
can be compacted to obtain permeabilities of less than 1 x lo' cdsec.  Because of variations in soil type 
that generally appear to be a function of depth, it is recommended that separation of the top 5 feet and 
the interval from 5 to 15 feet be performed. Some limited field size control of oversize particles (greater 
than 2 inches) may be required for all the soils in addition to separation of organic materials from the 
upper interval. The two soil intervals will require separate compaction and index testing to determine 
the appropriate placement specifications. In general, it is expected that the brown till is within the desired 
range of the water contents for placement of compacted soil liners (i.e., 2 percent to 4 percent above 
OMC). The brown till of the EFBA are expected to behave adequately with respect to slope stability. 
Field shear strength testing should be considered during the test pad program to verify final design 
configurations using measured strength values for typical soils to be used in construction. 

South Field Borrow Area 

Soils from the SFBA are suggested for use primarily as general fill. Enough information is known about 
the SFBA soils, and their properties are such that they would be adequate for use in the waste unit 
reclamation or for use in berm material in the OSDF. If the SFBA soils are used in berm construction 
of the OSDF, additional consolidation and shear testing should be performed to estimate settlements and 
estimate factors of safety against general slope failure. 

Clay soils from the SFBA could be used as select fill material if shown acceptable based on additional 
testing of the soils. Additional testing would mainly consist of permeability tests performed on the SFBA 
soils to determine permeability characteristics as a function of density and moisture content. In addition, 
shear testing would be needed to determine boundaries of the APZ for the SFBA. If the SFBA soils are 
used as select material, the depth interval from 0 to approximately 7 or 8 feet bgs appears to be the better 
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suited candidate material than soils found deeper. In general, below 7 to 8 feet the soils in the SFBA 
become more sandy and begin to alternate between clayey till, and sand and silt seams. The presence 
of the sand and silt in the borrow materials would begin to not satisfy the ARARs grain size requirements 
and permeability requirements. 

If SFBA soils are to be used as select fill in the OSDF (cap and liner), the moisture content of the SFBA 
soils upon excavation may need to be reduced. Figure 5-9 shows that the natural moisture content is 
higher than the OMC determined for soil samples at similar depths. In addition, the average natural 
moisture content in the SFBA is approximately 6 percent by weight higher than the corresponding average 
OMC . 

Finally, the top 1 to 2 feet of the SFBA soils will have to be separated from the soils used for structural 
fill due to organic matter in the soil such as roots, grass, etc. The top 1 to 2 feet of soil from the SFBA 
can be stockpiled and used for topsoil once reclamation of the OU-2 waste units and borrow areas is 
complete. 

5.2 Slope Stability Analyses 

Stability of temporary slopes at the EFBA was investigated. The stability of temporary slopes at the 
SFBA was also investigated. The results of stability analyses for the type of soil materials found in the 
SFBA are presented in Fly Ash Files and South Field Waste Units Geotechnical Report (PARSONS 1996). 
The following subsections describe the methodology, cross-sections, software, and results of the EFBA 
slope stability analyses. 

5.2.1 Methodoloay 

Using cross-sections developed for the slope stability analyses from geotechnical test borings from 
Technical Report5 IA Engineering Evaluation Report for On-Site Disposal @OE 1993); On-Site Disposal 
Cell Pre-Design Acn'vities Engineering Report (PARSONS 1994a); and borings performed during the On- 
Site Clay Borrow Areas geotechnical investigation, PO-154, possible temporary slope scenarios that may 
arise during excavation of the EFBA were evaluated. Figure 5-10 shows the location of two cross- 
sections used for the stability analyses. Figures 5-1 1 and 5-12 show the cross-sections. Slopes varying 
from lH/ lV to 1.5H/lV were investigated for slope stability against failure. The slopes extended from 
the approximate final grade of the proposed excavation to the existing ground surface at the location 
where the excavation height was a maximum. The height of slope analyzed is 8 feet for cross-section 
X-X' and 14 feet for cross-section Y-Y'. The investigated slopes are represented by a straight line having 
slopes of either 1H/lV or l S H / l V  extending from the approximate proposed excavation finish grade to 
the existing ground surface. During actual excavation, the heights of the slopes that were investigated 
for these analyses will probably never be attained, but the heights were investigated to present a worst 
case scenario. 
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According to Bishop and Bjerrum (1960), temporary c ~ ’ s l o p e s  should be analyzed using the 4=0 
analysis. Therefore, the undrained cohesion (cJ values from PARSONS 1995b and PO-154 were used 
for the shear strength parameters of the brown and gray tills. Using the PARSONS 1995b data assumes 
that the shear strength properties of the soils in the OSDF area are similar to those of the soils in the 
EFBA. The undrained shear strength values for SC-SM soils from DOE 1993 were used for the sand 
lenses within the glacial till strata. The GMA shear strength values were assumed equal to values used 
in the slope stability analysis reported in PARSONS 199%. Table 5-4 summarizes the shear strength 
parameters used for temporary slope analyses in the EFBA. 

Soil Stratum Moist Unit Saturated Unit 
Weight (pcf) Weight (pcf‘) 

Brown Till 132.0 136.0 

Gray Till 140.0 144.0 

Sand Lenses 146.3 148.0 

GMA 140.0 149.0 

For the purpose of the stability analysis, saturated soils were assumed at 5 feet below the existing ground 
surface to conservatively simulate perched water zones that may be encountered in the brown and gray 
till. It was assumed that the soils are saturated at the ground surface at the toe of the investigated 
temporary slopes. 

Undrained Undrained 
Cohesion, c, Internal 

(Psf) Friction, 4, (”) 

513 0.0 

1700 0.0 

300 21.0 

0 33 .O 

The proposed gradually sloping final grades at the reclaimed EFBA (approximately 3H: 1V maximum) 
were assumed to be less than the temporary slopes analyzed and, as such, were not investigated. 

Table 5 4  - Soil Property Values Used in Analyses of EFBA Temporary Slopes 

5.2.2 Cross-sections 

Two cross-sections were used for the slope stability analyses. The first cross-section (X-X’) was 
developed using geotechnical test borings from PARSONS 1994a. Cross-section X-X’ shown in Figure 
5-11 is idealized. From boring logs the cross-section intercepts a clayey-silty sand seam of thickness 
varying to 5 feet between elevation 570 and 577 feet. The clayey-silty sand zone thins to the northwest 
and southeast; pinching out between borings G2-201 and 203, and at Boring G2-208. An approximation 
of this sand zone was included in the soil profile analyzed. The final grade of the proposed excavation 
is not expected to intercept the clayey-silty sand seam since it pinches out before reaching the lowest point 
of the proposed excavation. To evaluate a greater height of slope, a second cross-section (Y-Y’) was 
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developed further to the south of X-X’ using geotechnical test borings from the PO-154 investigation 
(PARSONS 1994a and DOE 1993). Idealized cross-section Y-Y’ that was evaluated is typically more 
representative of the stratigraphy of the entire EFBA. In general the EFBA consists of the GMA overlain 
by glacial till deposits consisting of a gray till overlain by a brown till. Isolated and sporadic clayey or 
silty sand and silt lenses are located across the EFBA. Based on boring logs, a 1-foot-thick clayey, silty 
sand lens at elevation 563 was included in the soil profile which was analyzed. 

CrosslSection A-A’ (H = 8 ft) 

Slope 1WlV 1.5H/lV 

Factor of Safety 3.04 3.06 

5.2.3 Software 

B-B’(H = 14ft) 

1WlV 1.5H/lV. 

1.99 2.09 

The analyses were performed using the XSTABL slope stability computer model, developed by Interactive 
Software Designs, Inc.; Moscow, Idaho. This model performs two-dimensional equilibrium analyses and 
incorporates a random surface generator ,used for searching out the critical failure surface for a given 
slope. All analyses performed assumed static conditions and utilized the Bishop’s Simplified Method of 
determining slope stability. 

5.2.4 Results and Recommendations 

Table 5-5 s u m m a r k  the results of the slope stability analyses. Since the slopes are temporary 
construction slopes, Factors of Safety (FOS) against slope failure greater than 1.2, the investigated 
temporary construction slopes are considered safe. According to the performed analyses, maximum 
slopes of lH/lV should be safe throughout the entire EFBA. In the event saturated sand seams are 
encountered, flatter slopes may be necessary to prohibit sloughing of the sand seams along the excavated 
slope faces. In addition, sumps and pumps may be necessary to remove water from the excavations. 

The results of the slope stability analysis have FOS values above the recommended value of 1.2, and are 
consistent with Occupational Safety and Health Administration (OSHA) regulations for excavations. 
OSHA limits clayey soil slopes under 20 feet in height to a maximum slope of lH/lV. OSHA also limits 
slopes in submerged soils where water is freely draining to 1.5H/lV for heights under 20 feet. 

Table 5-5 - Results of Slope Stability Analyses 

Note: H = Height of Slope 

QO%b%%7 
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5.3 Geotechnical Monitoring and Testing 

Based on the evaluations and analyses presented in Subsection 5.1, the geotechnical monitoring and 
testing to be performed during construction of the OSDF should be relatively straigh~orward. In general, 
it is recommended that geotechnical monitoring and testing procedures follow those outlined in the 
technical guidance document entitled "Quality Assurance and Quality Control for Waste Containment 
Facilities" (US EPA 1993). 

5.4 Site Restoration 

The site restoration activities recommended for implementation following excavation of borrow areas 
include uniform grading to minimize erosion due to runoff and reestablishment of native vegetation. 
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APPENDIX A 

BORING COORDINATES AND ELEVATIONS 
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PO 154 Test Boring Locations In The EFBA and SFBA 

On-Site 
Location 

EFBA 
EFBA 
EFBA 

c+ La. - 3 5 6  

Boring Northing Easting Northing Easting Surface Depth 
ldentificatior (NAD 27) (NAD 27) (NAD 83) (NAD 83) Elevation (feet) 
62-148 477159 1382363 477188 1350894 595.5 16.5 
62-149 478000 1382258 478030 1350789 585.8 16.5 
62-150 476941 1382505 476970 1351 037 600.8 19.0 
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PO 154 Shallow Boring Locations In The EFBA and SFBA 
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APPENDIX B 

GEOTECHNICAL TEST BORING FIELD LOGS AND 
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Project No: PO1 54 

Boring No. G2-148 

Coordinates: N 477.159 E 1,382,363 Geologist: R. Nicks 

GWLIDATE: Ground Surface Elevation: 594.54 feet AMSL 

Date Completed: 9/22/95 

Paae 1 of 1 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Mobile 6-61 HSA Date Started: 9/22/95 
I 

Sample Semple Sample 
No. Depth TYPO 

( f t )  

410571 2.5 - 4.0 ss 
410572 5.0 - 6.5 ss 

410573 7.5 - 9.5 D 

470574 10.0 - 12.0 ss 

410675 12.5 - 14.0 ss 

410578 15.0 - 16.5 ss 

Blows per 6" Recovery 
(in) 

4, 4, 6 15 

6. 10, 14 16 

NA 24 

11,  22, 26, 32 0 

10, 10, 15 14 

7, 16, 16 17 

Notes: Samples collected per ASTM D 1586 and 
Penetration Resistance Value. Screening readings 
classification per ASTM D 2487. Soil descriptionc 

SS = Split-Sp 

Depth 
(ft) 1 Description 

[USCS Symboll. 

~~~~ ~ 

trace of sand, yellowish 
brown, very stiff, moist, CL 

Trace of gravel. Mottle graybrown, at 
1 1  feet I 

I 
I 

Sandy lean clay, dark gray, very stiff, 
moist, trace of gravel, (CL) 

16.5 Final Boring Depth 

USCS symbols in parentheses 
indicate visual clessification. 

Laboratory Tests 

MC 

MC, GS, AL 

MC, GS, AL, CU 

MC 

MC. GS, AL 
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Project No: PO1 54 Project Title: Geotechnical Investigation Borrow Areas 

Boring No. G2-149 Drilling Method: Mobile 6-61 HSA Date Started: 9/21 195 

Coordinates: N, 478,000 E 1,382,258 Geologist: R. Nicks Date Completed: 9/22/95 

Ground Surface Elevation: 585.80 ft. AMSL GWLIDATE: Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munssll Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classificetion Der ASTM D 2487. Soil d ~ ~ i D t i O n 6  interpreted from field logs and laboratow resulte. Coordinates are based on NAD 1927. 

Description 
[USCS Svmbol]+ 

Sample 1 No. 
Sample 
Depth 

(ft) 

Sandy lean clay with sand, yellowish 
brown, very stiff, moist, CL 

Trace of Gravel to 1\4 inch 
Color varies from olive brown to a gray 
at 12.5 feet 

Sand layer at 16 feet, wet 

410521 

41 0522 

410523 

41 0524 

41 0527 

410525 

41 0528 

2.5 - 4.0 

5.0 - 5.5 

7.5 - 9.0 

10.0 - 12.0 

11.5- 16.5 

12.5 - 14.0 

15.0 - 16.5 

16.5 Final Boring Depth 

+ USCS symbole in parentheses 
indicate visual classification. 

Shelbv Tube Sample 

Sample Blows per 6" 
TYPe 1 
ss 
ss 
ss 
ss 
B 

ss 
ss 

6, 9, 13 

8, 8, 16 

7, 11, 18 

7, 13, 17, 20 

NA 

6, 10, 16 

9, 19, 20 

Recovery Laboratory Tests 
(in) 

18 

18 

15 

23 

60 

10 

18 

MC, AI. 

MC 

MC, GS, AL 

MC 

P,,, P, MC, GS, AL, 
UUr 90, SP 

MC, GS, AL 

MC, AL 



r 

I 

L 



Project No: PO1 54 

Boring No. G2-150 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Mobile E61 HSA I Date Started: 9/6/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units ebove background levele. Soils visual description per ASTM D 2488 end Soil 
classificetion per ASTM D 2487. Soil descriptions interpreted from field logs end leboratory results. Coordinates are based on NAD 1927. 

SS = Solit-SDoon SemDle ST = Shelbv Tube Samole 

Coordinates: N 476,941 E 1,382,505 

Ground Surface Elevation: 600.78 feet AMSL 

Depth 
(ft) I 

Geologist: R. Nicks Date Completed: 9/7/95 

GWLIDATE: Pam 1 of 1 

Description , Sample 
[USCS Symbol]* 1 No. 

Lean clay, yellowish brown, stiff, 410251 

Lean clay, dark yellowish brown, very 
stiff, moist, (ML) 

5 I Lean clav, vellowish brown I 410252 

Fine to medium sand, dense, wet, (SP) 

Sandy lean clay, brown, hard, trace 
gravel to 1/4 inch, CL 

Turne grey at 14 feet 

410253 

15 final Boring Depth 

Semple Sample Blows per 6" Recovery Laboretory Tests 
Depth I Type 1 I (in) I 

( f t )  

2.5-4.0 4. 6, 6 MC, GS, AL 

5.0- 8.5 I SS I 4, 19, 12 I 14 I MC 

7.5-9.0 8, 12, 16 MC. GS. SG. AL 

USCS symbols in parentheses 
indicate visuel classification. 
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Project No: PO1 54 Project Title: Geotechnical Investigation Borrow Areas 

Borina No. G2-150A Drilling Method: Mobile 6-61 HSA Date Started: 9/7/95 

Coordinates: N 476,938 E 1,382,507 Geologist: R. Nicks Date Completed: 

Ground Surface Elevation: 600.92 feet AMSL GWLIDATE: Page 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

SS = Solit-Si ;T = Shelby 

Sample 
Depth 
(ft) 

10.0-1 2.0 

13.0-15.0 

15.0-17.0 

17.5-1 9.0 

'ube Sam1 

Sample 
TVpe 

- , D = Denison 5 

Blows per 6" 

)n Sample 

Sample 
No. 

- nple 

Recovery 
(in) 

15 

24  

14  

18 

Depth Description 
[USCS Symbol]+ 

Laboratory Tests 

- 
41 0254 

41 0255 

410256 

41 0257 

- 
ST 

D 

D 

ss 

Sandy lean clay with gravel, dark 
greenish gray, hard, moist. gravel to 1 
inch, CL 

Gray, stiff, wet at 1 4  feet 

NA 

NA 

NA 

MC, GS, AL 

MC, GS, AL 

MC, GS, AL, UU 

MC, GS, AL 

MC 

Gray,very stiff, wet at 16  feat 

S i b ,  clavev sand with gravel, SC-SM 10, 19, 22 

41 0258 20.0-21.5 ss 17 Lean clay with sand, greenish gray, 
stiff, moist, trace gravel to 112 inch, 
(CL) 

Sandy lean clay, greenish gray, very 
stiff, moist, CL 

41 0259 23.5-25.0 ss 3, 21, 16  18 MC, GS, AL 

Sand with gravel to 112 inch, greenish 
gray, medium dense to dense, wet, 
(SW 

Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 





Project No: PO1 54 

Boring No. G2-151 

Coordinates: N 476,883 E 138,2114 

Ground Surface Elevation: 596.50 feet AMSL 1 GWLIDATE: 

Project Title: Geotechnical lnveetigation Borrow Areee 

Drilling Method: Mobile 5 6 1  HSA Date Sterted: 9/1 1/95 

Geologist: R .  Nicks Date Completed: 911 2/95 

I Peae 1 of 1 

~ Blows per 6" 

I Notes: Samples collected per ASTM 0 1586 end ASTM 0 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetretion Resistance Value. Screening reedings are in unite above background levels. Soils visual description par ASTM D 2488 and soil 

coordinates are based on NAD 1927. classif,ication per ASTM D 2487. Soil deecriptione interpreted from field logs and laboratory reeults. . ,  
SS = Split-Spoon Sample, ST = Shelby Tube Sample, D = Denison Sample 

I 
, Recovery 
~ (in) 

Depth 
(ft) 

- 
0 

5 

6.5 

Description 
, [USCS Symboll. 

Lean clay, light olive brown, very stiff, 

Silty, clayey sand, dark yellowish 
brown, medium dense, wet, SC-SM 

Lean clay with sand end gravel to 1 
inch, olive brown, very stiff to hard, 
moist, CL 

moist, (CL) 

Sample Semple Sample 
No. Depth TYPe 

cft, 

410264 2.5-4.0 ss 

410265 5.0-6.5 ss 

410267 7.5-9.5 ST 

10 

12.5 

~~ ~ 

12, 15, 15 

Lean clay with send, dark greenish 410268 10.0-12.0 D NA 18 
gray, very etiff, moist, CL 

Sandy lean clay with trace sand, dark 410270 12.5-14 ss 5, 8, 10 18 

5. 8. 9 

NA 

14 

16 

8 

greenish gray, very stiff, moist, trace 
gravel to 1/4 inch, CL 410272 15.0-1 6.5 5, 9, 13 7 1 410273 1 18.5-20.0 I :: 1 4, 8, 11  1 14 

~~ 

20 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

:. . 

Laboratory Tests 

~ 

MC 

MC, GS, AL, 

MC, GS, AL 

Modal Dia., MC, GS, AL, 
Pr. 

MC 

MC, GS, AL 

MC 

._ .-. . . 
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Drilling Method: Mobile E61 HSA 

Geologist: R. Nicks 

G W D A T E :  

Date Started: 911 2195 

Date Completed: 9/12/95 

Page 1 of 1 

ss 
B 

ss 
ST 

B 

ss 

3, 10, 14 

NA 

5. 10, 12 

NA 

NA 

5, 10, 16 

s 2 _ _  . 
> -  roject . ''. N O  -PO154 Project Title: Geotechnical Investigation Borrow Areas 

Project No: PO1 54 

Boring No. G2-152 

Coordinates: N 477,297 E 1,382,082 

Ground Surface Elevation: 595.09 feet AMSL 

Notes: Samples collected per ASTM D 1586 end ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening readings ere in units above background levels, Soils visual description per ASTM D 2488 end soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

SS = Split- oon t 

Recovery 
(in) 

12 

NA 

- 
Sample 

No. 

- 
410276 

41 0278 

Depth 
(tt) 

Description 
[USCS Symbol]. 

Sample 
Depth 

(ft) 

Laboratory Tests 

2.5 - 4.0 

2.0 - 6.0 

MC, AL, GS 

Modal Die. 

MC 

MC. AL 

Modal Die. 

MC 

Lean clay with send, light olive brown, 
hard, moist, trace gravel to 114 inch, 
CL, localized very stiff layers to 1 inch 

Lean clay with send, light olive brown, 
very stiff, moist, trace of gravel to 114 
inch, (CL) 

41 0277 

41 0279 

41 0280 

410281 

- 

41 0282 
41 0283 

5.0 - 6.5 

7.0 - 9.0 

6.0 - 10.8 

10.0 - 11.5 

18 

14 

NA 

18 

27 
NA 

9.5 Sandy lean clay, olive brown, very 
stiff, moist to wet, trace gravel to 114 
inch (CL) 

Silty, clayey send with gravel et 13.5, I SC-SM 
12.5- 14.5 I I NA 10.0 - 14.0 NA 

MC, GS, SG. AL, cu 

13.5 

- 
18.5 

- 
20.0 

Clay, dark greenish grey, very stiff, 
moist, trace gravel to 2 inches, (CHI . 

41 0284 15.0 - 16.5 14 Modal Dia. 

MC 

MC, GS, AL 18.5 - 20.0 15 Sandy lean clay, dark greenish grey, 
very stiff, wet, trace gravel to 1/4 
inch, CL Gravelly sand, dense, wet, 
(SW at 18.5 - 19.0 

Anal Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 
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Boring No. G2-153 Drilling Method: Mobile E61 HSA Date Started: 9/13/95 

Coordinates: N 477,700 E 1,382,595 Geologist: R. Nicks Date Completed: 911 3/95 

Ground Surface Elevation: 603.19 feet AMSL 

Notes: Samples collected per ASTM D 1586 end ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening reedings ere in unite above background levele. Soils visual description per ASTM D 2488 and soil 

GWLIDATE: Dry Page 1 of 1 

10 

classification per ASTM D 2487. Soil descriptione interpreted from field logs end leboret 
SS = Split-Spoon Sample, ST .a' Shelby Tuba Sam 

inch, (CL) 410290 

Sandy lean clay, stiff to very stiff, 410291 
moist, and trace gravel to 1 inch, dark 
greenish grey trace gravel to 114 inch, 410292 

410293 CL 

410294 

Description Sample I [USCS Symbol]* 1 No. 
Depth 
(e) 

6.0 - 10.0 
10.0 - 10.5 
12.5 - 14.0 
10.0 - 14.0 
15.0 - 16.5 

very stiff, moist, (CL) 

stiff, moist, CL 
410289 

B 

ss 
ss 
B 

ss 
17 Sandy lean clay, dark greenish grey, 

very stiff, moiet, gravel to 112 inch, CL 
410295 

+ USCS symbols in parentheses 
indicate visual classificetion. 

Depth 
(ft) 

18.0 - 20.0 2 

I results. Coordinates ere based on NAD 1927. 
P, B Bulk Sample 

(in) 

7, 13, 17 

NA 

4, 5. 7 

NA . 

NA 

4, 10. 20 

6, 13, 14 

NA 

8.9, 10 

NA 

1 1  

22 

23 

NA 

NA 

ss 
13 

NA 

18 

20 

Laboratory Tests 

MC 

MC, GS, AL, UU 

MC 

Model Die. 

Model Die. . 
MC, GS, AL 

MC 

Model Dia. 

MC, AL 

MC, GS, AL, UU 
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ioring No. G2-154 

:oordinetes: N 476,710 E 1,381,482 

;round Surface Elevation: 577.00 feet AMSL 

'roiect No: PO1 54 I Project Title: Geotechnical Investiaetion Borrow Areae 

Drilling Method: Mobile B-61 HSA Date Started: 9/12/95 

Geologist: K. Ernst Date Completed: 911 u 9 5  

GWUDATE: Dry Page 1 of 1 

I I 

dotes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standerd 
'enetration Resistance Value. Screening readings are in units above background levels. Soile visuel description per ASTM 0 2488 end soil 
:lassificetion per ASTM D 2487. Soil descriptions interpreted from field loge end laboratory resulta. Coordinater are b a e d  on NAD 1927. 

SS = Split-Spoon Sample ST P Shelby Tube Sample 

Deecription 
IUSCS Symbol]* 

Semple Semple Semple Blows per 6" Recovery I No. I D g h  I Type I I (in) 

Clay cuttings, brown 

Lean clay with sand, yellowish brown, 4101 68 2.5 - 4.0 ss 6. 7. 8 10 
very stiff, moist, nonplastic, trace fine 
gravel to 114 inch, fine to coerse sand, 
(CL) 

~~~~ ~~ 

Lean clay with sand, light yellowish 
brown, stiff t o  very stiff, trace bleck 
organic nodules, trace fine gravel 118 
t o  114 inches, low plasticity, moist, 
sand is fine to medium, (CL) 

Lean clay with sand, light yellowish 
brown, hard, moist, trace fine to 
coarse gravel 118 to 618 inch, sand is 
fine to coaree, (CL) 

Sandy lean clay, very atiff, brown to 
greenish gray, trace gravel 118 to 518 
inch, CL 

410169 

410170 

410171 

I 
~ 

' 6.0 - 6.6 

7.5 - 9.0 

10.0 - 12.0 

Final Boring Depth 

USCS symbols in parentheses 

~~~ 

Laboratory Teats 

MC, AL 

MC 

MC, AL, UU 

MC. GS, AL 
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Project No: PO1 54 

Boring No. G2-155 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Mobile 8-61 HSA Dete Started: 9/1t195 

Coordinates: N 477,348 E 1,381,591 I Geologist: J. Eriavec I Date Completed: 9/12/95 

Depth 
(ft) 

0 

2.5 

Ground Surface Elevation: 582.85 feet AMSL I GWLIDATE: Ow I Paae I of 1 

Description Sample Semple Sample Blows par 6' 
[USCS Symbol] No. Depth TYPE 

(ft) 

Clay topsoil . 

Lean clay with sand, light olive brown, 410173 2.5 - 4.0 ss 4, 5. 8 
very stiff to hard, moiet, low to 
medium plasticity, trace gravel, (CL) 410174 5.0 - 6.5 ss 9, 10, 14 

Notes: Samples collected per ASTM 0 1586 and ASTM 0 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Velue. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification Der ASTM D 2487. Soil descriptione interpreted from field logs and laboretory results. Coordinntss are k e d  on NAD 1927. 

SS = Split-Spoon Sample ST Shelbv Tube Sample 

10 

______ _____ ~ ~ ~- ~ ~ 

Sandy lean clay greenish gray, very 410177 10.0 - 11.5 ss 7. 10, 19 
hard, l ow  plasticity, wet to moist, 
soma gravel, CL 410178 12.5 - 14.0 ss 4, 8, 11 

410179 14.5 - 16.0 ss 5, 8, 16 

Sandy lean clay with fine to coarse I 410175 I 7.5-9.0 I ST I 
gravel, light olive brown, medium 

7-5 I ulasticitv, stiff.to hard, moist. CL 

NA 

USCS symbols in parentheses 
indicate visual classification. 

Recovery Laboratory Tests 

MC, AL I 
22 I MC, GS, AL, UU 

MC. AL I: 1 MC 

MC, GS, AL 
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'roject No: PO154 

loring No. G2-158 

2oordinetes: N 478,189 E 1,379,726 

hound Surface Elevation: 576.76 AMSL 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Mobile 5 6 1  HSA Date Started: 9/7/95 

Geologist: K. Ernst Date Completed: 9/7/95 

GWLIDATE: 17.2 BGS Page 1 of 1 

SE 

Sample 
No. 

410128 

h p t h  
(ft) I Sample Sample Blows per 6" Recovery Laboratory Tests 

Depth TVpe (in) 
(ft) 

2.5 - 4.0 ss 4, 5, 5 12 MC 

Description 
IUSCS Symbol]* 

'2.5 

I 

0 Clay Topsoil 
I I 

Lean clay, brown, stiff, moist, low 
plasticity, CL 

Light yellowish brown, very stiff, 
brownlgray at 9.2 feet 

Lean clay, greenish gray, very stiff, 
moist, low plasticity, CL 

Silty sand, brown, fine, moist, E M )  

Sandy lean clay, greenish gray, moist, 
low plasticity, (CL) 

Lean clay, greenish gray, low 
plasticity, very stiff, moist, (CL) 

Sandy lean clay with gravel, brown, 
gravel 318 inch to 1 I2 inch, moist, very 
stiff, low plesticity to greenish gray, 
CL 

10 

0.8 

,1.3 

2.5 

5.5 

0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

I., I > .e L .  c L .  _ .  . _ . . .  

89bOak53 

= Snlit-Snoon Semnle ST a Shelbv Tube Samnle 

410131 

410133 

7.5 - 9.5 ST NA 21 MC, GS, AL, CU 

10.0- 11.5 ss 4, 14, 11 17 MC, GS, AL 

410129 I 5.0 - 7.0 I ST I NA I 24 I MC,GS, AL, Pr 

~~~~~ ~~ 

410135 12.5 - 14.0 

410136 15.0- 16.5 

410137 18.5 - 20.0 

ss 4. 7, 15 15 MC 

ss 5. 8, 19 15 MC, GS, AL 

ss 4. 4, 12 19 MC 



'.. 



I P - W .  PO154 

BICingcJb. G2-157 

Cbordinetee: N 478,432 E 1,379,210 

GmuodcSurface Elevation: 574.78 feet AMSL 

Nbtess. Semplee collected per ASTM D 1588 end ASTM D 1587. Colore identified using Munsell Color Chart. Consistency based on Standard 
P@setrstion Resistance Value. Screening reedings are in unite above background levels. Soils visual description per ASTM D 2488 and soil 
cksaifib&n per ASTM D 2487. Soil descriptions interpreted from field logs end laboratory results. Coordinates are based on NAD 1927. 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Mobile 5 8 1  HSA Date Started: 9/7/95 

Geologist: J. Erjavec Date Completed: 9/7/95 

GWLIDATE: 17.76 BGS Page 1 of 1 

1 

SS 0 Split-Spoon Sample ST 
I- 

1 00 :clay topsoil 

Lean clay, light olive brown to light 
yellowish brown, trace gravel, very 
stiff, low plasticity, CL, moist t o  dry 

greenish gray 
, light olive brown slight organics 

1 2 S 5  Clay with sand snd silt, wet, very stiff 1 t o  herd, l ow  plasticity, (CL) 

Silt with aend, dark greenish gray, very 
wet, medium plasticity, very stiff, well, 

= Shelby 1 

'I 

1 8 s  Silty clay, greenieh gray, very soft with 
clay to  very herd, ICH), very wet, I medium t o  high pleeticity 

1933 !Send, (SW greenish grey, fine to  
i medium 

indicate visual classification. 

Depth 

410148 18.5 - 20.0 -+ 

Sample 
TYPO - 
ss 
ss 
ST 

ST 

ss 
~ 

ss 

ss 

IO Samalo 

Laboratory Tests 

MC 

MC, GS, AL 

MC, GS, AL, UU 

MC, GS, AL, Pr 

6, 8. 6 . MC, GS, AL 

3, 3. 7 +I MC 

- -  
.. . 
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Project No: PO1 54 

Boring No. G2-158 

Coordinates: N 478.837 E 1,378,993 
~~ 

11 Ground Surface Elevation: 575.53 feet AMSL I GWLIDATE: 17.5 feet BGS I Paaa 1 of 1 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Mobile 8-61 HSA Date Started: 9/11/95 

Geologist: J. Erjavec Date Completed: 911 1/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readinge are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classificetion per ASTM 0 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

SS 3 Split-Spoon Sample, ST =I Shelby Tube Semple, B = Bulk Sample 

1 Laboratory Tests 

~~ 

MC, GS, AL 

Modal Die. 

MC 

Modal Die. 

MC, GS, AL 

Modal Die. 

MC, GS, AL 

MC 

MC, GS, AL 

Recovery : (in) 

~ 12  

NA 

18 

11 

NA 

11 

NA 

Depth 
(h) 

0 

2.5 

7.5 

12.5 

15 

19 

11 

Description Sample Sample Sample Blows per 6" 
[USCS Symbol]* No. Depth TYPe 

(ft) 

Brown topsoil 

Fat clay, light olive brown, very stiff, 410147 2.5 - 4.0 ss 6. 6. 9 
moist, CH, high plasticity 

Lean clay, (CL) 

Lean clay, light olive brown, low 410149 7.5 - 9.5 ST NA 
plasticity, moist, CL 

410156 6.0 - 10.0 B NA 

410150 10.0 - 12.0 ST NA 

410157 10.0 - 14.0 B NA 

410155 2.0 - 4.0 B NA 

410148 5.0 - 6.5 ss 3. 4, 5 

Silty sand with gravel, brownish 410152 12.5 - 14.0 ss 22, 5015 
yellow, fine to medium sand, very 
dense, SM 

Silty clay with sand, greenish gray, 410153 15.0- 16.5 ss 6, 9, 11 
wet, very stiff to very hard, medium 
plasticity, trace gravel, (CL) 

Silty sand, wet, fine to medium send, 4101 5 4  18.5 - 20.0 ss 8. 9, 5 
S M  

1 4  

11 

20 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

wQpulL~'p 
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Project No: PO1 54 

Boring No. G2-159 

Coordinates: N 478,643 E 1,378,773 

Ground Surface Elevation: 570.88 feet AMSL I GWL/DATE: 14'. 10" BGS I Paae 1 of 1 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Mobile 8-61 HSA Date Started: 9/11/95 

Geologist: J. Erjavec Date Completed: S / I ? / S  

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units ebove background levels. Soils visual description per ASTM 0 2488 end soil 
clessification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Cootdinatas me based on NAD 1927. 

SS = Split-Spoon Sample ST = Shelby Tube Sample 

Depth 
(ft) 

0 

2.5 

5 

7.5 

10 

12.5 

15 

18.5 

20 

Description Semple Semple Sample Blows per 6" Recovsy Leboratory Tests 
[USCS Symboll. No. Depth Twe (in) 

(ft) 

Clay topsoil 

Sandy lean clay with sand, light olive 410158 2.5 - 4.0 ss 5, 6. 5 13 MC, GS, AL 
brown, stiff to hard, moist, low to 
medium plasticity, trace organice, CL 410165 2.0 - 4-0 B NA 24 Modal Die. 

Lean clay, light olive brown to olive 410159 5.0 - 6.5 ss 3. 2, 5 18 MC 
brown, trace send and gravel, medium 

to coarse gravel, moist, stiff. medium 410166 6.0 B NA 48 Modal Dia. 
plasticity, (CL) 

Silty sand, light olive brown to olive 410160 7.5 - 9.0 ss 8. 6, 5 17 MC, GS, AL 
brown, medium dense, moist, SM 

Silty send, light olive brown, moist to 4101 61 10.0 - 11.5 ss 10, 15, 12 14 MC 
wet, medium dense, E M )  

Silty sand with gravel, light olive 4101 62 12.5 - 14.0 ss 15, 14, 22 13 MC, GS, AL 
brown, fine to coerse gravel (1 12 inch), 
dense, wet, SM 

Sandy silt, gray, wet, very fine, trace 41 01 63 15.0 - 16.5 ss 7, 7. 9 15 MC 
gravel, clay brown at top of sample, 
stiff to very stiff, (ML) 

Sandy silty clay, very stiff, dark 410164 18.5 - 20.0 ss 14, 17, 28 18 MC, GS, AL 
greenish gray, some sand, moist to 
wet, hard to very hard, CL-ML 

410167 10.0 - 14.0 B NA 48 Modal Dia. 

USCS symbols in parentheses 
indicate visuel classification. 
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Project No: PO1 54 

Borina NO. G2-164 

%. - 

Project Title: Geotechnical Investigation OU2 Waste Units 

Drilling Method: Mobile 8-61 HSA Date Started: 09/13/95 

Ground Surface Elevation: 576.1 ft  above MSL 

Coordinates: N 478,055 E 1,379,337 Geologist: R. Nicks Date Completed: 0911 3/95 

GWLIDATE: Page 1 of J- 

Description 
[USCS Symbol]. 

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

1 to 2 inch thick silt layers, light 
brownish gray beginning at 5.0 feet 

Fat clay, gray, soft to medium stiff, 
moist to wet (CHI, with lean clay CL 
stringers below 10.0 feet 

Notas: Samples collected per USCS D 1586 and ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. 
SS = Snlit-sooon Samole ST = Shelbv Tube Samole 

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

(ft) 

410298 2.5 - 4.0 ss 6, 8, 13 10 MC 

410299 5.0 - 6.5 ss 5, 8. 9 15 MC, GS, AL 

410300 2.0 - 6.0 B NA NA Modal Dia. 

410301 7.5 - 9.0 ss 3. 4, 5. 21 MC 

410302 10.0 - 12.0 ST NA 27 MC, GS, AL, P, 

7.0 

Sandy silt, olive brown, medium dense, 
wet ML 

- 
12.7 

410303 6.0 - 10.0 B NA NA Modal Dia. 

410304 10.0 - 14.0 B NA NA Modal Die. 

410305 

410306 15.0 - 16.5 ss 3, 6, 12 16 MC 

16.0 

- 
17.5 

18.5 

- 

~~ 

Lean clay with sand and scattered 
gravel to 112 inch, gray, very stiff, wet 
(CL) 

Sandy silt, gray, dense, wet ML 410307 17.5 - 19.0 ss 

Sandy lean clay, gray, stiff, wet (CL) 410308 20.0 - 21.5 ss 

Scattered gravel to 1-1 12 inches in 

20.0 feet 

Sand with scattered gravel, dark 
yellowish brown, very dense, wet (SW 

diameter and becoming very stiff at 41 0309 22.5 - 24.0 ss 

23.8 

Final boring depth = 24.0 feet 

*Note: USCS Symbols in parentheses 
indicate visual classification 
Coordinates are NAD 1927 

5, 7, 10 

3, 20, 35 

5, 17, 29 

MC, GS, AL 

MC 

MC 
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Coordinates: N 477,895 E 1,379,603 Geologist: R. Nicks 

Ground Surface Elevation: 580.3 f t  above MSL GWL/DATE: Page 1 of _1, 

410327 

410328 

410329 

2.5 - 4.0 ss 

5.0 - 6.5 ss 

7.5 - 9.5 ST 

410330 

410331 

41 0332 

410333 

~~~ 

10.0- 11.5 ss 

12.5 - 13.0 ss 

15.0 - 16.5 ss 

17.5 - 19.0 ss 

410335 22.5 - 24.0 ss 

Project NO: PO1 54 I Project Titlei ' Geotachnical Investigation OU2 Waste Units 
I I 

Boring No. G2-167 I Drilling Method: Mobile B-61 HSA Date Started: 09/18/95 

Date Comoleted: 09/19/95 

le i t-moon SamDle ST = Shelbv Tube Sar 
~~ 

Blows per 6" Laboratory Tests Description 
IUSCS Symbol]* 

Clayey gravel with sand, dark brown, 
very stiff, moist, with some sand and 
scattered gravel to 3 inches in 
diameter. fill GC 

Recovery 
(in) 

10 6, 11, 50 MC, GS, AL 

2, 6, 1 1  14 MC 
Fat clay, dark yellowish brown, very 
stiff, moist (CHI 

NA 21 MC, GS, AL, P, 

MC 
Lean clay, yellowish brown, very stiff, 
moist, with silt layers to 3 inches from 
10.5 to 13.5 feet, CL 

8.3 

- 
13.5 

- 
17.5 

~~ ~ ~ 

4, 10, 11 

2, 10,s 

3, 10, 16 

~ 

17 

18 

18 

MC 

MC, GS, AL Alternating layers of fat clay, brown, 
and lean clay, grayish brown, stiff to 
very stiff, moist to wet (CHI and CL 

7, 9, 12 13 M C  
Clayey silt, grayish brown, stiff, wet 
fMLl 410334 I 20.0-21.5 I SS 5.8. 10 15 MC 

20.0 

- 

Sandy lean clay, dark grayish brown, 
very stiff, moist (CL) 

6; 12, 20 15 MC 

Becoming dark gray with scattered 
gravel at 22.5 feet 

Final boring depth - 24.0 feet 

+Note: USCSt Symbols in parentheses 
ndicate visual classification 
Coordinates are NAD 1927 
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Project No: PO1 54 

Boring No. G2-S&50 

Coordinates: N 476.908 E 1,382,306 

Ground Surface Elevation: 596.8 AMSL 

- 
Depth 
(h) 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Little Beaver Date Started: 9/6/95 

Engineer: J. Dunlep Date Completed: 9/6/95 

GWLIDATE: None 9/7/95 Page 1 of 1 

0 

1 .o 

4.0 

8.4 

SS = Split-: 

Description 
[USCS SymbolJg 

Lean clay with send, yellowish brown, 
moist, some fine roots (CL) 

Lean clay with sand, dark yellowish 
brown, trace fine roots, moist mottled 
with yellow, CL 

Roots StOD et 2.5 feet 
_____ 

Lean clay with sand, dark yellowish 
brown, trace gravel, moiet CL 

~ 

Final Boring Depth 

USCS symbols in perenthesea 
indicate visual classification. 

I- - . .  * _ - 7 . . * . .  

oon Sample, ST = Shelby Tube Sample, B = Bulk Semple 

Sample 
No. 

4098 10 

40981 1 

40981 2 

Sample Sample Blowe per 8" Recovery Laboratory Tests 
Depth I Type I 1 (in) I 

( f t )  

0.5-1.0 I B I NA I 6 I OC 

I ^^ 
1 .o - 1.5 B NA 

I cL 
5.0 - 8.4 B NA 41 I MC, GS, AL, SP I I 

, 



. .: ie- Lb. - 556 

9/..*-/w 

I 
Y 

4 
b 



* 
Project No: PO1 54 Project Title: Geotechnical Investigetian Borrow Areas 

Boring No. G2-SB-51 Drilling Method: Geoprobe Date Started: 9125195 
wlaugers 

Coordinates: N 477,158 E 1,382,189 Geologist: R. Nicks Data Completed: 9/25/95 

Ground Surface Elevation: 598.2 AMSL GWLIDATE: None Page 1 of 1 

Notes: Semples collected per ASTM D 1586 end ASTM D 1587. Colore identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings ere in units above background levele. Soils visual description per ASTM D 2488 and soil 
daesification Der ASTM D 2487. Soil descrbtione intarnreted from field loas and laboral 

1 Depth 
t i t )  

0 

0.8 

1.5 

4.0 

6.0 

10.0 

Description 
IUSCS Symbol] 

- 
SS = Solit-Sooon Samole, ST = Shelby Tube Sen 

Sample Sample Sample 
No. Depth fwe 

(ft) 

Sandy lean clay with gravel, yellowish 
brown, very stiff, moist CL 

I Clayey siltlsilty clay mixture, brown, 
very stiff, moist (CL-ML) 

411165 1 5.0-10.0 I B 

I I  
stiff, moist with trace of sand (CL] 

1-1\2 inch diameter CL 

Turning yellowish brown at 4.0 feet 

Sandy clay with gravel, yellowish 
brown, stiff, wet CL 

Hair size rootlets between 6.0 - 7.0 
feet 

Final Boring Depth 

II WSCS symbols in parenthesee indicate 

I reeulta. Coordinat& ere based on NAD 1927. 

Blowe per 6' 

NA 

NA 

NA 

NA 

ROCOWW 
(in) 

6 

6 

42 

60 

~ ~~~ ~ 

Laboratory Tests 

oc 

oc 

MC, GS, AL 

MC, GS, AL, SP 



I 

M 



Project No: PO1 54 

Boring No. G2-SB-52 

Coordinates: N 477.272 E 1,382,459 

Drilling Method: Geoprobe 

Geologist: J. Erjevec 

GWLIDATE: Nonel9/13/95 11 Ground Surface Elevation: 590.5 AMSL 

Date Started: 911 3/95 

Date Completed: 9/13/95 

Paae 1 of 1 

Depth Description . Sample Sample Sample Blowsper0" Recovery 
(ft) [USCS Symbol]* No. Depth T m  (in) 

(ft) 

0 Lean clay with gravel, light olive 410001 0.5 - 1.0 B NA 6 
brown, moist, roots 
Iron staining beginning at 1.5 feet (CL) 410002 ' *5 B NA 6 

410003 1.5 - 5.0 B NA 42 

3.4 Lean clay with sand 410004 5.0 - 10.0 B NA 60 
Light olive brown, moist, gravel up to 
2 inches diameter becoming mottled 
with light gray at 5.0 feet and 

Laboratory Tests 

oc 
oc 

MC, AL 

MC, GS, AL 

10.0 

becoming stiff to very stiff CL 

Final Boring Depth 

'USCS symbols in parentheses . 
indicate visual classification. 
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f I3mj-t No: PO154 Project Title: Geotechnical Investigation Borrow Areas 

'j Boring No. G2-SB-53 Drilling Method: Geoprobe Date Sterted: 9/8/95 
wlauaere 

~~ ~ 

I Coordinates: N 477,393 E 1,381,954 

' Ground Surface Elevation: 591.9 AMSL 

Engineer: J. Dunlap 

GWLIDATE: 5.45' BGL 911 1/95 

Date Completed: 9/8/95 

Page 1 of 1 

Notes: Samplee collected per ASTM D 1586 end ASTM D 1587. Colors identified using Muneell Color Chart. Consistency based on Standard 
Penertation Resistance Value. Screening readings ere in unite above beckground levels. Soils visual description per ASTM D 2488 end soil 
clasdfcation per ASTM D 2487. Soil deecriptione interpreted from field logs and leboratow reeulte. Coordinates are based on NAD 1927. 

ss Split- 1 
Lean cley with eend, yellowish brown, 
stiff, moist (CL) 

409813 

409814 

0.5 - 1.0 

1.0- 1.5 

B 

B 

oon Samnle. ST = Shelb 

NA 6 oc 

NA 6 oc 

Semple Sample 
No. 1 Depth 

(ft) 

23 Lean clay with a trace of send, 
yellowish brown, stiff, moist CL 

Clayey sand, yellowieh brown, wet 
I 
1 5.0 
1 (SC) 
i 
d 5.7 Lean Clay with sand end gravel, 
1 yellowish brown, soft, wet, gravel to 

112 inch (CL) 

B 

B 

rube SemDle. B = Bulk Semde 

NA 42 MC, GS, AL, SP, Pr,, 
SU, CL, Pr, 

NA 6 0  MC, AL 

Sample I Blowsper6" I R e ; y r y  I Laboratory Teste 
TvPe 

, I  

9.7 Final Boring Depth 

1, 

: 
USCS symbols in parentheses 

indicate visual classification. 

1 

._ ii._._ ,,. . , -.: 1 





Project No: PO1 54 

Boring No. G2-SE54 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 3/95 
wlsuaers 

Depth 
(ft) 1 

~~ ~ 

Coordinetes: N 477,500 E 1,382,210 

Ground Surface Elevetion: 596.4 AMSL 

Description 
[USCS S v b o l l  + 

~~ ~~ 

Geologist: J. Erjavec Date Completed: 911 3/95 

GWLIDATE: None Page 1 of 1 

Semple 1 No. 

0 

1.5 

5.0 

Sample I S;$e I Bloweper6" I Recovery 
Depth (in) 

(ft) 

Lean clay, light olive brown, low 
plasticity, moist (CL) 

Leen clay with sand, light olive brown, 
moist, hard, scattered gravel CL 

Lean clay with sand and gravel, light 
olive brown, stiff to hard, moist. (CL) 

Laboretory Tests 

0.5 - 1 .O 

1 .o - 1.5 

1.5 - 5.0 

6.0 - 10.0 

B NA 6 

B NA 6 

B NA 42 

B NA 60 

10.0 Final Boring Depth 

+ USCS symbols in parentheses 
indicate visual classification. 

410005 

410006 

41 0007 

41 0008 

oc 

oc 
MC, GS, AL 

MC, AL 



I '  I 
b.- 3 5 6  

t ..i 

I 



oc 

MC, GS, SG, AL, CONr, 
SP 

Project No: PO1 54 

Boring No. G2-SB-55 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Muneell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings ere in units above background levels. Soils visual description per ASTM D 2488 and soil 
classificetion per ASTM D 2487. Soil descriptions interpreted from field logs and Isboretory results. coordinates are based on NAD 1927. 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 1195 
wlaugera 

Coordinates: N 477,627 E 1,382,481 

Ground Surface Elevation: 586.2 AMSL 

Engineer: J. Dunlap Date Completed: 9/11/95 

GWLIDATE: Peae 1 of 1 

10.2 Final Boring Depth 

Depth Description Sample Sample Sample Blows per 6" 
(f t)  [USCS Symboll. No. Depth T w e  

fhl 

USCS symbols in parentheses 
indicate visual classification. 

Recovery 
(in1 

0.5 - 1.0 B NA 

1 1.0- 1.5 ' B  NA 

NA 

0 

1.5 

5.0 5.0 - 10.0 I 
Lean clay, yellowish brown, moist. 
(CL) 

409829 

409830 

40983 1 Sandy lean clay, brownish yellow, 
moist with trace of gravel to 112 inch. 
CL 

Lean clay with sand and gravel, 
yellowish brown, stiff to very etiff, 

409832 

mniat lCLI 

6 

6 

42 

60 

~ ~~ ~~ 

Laboratory Tests 

oc 

MC, AL, SU, CL 
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Project No: PO1 5 4  

Boring No. G2-SB-56 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe wlauaers Date Started: 9/13/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in  units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs end laboratory results. Coordinates are based on NAD 1927. 

SS = Wit-Spoon Sample, ST = Shelbv Tube Sample, B = Bulk Sample 

Coordinates: 

Ground Surface Elevation: 

~ 

Geologist: J. Erjavec Date Completed: 911 3/95 

GWLIDATE: Pam 1 of 1 

Depth 
eft, 

Description Sample Sample Sample Blows per 8" Recovery 

(ft) 
[USCS Symbol]. No. Depth TYPe . (in) 

+ USCS symbols in parentheses 
indicate visual classification. 

0 

1.5 

5.0 

Laboratory Tests 

Lean clay, olive brown, moist, stiff 
(CL) 

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

Lean clay with sand, light olive brown, 
moist, hard (CL) 

oc 

oc 

MC, GS, AL, 

MC. AL, 

410009 

410010 

41001 1 

410012 

0.5 - 1 .O B NA 6 

1.0- 1.5 B NA 6 

1.5 - 5.0 B NA 42 

5.0 - 10.0 B NA 60 
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Project No: PO1 5 4  Project Title: Geotechnical Investigation Borrow Arees 
I 

Boring No. G2-SB-57 

Coordinates: N 477,850 E 1,382,257 

Drilling Method: Geoprobe Date Started: 911 1195 
wlaugers 

Engineer: J. Dunlep Dete Completed: 

Ground Surface Elevation: 585.9 AMSL GWLIDATE: Page 1 of 1 

Sample 
TYPe 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munaell Color Chart. Consistency besed on Standard 
Penetration Resistance Velue. Screening readings are in unite above background levels. Soile visual description per ASTM D 2488 end soil 
classification per ASTM D 2487. Soil descriptions interpreted from field loge end laboratory results. Coordinetes are beaed on NAD 1927. 

SS =I Solit-SDoon Samde. ST = Shelbv Tube SemDle. B = Bulk Semole 

Blows par 6" Depth 
(ft) 

Lean clay, dark yellowish brown, moist 

Sandy, lean clay with grevel, yellowish 
brown, moist 

0 

3.5 

409821 0.5 - 1 .O 

409822 1 .O - 1.5 

409823 1.5 - 5.0 

409824 5.0 - 10.0 

Description 
[USCS Symbol]. 

6 

6 

42 

60 

oc 
oc 

MC, GS, AL, SP, SU, 
CL 

MC, GS; AL, SP, Pr,, 
pr, 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

Laboratory Testa Recovery 
(in) 
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Project No: PO1 5 4  

Boring No. G2-SB-58 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 3/95 
wlaugers 

Depth 
(ft) 

Coordinates: N 477,978 E 1,382,536 Geologist: J. Erjavec Date Completed: 911 3/95 

Ground Surface Elevation: 591.9 AMSL GWLIDATE: Page 1 of 1 

Description I Sarrle I Sanp: Laboratory Tests 
[USCS Symbol]. 

, Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsall Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelby Tube Sample, B = Bulk Sample 

0 

1.5 

5.0 

Lean clay, light olive brown, very stiff, 
moist (CL) 

410013 

410014 

410015 Lean clay with sand, light olive brown, 
hard, moist CL 

Lean clay with gravel, light olive 
brown, moist (CLI 

41001 6 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

II 

0.5 - 1.0 

1.0- 1.5 

1.5 - 5.0 

5.0 - 10.0 

NA 

NA 

NA 

NA 

6 

6 

42 

60 

I oc 

oc 

MC, GS, AL 

MC, AL 



'h 

J 



~ 

Project No: PO1 54 

Boring No. G2-SB-59 

Coordinates: N 478,072 E 1,382,803 

Ground Surfece Elevation: 595.1 AMSL 

+ USCS symbols in parentheses 
indicate visual clessification. 

Project Title: Geotechnicel Investigetion Borrow Areas I 

Drilling Method: Geoprobe 
wlaugers 

Engineer: J. Dunlep Date Completed: 911 1195 

GWLIDATE: Pege 1 of 1 

Dete Sterted: 9/11\95 

Depth Description Semple Semple Sample Blowa per 6" Recovery 
(ft) [USCS Symbol1 + No. Depth T w e  (in) 

(ft) 

0 Lean clay, derk yellowish brown, moist 40981 7 0.5 - 1 .O B NA 6 
(CL) 

409818 1.0- 1.5 B NA 6 

3.5 Leen cley with sand, derk yellowish 40981 9 1.5 - 5.0 B NA 42 
brown, moist CL 

5.0 Sandy lean cley with gravel, yellowish 409820 5.0 - 10.0 B NA 60 
brown, moist (CL) 

Leboratory Tests 

oc 

oc 
MC, GS, SG, AL, CONr, 
SP, Pr,, Pr,, UUr, 

MC, AL 
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Project No: PO1 54 I Project Title: Geotechnical Investination Borrow Areas 

Boring No. G2-SB-60 

Coordinates: N 477,950 E 1,381,723 

Ground Surface Elevation: 579.9 AMSL 

Drilling Method: Geoprobe Date Started: 911 3/95 
wlaugers 

Geologist: J. Erjavec Date Completed: 911 3/95 

GWLIDATE: Page 1 of 1 

Depth 
(ft) 

(CL) 

410018 

0 

- 
1.5 

- 
5.0 

1.0- 1.5 B 

SS = Split-Spoon Sample, ST = Shelby Tube Sample, B = Bulk Sample 
I I I I I I 

Lean clay with sand, olive brown, soft 
to very stiff, moist CL 

Description 
[USCS Symbol]. 

410019 1.5 - 5.0 B 

Sample Sample Sample Blows per 6" I No. I D;;;Pt:h I T w e  I Recovery 
(in) 

Laboratory Tests 

Lean clay, olive brown, stiff, moist I 410017 I 0.5 - 1.0 I B I 

I 410020 I Lean clay with gravel, olive brown, 
hard, moist (CL) I I  

NA 

NA 

NA 

6 

6 

42 

oc 

oc 

MC, GS, AL 

MC, AL 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO154 

Boring No. G2-SB-61 

Coordinates: N 478,057 E 1,381,981 

Ground Surface Elevation: 582.7 AMSL 

Description 
IUSCS Symboll* 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 1195 
wlaugers 

Engineer: J. Dunlap Date Completed: 

GWLIDATE: Page 1 of 1 

Sample Sample Sample Blows per 6" Recovery Laboratory Tests I No. I D;;h I Type 1 I (in) I 
Lean clay with sand, dark yellowish 
brown, moist CL 

Sandy, silty clay with gravel, dark 
yellowish brown, moist to wet 7.3-8.8 
(CL) 

409825 

409826 

409827 

409828 

I B  0.5 - 1.0 z 1.0- 1.5 

1.5 - 5.0 

5 .0 -  10.0 

NA I 42 I MC, GS,AL, SP 

~ ~~~ 

Final Boring Depth 

USCS symbols in parentheses 
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Project No: PO1 54 

Boring No. G2-SB-62 

Coordinates: N 478,178 E 1,382,274 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 9/13/95 
wleugers 

Geologist: J. Eriavec Date Completed: 9/13/95 

Ground Surface Elevetion: 587.0 AMSL GWLIDATE: Page 1 of 1 

Laboratory Tests 

- ~ ~ ___ ~ ~ 

1 

Depth Description Sample 
(ft) [USCS Symbol]* No. 

0 Lean clay, olive brown, stiff, moist 410021 
(CL) 

410022 

oc 

oc 
MC, GS, AL 

~ - ~ 

Sample Sample Blows per 6. Recovery 
Depth T w  (in) 

(ftl 

0.5 - 1 .O B NA 6 

1.0- 1.5 B NA 6 

USCS symbols in parentheses 
indicate visual classification. 

1.5 

5.0 

~ ~ 

Sandy lean clay, olive brown, very 410023 1.5 - 5.0 B NA 42 
hard, moist scattered gravel to 2 
inches CL 

Sandy lean clay with gravel, light olive 410024 5.0 - 10.0 B NA 60 
brown, very hard, moist (CL) 
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Proiect No: PO1 54 

Boring No. G2-SB-63 

Coordinates: N 478,291 E 1,382,549 

Ground Surface Elevation: 593.0 AMSL 

Proiect Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 3/95 
wlaugers 

Geologist: J. Erjevec Date Completed: 9/13/95 

GWLIDATE: Page 1 of 1 

0 

1.5 

Depth 
(ft) I 

Lean clay, light olive brown, moist (CL) 410025 0.5 - 1 .O B NA 6 oc 

410026 1.0 - 1.5 B NA 6 oc 

Sandy lean clay, light olive brown, very 410027 1.5 - 5.0 B NA 42 MC, GS, AL 
stiff, moist CL 

41 0028 

Description 
IUSCS Symbol]. 

Sample Sample Sample Blows per 6" Recovery Leboretory Tests I No. I D;ep;h I Type I I (in) I 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 5 4  

Boring No. G2-SB-64 

Project Title: Geotechnical lnvestigetion Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 2/95 
wlauaere 

Description 
IUSCS Symbol]. 

___ 

Coordinates: N 478,405 E 1,382,831 

Ground Surface Elevation: 596.1 AMSL 

~~~ ~~ ~~ ~ ~ ~~ ~ 

Geologist: P. Schwind Date Completed: 911 2/95 

GWLIDATE: Page 1 of 1 

moist (CL) I 

oc 

oc 

MC, GS, AL, SP, SU, 
CL I I  

I 
0 

2.5 

Sample 1 Blows per 6" I Recovery 
TnJe (in) 

Lean clay, yellowish brown, moist (CL) 409833 0.5 - 1 .O 

409834 1 .O - 1.5 

Lean clay with sand, light olive brown, 409835 1.5 - 5.0 

B 

6.0 . Lean clay with gravel, light olive 409836 5.0 - 9.5 
brown, moist (CL) 

MC, AL 

9.5 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 54 

Boring No. G2-SB-65 

Coordinates: N 478,324 E 1,381,872 . I Geoloaist: J. Erjavec I Dete Completed: 911 4/95 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Dete Started: 911 4/95 
wlaugers 

~~ 

Ground Surface Elevation: 584.2 AMSL GWLIDATE: Page 1 of 1 

Depth Description Semple Semple 
(ft) [USCS Symbol]* No. Depth 

(ft) 

0 Lean cley, yellowish brown, stiff, moist 410029 0.5 - 1 .O 

410030 1 .O - 1.5 

1.5 Lean clay with sand, dark yellowish 410031 1.5 - 5.0 

(CL) 

brown, stiff to hard, moist. CL 

5.0 Lean clay with gravel, light olive 410032 5.0 - 10.0 
brown, very stiff, moist to wet (CL) 

Sample Blows per 6" Recovery Leboratory Tests 
Twe (in1 

B NA 6 oc 

B NA 6 oc 

B NA 42 MC, GS, AL 

B AN 60 MC, AL, SU, CL 

USCS symbols in parentheses 
indicate visual clessification. 





Project No: PO1 54 Project Title: Geotechnical Investigation Borrow Arees 
I 

Coordinates: N 478,444 E 1,382,165 

Ground Surface Elevation: 589.1 AMSL 

Boring No. G2-SB-66 

Geologist: P. Schwind Date Completed: 9/12/95 

GWLIDATE: Page 1 of 1 

Drilling Method: Geoprobe I Date Started: 9/12/95 I wlaugers 

0 

1 .O 

1.5 

Silt, pale brown, moist (ML) 409837 

409838 

409839 Lean clay, dark yellowish brown, moist 
(CL) 

Lean clay with sand, yellowish brown, 
moist CL 

409840 

Depth 
(ft) I 

0.5 - 1.0 

1 .o - 1.5 

1.5 - 5.0 

5.0 - 10.0 

Description 
[USCS Symbol] 

B NA 6 oc 
B NA 6 oc 
B NA 6 MC, GS, AL, SP, Pr,, 

Pr,. UUrQo 

B NA MC, AL 

Sample I No. 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

Sample Sample Blowe per 6" Recovery Laboratory Tests 
Depth I Type I I (in) I 

(ft) 



. .  

J 

J 

I 



Proiect No: PO1 54 
~ ________ _ _ _ _ _ ~  ~~ ~ ~ 

Boring No. G2-SE67 Drilling Method: Geoprobe 
wleugers 

Coordinates: N 478,557 E 1.382.444 Geologist: J. Erjavec 

Ground Surface Elevation: 591.3 AMSL GWLIDATE: 

~~ ~~ 

Proiect Title: Geotechnical lnveetiaation Borrow Areas 
~ _____ 

Date Started: 911 4/95 

Date Completed: 911 4/95 

Page 1 O f  1 

Depth Description Sample Sample Sample Blowe par 6" 
(ft) [USCS Symbol]. No. Depth Type 

(ft) 

Recovery Leboratory Teste 
(in) 

0 

1.5 

10.0 

Lean clay, yellowieh brown, moist 410033 0.5 - 1.0 B NA 6 oc 
(CL) 

410034 1.0 - 1.5 B NA 6 oc 

Lean clay with sand, dark yellowish 410035 1.5 - 5.0 B NA 42 MC, GS, AL, SU, CL 
brown, very stiff to hard, moist CL 

410036 5.0 - 10.0 B NA 60 MC, AL 

Final Boring Depth 

+ USCS symbols in parentheses 
indicate visual classification. 





I. i 

Ploject No: PO154 Project Title: Geotechnical Investigation Borrow Areas 

Boring NO. G2-SB-68 Drilling Method: Geoprobe Date Started: 911 3/95 
wlaugers 

Coordinates: N 478,672 E 1,382,271 Engineer: J. Dunlap Date Completed: 911 3/95 

Gmund Surface Elevation: 588.2 AMSL 

N b l ~ s :  Samples collected per ASTM D 1586 end ASTM D 1587. Colors identified using Munsell Color Chart. Consistency besed on Standard 
Pimatration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 end soil 
d-assificetion per ASTM D 2487. Soil descriptions interpreted from field logs end laboratory results. Coordinates are besed on NAD 1927. 

GWLIDATE: 9'1 0" 911 3/95 Pege 1 of 1 

SS = Split-Spoon Sam 

m t h  Description Sample 
(ft) [USCS Symbol] No. 

I I 

I I 

0 Lean clay, derk yellowish brown, moist 409841 
CL 

409842 

409843 

6.8 I Lean clay with sand, dark yellowish I 409844 
brown, moist CL 

10.0 Final Boring Depth 

USCS symbols in  parentheses 
indicate visual classification. 

, ST = Shelby Tube Sample, B = Bulk Sen 

Depth 

0 * 5 - E I  I NA 

1.0 - 1.5 B NA 

1.5 - 5.0 I B I  NA 

5.0- 10.0 I B I NA 

Recovery Laboratory Tests 
(in) 

1 OC 

6 

6 

42 I z, GS, AL, SP 

MC, GS, AL, SP, Pr,, 
6o I Pr,, UUr, 
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Project No: PO1 54 

Boring No. G2-SB-69 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe 
wlaugers 

Date Started: 911 4/95 

Coordinates: N 478,743 E 1,382,041 

Ground Surface Elevetion: 586.6 AMSL 

USCS symbols in parentheses 
indicate visual classification. 

Geologist: J. Erjavec Date Completed: 911 4/95 

GWLIDATE: Pege 1 of 1 

Depth Description Semple Sample Sample 
(ft) [USCS Symbol] No. Depth TWe 

(ft) 

Laboratory Tests Blows per 6" Recovery 
(in) 

0 

1.5 

8.3 

Lean clay, yellowish brown, moist (CL) 410037 0.5 - 1 .O B NA 6 oc 

410038 1 .O - 1.5 B NA 6 oc 

Lean clay with send, dark yellowish 410039 1.5 - 5-0 , B NA 42 MC, GS, AL, SU, CL 
brown, hard to very hard, moist CL 

Lean clay with sand, light olive brown, 410040 5.0 - 10.0 B NA 60 MC, AL 
very hard, moist 



P 1 
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'roject No: PO1 54 

3oring No. G2-SB-70 

:oordinates: N 478,856 E 1,382,317 

;round Surface Elevation: 588.1 AMSL 

Description 
[USCS Symbol]. 

~~ ~~~ ~~ 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 3/95 
wlaugers 

Engineer: J. Dunlap Date Completed: 911 3/95 

GWLIDATE: Page 1 of 1 

Sample Sample Sample Blows per 6" Recovery Laboretory Tests 1 No. 1 D;gh I Twe I I (in) 1 

4.7 

Lean clay with sand, yellowish brown, 409845 0.5 - 1 .O B 
soft at 2.8 - 4.6, moist CL I 409846 I 1.0- 1.5 1 B I 

~~ ~~ ~ 

Lean clay with sand, brown, locally 409848 5.0 - 10.0 B NA 60 MC, AL 
soft, moist to wet, scattered grevel to 
314 inch between 8.3 and 8.5 (CL) 

NA 

NA 

NA 

10.5 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 5 4  

Boring No. G2-SB-71 

Coordinetes: N 476,604 E 1,381,142 

Ground Surface Elevation: 577.7 AMSL 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 4/95 

Geologist: J. Erjevec Date Completed: 911 4/95 

GWLIDATE: Page 1 of 1 

I, B = Bulk Sample 

USCS symbols in parentheses 
indicate visuel classification. 

II 

Laboratory Tests Depth Description Sample 
(ft) [USCS Symbol]. No. 

0 Lean clay, light olive brown, stiff, 410041 

410042 

410043 

moist CL 

5.0 Lean clay with sand, light olive brown, 410044 
very hard, moist (CL) 

Sample Sample 
Depth Tvw 

(ft) 

0.5 - 1.0 B 

1.0 - 1.5 B 

1.5 - 5.0 B 

5.0 - 10.0 B 

MC, GS, AL, SU, CL 

MC, AL 



I i ,' 
3 5  

m.57 
-1 

-1 



Project No: PO1 54 

Borinca No. G2-SB-72 

Blows per 6" 

Project Title: Geotechnical Investigation Borrow Areas 

Recovery Laboratory Tests 
(in) 

Drillino Method: Geoprobe I Date Started: 911 4/95 

0 

2.0 

5.0 

Coordinates: N 476,802 E 1,381,764 

Ground Surface Elevation: 583.1 AMSL 

Clayey silt, vary dark grayish brown, 
medium stiff, moist (ML) 

Lean cley, light olive brown, very stiff, 
moist CL 

Lean cley with send, light olive brown, 
soft with depth, moist CL 

Geologist: P. Schwind Date Completed: 911 4/95 

GWLIDATE: 8.7 9/14/95 Paoe 1 of 1 

409849 

409850 

409851 

409852 

Notes: Samples collected per ASTM D 1586 end ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description Der ASTM D 2488 end soil 
clessification per ASTM D 2487. Soil descriptions interpreted from field loae and laboret 

SS = Split- 

I 

0.5 - 1 .O B 

1 .O - 1.5 B 

1.5 - 5.0 B 

5.0 - 10.0 B 

Description 
[USCS Symbol]. 

NA 

NA 

42 
MC, GS, AL, SU, CL 

60 MC, GS, AL, SP 

- 
oon Samde. ST = Shelbv Tube Sam 

Sample Sample Sample 
No. I D;egh 

I Type 

I results. Coordinetes are besed on NAD 1927. 
9. B = Bulk Sample 

0 
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Project No: PO1 54 

Boring No. G2-SB-73 

Project Title: Geotechnical Investigation Borrow Arees 

Drilling Method: GeoDrobe Date Sterted: 911 5/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening reedings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates ere based on NAD 1927. 

SS = SDlit-SDoon SamDle, ST = Shelbv Tube Samde, B = Bulk SarnDle 

Coordinates: N 476,890 E 1,381,121 

Ground Surface Elevation: 573.7 AMSL 

Description 
~ [USCS Symbol]* 

Geologist: J. Dunlap Date Completed: 911 5/95 

GWLIDATE: Paae 1 of 1 

Sample I No. 

409855 

6.4 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

Sample Sample Blows per 6” I Recovery I Laboratory Tests 
Depth I Type I 

(ft) I . (in) I 
0.5 - 1.0 

1 .o - 1.5 

54 MC, GS, AL, SP, SU, 
NA I I CL 

1.5-6.0 I B I 
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Project No: PO1 5 4  

Boring No. G2-SB-74 

Coordinates: N 476,975 E 1,381,394 

Ground Surface Elevation: 576.7 AMSL 

Notes: Semples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 8/95 

Geologist: J. Erjavec Date Completed: 911 8/95 

GWLIDATE: Page 1 of 1 

Depth 
(ft) 

Description Sample 
[USCS Symbol]. No. 

USCS symbols in parentheses 
indicate visual classificetion. 

Sample 
Type 

, ST = Shelb' 

Semple 
Depth 

(ft) 

Blows per 6" Recovery Laboratory Tests 
(in) 

0.5 - 1 .O 

1.0-1.5 , 

1.5 - 5.0 

0 

1.5 

5.0 - 10.0 

Lean clay, light olive brown, moist (CL) 409856 

409857 

409858 Lean clay with sand, light olive brown, 
stiff to hard, soft locally, moist to very 
moist CL 

409859 
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Project No: PO1 5 4  Project Title: Geotechnical fnvestigation Borrow Arees 

Boring No. G2-SB-75 Drilling Method: Geoprobe Date Started: 911 4/95 

Coordinates: N 477,066 E 1,381,679 Geologist: J. Eriavec Date Completed: 911 4/95 

3 

. I  
I 

~ 

Ground Surface Elevation: 581.5 AMSL I GWLIDATE: Drv 9/14/95 I Paae 1 of 1 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munaell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units ebove background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelby Tube Sample, B = Bulk Sample 

Depth Description Sample Sample Semple Blows per 6" Recovery Laboratory Tests 
(ft) [USCS Symbol]* No. Depth T w e  (in) 

(ft) 

0 Lean clay, yellowish brown, stiff, moist 410045 0.5 - 1 .O B NA 6 oc 

1 .O Lean clay with send, dark yellowish 410046 1 .O - 1.5 B NA 6 oc 
(CL) 

brown, very stiff to hard, moist CL 

410047 1.5 - 5.0 B NA 42 MC, GS, AL, SU, CL 

410048 5.0 - 10.0 B NA 60 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 



I 
I 

REMARKS 

.... 

. 



Project No: PO1 54 

Boring No. G2-SB-76 

Project Title: Geotechnical Investigation Borrow Arees 

Drilling Method: Geoprobe Dete Sterted: 911 8/95 

clessificetion Der ASTM D 2487. Soil descriptio& interpreted from field logs end laboratc 

___ 

Coordinates: N 477,258 E 1,381,303 

Ground Surface Elevetion: 575.6 AMSL 

- 
Depth 

(ft) 

- 
0 

6 .O 

Geologist: J. Erjevec Dete Completed: 911 8/95 

GWLIDATE: Dry SI1  8/95 Page 1 of 1 

ss = h i t -  

0.5 - 1.0 

1 .o - 1.5 

1.5 - 6.0 

Description 
[USCS Symbol]* 

B 

B 

B 

Leen clay, olive brown, very stiff to 
herd, moist CL 

NA 

NA 

NA 

Finel Boring Depth 

6 oc 

6 oc 

54 MC, GS, AL, SP 

USCS symbols in parenthesee 
indicate visual cleesification. 

oon. Semple, ST = S h i b v  Tube Sam1 - 
Semple 

No. 

409860 

409861 

409862 

Depth 
(ft) 

f results. Coordinates are besed on NAD I927 
3, B = Bulk Sample 

Blows per 6" I Re;;ry I Laboratory Tests 
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Froject No: PO154 

Boring No. G2-S577 

Coordinates: N 477,550 E 1,381.21 2 

Ground Surface Elevation: 574.9 AMSL GWLIDATE: Page 1 of 1 

~~ 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Gaoprobe Date Started: 911 5/95 

Geologist: R.  Nicks Date Completed: 911 5/95 

Notes: Samples collected per ASTM D 1586 and ASTM 0 1587. Colors identified using Munaell Color Chart. Consistency besed on Standard 
Penetration Resistance Value. Screening reedings are in unite above background levels. Soils visual description per ASTM D 2488 and soil 
ctassification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinetes ere besed on NAD 1927. 

Depth Description Sample 
wt) [USCS Symbol]. No. 

Laboratory Tests Sample Semple Blows per 6" Recovery 
Depth M e  (in) 

(ft) 

0 

USCS symbols in parentheses 
indicate visual classification. 

Lean clay, yellowish brown, stiff to 410049 0.5 - 1.0 B NA 6 oc 
very stiff, moist CL 

410050 1.0 - 1.5 B NA 6 oc 

410051 1.5 - 6.0 B NA 54 MC, GS, AL, SU, CL 
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Project No: PO1 5 4  

Boring No. G2-SB-78 

Coordinates: N 477.637 E 1,381,498 

11 Ground Surface ELat ion:  581.4 AMSL I GWLIDATE: 7.1 5 9/18/95 I Page 1 of 1 I 

Project Title: Geotechnicel Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 9/18/95 

Geologist: J. Eriavec Date Completed: 9/18/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in unite above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs end laboratory results. Coordinates are besed on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelbv Tube Sample, B = Bulk Sernple 

Depth 
(ft) 

0 

1.5 

5.0 

Description Sample Semple Sample Blows per 6" Recovery Laboratory Tests 
[USCS Symbol1 No. Depth TYPe (in) 

(ftl 

Leen clay, yellowish brown, moist (CL) 409863 0.5 - 1 .O B NA ' 6 oc 

409864 1 .O - 1.5 B NA 6 oc 

Lean clay with sand, yellowish brown, 409865 1.5 - 5.0 B NA 42 MC, GS, AL, SP, Pr,, 
stiff to very stiff, moist to wet CL p r, 

Alt. layers of lean clay with sand, and 409866 5.0 - 10.0 B NA 60 
sand, yellowish brown, very stiff to 
hard, moist to wet (CL) 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 54 

Boring No. G2-SB-79' 

Coordinates: N 477,835 E 1,381.1 19 

Ground Surface Elevation: 574.7 AMSL I GWLIDATE: I Page 1 of 1 

Project Title: Geotechnical Investigation Borrow Arms 

Drilling Method: Geoprobe Dete Started: 911 5/95 

Geologist: R. Nicks Date Completed: 9/15/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resietance Value. Screening reedings are in unite above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field log8 end leboratory results. Coordinates are based on NAD 1927. 

Recovery 
(in) 

SS = Split- 

Laboratory Tests Depth 
(ft) I 

410052 

410053 

410054 

410055 

Description 
[USCS Symbol] 

0.5 - 1.0 B NA 

1.0-  1.5 B . NA 

1.5 - 5.0 8 NA 

5.0 - 10.0 B NA 

6 

6 

10.0 

oc 

oc 

Final Boring Depth 

0 

5.0 

oon Sample, ST = Shelby Tube Sample, B Bulk Sem 

~~ 

Leen clay, olive brown, very stiff, 
moist CL 

Sand, dark yellow brown, dense to 
very dense, wet (SW 

Sample Semple Sample Blows par 6" 
No. I D;;,'h I Twe I 

1 

MC, GS, AL, SU, CL 

MC, AL 

USCS symbola in parentheses 
indicate visual clessificetion. 
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Project No: PO1 5 4  

Boring No. G2-SB-80 

Coordinetes: N 477.924 E 1,381,407 
~~ 

Ground Surfece Elevation: 578.9 AMSL I GWLIDATE: 7.4 9/18/95 I Pam 1 of 1 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Gaoprobe Date Started: 911 8/95 

Geologist: J. Erjavec Date Completed: 911 8/95 

Notes: Samples collected per ASTM D 1586 end ASTM D 1587: Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening reedings ara in unite above background levels. Soile visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field loge and laboratory results. Coordinates ere based on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelby Tube Sample, B = Bulk Sample 

B 

B 

Depth 
(ft) 

NA 42 

NA 6 

0 

1.5 

5.0 

Description 
[USCS Symboll. 

Sample 
No. 

Sample 
Depth 

(ft) 
~______ ~~~ 

Leen clay, olive brown, moist (CL) 

____ 

409867 

409868 

~~ 

0.5 - 1.0 

1 .o - 1.5 

Sandy lean clay, dark yellowish brown, 
medium stiff to stiff and very stiff, 
moist CL 

Sandy lean clay, yellowish brown, soft 
to stiff, moist t o  wet, with clean send 
layers 8" to 10" (CL) 

10.0 Finel Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

409869 

409870 

1.5 - 5.0 

5.0 - 10.0 

S;$e I Blows per 6" I Recovery 
(in) 

Laboratory Tests 

oc 
oc 

MC, GS, AL, SP 

MC, AL 
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Project No: PO154 

Boring No. G2-SB-81 

Coordinates: N 478,227 E 1,381.31 2 
~~ _ _ ~  ~~~~ 

Ground Surface Elevation: 579.5 AMSL I GWLIDATE: Drv 9/18/95 I Pa, 1 of 1 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 8/95 

Geologist: J. Eriavac Oete Completed: 911 8/95 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinatee are based on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelbv Tube Semple. 8 = Bulk Sample - 

0 

Description 
[USCS Symbol)* 

Lean clay, dark yellowish brown, moist 
(CL) 

Sandy lean cley, yellowish brown, a t i f  
to very stiff, moist CL 

1Q.O Final Boring Depth 

Sample 
No. 

40987 1 

409872 
~ 

409873 

409874 

Depth 

0.5 - 1.0 8 

1.0- 1.5 B 

1.5 - 5.0 

5.0 - 10.0 

Laboratory Tests 

MC, GS, AL, SG, CONr, 
SP, Pr,, SU, CL, Pr,, 

MC, GS, AL 

USCS symbols in perentheses 
indicate visual classification. 
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Roiect No: PO1 54 I Proiect Title: Geotechnical Investigation Borrow Areas 

Boring No. G2-SB-82 Drilling Method: Geoprobe Date Started: 911 9/95 

Coordinates: N 478,087 E 1.379.584 Geologist: J. Erjavec Date Completed: 911 9/95 

Ground Surface Elevation: 577.1 AMSL GWLIDATE: Dry 911 9/95 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. Screening readings are in units above background levela. Soils visuel description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinetes are based on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelbi 

Depth Description Sample Sample 
(ft) [USCS Symbol]' No. Depth 

0 Lean clay, pale brown, stiff moist CL 409875 0.5 - 1 .O 

409876 1 .O - 1.5 

409877 1.5 - 5.0 

5.0 Lean clay, yellowish brown, medium 409878 5.0 - 10.0 
stiff to stiff, moist to wet 

10.0 Final Boring Depth 

Tube Samnle. B = Bulk Samde 

Sample I Blowe per 6" 1 R e q y n ,  I Laboratory Tests 
T w e  

B NA 6 oc 
8 NA 6 oc 
B NA 42 MC, GS, AL 

8 NA 60 MC, GS, AL, SP, Pr, 
su, CL 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 54 

Boring No. G2-SB-83 

Coordinates: N 478,320 E 1,379,453 lr Ground Surface Elevation: 576.8 AMSL I GWLIDATE: I Pam 1 of 1 

Project Title: Geotechnical Investigation Borrow Arees 

Drilling Method: Geoprobe Date Started: 9/15/95 

Geologist: R. Nicks Date Completed: 9/15/95 

Notes: Samples collected per ASTM D 1586 and ASTM 0 1587. Colore identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening readings are in  unite ebove beckground levels. Soils vieuel description per ASTM D 2488 end soil 
classification per ASTM D 2487. Soil descriptione interpreted from field logs and leboratory results. Coordinates ere based on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelby Tube Sample, B Bulk Sample 

Depth 
(ftl 

0 

5.0 

Description Sample Sample Sample Blows per 8- 
[USCS Symboll. No. Depth T m e  

(ftl 

. Lean clay with a trace of sand, derk 410056 0.5 - 1 .O 0 NA 
yellowish brown, very stiff, moist CL 

410057 1 .O - 1.5 B NA 

410058 1.5 - 5.0 B NA 

Silt, light olive brown, firm to stiff, 410059 5.0 - 10.0 B NA 
moist (ML) 

Recovery Laboratory Tests 

I O C  

MC, GS, AL, SU, CL i MC, OC AL 

10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 54 Project Title: Geotechnical lnvestigetion Borrow Areas 

Boring No. G2-SB-84 Drilling Method: Geoprobe Dete Started: 911 9/95 
wleugers 

Coordinates: N 478.327 E 1,379,260 

Ground Surface Elevetion: 575.2 AMSL 

10.2 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

Geologist: J. Erjavec Dete Completed: 911 9/95 

GWLIDATE: Pege 1 of 1 
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Project No: PO1 54 

Boring No. G2-SB-85 

Coordinates: N 478,425 E 1,378,954 

Ground Surface Elevation: 568.2 AMSL 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoproba Date Started: 9/15/95 

Geologist: R. Nicks Date Completed: 9/15/95 

GWLIDATE: Pege 1 of 1 

USCS symbols in parentheses 
indicate visuel classification. 

Depth Description 
(ft) [USCS Symbol]. 

0 Lean clay, dark brown, stiff to very 
stiff, moist (CL) 

Fat clay, light olive brown, stiff to very 1 .O 
stiff, moist CH 

4.5 Lean clay with send, dark yellowish 
brown, very stiff, moist (CL) 

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

( f t )  

410060 0.5 - 1.0 B NA 6 oc 

410061 1 .O - 1.5 0 NA 6 oc 

410062 1.5 - 5.0 B NA 42 MC, GS, AL, SU, CL 

410063 5.0 - 7.2 B NA 26 MC, AL 
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Project No: PO1 54 

Boring No. G2-SB-86 

Coordinetes: N 478,351 E 1,378,703 
~ 

Ground Surface Elevation: 567.8 AMSL I GWLIDATE: 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Dete Started: 911 9/95 

Geologist: J. Eriavec Date Completed: 911 9/95 

I Paae 1 of 1 

~ 

Fet clay, yellowish brown, very stiff, 
moist CH 

Sandy lean cley, yellowish brown, stiff 
to very stiff, moiet to wet CL 

Notes: Samples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening readings ere in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and leboratory results. Coordinates ere beeed on NAD 1927. 

SS = Split-Spoon Sample, ST = Shelby Tube Sample, B = Bulk Semple - 

409885 1.5 - 5.0 B NA 42 MC, GS, AL 

409886 5.0 - 10.0 B NA 60 MC, GS, AL, SP, SU, 
CL 

Depth 
(ft) 

0 

1.5 - 
5 .O 

- 
10.0 

Description Laboratory Tests 
[USCS Symbol] 

I I eft, I I I I 
Lean clay, yellowish brown, moist (CL) 0.5 - 1 .O 6 I I 1.0-1 .5  I I . I 6 I zz 

USCS symbols in parentheses 
indicate visual classification. 
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Ill pmiect NO: POT- I Project Title: Geotechnical Investigation Borrow Areas 

Boring3No. G2-SB87 

1 Coordinates: N 478,565 E 1,378,572 

Drilling Method: Geoprobe Date Started: 911 5/95 

Geologist: R. Nicks Date Completed: 911 5/95 

Ground] Surfece Elevation: 569.9 AMSL 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 
Fsnetration Resistance Velue. Screening readings ere in units above background levels. Soila visual description per ASTM D 2488 and soil 
dassification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

i SS = Split-Spoon Sample, ST = Shelby Tube Sample, B = Bulk Sample 

Description Sample Sample Sample Blowe per 6" Recovery 
[USCS Symboll. No. Depth T w  (in) 17 (ft) 

i 6.3 

1 6 Lean clay, dark gray brown, veri/ stiff, 410064 0.5 - 1 .O B .  NA 6 
moist (CL) 

I 410065 1.0 - 1.5 B NA 6 
I 

l . 5  Lean clay, dark yellowish brown, very 410066 1.5 - 5.0 
I stiff, moist CL 
1 

Silt (ML) and lean clay (CL) with 3" 410067 5.0 - 10.0 B NA 60 
lenses of sand (SP) light olive brown, 
stiff to very stiff, moist to wet, sands 
(SP) dense and wet I 

Laboratory Tests 

11; 10.0 Final Boring Depth 

USCS symbols in parentheses 
indicate visual classification. 

oc 

oc 
MC. GS, AL 

MC, AL. SU, CL 
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Coordinates: N 478,704 E 1,379,050 

Ground Surface Elevation: 575.4 AMSL 

Project No: PO1 54 I Project Title: Geotechnical lnvestieation Borrow Areas 

Geologist: J. Erjavec Date Completed: 9/19/95 

GWLIDATE: Dry 9/19/95 Page 1 of 1 

Borina No. G2-SB-88 I Drillina Method: Geoorobe I Date Started: 9/19/95 

0 

1.5 

5.0 

Lean clay, light olive brown, moist (CL) 409887 0.5 - 1 .O B NA 6 oc 

409888 1 .O - 1.5 B NA 6 oc 

Fat clay, light olive brown, stiff to 409889 1.5 - 5.0 B NA 42  MC, GS, AL, SU, CL 
hard, moiet to wet CH 

Lean clay, light olive brown, very stiff, 409890 5.0 - 10.2 B NA 60 MC, GS, AL, SP, Pr 
moiet to wet CL 

Depth 
c f t ,  I Description 

[USCS Symbol]* 
Sample Sample Sample Blows per 6" Recovery Laboratory Tests I No. 1 D;tv;h I T w e  1 I (in) 1 

- USCS symbols in parenthesee 
indicate visual classification. 
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Project No: PO1 54 

Boring No. G2-SB-89 

Coordinates: N 478.81 4 E 1,378,504 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 911 8/35 

Engineer: K. Ernst Date Completed: 9/18/95 

Notes: Semples collected per ASTM D 1586 and ASTM D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
Penetration Resistance Value. Screening readings ere in units above background levels. Soils visual description per ASTM D 2488 and soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs and laboratory results. Coordinates are based on NAD 1927. 

Ground Surface Elevation: 568.9 AMSL GWLIDATE: Dry 911 8/95 Pege 1 of 1 

Depth 
(ft) 

~~ ~ ~ 

10.0 Final Boring Depth 

Description Sample Sample 
[USCS Symboll* NO. Depth 

(ft) 

'ube Sample, B = Bulk Sample 

fin) 

0 

1.5 

5.0 

NA 42 

Lean clay. light yellowish brown, moist 
(CL) 

410068 0.5 - 1 .O 

410069 1.0 - 1.5 

Fat clay, light yellowish brown, moist 410070 1.5 - 5.0 
CH 

Lean clay. dark yellowish brown, moist 410071 5.0 - 7.8 
(CL) 

B NA 

Laboratory Tests 

oc 

oc 
MC, GS, AL, SU, CL 

MC, AL 34 

USCS symbols in parentheses 
indicate visual classification. 
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Project No: PO1 54 

Boring No. G2-SB-90 

Coordinates: N 478,821 E 1,378,724 

Ground Surface Elevation: 573.7 AMSL 

USCS symbols in parentheses 
indicate visual classification. 

Project Title: Geotechnical Investigation Borrow Areas 

Drilling Method: Geoprobe Date Started: 9120195 

Geologist: R. Nicks Dete Completed: 9120195 

GWLIDATE: Dry 9120195 Page 1 of 1 

Laboratory Tests Depth Description Sample Sample 
(ft) [USCS Symboll. No. Depth 

(ft) 

0 Lean clay with sand, dark yellowish 409891 0.5 - 1.0 
brown, stiff, moist CL 

409892 1 .O - 1.5 

409893 1.5 - 5.0 

5.0 Sandy silt, yellowish brown, atiff to 409894 5.0 - 10.0 
very stiff, moist to wet ML 

Semple Blows per 6' Recovery 
TYPe (in) 

0 NA 6 

B NA 6 

B NA 42 

B NA 60 

oc 
oc 
MC, GS, AL, SU, CL 

MC, GS, AL, SP, Pr 
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Project No: PO-1 5 4  
r : Boring No. G2-SB-95 

' Coordinates: N 478,187 E 1,379,ll 1 

Ground Surface Elevation: 569.5 GWLIDATE: Page 1 of 1 I! 

~ 

Project Tide: Geotechnicel Investigation OU2 Waste Units 

Drilling Method: Geoprobe Dete Started: 09/21/95 
wlaugers 

Geologist: K. ErnstlJ. Erjavec Date Completed: 09/21/95 

M D 1587. Colors identified using Munsell Color Chart. Consistency based on Standard 
in unite above background levels. Soils visual description per ASTM D 2488 and soil 

erpreted from field logs and laboratory results. 

[USCS Symbol] 

*Note: USCS Symbols in parenthesee 
indicate visual classification 
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Project No: PO-1 54 

Boring No. G2-SE96 

Coordinates: N 478,071 E 1,379,395 I Engineer: J. Dunlap 
I I 

I Date Completed: 09/25/95 

Project Title: Geotechnical Investigation OUZ Waste Units 

Drilling Method: Geoprobe 
wlaugers 

Date Started: 09/25/95 

Page 1 of 1 I Ground Surface Elevation: 576.0 ft above MSL GWLIDATE: 10.1 f t+BGS I 9/25/95 

SS = 

Depth 
U t J  

0 

4.3 

4.9 

5.2 

7.2 

8.3 

Split-spoon Sample ST = Shelby Tube Sample 

Description Sample Sample Sample Blows per 6' Recovery Laboratory Tests 
[USCS Symbol] No. Depth T w  (in) 

(ft) 

Lean clay with topsoil, dark yellowish 409900 0 - 0.5 B NA 6 oc 

fill (CL) 409901 0.5 - 1.0 B NA 6 oc 
brown, moist. medium stiff, fine roots, 

B NA 6 oc Topsoil stops at 1 .O foot and becomes 409902 .5 

409903 1.5 - 7.0 B NA 42 MC, GS, AL. SP, P, very stiff roots stop at 3.5 feet 

Lean clay with sand, yellowish brown 409904 7.0 - 10.0 0 NA 60 MC, GS, AL, SP, P, 
monled with light gray, moist, stiff, fill, 
CL 

Silty sand, yellowish brown, moist, 
medium dense, fill (SM) 

Silty lean clay, yellowish brown, moist, 
medium stiff to stiff, fill CL 

Lean clay, greenish gray with silt, wet, 
medium stiff CL 

Silty sand, strong brown to brownish 
yellow, moist to wet, heavy iron 
staining, dense (SM) 
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Project No: PO-1 54 Project Title: Geotechnicel Investigation OU2 Waste Units 

Boring No. G2-SB-98 Drilling Method: Geoprobe Date Started: 09/25/95 
wlaugers 

Coordinates: N 477,973 E 1,379,636 Engineer: J. Dunlep Date Completed: 09/25/95 

Ground Surface Elevation: 572.3 ft above MSL GWLIDATE: None 9/25/95 Page -l- of 1 

Notes: Samples collected per ASTM D 1586 end ASTM D 1587. Colors identified using Munsell Color Chert. Consistency based on Standard 
Penetration Resistance Value. Screening reedings ere in units above background levels. Soils, visual description per ASTM D 2488 end soil 
classification per ASTM D 2487. Soil descriptions interpreted from field logs end leboretorv results. 
ss = $ - 
Depth 

(ft) - 
0 

0.8 

1.5 

4.4 

5.5 

lit-spoon Sample ST = Shelby Tuba Sample 

Description Sample Sample Sample Blows per 6" Recovery Laboratory Tests 
[USCS Symboll. No. Depth M e  (in) 

(ft l 

Lean clay, dark greyish brown, moist, 409905 0 - 0.5 0 NA 6 oc 
medium stiff, with gravel up to 318 
inch in diameter. with fine roots end 
topsoil, fill (CL) 

409906 o.5 .o 0 NA 6 oc 

Silty gravel up to 1-114 inches in 409907 1 .O - 1.5 0 NA 6 oc 
diameter. greyish brown, moist, loose 
to medium dense (GM) 409908 1.5 - 10.0 B NA 102 MC, GS, AL, SP, P, 

Sandy lean clay with gravel up to 1- 
112 inches in diameter, brown to light 
olive brown, moist, very stiff, fill, CL 

Having no gravel end less sand below 
2.5 feet 

Fat clay with silt, yellowish brown, 
moist, stiff, (CH), thin silty send seem 
at 5.3 feet 

Silty lean clay with sand, yellowish 
brown occasionally mottled with grey, 
medium stiff to very stiff, CL 

Becoming wet below 8.8 feet 

~~ ~~~~ ~ 

Finel boring depth = 10.5 feet 
~~ 

*Note: USCS Symbols in parentheses 
indicate visual classification 
Coordinates are NAD 1927 
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Project No: PO-1 54 

Boring No. G2-SB-99 

Coordinates: N 477,807 E 1,379,552 

Ground Surface Elevation: 577.9 ft above MSL 

0 

Project Title: Geotachnical Investigation OUZ Waste Unite 

Drilling Method: Geoproba Date Started: 09/27/95 
wlaugars 

Engineer: J. Dunlap Date Completed: 09/27/95 

GWLIDATE: None 9/27/95 Page J- of 1 
- 

Lean clay, brown to brownish yellow, 
roots, moist, medium stiff, fill, 
occasional black nodulea, fill (CL) 

Sample Sample Sample 
No. Depth TYPa 

(ft) 

409920 0 - 0 . 5  B 

409921 0.5 - 1.0 B 

409922 1 .O - 1.5 0 

409923 1.5 - 5.0 B 

409924 5.0 - 10.0 B 

Some gravel beginning at 0.5 feet up 
to 314 inch in diameter 

Blows per 6" Recovery Laboratory Testa 
(in) 

NA 6 oc 

NA 6 oc 

NA 6 oc 

NA 42 MC, GS, SG, AL. CON,=, 
cu,,, sp 

NA 60 MC, GS, AL, SP, P, 

Broken concrete 2.1 to 2.5 feet 

Depth 
(ft) 

2.5 

Description 
[USCS Symbol]. 

Lean clay with sand, light yellowish 
brown mottled with dark yellowiah 
brown, moist, vary hard, becoming 
only dark yellowish brown at 3.1 feet 
CL 

Becoming medium stiff to stiff at 6.3 
feet 

I 7.5 I Silty lean clay, yellowish brown, moist, 

I I cL c 1 Iron staining beginning at 8.4 feet 
I 

Final boring depth =I 10.3 feet 

.Note: USCS Symbols in parantheses 
indicate visual classification 
Coordinates are NAD 1927 

. 





APPENDIX D 

MODAL DIAMETER TESTS 

dpQbQ262 

6/11/96, 1:23pm, Rev. No.: 0 



FIELD PROCEDURE FOR DETERMINATION OF MODAL DIAMETER TESTING' 

1. 

2. 

3. 

4. 

5. 

6. 

Note: 

Expose each soil sample as received from the field to air a t  room temperature until dried 
thoroughly, but no more than seven (7) days. Lightly break up the aggregations in a mortar 
with a rubber-covered pestle (DO NOT GRIND SAMPLE). Remove any rocks larger than about 
1 cm in average physical diameter. 

Prepare a nest of sieves with the following openings: 4 mm, 2 mm, 1 mm, 0.5 mm, and 0.25 
mm. Place a collector pan below the bottom sieve (0.25 mm opening). Determine the mass 
of each sieve and the pan prior to preparing the nest of sieves. 

Determine the original mass of the sample. 

Pour the sample into the top sieve (4 mm opening), and place a lid on the top. 

Rotate the covered sievdpan unit by hand using broad sweeping arm motions in the horizontal 
plane. Complete 20 rotations at a speed just necessary to achieve some relative horizontal 
motion between the sieve and the particles. 

Determine the mass of each fraction. The sum of the masses retained on all the sieves used 
should equal closely the original mass of the quantity sieved. - .  

Use a balance sensitive to  at least 0.01 g for determining the mass of each sieve, pan, and 
sample fraction. , . 

. 

Adapted from a field procedure published in the EPA document (EPA/600/8-85/002), 'Rapid 
Assessment of Exposure to Particulate Emissions from Surface Contamination Sites' (page 231. 



MODAL DIAMETER TESTING 

i Sieve 
1 Number 
I 4mm 
1 2mm 
I 1 mm 
' 0.5mm 
I 0.25mm 
L Pan 

Material: Soil 

Weight (9) % Cumulative Grain Size 
Retained Retained % Retained 1 / lo00 inch Comments 

835.90 51.81 51.81 157.5 
298.70 18.52 70.33 78.7 
232.50 14.41 04.74 39.4 
120.91 7.49 92.24 19.7 
68.83 4.27 96.50 9.8 --- - 71.13 4.41 100.91 

Balance Calibration: 

: I  , ,  

Sample Number: 2001 94603 
Customer Number: 41 01 65 

Batch Number: Sieve-95- 060 

, , . .  : . .  . 

IBorina No: G2-1591 
41 01 65 Sample Weight: 161 3.26 grams 

Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
200 194603 

100 

90 

80 

70 

GRAIN SIZE (1/1000 INCH) 

. . 
I Name Date ! 

Analyzed By: H. J.VOLK 12/28/95 
Checked By: 

- Approved Bv: I __-- -- 

1 FiL: G:'.€PWSIEVEI 



MODAL DIAMETER TESTING 

Material: Soil 

Balance Calibration: 

Sample Number: 2001 9461 3 
Customer Number: 41 01 66 

Batch Number: Sieve-95- 060 

Sample Weight: 1675.67 grams 

Actual 300.00 Measured 300.00 

Actual 10.00 Measured 10.00 

Boring No: G2-159 
Samale No: 41 01 66 

Isample Depth: 6.0-10.0 A] 

grams 

grams 

SIEVE ANALYSIS 
200 1946 13 

! I '  

78 ' 
60 

. _  
0 20 40 60 80 100 1 120 
10 30 50 70 90 110 130 

GRAIN SIZE (l/lOOO INCH) 

40 I 
150 

Name ! Date I 
._.____ 

~ 

- - - . . . .. . . . 
, .- Analyzed By: 

Checked By: 
Aw-rtoved By: 

J 
/ -- 

2 



, 

Sieve Weight (9) % Cumulative Grain Size ' Number Retained Retained % Retained 1 / lo00 inch Comments 
4 mm 1 407.58 79.67 79.67 157.5 

I! 2mm 1 10.78 6.27 85.94 78.7 
1 mm 70.35 3.98 89.92 39.4 i L  0.5mm 76.30 4.32 94.24 19.7 

MODAL DIAMETER TESTING 

1 

Material: Soil 

j 0.25mm 81 .OO 4.58 98.82 9.8 ,I Pan 20.42 1 1 6  99.98 --- 

: t  

b- 3 5 6  

1 

1 

Sample Number: 2001 9461 4 
Customer Number: 41 01 67 

Batch Number: Sieve-95- 060 

G2-159 

Sample Weight: 1766.84 grams 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
200194614 

I 1 78' j ' i  
0 20 40 60 1 80 100 I 120 I 140 I 160 

10 30 50 70 90 110 130 150 

GRAIN SIZE (l/lOOO INCH) 

\ 

3 



4 .  

MODAL DIAMETER TESTING 

1; Sieve Weight (9) 96 Cumulative Grain Size 
Number Retained Retained % Retained 111 000 inch 

' 4mm 1400.75 84.42 84.42 157.5 
7.1 4 91.55 78.7 
4.59 96.14 39.4 

19.7 
1.35 99.93 9.8 
1.35 101.28 --- 

t 2mm 1 18.40 
I'  1 mm 76.21 

! 0.25 mm 22.35 
Pan 22.41 

0.5mm * 40.43 2.44 98.58 

Material: Soil 

Comments 

I 

Balance Calibration: 

Sample 

Sample Number: 2001 9461 5 
Customer Number. 41 01 55 

Batch Number: Sieve-95- 060 

Weight: 1659.33 grams 

Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

n 
w 
Z z 
W a 

w 
2 

I l l 1  I '  82 I 4  

0 20 40 : 60 80 100 120 I 140 1 160 
10 30 50 70 90 110 130 150 

GRAIN SIZE (1/1000 INCH) 

I I Name 4 Date 
I 1212a195 
i ,2,-2yyr 

.j Grain Size Retained __ J 

Checked By: i j H.J.VOLK 
~ 

40% > I - # > -  Analyzed By: 

i l  9 0 Y L  ..._ 96;: Appaved By: . .  13 -/'.?.++- j 
50% > I  5 7. . I  

4 



MODAL DIAMETER TESTING 

Material: Soil 

( 1  Sieve Weight (9) 
: Number Retained 
I 4 m m  964.02 
1 2 m m  162.34 

1 mm 92.56 
0.5mm 49.91 

I 0.25 mm 28.70 
I Pan 48.66 

Sample Number: 2001 94616 
Customer Number: 41 01 56 

Batch Number: Sfeve-95- 060 

% Cumulative Grain Size 
Retained % Retained 111 000 inch Comments 

71.55 71.55 157.5 
12.05 83.60 78.7 
6.87 90.47 39.4 I 
3.70 94.1 7 19.7 I 
2.1 3 96.30 9.8 
3.61 99.91 --- 

Balance Calibration: 

G2-158 
Sample Weight: 1347.35 grams 

Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

n 

a 
a 

W z 
I- 
W 

- 

I- 

3 
I 
3 
0 

4 

SIEVE ANALYSIS 
2001 946 16 

0 20 40 ' 60 I 80 i 100 I 120 ' 140 I 160 
10 30 50 70 90 110 130 150 

GRAIN SIZE (1/1000 INCH) 

Grain sz Retained Name Date ' __ 
4Q% 71 57. >- Anal y zed By: iH.J.VOLK , I 12/28/95 I 

5 



MODAL DIAMETER TESTING 

Sieve Weight (9) % Cumulative Grain Size 
1 Number Retained Retained % Retained 1/1000 inch 

4 mm 1363.94 81.86 81.86 157.5 1: 2mm 88.53 5.31 87.1 7 78.7 
I l m m  79.28 4.76 91.93 39.4 
I 54.19 3.25 95.19 19.7 
1 1  0.5mm 

49.77 2.99 98.1 7 9.8 ,i 0.25 mm ,I Pan 29.93 1.80 99.97 --- 

Material: Soil 

Comments 

I 

1 

Balance Calibration: 

' 12/28/95 4 

[/ 294s- 
Analyzed By: H.J.VOLK 40% >/>7 >e __-- 

50% 7/57. 3- Checked By: 

Sample Number: 2001 9461 7 
Customer Number: 41 01 57 

Batch Number: Sieve-95- 060 

1-1  .'? Py-- 

Sample Weight: 166E - 

Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

n 

2 
W 
[I. 

W 

I- 

3 
P 
3 
0 

I 

S 

I I I I 80 I 

0 20 40 60 80 ' 100 I 120 1 140 ' 160 
10 30 50 70 90 110 130 150 

GRAIN SIZE (1/1000 INCH) 

6 



MODAL DIAMETER TESTING 

Material: Soil 

Sample 

Actual - 

1 : 

I 
i 

Balance Calibration: 

1 -  Sieve Weight (9) % Cumulative Grain Size 
Number Retained Retained % Retained 1/1000 inch Comments 

4mm 871.34 55.74 55.74 1 57.5 
2 mm 258.64 16.54 72.28 78.7 
1mm 203.07 12.99 85.27 39.4 

Sample Number: 
Customer Number: 

Batch Number: 

138.83 ! ,I 0.25mm 76.21 
11 Pan 11.60 

0.5mm 

Weight: 1563.31 grams 

8.88 94.1 5 .19.7 
4.87 99.03 9.8 
0.74 99.77 --- 

300.00 Measured 300.00 

Actual 10.00 Measured 10.00 

7 

2001 9461 8 
41 0072 

Sieve-95- 060 

Boring No: G2-SB-62 
Sam& No: 41 0072 

Isample Depth: 1 S 5 . 0  RI  

grams 

grams 

__ 
Grain Size Re taKd-  -- Name Date I 

I 12/28/95 I 40% 3/57. >- - Analyzed By: H . J YOLK 
50% >I >7,>- _. Checked By: j 

< -  f 2 *? 7 y< I 90% 

- 1 

I : /L;lt/'Lyr 
~~ 29 -- Approved By: - d ! /  -- -_ 

/- 

Ilk G hPU'SB\.EI 

Q802'k"Q 



MODAL DIAMETER TESTING Sample Number: 2001 9461 9 
Customer Number: 41 01 80 

Material: Soil Batch Number: Sieve-95- 060 

1608.83 grams 
2.04.0 R 

Sample Weight: 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
2001 946 19 

GRAIN SIZE (1/1000 INCH) 

8 



, f :: (4  , . .%,* MODAL DIAMETER TESTING Sample Number: 2001 94620 
Customer Number: 41 01 81 

Material: Soil Batch Number. Sieve-95- 060 

Sieve Weight (9) % Cumulative Grain Size 
Number Retained Retained % Retained 1 /lo00 inch 

4 mm 950.38 58.72 58.72 157.5 1 2mm 382.58 23.64 82.36 78.7 

0.5mm 59.81 3.70 97.25 19.7 
J 0.25 mm 29.69 1.83 99.08 9.8 
a t  Pan 12.45 0.77 99.85 

I 1mm 181.06 11.19 93.55 39.4 

--- 

Boring No: G2-155 

Comments 

Sample Weight: 1618.4 grams . 41 01 81 

I 

Balance Calibration: 

I 

Actual 300.00 Measured 300.00 grams 

1 
Name , Date '1 Grain Size Retained ' 

I 40% ) , S T *  >-- Analyzed By: 1H.J.VOLK 1 12/28/95 
i 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
2001 94620 
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FJO: Cj:\EPWSIEVE8 
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MODAL DIAMETER TESTING 

f Sieve Weight (9) % Cumulative 
1 Number Retained Retained % Retained 
I 4mm 895.70 57.82 57.82 
I 2mm 345.33 22.29 80.1 2 i 1mm 183.53 11.85 91.97 
1 0.5mm 71.88 4.64 96.61 

0.25 mm 34.41 2.22 98.83 j Pan 14.81 0.96 99.78 

Sample Number. 200194621 
Customer Number: 4101 82 

sew-95- 060 

Grain Size 
1 /lo00 inch Comments 

157.5 
78.7 
39.4 
19.7 
9.0 --- I 

Material: Soil Batch Number. 

Sample Weight: 1549.01 grams 
Batng No: G2-155 

41 01 82 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
2001 94621 

GRAIN SIZE (l/lOOO INCH) 

! Grain Size Retainec-  Name Date 1 I 

40% 2/37 5- ~ Analyzed By: I H.J,,VOLK -, I 12/28/95 ! 
I 

I 

50% >I>T Checked By: 
90% 46 I! Approved By: 

10 



MODAL DIAMETER TESTING 

Material: Soil 

Sample Weight: 1 589.1 6 grams 

.: ' .  

Borlng No: G2-SB-69 
Sama,e 41 0073 

Balance Calibration: 

1 Sieve Weight (9) % Cumulative Grain Size 
1 Number Retained Retained % Retained 1 /lo00 inch 

909.54 57.23 57.23 157.5 
223.90 14.09 ' 71.32 78.7 

' 4mm 
2mm ' i 1 m m  179.19 11.28 82.60 39.4 

:, 0.5mm 1 1  2.94 7.1 1 89.71 19.7 
, 0.25 mm 65.95 4.15 93.86 9.8 --- Pan 94.20 5.93 99.78 

' p i - "  3 5 6  
I .  - 

Comments 

Sdmple Number: 2001 94622 
Customer Number: 41 0073 

Batch Number: Sieve-95- 060 

Isample Depth: 1 S 5 . 0  ft] 

Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

110 

100 

90 

80 

70 

3 60 

J 
0 50 

GRAIN SIZE ( l / l O O O  INCH) 
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MODAL DIAMETER TESTING 

Material: Soil 

! Sieve Weight (9) 96 Cumulative 
Retained Retained % Retained 

591.06 35.02 35.02 
365.65 21.67 ' 56.69 

I. ",:Er 
2 mm j '  1 mm 293.80 17.41 74.10 

[ 0.5mm 204.70 12.13 86.23 
! 0.25mm 124.44 7.37 93.61 
[- Pan 101.77 6.03 99.64 

Sample Number: 2001 94623 
Customer Number: 41 0266 

Batch NumbeP: Sieve-95- OS0 

Grain Size 
1/1000 inch Comments . 

1 57.5 
78.7 
39.4 
19.7 
9.8 --- 

Boring No: G2-151 

2.0-6.0 n 
Sample Weight: 1687.57 grams 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
2001 94623 

a 

a 

8 

W 
Z 

I- 
W 
[I 

- 

110 
100 
90 
80 
70 

60 
50 
40 
30 

I Grain3ize R e t a x e T  Name I Date . 
I 40% 139 __ Analyzed By: H. J,VOLK i 12/28/95 I 

'! -___ 90% 1 5 I __- Approved By: 

I 

I 

I 

I 50% 103 Checked By: 
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MODAL DIAMETER TESTING Sample Number: 2001 94624 
Customer Number: 41 0268 

Material: Soil Batch Number: Sieve-95- 060 

1 Sieve Weight (9) 96 umulative Grain Size 
I Number Retained Retained Retained 1 /lo00 inch Comments 
i 4mm 1304.48 76.78 76.78 157.5 ' I 
I 2mm 144.77 8.52 85.30 70.7 
! lmm 91.33 5.38 90.67 39.4 
/ I  0.5mm 59.68 3.51 94.1 9 19.7 

- 

1699.06 grams 
6.0-1 0.0 R 

Sample Weight: 

4 
0.25 mm 70.79 4.1 7 98.35 9.8 --- 1 -  Pan 23.1 6 1.36 99.71 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

/ 

105 

100 

95 

90 

85 

80 

75 

Grain Size Retained Name Date I 

40% 71f l .5~ Analyzed By: ! H.JIVOLK ' 12/28/95 
50% ,157. 5 
90% 44 ApprovedBv: 1 
--- 

; / L - - - ] q . q T  
2-39 .&-- 

I 
, ,  

' 

___ -- 
'I 

f ib Ci:EPWSPVEI 
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MODAL DIAMETER TESTING 

, Sieve Weight (9) % Cumulative Grain Size 
I Number Retained Retained % Retained 1 /lo00 inch 
' 4mm 1059.34 65.35 65.35 157.5 
j 2mm 208.30 1 2.85 78.20 78.7 

144.64 8.92 87.1 2 39.4 1 1mm 
I 0.5mm 127.27 7.85 94.97 19.7 

0.25 mm 65.30 4 03 99.00 9.0 
i Pan 10.62 0.66 99.65 

- _ _  

--- 

Material: 

Comments 

1 
I 

I 

i 
I 

Soil 

Balance Calibration: 

Sample Number: 200194625 
Customer Number: 410271 

Batch Number: Sieve-95- 060 

1621.1 grams 
10.0-1 4.0 R 

Sample Weight: 

Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
200194625 

Q 
W 
Z 
U 
I- 
W 

- 

a 

60 I - .  - _ _ _  -- 

0 20 40 60 80 100 1 120 140 ' 160 
10 30 50 70 90 110 130 150 

GRAIN SIZE (l/lOOO INCH) 
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Sample Number: 2001 94626 
Customer Number: 41 0278 ' a I %  

MODAL DIAMETER TESTING 

Material: Soil Batch Number: Sieve-95- 060 
I '  . 

1700.27 grams 
2.0-6.0 n 

Sample Weight: 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

I I 40 
20 40 60 80 ' 100 1 120 I 140 I 160 

I 

0 
10 30 50 70 90 110 130 150 

GRAIN SIZE (1/1000 INCH) 

Date I 
- . . - . . . - - .. .. . . - .. - . -- .. .. . Name 

.--_____ Grain Size Retained --- 
40% '71 $7. >- _ _  
50% 7 1 2 7  > 

! H.J.V,PLK .. 1 12/28/95 
-- __ 

Analyzed By: 
Checked By: 

LP_____ 90% 36 ----Apppved By: 
I J.79. 
j J 7, -7-7,.-9 y- 

L-r 

, 

.- c 

-- 

Fib: Ci:€P.U('SIEVEI 
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MODAL DIAMETER TESTING 

Material: Soil 

Sample 

Actual 

Sieve Weight (9) % Cumulative Grain Size 
Number Retained Retained % Retained 1 /lo00 inch 

1 367.67 79.53 79.53 157.5 
2 mm 96.04 5.50 85.1 1 70.7 

92.1 4 5.36 90.47 39.4 
I 0.5mm 61.05 3.55 94.02 19.7 
I 0.25 mm 46.61 2.71 96.73 9.8 --- Pan 56.75 3.30 100.03 

Balance Calibration: 

Comments 

Sample Number: 2001 94627 
Customer Number: 41 0280 

Batch Number: Sieve-95- 060 

Boring No: G2-152 
1719.71 grams 41 0280 Weight: 

300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

SIEVE ANALYSIS 
2001 94627 

n 

a 
a 
s 
I 

W 
Z 
I- 
W 

w 
I- 

3 r 
3 
0 

S 

I -  

0 ' 20 ' 40 / 60 [ 80 100 ! 120 I 140 160 
10 30 50 70 90 110 130 150 

GRAIN SIZE (l/lOOO INCH) 

Fb ti:&PU'SIEYE8 
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MODAL DIAMETER TESTING 

Sieve Weight (9) % Cumulative Grain Size 

4 mm 1343.55 80.1 8 80.1 8 157.5 
2 mm 1 29.58 7.73 87.91 70.7 

Number Retained Retained % Retained 1 /lo00 inch Comments 

Material: Soil 

i 
ii 1mm 86.1 5 5.14 

j 0.25mm 38.1 8 2.28 
I 0.5mm ' 52.13 3.1 1 

1 Pan 22.32 1.33 

Sample Number: 2001 94628 
Customer Number: 41 0283 

BatcH Number: Sieve-95- 060 

I 

93.05 39.4 I 
96.1 6 19.7 
98.44 9.8 
99.77 i 

--- 

I Borina NO: G2-1521 
- 

Sample Weight: 1675.75 grams 41 0283 
10.0-1 4.0 R 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

n 
W z 

w a: 
z 
W 
1 
4 
3 
H 
3 
0 

SIEVE ANALYSIS 
200 1 94628 

I I 
. -  

0 20 40 60 I 80 100 i 120 1 140 i 160 
10 30 50 70 90 110 130 150 

GRAIN SIZE (l/lOOO INCH) 

Fih: Ci:\EPMSEVEI 
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MODAL DIAMETER TESTING Sample Number: 2001 94629 
Customer Number: 41 0288 

MateM:  Soil Batch Number: Sieve-95- 060 

1632.75 grams 
2.0-6.0 R 

Sample Weight: 

Sieve Weight .(g) % Cumulative I 
1 Number Retained Retained % Retained 
, 4 m m  
'[ 2mm 304.06 18.62 81.01 
I ! 01 8.66 62.39 62.39 

Balance Calibration: 

G, 
1 /lo00 inch Comments 

l G 7  E; 

Actual 300.00 Measured 300.00 grams 

I Y, .Y 

78.7 
39.4 

80.57 I 4.93 97.47 19.7 
mm 3 A  951 1 74 99.21 9.8 

--- 

Actual 10.00 Measured 10.00 grams 

*aim Ci7a I 

GRAIN SIZE ( l / l O O O  INCH) 

18 



c 
r r  

% Cumulative Grain Size 
Weight (9) Comments 

j! Sieve 
j Number Retained Retained % Retained 111 000 inch : 4mm 1 253.1 3 74.67 74.67 157.5 

2 mm 180.14 10.73 85.40 78.7 
1 m m  96.65 5.76 91.16 39.4 

$1 0.5mm 66.91 3.99 95.14 19.7 ' 0.25 mm 52.08 '3.10 98.25 9.8 

I 

--- 

MODAL DIAMETER TESTING 

Material: Soil 

j Pan 23.67 1.41 99.66 

. .  
, I I i  

I 

Sample Number: 
Customer Number: 

'Batcti Number: 

Balance Calibration: 

Sample Weight: 1678.33 grams 

Actual 300.00 Measured 300.00 

Actual 10.00 Measured 10.00 

2001 94630 
41 0290 

Sieve-95- 060 

Boring No: G2-153 
SamDle No: 41 0290 

Isample Depth: 6.0-10.0 RI  

grams 

grams 

19 



MODAL DIAMETER TESTING 

Material: Soil 

Sample Number: 2001 94631 
Customer Number: 41 0293 

Batch Number: Sieve-95- 060 

Balance Calibration: Actual 300.00 Measured 300.00 grams 

Actual 10.00 Measured 10.00 grams 

n 
w .  z 

w s 
a 
8 
1 
w 
I- 

3 
I 
3 
0 

S 

SIEVE ANALYSIS 
200 1 9463 1 

GRAIN SIZE (l/lOOO INCH) 

20 
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APPENDIX E 

COMPACTION CURVES 

dBOOZ8 -1 

6/11/96, 1:23prn, Rev. No.: 0 



Boring: G2-SB-50 . Sample Number: 409811 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 16.3% Moxirnum Dry Density: 114.0 Ibs/ft' 

Specific Gravity: 2.75 Compaction Method: ASTM D 698 Method A 



Boring : G 2  - SB - 50 Somple Number: 409812 Depth: 5.0-10.0 f t  

Description: Dark Yellowish Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 14.3% Moximum Dry Density: 119.8 Ibs / f t3  

Specific Grovity: 2.69 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/05/95 
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Note: 

Boring: G2-SB-51 Somple Number: 411165 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Sandy Lean Clay with Gravel CCLI 

Optimum Moisture Content: 11.6% Moximum Dry Density: 126.1 Ibs/ f t3 

Specific Gravity: 2 .70 Compoction Method: ASTM D 698 Method B 

Lab: Advanced Terra Testinq., Inc. Date Tested: 11/22/95 

Chorocteristic Shape of Compoction Curve Based on Soil Type Typica! Moisture-Densily RelotionshiD. 

5 



Boring: G 2  -SB - 53 Somple Number: 409815 Depth: 1.5-5.0 f t  

Description: Yellowish Brown Lean Clay CCLI 

Optimum Moisture Content: 16.2% Moximum Dry Density: 112.8 Ibs/ f t3  

Specific Grovity: 2 .72  Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 9 / 2 8 / 9 5  

I I I I I I I I I I 
5 10 15 20 2 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

5 ’  

. w 
? 

Note: Characlerislic Shape of Compaction Curve Eased on Soil Type TypicalMoisture-Density Relationship. 



. .  
t 
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Boring: G2-SB-55 Somple Number: 409831 Depth: 1.5-5.0 f t  

Description: Brownish Yellow Sandy Lean Clay CCLJ 

Optimum Moisture Content: 12.8% Moximum Dry Density: 124.0 Ibs/ft ’ 

Specific Gravity: 2.80 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 9 /28 /95  



Boring: G2 -SB - 57 Somple Number: 409823 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Lean Clay CCLJ 

Optimum Moisture Content: 18.8% Maximum Dry Density: 109.7 Ibs/ft '  

Specific Grovity: 2.69 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/08/95 

I I I I I I I I I 
I I I I I I I I I 1  I I I I I I I I 

I I I I I I I I I I 
5 '  10 15 20 25 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Characteristic Shape o f  Compaction Curve Based on Soil Type TypicalMaisture-Density Relationship. 



L. 

Boring: G2-SB-57 Somple Number: 409824 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Sandy Lean Clay with Gravel CCLI 

Optimum Moisture Content: 12.8% Maximum Dry  Density: 121.5 Ibs / f t3  

Specific Gravity: 2.76 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 9/11/95 

I I I I I I I I I 1 
5 10 15 20 25 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Chorocteristic Shape o f  Compaction Curve Bated on Soil Type Typical Moisturc-Density Relationship, 
b 



Boring: G2-SB-59 Somple Number: 409819 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 16.4% Moximum Dry Density: 116.5 Ibs/ft3 

Specific Grovity: 2.69 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 9 /25 /95  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Characteristic Shape o f  Compaction Curve Eased on Soil Type TypicalMoisture-Density Relationship. 
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Boring: G2-SB-61 Sample Number: 409827 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Leon Clay with Sand CCLI 

Optimum Moisture Content: 17.8% Moximum Dry Density: 108.8 Ibs/ f t3 

Specific Gravity: 2.75 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: 10/04/95 
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5 10 15 20 L 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

ote: Characteristic Shope o f  Compaction Curve Based on Soil Type TypicolMoisture-Density Relationship. 



Boring: G2-SB-64 Somple Number: 409835 Depth: 1.5-5.0 f t  

Description: Liqht Olive Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 14.3% Moximum Dry Density: 118.1 Ibs/ft3 

Specific Grovity: 2.79 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Ter ra  Testinq, Inc. Dote Tested: 10/09/95 



Boring: G2-93-66 Somple Number: 409839 Depth: '1.5-5.0 f t  

Description: Yellowish Brown Lean Clay with Sand CCLI 
Optimum Moisture Content: 15.7Z Moximum Dry Density: 117.5 Ibs/ f t3 

Specific Grovity: 2.68 Compaction Method: ASTM D 698 Method A 

. Lob: Advanced Terra Testinq, Inc. ' Dote Tested: 10/05/95'  

i\\ I 

Curves of  100% Saturation 
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. . I , .  . .  ,to: Characteristic Shape of Compaction Curve Bated on Soil Type TypicolMoi.t~~.e.-Densil~ Ralatign.ship. '.: .._ , . . :: , .. .. . -  
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Boring: G2-SB-68 Somple Number: 409843 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Lean Clay CCLI 

Optimum Moisture Content: 19.0% Maximum Dry Density: 109.9 Ibs/ ft’ I 
Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/06/95 

I I I I I I I I I I 
5 10 15 20 25 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Characteristic Shape of Compaction Curve Based on Soil Type TypicolMoisture-Density Relotionship. 
I. 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Characteristic Shape of Compaction Curve Eased on Soil Type Typical Moisture-Density Relationship. 
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Boring: G2-SB-70 Somple Number: 409847 Depth: 1.5-5.0 f t  

Description: Yellowish Brown Lean Cloy with Sand CCLI 

Optimum Moisture Content: 19.6i: Moximum Dry Density: 106.5 Ibs/ f t3 

Specific Grovity: 2.71 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/10/95 
14C 

100 

90 

I 
I o  I /$ I 

I I I I I I I I I 
c 5 10 15 20 1 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

\late: Characteristic Shape of Compaction Curve Based on Soil Type Typical Moisture-Density Relationship. 





I Boring: G2-SB-73 Sample Number: 409855 Depth: 1.5-6.0 . f t  I 
Description: Dark Yellowish Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 14.5% Maximum Dry Density: 119.0 Ibs/ f t '  

Specific Gravity: 2.80 Compaction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/06/95 

Choracteristic ShoDe of Compaction Curve Eased on Soil Type TypicolMoisture-Density Relationship. 



~ 

8oring: G2-SB-74 Sample Number: 409858 Depth: 1.5-5.0' f t  

Description: Liqht Olive Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 17.2% Maximum Dry Density: 114.0 Ibs / f t3  

Specific Grovity: 2.76 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 10/06/95 



Boring: G2-SB-76 Somple Number: 409862 Depth: 1.5-6.0 f t  

Description: Olive Brown Lean Clay CCLI 

Optimum Moisture Content: 17.2% Maximum Dry Density: 110.7 Ibs/ ft’ 

Specific Grovity: 2.70 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/17/95 



g 
I 
5 
a x 
f 
0 
i- 

i 
h 

2 

6 e 
e H 

p . 
2 c; 

Boring: G2-SB-78 Sample Number: 409865 Depth: 1.5-5.0 f t  

Description: Yellowish Brown Lean Clay with Sand CCLI 

Optimum Moisture Content: 16.4% Moximum Dry Density: 114.7 Ibs/ f t '  

Specific Grovity: .2.63 Compoction Method: ASTM 0 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: .10/06/95 
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IN PERCENT OF DRY WEIGHT. 

Note: Characteristic Shape of Compaction Curve Bored on Soil Type TypicalMoisture-Density Relationship. 
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Boring: G2-SB-80 Somple Number: 409869 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Sandy Lean Clay CCLI 

Optimum Moisture Content: 14.1% Moximurn Dry Density: 118.4 Ibs/ f t3  

Specific Grovity: 2.70 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/04/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Characteristic Shape of Compoction Curve Based on Soil Type Typical Moisture-Density Relotionship: 
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Boring: G2-SB-81 Somple Number: 409873 Depth: 1.5-5.0 f t  
Description: Yellowish Brown Sandy Lean Clay CCLI 

Optimum Moisture Content: 12 .3Z Maximum Dry Density: 124.0 Ibs/ f t '  

Specific Crovity: 2.75 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 10/09/95 

Note: Standard Ef for t  
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Characteristic Shape of Compoction Curve Eased on Soil Type Typical Moisture-Density Relotionship. 



Boring: G2-SB-82 Somple Number: 409878 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Lean Clay CCLI 

Optimum Moisture Content: 15.2% Moximum Dry Density: 117.0 I b s / f t 3  

Specific Grovity: 2.78 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/15/95 
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Boring: G2-SB-84 Somple Number: 409882 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Lean Clay CCLI 
Optimum Moisture Content: 13.4% Moximum Dry Density: 120.2 Ibs/ f t3  

Specific Grovity: 2.77 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/09/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

dote: Charoclerislic Shope o f  Compaclion Curve Based on Soil Type TypicolMoitture-Densily Relationship, 
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Boring: G2-SB-86 Somple Number: 409886 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Sandy Lean Clay CCLI 

Optimum Moisture Content: 13.7Z Moximum Dry Density: 120.6 Ibs l f t '  

Specific Gravity: 2.78 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Oote Tested: 10/09/95 

Note: Standard E f fo r t  
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Jote: Characteristic Shape of Compoction Curve Eased on Soil Type Typicol Moisture-Density Relationship. 



Boring: G2-SB-88 Somple Number: 409890 Depth: 5.0-10.0 f t  

Description: Liqht Olive Brown Lean Clay CCLI 
Optimum Moisture Content: 13.8% Moximum Dry Density: 118.9 Ibs / f t3  

Specific Grovity: 2.77 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/15/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Vote: Charocteristic Shope o f  Compoction Curve Bosed on Soil Type TypicolMoisture-Oensily Relationship. 
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Boring: G 2  -SB -90 Somple Number: 409894 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Sandy Silt CMLI 

Optimum Moisture Content: 12.8% Moximum Dry Density: 120.9 Ibs/ f t3 

Specific Gravity: 2.72 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 10/15/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

'lote: Chorocterislic Shape of Compaction Curve Based on Soil Type Typic01 Moisture-Densily Relotionship. 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Chorocteristic Shape of  Cornpoction Curve Based on Soil Type TypicolMoiJtura-Density Relationship. 



Boring: G2-’36-96 Somple Number: 409903 Depth: 1.5-5.0 f t  

Description: Dark Yellowish Brown Lean Clay (Fill) CCLI 

Optimum Moisture Content: 16.31 Moximum Dry Density: 115.2 Ibs / f t3  

Specific Gravity: 2.75 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: 10/05/95 







w 3% 

- 
Boring: G2-SB-99 Somple Number: 409923 Depth: 1.5-5.0 f t  

Description: Liqht Yellowish Brown Lean Clay with Gravel  (Fill) CCLI 

Optimum Moisture Content: 17.5% Moximum Dry Density: 110.8 Ibs / f ts  

Specific Grovity: 2.67 Compaction Method: ASTM D 698 Method A 

., Lab: Advanced Terra Testinq, Inc. Dote Tested: 10/05/95 



Boring: G2-SB-99 Sample Number: 409924 Depth: 5.0-10.0 f t  

Description: Yellowish Brown Lean Clay CCLI 

Optimum Moisture Content: 16.0% Maximum Dry Density: 115.0 Ibs/ f t 3  

Specific Gravity: 2.81 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 10/05/95 
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Boring: G2-148 Somple Number: 410577 Depth: 11.0-16.5 f t  

Description: Dark Gray Lean Clay wi th  Sand CCLI 

Optimum Moisture Content: 12.7% Moximum Dry Density: 123.4 Ibs / f t3  

Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq. Inc. Dote Tested: 10/05/95 
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Boring: G2 - 149 Sample Number: 410527-28 Depth: . 11.0-16.5 f t  

Description: Dark Gray Sandy Lean Clay CCLI 

Optimum Moisture Content: 12.2ir Maximum Dry Density: 125.0 Ibs/ f t '  

Specific Gravity: 2.70 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 10/05/95 

Note: Standard E f fo r t  
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Note: Characteristic Shape of Compaction Curve Eosed on Soil Type Typical Moisture-Density Relationship. 



Sample No. G2-201-204~~~thO - 24.5 ~ l ~ ~ ~ t i ~ ~  
Soil Composite 201, 202,203,204 

Lo a t  i 0 ~roposed OnSite D ~ I  Cell ' (PO-101) 

U.O% Optimum Moisture Content 

>. a n 

122.7 pcf Maximum Dry Density 
ASTM D 698, Method A 

Method of Compaction 

MOISTURE CONTENT IN % OF O A Y  WEIGHT 
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COMPACTION TEST DATA 
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. .I 
0 - 24.5 

Depth Elevation G2-205-208 
. Sample No. 

Composite 203, 206, 207, 208 Soil 
Proposed On-Site Disposal Cell (Po-101) Location 

12.3% ~. - 
Optimum Moisture Content 

Maximum Dry Density 
122.5 pcf 

ASTM D 698, Method A 
Method of Compaction 

MOISTURE CONTENT IN % OF ORY WEIGHT 
0 10 15 20 2 5  

1 so 

140 
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2 .? 

2 . 5  
100 

90 

COMPACTION TEST DATA 



LL. 

Elevation 
Brown and , Gray . I  Sandy Lean Clay (CL) 
Proposed'bn-Site D i s p d  C&l (Po-101) 

G2-209 0 - 2 5  
Sample NO. Depth 

Soil 

Locat  ion 
12.3% 

Optimum Moisture Content 
122.3 pcf 

Maximum Dry Density 

M e t  hod of Compaction 
ASTM D 698, Method A 

MOISTURE CONTENT IN X OF DRY WEIGHT 
0 S 10 15 20 25 

1 S O r  J 

L - ---I 
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130 

120 

110 

2.3 

2.7 
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100 

90 

COMPACTION TEST DATA 
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Sample No. G2-210 Depth O - 25 Elevation 

Soil Brown and Gray Lean Clay with Sand (CL) 

L 0 a t  i 0 Proposed On-Site Disposal Cell (Po-101) 

12.4% Optimum Moisture Content 
1223 pcf Maximum Dry Density 
ASTM D 698, Method A 

Method of Compaction 

MOISTURE CONTENT IN % OF DRY WEIGHT 
0 S 10 1 s  20 2 5  

2.9 

2.7 

2 . 5  

- . . . .. -- 

COMPACTION TEST DATA 



np. 
P* a ) e J  

Sample No. ~w Depth 6 4 4 . 5  

l' I 3  ''1 9;: r' 
Soil 

Elevation 

I " r :  '! \ ,9 * ( 8 .  R1 . ,, 
/* I 

Location --- 6 I Po5 

Optimum Moisture Content 18.3 % 
Maximum Dry.  Density 133.6 .pcS 
Method of Compaction AsTM 9 ITS? A 

MOISTURE CCNTENT IN % OF DRY WEIGHT 

- -  0 5 10 15 20 25 
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CU TRlAXlAL COMPRESSION TESTS - 
UNDISTURBED SAMPLES 

6/11/96, l:Upm, Rev. No.: .O 



Total 
Unit 

.Weight 
( p c f )  

Dry Axial 
Unit Strain 

Weight 
( p c f )  

I 

E f  fec tlive 
Confining 
Pressiire 
(sigma3) 

( p s f') 
/ I  

I 

461,, 

Major 
Principal P r i l l c i ~ a l  
Stress Stress 

(s igma,)  Ratio 
(ps f )  

1749 3.80 135.7 114.8 5.05 

950 
3.39 I 3223 

1958 6377 3.26 

r' . I' 

L 3 5 6  
Triax Compression Tes t  Repor t  a 

Borinq No. G2-148 S a m d e  No. 410573 D e p t h  7.5-9.5 f t  D e s c r i p t i o n  - Yellowish B rown .  L e a n  Clay w i t h  S a n d  CCLI 
6000 

5000 

4000 

3000 

2000 

1000 

0 

Cohes ion  F r i c t i o n  
( p s  f )  Angle 

0 
0 

0 E f f e c t i v e  100 
Tota l ,  100 

31 O 

2 5" 

. 
\ 
\ 
\ 
\ 

\ 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 

Normal Stress ,  p s f  

I 

Failure Criteria: Max. Principal Stress Ratio I Type o f  Test: CU w/pp - STAGED Sample Type: In Situ 

Spec. 
No. 

Moisture 
Content ( % )  

Delta 
Pore 

Pressure 
( p s f )  

Depth 
( fee t )  

Deviator 
Stress 
( p s f )  

Boring No. 

Initial Final 

18.2 1288 259 15.4 

15.4 

A - S T G 1  

A - S T G 2  18.2 490 G2-148 7.5-9.5 145.4 123.1 2272 

4419 15.4 18.2 A - S T G 3  922 

1. Saturated Test. 0003126 CAD FILE: /USR/REF2/OU2/P0154/PO154~DCN~410573A_MO.DCN (SKX04024)  



Triaxial Compression Test  Report  

Total Spec. Moisture Depth 
( fee t )  

6000 

5000 

4000 

Axial Deviator Dry 

Weight 
( p c f )  

Unit ' Strain Stress 
(ps f )  

3000 

2000 

1000 

0 

12.5-14.5 

356 ! c  

131.2 2.40 1999 

0.99 4202 

131.4 2.51 6664 

A-STG1 11.5 10.4 146.3 

A-STG2 11.5 10.4 145.5 130.7 
__-_- 

A-STG3 11.5 10.4 146.5 

3 4" 
3 2' 

I 
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 0 1000 

Normal Stress ,  psf  
I 

Type o f  Test: CU w/pp - STAGED Sample Type: In Situ Failure Criteria: Max. ]Principal Stress Ratio 

Boring No. 

I G2-152 

1. Saturated Test 

86 I 634 I 2633 I 4.16 4yo 1 1368 1 5570 1 
2390 9054 

CAD FILE: /USR/REF2/OU2/P0154/POl54/DCN/4lO28ZA~MO.DGN (SKX04023) 
000327 



Triaxial Compression Tes t  Repor t  

1 
Boring No. 

I 

ce 
cn 
Q 

Dry Axial 
Unit Strain 

Total Moisture Spec. 

Weight 
(pc f )  

Depth 
( fee t )  

.. 
cn 
cn 
Q) 

m 
L 
-c, 

Effect ive 
Confining 
Pressure 
(s igmas) 

(psf )  

L 
U 
0 
II: 
m 

Major 
Principal Principal 
Stress Stress 

(s igma, Ratio 
( p s f )  

6000 

5000 

4000 

3000 

2000 

1000 

0 

Deviator 

( p s f )  

-9.5 

Delta Pore 
Pressure 

( p s f )  

f t  

1210 

1598 

498 

D e s c r i p t i o n  

5370 4 .44  

5867 3.67 

2432 4.88 

- Yellowish Brown L e o n  Cloy CCLI 

G2-156 I 7.5-9 .5  

Cohes ion  F r i c t i o n  
( p s f )  Angle 

B 23.1 22.1 130.9 106.4 5.48 

I 

1-C 

5 

3.91 24.6 24 .3  128.7 103.3 

E f f e c t i v e  250 31 
T o t a l  400 21 * 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 1 4 0 0 0  15000 

Normal S t r e s s ,  p s f  

Type o f  Test: CU w/pp Sample Type: In Situ 

I A I 21.6 1 22.2 I 132.3 I 108.8 I 3.61 I 

I I I I I I I 

1. :Saturated Test. 

Failure Criteria: Max. PrinciDal St ress Ratio 

1934 

CAD FILE: /USR/REF2~OU2/P0154/POl54~DGN/4lOl3lA~MO.DGN (SKX04022)  

~ 



Failure Criteria: Max. Principal Stress Ratio 1 
Ef fect ive 
Confining 
Pressure 
(sigmd,) 

(ps f )  

500 

Major 
Principal Principal 
Stress Stress 

(s igma,)  Ratio 
(ps f  1 

4500 9.00 

Dry 
Unit 

Spec. Moist ur e Total 

Weight 
(pc f  1 

Depth 
( fee t )  

Axial 
Strain 

( % )  

1 

2 

3 

6.0-9.0 

117.3 3 .7  17.9 16.7 138.3 

14.4 15.4 140.8 123.1 4 .8  

14.1 11.0 14.3.4 125.7 4 .7  

- .  . 

% r  - Triaxial Compression Tes t  Repor t  
I 

D e s c r i p t i o n  - Brown Si l ty Cloy w i t h  S a n d  CCL-MLI Boring No. 1745 Sample No. L -  3250 DeDth 6.0-9.0 f t  
12000  

Cohes ion  Fric ti'on 
( p s f )  Angle L 

P 
. 

0 . . 
0 

. 

10000 
E f f e c t i v e  900 29" 
Total 350 2 4" 

1 

I 

I 

Ce 

cn 
CL 8000 
cn 
cn 
Q) 
L 6000 

v, 

.. 

-w 

. 0 

0 . . 
0 

L 
U 4000 
a, 

A I  
v, 

2000 

0 
0 2000 4000 6000 8000 10000 12000  14000 16000 18000 20000 22000 24000 2 6 0 0 0  28000 30000 

Normal Stress ,  p s f  

Ir 
Test: cu w/pp Sample Type: In Situ 

I I I I 1 

Deviator 
Stress 
(ps f )  

Pore 
Pressure 

(psf )  

4000 1656 

7 100 2189 2140 I 9240 1 -43: 

2780 15400 12620 5861 

Data Source: H.C. Nutting Co., data file: 3250,  5/20/92. CAD FILE : /USR / REF 2 / OU 2 /PO14 0 / PO 14 01 DGN/ 17 4 5 M 0  .DGN ( SKXO 380 5 ) 

~ _ _ _ _ _ ~  ~ 



10000 

I 2 0 0 0  

8000 1 

6000 - 

4000 - 

-, 

: 

- 

- 

- 

- 

- 

0 

Moisture Total 
Unit 

Weight Weight 

Depth 
( fee t )  

Triaxial Compression Tes t  Report 

Axial Deviator 
Strain Stress 

(psf )  

P- I. - 5 6  

13.4 

13.6 

12.4 

No. 1747 Sample No. L -  3252  Depth 12 .0 -14 .5  f t  Description - Gray and Brown Gravelly Lean Clay with Sand CCLI 

12.1 142.2 125.4 3.6 3260 

6240 12 9 143.5 126.3 7.1 

11.2 143.9 128.0 6 . 2  9620 

- 

- - 

0 2000 4000 6000 8000 10000 1 2 0 0 0  14000 16000 18000 2 0 0 0 0  22000 2 4 0 0 0  2 6 0 0 0  28000 30000 

Normal S t r e s s ,  p s f  

Type of  

Boring No. 

' 1747 

Test: CU w/pp Sample Type: In Situ Failure Criteria: Max. Principal Stress Ratio 

12.0- 14.5 , 3096 1 1220 1 7460 1 6.11 

3.99 3220 12840 5414 

Data Source: H.C. Nutting Co., data file: 3252,  5 /26 /92 .  CAD FILE: /USR/REF2/OU2/P0140/POl4O~DGN~ 174 7MO.DGN (SKX03807) 

1. CU Test Data Sheet Describes Test Specimens as Gray and Brown Sandy Lean Clay with Gravel and Rock 



.w* . I- 

Depth 
( fee t )  

Boring No. 

Boring 
12000 j 

Dry Axial Deviator 
Unit Strain Stress 

Spec. Moisture Total 
Content (1) Unit No. 

Weight Weight ( % )  (psf )  Initial Final (,Pcf) (pc f )  

- 

10000 I 

- 

8000 - 

- 

6000 - 

- 

4 0 0 0  - 

- 

1748 

I 
Triaxial Compression Test Repor t  

3.1 4540 1 9.7 10.8 148.0 134.9 

2 11.2 11.7 146.2 131.5 3 .2  6580 9.0-12.0 

L. psp .. 

12.0 3 

No. 1748 Sample No. L -  3251 D e p t h  9.0-12.0 f t  D e s c r i p t i o n  - B r o w n  a n d  G r a y  Ciayey G r a v e l w i t h  Sand CGCI 

129.1 4 . 5  15060 10.9 144.6 

. 
s\ /=-- 

c 
c . . . . . - 

\ 

. 
\ 
\ 
\ 

\ 

I 

I Cohes ion  F r i c t i o n  
i I ( p s f )  Angle 

4 2' 
I 

E f f e c t i v e  0 
T o t a l  j 0 26" 

. ,  

\ 

Y 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
v 

I 
I 
I 
I 
I 

II 
0 2000 4 0 0 0  6000 8000 10000 12000 14000 16000 18000 20000  2 2 0 0 0  24  

Normal  S t r e s s ,  p s f  

- Type of  Test: CU w/pp Sample Type: In Situ Failure Criteria: Max. 

Pore 
Pressure 

( p s f )  

1181 

E f f e c i  
Con f it- 
Press 
(sigml 

(psf 
~ 

98C 

100 26000  2 8 0 0 0  30000 

'rincipal Stress Ratio 

3240 I l080i 

4896 I 374.0' 5 18800 

Data Source: M . C .  Nutting Co., data file: 3251, 5/18/92. CAD FILE : / USR / REF 2 0 U 2 PO 14 0 / P 0 14 0 DG d/ 17 4 8 M  0.  DG N ( SK x 0 3 806 ) 

1. CU Test Data Sheet Describes Test Specimens as Brown and Gray Sandy Lean Clay with Gravel and Rock i 
I 

1 -  



L 

Triaxial Compression Test  Report 
Borinq No. G2-201 OeDth 2.5-4. .5 f t .  Soil Description - Yellowish brown lean cloy CCLI 

6000 

5000 

4000 

3000 

2000 

1000 

0 

Normally Consolido ted 

Cohesion Friction 
(psf) Angle 

Effective 500 24' . 

Over Consolido ted 

Total 300 2 2' 

Effective 800 12' 
Total 700 12' 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Normal St ress,  psf  

Pore 
Pressure 

tpsf) 

259 

604 

605 

648 3120 

1655 6266 

Principal 1 
I . _ .  . . (  



Triaxial Compression Test Repor t  

Axial Deviator Pore Effective Major 
Unit Unit Strain Stress Pressure Confining Principal 

Weight Weight t%) (psfl (pef) Pressure Stress 
Initial Final (pcf) (pcf) (sigma,) (sigma,) 

Boring Depth Stage Moisture Total D rv 
No. (feet) Content (%) 

(psf) (PSf) 

3696 835 1326 4919 

4566 994 1886 6453 

6938 221 8 2102 8041 

G2-201 22.5-24.6 1 12.6 12.2 143.7 127.6 6.17 

2 13.0 12.1 143.4 126.9 6.14 

3 13.8 12.6 142.4 125.2 6.06 1 

Boring No. G2-201 Depth 22.5-24.5 f t .  SoilOescription - Gray sandy lean cloy CCLI 
6000 7 I I I I 

Principal 
Stress 
Ratio 

3.71 

3.42 

3.82 

5000 

4000 

3000 

2000 

1000 

0 

Cohesion Friction 
(psf)  Angle 

Effective 400 2 8' 
To tal '250 2 4' 



Triaxial Compression Test Report 

Dry Axial 
Unit Strein 

Weight (94) 
' lpcf) 

Borina No. G2-202 DeDth 

~ 122.3 I 3.60 

7.5-9.5 f t .  

Depth 
(feet) 

Soil Description 

Stage 

- Yellowish brown sondy 
6000 

5000 

4000 

3000 

2000 

1000 

0 

leon cloy CCLI 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Normal St ress,  ps f  

il 

Boring 
No. 

G2-202 

of Test: CU wlpp 
I 

7.5-9.5 k 

Sample Type: lnsitu 

Moisture 
Content (%) 

Total 
Unit 

Weight 
(pcfl 

139:6 

Devietor 
Stress 

(PSfl 

2673 

Pore 
Pressure 

(PSf) 

835 

0.96 200 1 245 907 2908 

Principal i-j 



6000 

5000 

4000 

3000 

2000 

1000 

0 

Deviator Pore Effective Major 
Pressure Confining Principal 

(psfl (PSf) Pressure Stre66 
(sigma,) (sigma,) 

Axial 
Strain 

Weight Weight (%I 

Depth Stage Moisture Total DW 

Initial Final (pcf) (PCfl 

Strese 
Boring 

Unit Unit Content (%) No. (feet) 

(Pef) 

-618 1238 4076 

(psf) 

6.18 2838 

3.56 3888 

G2-204 12.6-14.6 1 12.6 13.2 142.9 127.0 

806 1364 5242 

Triaxial Compression Test Report 

Principal 
Stress 
Ratio 

3.29 

3.87 

Borinq No. G2-204 DeDth '12.5-14.5 

L 

f t .  SoilOescriDtion - Groy lean clay with sand CCLI 

Normolly Consolidated 
Cohesion Friction 

(psf) Angle 

Effective 450 2 7' 
Toto1 600 20' 

. Over Consolidated 

Total 850 

:AD FILE: - 

16' 

Ii a02628.d n 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Normal Stress,  psf  
I 1 



Triaxial Compression Test Report 

Boring 
No. 

Boring No. G2-205 Depth 17.5-19.5 f t .  SoilDescription - Gray sandy lean clay CCLI 
6000 4- 

Depth Stage Moisture Total Dry Axial Deviator Pore Effective 
(feet) Content (%I Unit Unit Strain Stress Pressure Confining 

Weight Weight (%I (PSf) (psfl Pressure 
Initial Final (pcf) (PCfl (sigma,) 

(PSfI 

5000 

4000 

3000 

2000 

1000 

0 

Major 
Principal 
Stress 

Isigma,l 
(P6fl 

J 

Principal 
Stress 
Ratio 

5 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

G2-206 

Normal St ress,  psf 

17.5-19.5 1 12.2 12.6 143.3 127.7 2.68 1797 202 618 

2 13.0 12.6 143.1 126.6 6.76 4344 619 1641 

3 12.6 12.6 144.4 128.2 5.97 5395 1498 2102 . 

2316 I 4.47 



6000 

5000 

4000 

3000 

2000 

1000 

0 

Axial Deviator Pore Effective Major 

Preseure Stress 

Boring Depth Stage Moisture Total Dry 
Unit Unit Strain Stress Pressure Confining Principal No. (feet) Content (%) 

Weight Weight (%I (PSI) (pef) 
Initial Final (pcf) (PCf) (sigma,) (sigma,) 

(PSI) (PSI) 

12.8 13.0 143.6 127.2 2.61 1932 116 605 2537 

2 12.7 12.4 144.2 128.0 5.87 4072 634 1626 5598 

3 12.7 12.1 144.4 128.1 6.92 6638 1613 1987 7625 

~~ ~ 

G2-206 22.5-24.5 1 

Triaxial Compression Test Report 

Principal 
Stress 
Ratio 

4.20 

3.67 

3.84 

Borina No. G2-206 DeDth 22.5-24.5 f t .  SoilOescriDtion - Gray sandy lean clay CCLI 

Cohesion Friction 
(psf)  Angle 

3 1' Effective 250 
Total 200 2 6. 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Normal Stress,  psf 



UU TRlAXlAL COMPRESSION TESTS - 

OUDATA\OUJ\F’O 154\E&S-BAOR 

UNDISTURBED SAMPLES 

Q00338 

6/11/96, 1:23pm, Rev. No.: 0 



Dry  
Unit 

Weight 
(pcf )  

Axial 
Strain 

Deviator 

(ps f )  

Delta 
Pore 

Pressure 
(psf )  

Boring No. Depth 
( feet )  

G2 - 150A 15.0-17.0 

Triaxial Compression Test  Report 
I( 

'L. - 

Bor ing No. G2-150A Sample No. 410256 Dl p t h  15.0-17.0 f t  Descr ip t ion - Gray Sandy Lean  Clay CCLI 
3000 

2 5 0 0  

Cohesion Fr ic t ion  
( p s f )  Angle 

To tal  

I 

638 0' 

2000 

1500 

1000 

500 

0 

L 
U 
Q) 

v, 

I I A 
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 60 

Normal S t r e s s ,  p s f  
0 6500 7000 7500 

Failure Critkria: 15% Axial Strain 
I 

Type of Test: TX/UU Sample Type: In Situ 
I) 

I 
Totall 

Confining 
Pr e s s h  1 e 
(sigmq,) 

(psf)  
I 

I Major 
Principal 
Stress 

(sigma 1 
(ps f )  

Moisture Total 

W eig t i  t 
(pcf )  

Principal 
Stress 
Ratio 

410256A1 14.7 I 14.1 1 142.7 124.4 I 15.02 1.52 
I 

2448  
I 
I 

3 7 2 3  

1. Saturated Single Point Test. 

2.  N / A  = Not Applicable 
CAD FILE: /USR/REF2/OU2/P0154/POl54/DGN/4iO256B-MO.DGN (SKX04  196) 



Axial 
Strain 

( %) 

Deviator 
Stress 
(psf)  Weight 

(pcf)  
Weight 

' (pc f )  

Triaxial Compression Test  Repor t  
Boring r No. G2-153' Sample No. 410287 Depth 5.0-7.0 f t  Descr ip t ion - Liqht Olive Brown Sandy Lean Clay CCLJ 

3000 

2500 

2000 

1500 

1000 

500 

0 

Cohesion Fr ic t ion  
(psf )  Angle 

2507 To ta l ,  

I 

0" 

t 
i_L 

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 
! 

0 500 1000 1500 

Normal Stress ,  psf  

Type of Test: TX/UU Sample Type: In Situ Failure Criteria: 15% Axial Strain 

Moisture 
Content (1) 

Total 
Unit Unit Pr incipal 

Stress 
Ratio 

Initial Final 

15.07 z 143.6 127.0 I N/A I 1008' I 6022 5.97 

I I I I I 

1. Saturated Single Point Test 

2. N/A = Not Applicable 
CAD FILE: / U S R / R E F ~ / O U ~ / P ~ ~ ~ ~ / P O ~ ~ ~ / D G N / ~ ~ I ) Z ~ ~ B _ M O . D G N  . (SKX04198) 



2500 

Boring No. 

G2-154 

2000 

1500 

Depth 
( fee t )  

10.0- 12 .o 

1000 

500 

0 

Spec. 
No. 

4101718 

Tr iaxial Compression Tes t  Report  

Dry Axial 
Unit Strain 

Total 
Content ( % )  Unit 

Weight Weight ( % )  

Moisture 

Initial Final ( p c f )  ( p c f )  

14.20 11.4 12.5 142.5 128.0 

No. G 2 - 1 5 4  Sample No. 410171 D e p t h  10.0-12.0 f t  D e s c r i p t i o n  - Brown, Greenish Gray Sandy  L e a n  Clay CCLI 

Cohes ion  F r i c t i o n  
( p s f )  Angle 

2000 2500 3000 3500 4000 4500 5000 5500 6090 I 6500 7000 7500 0 500 1000 1500 

Normal Stress ,  p s f  

Type of Test: TX/UU Sample Type: In Situ Failure Critkria: 15% Axial Strain 

1. Saturated Single Point Test. 

2. N/A = Not Applicable 

I ( p s f )  I 
4042 N / A  1728 

- i 

CAD FILE: /USR/REF2/OU2/P0154/POl54/DGN/4~Ol7lB~MO.DGN (SKX04197) 

$00342 



Triaxial Compression Test Report  
- 
c . -  - 
i 
E- 

Descr ip t i on  - Liqht Olive B r o w n  Sandy L e a n  C l a y  CCLI Boring No. G2-155 Sample No. 410175 Dep th  7 . 5 - 9 . 5  f t  
3000 

2500 

2000 

1500 

1000 

500 

0 

- 

Cohes ion  F r i c t i o n  
( p s f )  Angle 

cc 
<n 
Q 

L 
U 
Q) 
L 
v> 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 

N.ormal S t r e s s ,  p s f  

I I Type of  Test: TX/UU Failure Criteria: 15% Axial Strain Sample Type: In Situ 

Dry 

( p c f )  

Unit 
Weight 

Delta 
Pore 

Pressure 
(psf 1 

Total 
Confinjnc 
Pr essur i  
(sigma,) 

(psf )  

Major 
Principal 
Stress 

(sigma 1 
(ps f )  

Total Axial 
Strain 
(1) 

Deviator 
Stress 
(ps f )  

Principal 
Stress 
Ratio Weight 

Initial 

12.2 13.8 I 143.5 127.8 14.89 1368 6117 4.47 4749  N/A 

000342 I I 

1. Saturated Single Point Test. 

2. N / A  = Not Applicable 

I 

CAD FILE: /USR/REF2/OU2/P0154/POi54/DGN/410175B_MO.DGN (SKX04 135) 



3000 

Total 
c on fin in g 
Pressure 
(sigrnci,) 

(ps f )  

2500 

Major 
Pr i n c i p a I P r i n c i ~  a1 
Stress Stress 

(s igma, Ratio 
( p s f )  

2000 

Dry 
Unit 

Weight 
(pc f )  

Q) 
L 1500 

Delta Axial Deviator Pore 
Strain Stress Pressure 

(ps f )  ( p s f )  

-w 
m 
L 
u 1000 
0 
II 
m 

500 

0 

Boring 

Tr iaxialKompression Test  Repor t  
. - 
8 5 6  

0 500. 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 

Normal  S t r e s s ,  ps f  
I I 

I I 1  I Type o f  Test: TX/UU Sample Type: In Situ Failure Criteria: 

G2-157 

I I I 

Moisture Total 

Weight 

Depth 
( fee t )  

1410140 1 23.5 1 23.0  I 133.0 

7.5-9.5 

1. Saturated Single Point Test. 

2.  N / A  = N o t  Applicable 

Maximum Deviator Stress 1 1  

107.7 1 10.48 1 3678 1 N / A  

CAD FILE: /USR/REF2/0Ul/P019/POl9~DGN/4lOl~OB~MO.DGN ( S K X 0 4 1 9 4 )  



12000 7 

Depth 
( fee t )  

10000 L 

Spec. Moisture 
Content (1) No. 

8000 

6000 

4000 

2000 

0 L 
I 

0 2000 4 0 0 0  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: UU - Sinqle Point Sample Type: In Situ 

Boring No. 

G2-134 

I +--l--- 

Initial Final 1 
12.0- 14.0 AIkk 

1. 'Saturated Test. 

2. N/A = Not Applicable 

Total 
Unit 

Weight 
(pc f )  

143.7 

Dry 
Unit 

Weight 
( p c f )  

127.6 

Axial 
Strain 

( % )  

15.14 

Failure Criteria: '15% Axial Strain 

3115 1 N / A  1 2016: 5131 1 2.55 

I 

CAD FILE : / US R / REF 2 / OU 2 /PO 14 0 / PO 14 0 1 DGN / 4 0 5 14 OC - MO .DGN ( SK x 0 38 5 0 ) 

000344 



L 

1 

CU TRlAXlAL COMPRESSION TESTS - REMOLDED 95 PERCENT MDD 

AT OR NEAR OPTIMUM MOISTURE CONTENT (ASTM D 698) 

0 

1 080345 

6/11/96, l:Uprn, Rev. No.: 0 



6000 

5000 

4000 

3000 

2000 

1000 

0 

Boring Depth Stage Moisture Total Dry Axial Deviator Pore Effective 
No. (feet) Content (96) Unit Unit Strain Stress Pressure Confining 

Weight Weight (%I (PSf) (PSf) Pressure 
Initial Final (pcf) (pcf) (sigma,) 

(psfl 

G2-209 0-25 1 12.0 17.6 131.4 117.3 3.36 770 461 259 

2 12.1 16.0 131.6 117.4 9.33 1827 1195 965 

3 12,l 16.2 130.6 116.5 10.12 2665 2002 1598 

Triaxial Compression Test Report 

Major Principal 
Principal Stress 

Stress Ratio 
(sigma,) 

(PSf) 

1030 3.97 

2791 2.89 

4263 2.67 

Borina No. G2-209 Depth 0-25  f t  Soil Description - Brown 84 groy sandy lean cloy CCLI 

Cohesion Friction 
(psf) Angle 

Effect ive 150 2 5. 
To tal 100 15' 

0 1000 2000 3000 4000 5000 6000 7000 

Normal St ress,  psf 
8000 9000 10000 11000 12000 



6000 

5000 

4000 

3000 

2000 

1000 

0 

Boring Depth Stage Moisture Total DrV Axial Deviator 
No. (feet) Content ( O h )  Unit Unit Strain Stress 

Weight Weight (%I (PSI) 
Initial Final (pcf) (PCf) 

G2-210 0-25 1 12.0 18.1 131.4 117.3 1.67 1102 

2 12.0 16.1 133.1 118.9 10.28 1986 

3 11.9 14.8 133.2 119.1 6.86 2861 

Triaxial Compression Test Report 

Pore 
Pressure 

(PSI) 

432 

1051 

1968 

\ 
\ 
\ 
\ 
I 

lTn4n-r  

Cohesion Friction 
(psf) Angle 

2 1' Effective 300 
To tal 250 13' 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 

Normal St ress,  psf  

Ratio 

(psfl 

1109 3095 2.79 
I I I 

1642 I 4503 2.74 

... 



CU TRIAXIAL COMPRESSION TESTS - REMOLDED 85 PERCENT MDD 

I OUDATA\OU-2\POl54\E&S-BAGR 

~ ~ ~ 

AT OR NEAR OPTIMUM MOISTURE CONTENT (ASTM D 698) 

00034s 

6/11/96, 1:23pm, Rev. NO.: 0 



UU TRlAXlAL COMPRESSION TESTS - REMOLDED 90 PERCENT MDD 

AT OR NEAR OPTIMUM MOISTURE CONTENT (ASTM D 698) 

6/11/96, 1:23pm, Rev. No.: 0 



-- . -.  . *_ . . .. . .. .. ,. . . -~ 

i 
... , 

. - .  , .. 1. . >  . .  I . <.., 
.. . 

. _. .I . ' Triaxial Compression Tes t  ReDor t  . .  
. .  

Boring No. 

3000 

2500 

2000 

1500 

1000 

500 

0 

Depth Spec. Moisture Total 

Weight 
( f ee t )  

Bo r ing  No. G2-SEI-99 Sample No. 409923 D e p t h  1.5-5.0 

D r y  
Unit 

Weight 
( p c f )  

I 

f t  D e s c r i p t i o n  - L iqh t  Yel lowish Brown L e a n  Clay W .  Grave l  (Fi l l )  CCLI 

Axial Deviator Delta 
Strain Stress Pressure Pore 

( % )  ( p s f )  ( p s f )  

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 

Ef fec i ive 
ConfiAing 
P r e s s h e  
(sigmb,) 

(psf )  

Normal S t r e s s ,  p s f  

Major 
Principal Principal 
Stress Stress 

(sigma, Ratio 
(ps f )  

Type o f  Test: CU w/pp Sample Type: Remolded Failure Criteria: 

1152 

662 

317 

3 3 8 6  2 .94  

1732 2.62 

1100 3.4 7 

A 

G2-SB-99 I 1.5-5.0 I B I 17.3 I 25.1 I 110.8 

17.2 22 .5  110.2 

I t I I I 
I I C I 17.6 I 2 7 . 8  I 110.8 I 

I I I I I 

1. Saturated Test. 

94.0 I 1.72 I 2234  I 1728 

CAD FILE: /USR/REF2/OU2/P0154/POl54/DGN/409923MO.DGN (SItXO4093) 
I 

I 

7500 

080350 



1 2 0 0 0  

10000 

8000 

6000 

4000 

2000 

0 

Spec. 
No. 

Triaxial Compression Test  Repor t  

Moisture 
Content (1) 

Borinq No. G 2 - 1 3 4  S a m d e  No. 405140 C 

Dry 

Weight 
(pc f )  

Unit 

L 

' Q  
l y l  

Axial Deviator 
Strain Stress 

( p s f )  

3th 12.0-14.0 f t  D e s c r i p t i o n  - Dark Green ish  Gray S a n d y  L e a n  Clav CCLI. 

119.5 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24.000 26000 28000 30000 

11.64 1294 

Normal S t r e s s ,  p s f  
I 
I 

Failure Criteria: Max. Principle Stress Ratio I 
,, 

Type o f  Test: UU - Sinqle Point Sample Type:  Remolded 95% MDD3 
I 

~ 

Boring No. 

G2-134 

Depth 
( fee t )  

12.0-14.0 

I /  Initial Final 

40514-01 14.5 1 14.6 

Total 
Unit 

Weight 
( p c f )  

~~ 

136.8 

9 
1. Saturated Test. 3.  Remolded Wet o f  Optimt-ln-, Moisture CAD FILE: / U S R ~ R E F 2 ~ O U 2 ~ P 0 1 4 0 ~ P O l 4 0 / D G N ~ 4 0 5 1 4 O A ~ M O . D G N  (SKX03836) 

Content In Accordance with ASTM 0698  I 

I 2. N/A = Not Applicable 

000352 



Y 

UU TRlAXlAL COMPRESSION TESTS - REMOLDED 95 PERCENT MDD 
~~ 

AT OR NEAR OPTIMUM MOISTURE CONTENT (ASTM D 698) 

OUDATA\OU-Z\PO 154\E&S-BAGR 6/11/96, 1:23pm, Rev. No.: 0 



i 

Moisture 
Content ( % I  

Initial Final 

3000 

2500 

2000 

1500 

1000 

500 

0 

Dry Axial 
Unit Strain 

Total 
Unit 

Weight Weight 
( p c f )  ( p c f )  

Triaxial Compression Tes t  Repor t  

,De v io t or 

(ps f )  

: 2. 5 6  

Delta 
e 

Pressure 
(psf )  

L l  

19.8 

19.8 

Cohes ion  Friction 
( p s f )  Angle 

~~ 

21.9 127.3 106.3 15.00 

22.4 127.3 106.3 13.20 
- 

To tal 728  0" 

2880  

1446 

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 0 500 1000 

1.70 

2.01 

4 8 8 2  

2896 

Normal S t r e s s ,  p s f  

G2-SB-59 

I 

Type o f  Test: TX/UU - UUr9O Sample Type: Remolded 901 MDD Failure Criteria: 15% AxialStrain(A); Max. Dev. Stress (B) 

1.5-5.0 

I. Saturated 2-Point Test. 

x 2. N/A = Not Applicable 

Spec. 
No. 

409819A 

409819B 

Confining 
Pr e ssdr e 
(sigma ) 

Major 
Principal 
Stress 

(sigma ) 
(ps f )  

Pr incipol 
St ress 
Ratio 

CAD FILE: /USR/REF2/OU1/P0154/P0154/DGN/409819A_MO.DGN (SKX04199) 000353 



Deviator 

(ps f )  

Delta 
Pore 

Pressure 
( p s f )  

Triaxial Compression Tes t  Report  

> 3000 

2500 

2000 

1500 

1000 

i Cohesion  F r i c t i o n  
(ps f )  Angle 

Total 505 0 "  

500 

0 i I 
1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 0 500 1000 7500 ' ' 

Normal  S t r e s s ,  p s f  

Type o f  Test: TX/UU - UUr9O Sample Type: Remolded 90% MDD Failure Criteria: 15% Axial Strain 

Moisture 
Content (1) 

To t.01 
Unit 

Weight 
( p c f )  

Dry 
Unit 

Weight 
( p c f )  

Total 
Confining 
=r ess u,r e 
(sigma,) 

(ps f )  

Depth 
( fee t )  

Spec. 
No. 

Boring No. Axial 
Strain 
(1) 

Initial Final & 127.2 107.0 15.00 1009 I N/A 
I 

2880  409839A 

409839B 108.8 1448 1 N/A 1.5-5.0 G2-SB-66 128.8 14.80 1440, 

I 
1. Saturated 2-Point Test. 

2. N/A = Not Applicable 
CAD FILE: /USR/REF2/OU1/P0154/POl54/0GN/409839A_MO.DGN (SKX04200)  



Triaxial Compression Test  Repor t  

Delta 
Pore 

Pressure 
(ps f )  

i 

Total Major 
Confining Principal 
P ress j re  Stress 
(sigrnd,) (sigma, 

(ps f )  (psf )  
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Axial 
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(1) 

, Cohes ion  F r i c t i o n  
(psf )  Angle 

Deviator 
Stress 
(ps f )  

T o t a l  293 0 "  

N/A 

I 

I 
2880 3600 1.25 
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Normal S t r e s s ,  p s f  
I 

1440 2026 1.41 

I 
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Type of  Test: TX/UU - UUr9O Sample Type: Remolded 901 MDD 

Boring No. 

GZ - SB- 68 

Depth 
( feet )  

5.0-10.0 

1. Saturated 2-Point Test 

2. N/A = Not Applicable 

Moisture Total 

Weight 

Spec. 
No. 

Dry 
Unit 

Weight 
( p c f )  

105.2 

107.4 

1 

15.00 I 7 2 0  

15.00 I 586 

Failure Criteria: 15% Axial Strain 

Principal 
Stress 
Ratio 

CAD FILE: /USR/REF2/OU1/P0154/P0154/DGN/409844A_MO.DGN (SKX04201) 
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Spec. 
No. 

Moist ur e 
Content (1) Axial 

Strain 
(1) 

Deviator 
Stress 
(ps f )  

Triaxial Compress 
Bor inq  No. G 2 - S B - 7 4  SarnDle No. 409858 DeDth 1.5-5.0 f t  

on Test  Report  
Descr ip t ion  - Liqht Olive Brown Lean Clay wi th Sand  CCLI 
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Failure Criteria: 15% Axial Strain Type of  Test: TX/UU - UUr9O Sample Type: Remolded 90% MDD 
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Weight 
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Delta 
Pore 

Pressure 
(ps.f) 
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Principal 
Stress 

(sigma ) 

(ps f )  

Totalj 
Con finin< 
Pressure 
(sigma,) 

(psf )  

Depth 
( feet )  

Boring No. Principal 
Stress 
Ratio 

Initial Final I 1  
124.9 15.00 1 1226 N/A 4106 1.43 2880': 103.8 

104.0 125.3 15.00 --I 1177 

N/A 2617 1.82 G2-SB-74 1.5-5.0 1440" 

I 
1. Saturated 2-Point Test. 

2. N/A = Not Applicable 
CAD FILE: /USR/REF2/OU1/P0154/POI54/DGN/40'9858A~MO.DGN 

I 
I 
I 

I 

(SKX04202)  



Boring No. Depth 
( fee t )  

Total 
Unit 

Weight 
(pc f )  

130.5 

Dry 
Unit 

Weight 
( p c f )  

113.5 

I --.l--L 

Axial 
Strain 
(1) 

Delta Deviator Pore 

Stress Pressure 
(ps f )  ( p s f )  

15.00 

15.00 

641 N/A 

8 7 3  N/A 

Triaxial Compression Test  Repor t  
Borinq No. G2-SB-81 Sample No. 409873 De i  th 1.5-5.0 f t  Desc r ip t i on  - Yellowish B r o w n  Sandy L e a n  Clay CCLI 
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Failure Criterib: 15% Axial Strain rype o f  Test: TX/UU - UUr9O Sample Type: Remolded 9 0 %  MDD 

Total 
Con finin< 
Pres siir e 
(signd,) 

(ps f )  
I 

Moisture 
Content (1) 

Spec. 
No. rl Initial Final ( p s f )  I 

I 

2880  

i09873BI 15.3 1 17.1 130.7 I 113.3 1440 

7- I 

1. ,Saturated 2-Point Test. 

2. N / A  = Not Applicable 
CAD FILE: /USR/REF2/OU1/P0154/POI54/DGN/409873A~MO.DGN (SKX04203)  



Total 

Weight 

Moisture Spec. Dry Axial 
Unit Strain Weight 

' (pcf) 

410577A 

410577B 

16.0 19.0 129.3 111.5 15.00 

15.00 16.2 18.6 129.3 111.3 

Triaxial Compression T e s t  Report  b 

' Cohes ion  F r i c t i o n  
( p s f )  Angle 
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Normal  S t r e s s ,  p s f  1 

Type of  Test: TX/UU - UUr9O Sample Type: Remolded 90% MDD Failure Crit6ria: 15% Axial Strain 
I 

Major 
Principal 
Stress 

(sigma ) 

(psf  1 

Depth 
( fee t )  

Delta 

Pressure 

Boring No Principal 
Stress 
Ratio 

Confining 
Pr essu,r e 
(sigma(, ) 

(psf), 

909 1 N / A  28801 I 3789 1.32 

1.52 746 I N / A  G2-148 11.0-16.5 

1. Saturated 2-Point Test. 

2. N / A  = Not Applicable 
CAD FILE: /USR/REF2/OU2/P0154/P0154~DGN/4~0577A_MO,DGN 

I 
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A 15.7 17.0 

Triaxial Compression Test  Report  
Bor inq No. G2-149 Sample No. 4 1 0 5 2 7 / 2 8  DeDth 11.5-16.5 f t  DescriDtion - Dark Grc j Sandy Lean Clay CCLI 
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Type of  Test: TX/UU - UUr9O Sample Type: Remolded 90% MDD Failure Criteria: 15% Axial Strain(B);'Max. Dev. Stress ( A )  
1 I I 

Total 
Unit 

Weight 
(pcf)  

Major 
Principal 
Stress 

(sigma I 1 
(psf)  

Depth Moisture 
( fee t )  

Boring No. Principal 
Stress 
Ratio t-7- Initial Final 

132.7 114.7 I 13.40 I 1277 I N/A ~ I 2880  4157 1.44 

G2-149 11.5- 16.5 2778 132.4 '1.93 r I 

I I I I 

1. Saturated 2-Point T e s t .  

2. N / A  = Not Applicable 
CAD FILE: /USR/REF2/OU1/P0154/POl54/DGN/4?2728A_MO.DCN (SKXO4205) 



UU TRlAXlAL COMPRESSION TESTS - REMOLDED 85 PERCENT MDD 

AT OR NEAR OPTIMUM MOISTURE CONTENT (ASTM D 698) 
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Deviator 
Stress 
(psf)  

Pore 
Pressure 

(psf  1 

377 N/A 

I 

Triaxial Compression Test  Report 
Descr ip t ion - Dark Greenish Gray Sandy Lean Clay CCLI 
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Sample Type: Remolded 85Z MDD3 Failure Criteria: Max. Principle Stress Ratio Type of Test: UU - Sinqle Point 

Depth 
( f e e t )  
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Principal 
Stress 

(sigma ) 
(psf )  

Toto! 
Confining 
Press{re 
(sigma, 1 

(ps f j  
II 
I 

2016, 

Total 
Unit 

Boring No. Axial 
Strain 
(1) 

Principal 
Stress 
Ratio 

I ~~ 

4051401 10.9 I 16.5 I 117.3 I 105.8 14.96 2393 I 1.19 

12.0- 14.0 G 2  -134 

I 

1. 'Saturated Test. 3. R e n7 0 I de d At  0 r N e a r 0 p t i mu m M 0 i s t u r 6 AD FILE / USR 1 REF 2 / OU 2 / P 0 14 0 / PO 14 0 / DGN / 4 0 5 14 0 B -MO . DGN ( S K X 0 3 8 3 9 ) 
I 
jl 

Content In Accordance with ASTM D698 





APPENDIX G 

LEACHATE PERMEANT TEST RESULTS 
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Appendix G 
Leachate Permeant Test Results 

This appendix contains a summary of all laboratory analysis results for the permeant to be used in 
conducting hydraulic conductivity tests on recompacted on-site borrow soils. Request for analysis (RFA) 
forms are included for identification of sample numbers. The three RFA forms included are for a field 
blank (subsamples 200197445 through 200197452), the permeant sample (subsamples 200197455 through 
200197462), and a permeant duplicate sample (subsamples 200197769 through 200197776). The RFA 
forms are followed by a summary table listing analysis results for each subsample. Subsample numbers 
for radionuclide analyses are not included on the RFA forms. They are 200197453 (field blank), 
200197463 (permeant), and 200197777 (permeant duplicate). 

6/12196,2:25pm, Rev. No.: 0 
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FIELD BLANK 

FIELD B U N K  

FIELD BLANK 

FIELD BLANK 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

WRMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

0.294 
-0.65f 

2.07; 

0.08$ 
- 0 . 0 2 ~  
-0.m1; 

9 

0.012; 
0.129: 

0.084; 

0.0197i 

UNFLTER+ 
uwnirna: 
U N F L T ~ E ~ ~  

UNFLTERE? 
LINFLTERE? 

UNFLTERE? 

UNFLTER 

UNF!LTER 
UNFLTER 

UNFLTER 

UNFLTER 

UNFLTER 

UNFLTER 

UNFLTER 

UNFLTER 

UNFITER 

UNFLTER 

lCcCQXl8@ 200191457: MIX 108211085 GROUNO WATER' U N F L T E R E ~  NORMAL. : ui lo: : u 4 
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PEIROGRA 

200197451 

200197457 

X O l 9  1457; 

200191451 
200197457 

2W197457 
200197457 
200197457 
200197157 
200197451~ 
200197457 
200191457: 

200197457 
200197457 
200197457 
200197457 
100197457 

200197451 
200197451 
200197456 
+'00l9745U 
200197456 

200191450 

200197450 
200197456 
200191456 
200197456 
200191456 
200197456 
200197458 
20019745$ 
200191450 
20019745a 
2 0 0 1 9 7 4 5 ~  
200137458: 
200197456 
200197456 

200191456 
200197456 
200197456 
200197450 
200191456 
200197453 
20019746a 
200197461[ 
200197461~ 

200197461~ 
200197461[ 
200197461~ 
200197462i 
200197462; 
200197462 

200197461 
100197463 
20019746S 
100197463 

2 ~ 1 9 7 4 5 7  

MIX 108211085 

MIX 108211085 

MIX l 0 8 1 1 l O e ~  

MIX 10011108S 
MIX l08?1100$ 

MIX 10821108S 

MIX 10821 lFS  
MIX l W Z / l q $  
MIX l 0 8 2 / 1 . ~ ~  
MIX l082/108$ 
MIX l0021108$ 
MIX 1*211000 

M I X  10021108s 

MIX l q ~ 1 l q s  
MIX lq"OE$ 

MIX 108211085 
MIX 1 0 8 2 / l q $  
MIX l 0 8 2 1 l ~ S  
MIX 1,FUl"S 
MIX lOB21loBS 

MIX 10821108$ 
MIX l082llWS 
MIX 1082flOSS 
MIX 108?/108$ 
MIX 108211085 
MIX 10821108S 
MIX 108211085 
M!X 108211085 
MIX 10821l08S , 

MIX l002!l,085 
MIX 10821108g 
MIX tq2l l*$ 

MIX 108211CL?5 
MIX 1~211,OES 
MIX 108211005 
MIX 108211085 
MIX 108211085 
MIX 10021108S 
MIX 1082/108$ 
MIX 10821108~  
MIX 10821108S , 

MIX 100211085 
MIX 108211085 
MIX 10011108~  

MIX l 0 ~ 2 1 l 0 8 ~  
MIX 1082/1085 
MIX 108211085~ 
MIX 108211085~ 

MIX 100211085 
MIX I08211085 
MIX 108211005 
MIX 100211005 

M I X  10821100s 

M I X  lOcI2ll08S 

GROUND WATER 

GROUND WATER 

GIIOUND W A l t H  

GROUND WAIER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WAIER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

G R O W  WATER 

GROVND WATER 

GROUND WATER 

GROUND WATER 

G R O W  WATER 

G R O W  WATER 

GROUND whim 

GROUND WAlER 

GROUND WATER 

GROUND WATER 

GROUNO WATER 

GROUND WAIER 

GROUND WAlCR 

GROUND WAIER 

GROUNO WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROW40 WATER 

GROUND WATER 

GROUNO WAIER 

GROUNO WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

NORMAL\ 

NORMAL! 

NORM+ 

NORMAI.~ 

NORMIL; 

NORMAL\ 

NORMIL; 

NORMAL; 
NO*L 

NORYL:  

.NOR+L; 

*R+$ 
NORA.+ 

NORMILj 
N.?*j 

N""Li 

NORflLi 

NORMAL' 

N O W :  

NORMIL! 

N0-L: 

NORMIL; 
NOF+~AL~ 

N O V L ;  
NORMAL: 

NORMAL 

NORMAL 

NORMAL: 

NORM+.: 

NORMAL: 

NORMALi 

NORMAL: 

NORMAL 

NORMIL; 
NORMAL' 

NORMAL 

NORMAL: 

NORMAL: 

NORMAL: 

NORMAL: 

NORAAL; 

NORMAL: 

NORMAL: 

NORMAL; 

NOWL; 

NORMAL: 

NORMAL: 
NORMAL: 

NORM+; 

NORMAL: 

NORMAL' 

NORMIL 

NORMAL 

NORMAL 

NORMAL; 

... 

... 

... 

c 
( 
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PETROGRA 

MIX 1082-1085 UNFILTERED: Rlbun-22& UNFILTERED: 0.212! NORMAL 200191463 

200191163 
200197463 
200191463 

20019746f 
200191463 
200197463 
200191463 
20019746f 

200191463 
20019146f 
200191463 
200197463 

2001 97463 
2 0 0 1 9 1 4 6 ~  
200197463 
200197463 
200197463 
200191463 
200197163 
200197463 
20019146f 
200191463 

20019146$ 
200197769 
20019171a 

200191171i 
200191171i 

200191771i 
200197711i 
200197111i 
200191111i 
200191711i 

200197111i 
200191711~ 
200197711~ 
10019?111~ 
2CQ197111i 
200197111i 
200191111~ 
200191111i 
200191111~ 
200191171~ 

200197171i 
200191111i 
200197111i 
200191111i 
2001 9711 1: 

200197771i 
200197171j 
200197111i 
2CQ197111~ 

200191171i 
200191171i 

20019746$ 

i m i 9 1 4 6 f  

~00191?11i  

MIX 108211085i 

MIX 108211085 
MIX 10821108S 
MIX 1082/1085 

MIX l 0 8 2 1 l ~ <  
MIX 1 0 8 2 1 1 ~ 5  
MIX I0821108< 
M I X  l0821108$ 
M I X  10821108$ 
MIX 108211085i 

MIX 10821108S 
MIX 10821108S 
MIX 10821108S 

MIX 10821108~  

MIX 1 ~ 2 1 1 0 8 5  
MIX l 0 8 V l E $  
MIX 10821108$ 

MIX 1082/1085 
MIX 108211085 
MIX 108211085 
MIX 108211085 
MIX 108211085i 
MIX 108211085 
MIX 1 ~ 2 1 1 0 8 f  

MIX 10821ioe5 

MIX 1082110.95 

MIX 10~211085  

MIX roa21 ioe i  
MIX 108211085 

MIX 1082/108$ 
MIX 10821108S 
MIX 108211085 
MIX 108211085 

MIX 1082/1ogE+ 
,MIX IpS2/108< 
MIX l082ll08$ 

MIX 108211085i 
MIX 1082i1085 
MIX 10821108< 
MIX 108211085 

MIX 1oa21ioa5 

MIX 108211085 

MIX 10a211085 

MIX 108211085 
MIX 10821108$ 
MIX 190211.085 
MIX 10821108$ 
MIX 108211085 
MIX 108211085 
MIX 10a211085 
MIX 108211085 
MIX 108211085 

MIX 108211085 

MIX 108211085 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GMUND WATER 

GROUND W l l t R  

OROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND W A l E R  

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUNO WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUNO WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

MIX 1082 1085 UNFILTERED 

MIX 1082 1085 UNFILTERED 

M I X  1082 1085 UNFILTERED 
MIX 1082 loas utunrmED 
MIX 1082 1085 uwnrmED 
MIX 1082 1085 uwnrmm 
MIX 1082 1085 uwnifnco 
MIX I082 1085 IINFLICREO 

MIX 1082 1085 UNFUlERED 

MU 1082 1085 uNFnrmED 

MIX 1082 I O ~ ~ ~ N F I L T E R E D  
MIX 1082 1085 UNFILTERED 

MIX 1082 1085 UNFILTERED 
MIX 1082 1085 UNFILTERED 

MIX 1082 1085 UNFILTERED 

MIX 1082 1085 UNFLTERED 

MIX 1082 loas u N F n r m E D  

MIX 1082 1085 UNFLTERED 

MIX 1082 1085 UNFILTERED 

MIX 1082 1085 uwnimED 
MIX 1082 1085 UNFLTERED 

MIX 1082 1085 UNFILTERED 

M I X  1082 1085 UNFLTERED 

MU 1082 1085 UNFILTERED 

MIX 1082 1085 UNFUTER 

w n m  
uwnm 
UNFLTER 

UNFILTERED 

utifnrmrD 
u N F n r m w  

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

VNFUTERED 

uNFnrERED 

UNFILTERED 

UNFILTERED 

UNFILTERED 

UNFLTERED 

UNFLTERED 

UNFILTERED 

UNFILTERED 

UNFILI ERE0 

UNFILTERED 

UNFILTERED 

UNFUlERED 

UNFlLlEREO 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NOllMAL 

NOl lMAL 

NORMAL 

NORMAL 

NORMAL 
NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

W P L U A T E  

DUPLICATE 

DUPLUATE 

DUPLICATE 

W P L U A l E  

DUPLICATE 

DUPLUATE 

WPLICATE 

W P L C A T E  

DUPLICATE 

DUPLUATE 

W P L U A T E  

DUPLICATE 

D u P L t a r f  

D W L K A l E  

OUPLUATE 

DUPLICATE 

OUPLICATE 

DUPLICATE 

OUPLICATE 

DUPLICATE 

OUPLlCATE 

DUPLICATE 

OUPLUATE 

OUPLUATE 

DUPLICATE 

DUPLICATE 

DUPLICATE 

DUPLICATE 

DUPLICATE 

DUPLICAlE 

U!4fILlERa, 

UNFILTERED: 

UNFRTERED: 

UNFILTERe: 

w n r m E 9  

uFnrERED: 
UNFLTERED: 

UNFILTER? 

UNFILTER? 

UNFLTERED: 

uNFnwtED: 
uwnrm? 
F F n r w t ?  

UNFILTERED: 

UNFILTERED: 

UNFILTERED: 

uwnrmED: 
UNFLTERE? 

UNF~TERED: 

UNFLTERED: 

UNFILTWIED: 

UNFILTERED: 

UNFILTERED: 

UNFlllERED: 

UNFILlCRE@ 

UNFYTfRE6 

UNFILTEREd 

UNFUTERfD: 

UNf LlERE? 

UNFILTERED: 

UNFIL l fRE6 

UNFILTEREDi 

UNFILTERE~ 

UNFILTERED: 

UNFILTERED: 

UNFILTERED: 

UNFUTERED: 

UNFILTERED: 

UNFILTERED: 

UNFILTERED: 

UNFILTERED: 

UNFILTERED: 

UNf UTERED: 

1 :  

gr 

2( 
o& 
03 
0 2  

1u 
4 

61 
6 
t 

02 
02 
06 
1 

9 

21 
08 
03 
02 
1 5  
4 

6 

5 

l ~ S l e 0 :  200197711~ MIX 1082110853 GROUND WATER UNFILTERED! DUPLICATE 
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. .  u Q.505, UJ: 

j 121.6 ; J 
u; 0.04.: 
; 0.w7; 

j 124% 

U D.OW; 

U 0.017; 

j 817.141 
j 29.42e; 

u -0.179.: 

j O.W? 
- 0 . e  

j 0.31? 

lj . 0 . 6 0 ~  

uj 0.M6j 

u 0.034; 

lj 0.017; 

j 1078.16% 

0.669; 

j 127.6 

[ 0.m7;  

i 324% 

i 821.14: 

j 29.42% 

i 1016.168: 

J 

J 

U 
U 
U 

U 
U 

UJ 

J 

U 
U 
U 

J 

J 
J 

UJ 

J 

U 

U 
U 
U 
U 

U 



PETROGRA 

IDOXXI9106 2M19/711i 
_ _ _ ~  ~ ~ 

GROUND WATER 

200191171i 

200191171~ 

200197171i 
200191711; 

200191711~ 

10019717 1; 

2 m 1 9 i i i i j  

200197711: 
2 0 0 l S l l l l ~  
200197111i 
200197111~ 
200 l917 l l i ,  

200191111i 
l ~ l s l l l l ;  

2001977'1~ 

200197771~ 
200191171i 
200197171~ 
200191171; 

200191111~ 
200191171i 
200191711i 

200191711i 
200191711: 

100 l97171~  

200191112 

20019111li 

200191112i 
2 ~ 1 9 1 7 1 2  
200197772~ 

200191771 

100197112i 

200191112~ 

200191712; 

200191111 
200191112 

200191772i 
200191112i 
200197772i 
200191712 
200191112i 
200191112; 

200191112; 

1001!ll11?i 

200191112; 

200191712; 

200197112j 
200197172~ 
200197172. 

MIX 1082/1005 

MIX 1002/1005~ 

MIX 10021100$ 

MIX 1 0 0 2 / 1 ~ <  
MIX loaZ/lW$ 

M I X  1002/1,00$ 

M I X  1002/100$ 

MIX l"2,lqSj 

MIX 1002/1%$ 

MIX 1"?/100$ 
MIX 1002!100$ 

MIX 1082/1005 
MIX 1?82/100S 
M!X lOeZ/l00< 
MIX 1002/100$ 
MIX l 0 0 2 / 1 ~ $  
MIX l002/100<, 
MIX 1002/100$ 
MIX 1002/100$ 
MIX 1002/100$ 

MIX 1002/1000 
MIX 1082/100< 
MIX lW2/l00$,  
MIX l0021lW$ 
MIX 1*2/100$ 
MIX 1 ~ 2 / I ~ S  
MIX l F 2 / l 9 $  
MIX 10021100S 

MIX 100?/100$ 
MIX 1002/100$ 

MIX 100?/100< 
MIX 1002/100$ 
MIX 1002/100$ 
M I X  1 0 0 2 / 1 0 0 ~  
M I X  1902/l005 

MIX 10021100S 
MIX l 0 0 2 / 1 ~ $  
MIX 1002/1005 

MIX 1002/100< 

MIX l 0 0 ~ l O e $  
MIX 1002/100S 
MIX 1002/100$ 

MIX 1002/100$ 
MIX 10021100$ 
MIX 1082/100$ 
MIX 1002/1005; 

GROUND WAICR, 

GROUNU WAIER, 

GROUND WATER. 
GR,OUN~ WATER; 

GROUND W A T E ~  

GpwNo WATER 

GROUND WATER, 
q ~ l u r p  WATER: 

G R T N D  WATE- 

9 R o w !  WA!+ 
GROM? WATER:. 

GROUNO W A T d  
GRoUN? FAT@: 

G R O W D  W!!.~ 
GRowr? W e  
=ow0 W A M  
GPO? W*?.Fi 

G R O V  WAIER 

GROUND WATER 

GROUND WATER, 

ORolPto WATER 
GROUND WATER! 

GROUN? WATE- 

GROUM) WATER 

G R W F  W A T d  

GROUND KATER: 

GROUND WATER 

GROUNO WATER: 

GROUND W A  TER 

O F F  WATEF! 
a R W N D  WATER 

GROUM) W A I E q  

G R O U F  ,WAT,ER: 

on.%? W!T.+ 

G+O W!?: 

q+r+ WATER 

GROUND WATER 

. GROUM) W A F :  . 

q m ~  WATER: 
GROUND WATER: 
GROUND WAIER 

GRDUN? WAIER: 

GROUND W A l a :  

GROUND WAT& 

GROUND WATER 

GROUND WAIER: 

GROUND W A I F  

GROUtjD WATE- 

GROUND WATER 

GROUND WATE6 

GROU!lD WATER 

GROUND WATER 

GROUND WATER: 
GROUND WATER, 

GROUND WATER, 

GROUND WATER, 

i 51.6; 

u 0.cCu~ 
6 0 . m 1 ;  
lj 0 . 0 1 ~  
E 1.01; 

0 0.002Ji 
i 2 8 %  

u 0.002; 
6 0.02Osi 

UN.i 0.W; 
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PETROGRA 

200191774; 
20019711s 
20019111s 

20019171g 

2m191716 
20019111@ 
20019171+ 

200191117 

20019711~ 
200197111j 

200197117j 
2rnl91117 
20019171lj 
200 l9 l? l$  
2mlsllll 

20019171$ 

20019777~ 

200l9117$ 

20019117G 
200131111 

200197177 

2?01917?1i 
20019171f 

20019117~ 
20019111$ 
Z00191111 

20019171f 
/0019711$ 
100l,9711* 
2 0 0 1 9 7 7 7 1  

20019711f 
200191?11 
20019771$ 

20019711? 

20019771f 

20019717$ 

20019171* 
20019711~ 
20019777~ 
200191117: 

MIX 1082l108~ 
MIX 108211085~ 
MIX 1002!108f 

MIX l082llW$ 
MIX 108211085 
MIX 10821108S 
M I X  1082/108$ 
MIX 108211085 
MIX l ~ Z / l ~ f  
MIX l082/108< 
MIX 1082/108$ 
MIX l082/lF$ 
MIX 1082/108~ 
MIX 1 0 8 2 1 1 ~  

MIX 19021lOa$ 
MIX 1082/108$ 
MIX 1082ll@ 

MIX 1082l100S 
MIX 1082l108~ 
MIX 1082Il08$ 
M I X  108211085 
MIX 1082l108s 
MIX le211085 
MIX l W ? / l ~ S  
MIX 1*2!190,$ 

MIX 10821108g 
MIX 10021IFS 
MIX 1082ll085 
MIX 108211085 
MIX l082/108< 
MIX l082ll08~ 
MIX 1002/1085 
MIX 10821108$ 
MIX 1082/1005 

MIX 1082Ilc+ 

M I X  1.*21108g 

M!X l O n ~ l * $  

M I X  1*2r1085 

MIX 1082/1085; GROUND WATER, UNFllTEREe WPLKATE: i i  2 3  Sdlids; UNFILTERED. 2.3: . , , 

: :  
; ;  

:. . .  
: ,  ; ;  
j i  
. .  . .  

G R O W  WATER 

GROUND WAIER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GAOUND WATER 

GROUND WATER 

GROUND WATER 

G R O W  WATER 

GROUNO WATER 

GROUND WATER 

GROUND WATER 

G R O W  WATER 

GROUND WATER 

GROUND W A I E R  

GROUND WATLR 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WATER 

GROUND WAIER. 

UNFILlERE? 

. . .  UNFLTEAE? 

... . UWllTERE? 

UNFILTERED: 

U t u n i E n t e  

UNFllTERE? 

UNrnIEnco:  

UHFILIERID: 

UNFLTEREC$ 

MIX 1082.1005 UNFLTEREd 

MIX, 1082.1905 UNF+TERE% 

"( lpZl085 UNF+lERE$ 

MIX, 1002-1085 UNFILTERE? 

"(, 192.1085 UNF+TERE@ 

M!X le21085 U+UTERE% 

M I X  1082los5 UNFlLTERE% 

MIX !~2-i085 UwrTEREo; 

MIX 1082.1085 UNF+TERE% 
M U  13021905,~~TERE% 
P+ 1082-1085 UNF&TER% 
MIX 1902-1085 UNFILTERED; 

MIX 1002-1005 UNFlllERE% 

MIX 1082.1085 UNFLIERE? 

MIX, l0+2.1@95 UNFILTERE? 

MIX 1082.1085 UNFLTEREDj 

MIX le2.1085 UNFLTERE? 

MIX, t082-l005 UNFLTERE? 

MIX 1082. 1085 UNFDTERE? 

kpf 1082- 1085 UNF+TERE% 

MIX 1~2.1085 UNFLTERE% 

MIX 1082.1085 UNFLIEREDj 

MIX 1002-lOa5 W L T E R E ?  

MIX 1 ~ 2 . l 0 8 5  UNFILIERE? 

MIX 1082-1085 UNFILTERE? 

MIX I0821005 UNFLTERED: 

MIX 1082-1005 UVLTERE% 

MU loB2.1085 UNFLTEREL$ 

UIX 1082-1085 UNFLTERE? 

DUPLKATE 

D V R E A I E  

W P L K A T C  

CNJPLKATE 

OWLICAIE 

DUPLEATE 

W P L E A I E  

DUPLKATE 

D W L I C A I E  

DUPLICATE 

DUPLICATE 

DUPLICAIE 

W P L K A T E  

DUPLICATE 

DUPLKATE 

W P L K A T E  

DUPLICATE 

DUPLICATE 

D W L K A T E  

DUPLICATE 

WPLICATE 

DUPLICATE 

W P L E A I E  

W P L K A I E  

W P L I C A I E  

DUPLICATE 

DUPLICATE 

DUPLKAIE 

W P L K A T E  

W P L I C A I E  

W P L K A I E  

O W L K A T E  

WPLICATE 

W R K A T E  

W R K A T E  

DUPLICATE 

M I R l C A T E  

DUPLKAIE 

324  
24.5 
0.70; 
037; 
12% 

0.0% 

.0.37* 

0. + 

0.158; 

0.152; 
0.1; 

0.01; 
o.mii 

0.3% 
0.21% 

0.07% 

0.0% 

15.3 

0.1.5333 . 
0.031;. 

311% 

010.302; 

40.1% t j  
64; j 1060.25% 
1.1: l( .0.3'? 
.w+ u 0.01; 

:ozi u o.mii 
,074; 0 . 4  

1.4; U 0.9@ . .  
.9li u ,.,I* 

.all; I.( 0D.V; 

41; ; 010.302; 

t ; 40.105 

1.3 ; 75.x 
.2# U 0.013; 
.li i 0.163; 

, 0 2 5  0.02; 

14% i 311% 

1000009180 Mu 1-2 1085 UNFLIERED D U R E A T E  Uam-230 UNFllTERED 1060 64 1 0 6 0 2 %  

Page 7 

...I... n... ....... ................ *:::z:;tl((tlf 

. *y 

U 

U 

UJ 

U 

U 

U 
U 

U 
UJ 
UJ 
J 
U 

z 
U 
U 

J 

J 

U 
U 

U 

U 

UJ: 

UJ. 
J e 
J. 

u. 
U. 

J 

J 





APPENDIX H 

COMPACTION AND REMOLDED PERMEABILITY DATA FROM 
PRIOR INVESTIGATIONS OF DISPOSAL FACILITY FOOTPRINT AREA 

6/11/96, 1:23pm, Rev. No.: 0 



1378000 1379000 1380000 1381000 1582000 1383000 
I 
I I I  I 

I 
I .: 

I I I I 
I 

-+ 
I 
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Figure 2-3 - Soil Boring, Shallow Excavation, CPT, and Generalized Geotechnical Cross-Section 
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Table G-7 - Summary of Index Properties and Standard Compaction Tests of Bulk Samples 

ip-sB-1 

i2-SB-3 
E B - 4  
i2-SB-2.3.4.6 

;?-sB-2 

i2SB-5 
/2-sB-6 
i2-SB-7 
i2-SB-8 
i2-SB-9 
ESB-10 

~2-SB-8,9,10,11 
i2-SB-12 

i2-SB-11 

4046081 Bulk I 1.5 5.0 IBrown Till /[Lean Clay CL 1 [ 2 9 . 3 1 1 8 . 9 1  18.51 30.3 I 1 .o I 6.9 I 60.1 I 32.01 50.1 42.0 =!217_3JD&!dard- ______ 1 7:5 1 0 4 . 8 1 r P ~ m  

404591 Bulk 1 1.5 5.0 B ~ T i l I ~ a y  CL 27.1 J 46.11 17:Sl.l' 0.0 I 4.4 -____ 65.6 1 30.0 57.6 3 8 ~ { ~ 6 & = % ~ a ~  17.8 , l o m r p o 1 4 0  
404615 B m  1.5 5.0 B ~ T i ~ J ~ C l a y ~  em] 47.6 1 7 8 1 2 9 . 8 1 '  10.3 5 2 1 7 - -  32.0 4 ~ - 4 ~ 6 ' ] ~ 2 ~ l I - S 6 i % d ~  1 7.2 107.5 l r ~ o m  

Bulk 0.0 404617 1.5 2pS_oil [Lean Clay CL 1 2 3 . 5 1  NA N K I A I :  NA 1 NA NA I NA NA Nq(2.611rSKdard 17.7 1 0 5 . 6 1 r P o ~ ~  
34.0 47.9 18.2 1 06.8-rPoT 404627 Bulk 1.5 5.0 m i l l ] _ L e a n  Clay CL ~121.01 49.7 l g 8  I 30.91 , 1.3 8.8 5T9 I 

19.2 1 0 7 . 2 ' r ~ m r  
lOS.9 I p o m  

404642 Bulk 1.5 %!-%-&7-0524.71 FStandard 14.3 11 9 . o i r p o ~ o -  
NA I NA I rsKd.a@td 19.3 105.31r~o-mo- 

404603 Bulk I 1.5 S . O [ Z T r l r L e a n  Clay C L n 2 8 . 6 1  41.01 18.1 I 22.81 0.1 I 7.7 I 63L2 I 29.0 I 54.2 38.?1-, Standard 17.0 107.51 P O X  

5.51 

' 4 2 m m ] [  Standard 
404595 Bulk 1.5 5.0 le-81 (Lean Clay CL 22.01 36.5 19.61 16.91 0.0 6.8 70.2 1 23.0 61.2 106.3~1- 

109.61 P O W  404632 Bulk 1.5 5.0 [Brown Till I Lean Clay CL I] 45.1 17.61 27.51 2.1 9.9 56.0 I 32.0 18.5 
1 0 9 . 7 . F O m  404621 .Bulk 1.5 

404637 Bulk 1.5 

404644 Bulk 0.0 
404599 Bulk I 1.5 4.2 IBrown T l l l r F T c i a y  CH [-a . 50.4 193-r-31.31 0.4 10.4 5_1,2 38.0 4 2 . 2 n 6 l - 1 1  Standard 

9.4 59.3 I 31 .O 50.3 ' 40.0 ( ' 2 .7411S landard  1 7T5 
49.5 42.0 I l i q r s t a n d a r d  . 33.0 
42.6 423 ES!%d@ 17.1 

106.1 I P O X  18.1 
NA ?J A 

Notes: 
1. Sample Type: 

FSB-14 

i2-SB-16 
i2-SB-15 

Bulk Bulk sample 

4045781 Bulk I 1.51 5.0 IB rownT i l l I rFXc iay  C H l l 7 0 x q  5T5 I 132-1 33731 1.2 10.5 52.3 36.0 18.7 107.1 

4046501 Bulk I 1.01 2.0 [Brown Till 11 Lean Clay CL 1 1 2 4 . 7 1  NA I NA I Qig. NA NA NA_ NA NA I 1 0 3 . 9 i r ~ O ~ o -  

- [ L I r S t a n d a r d  I 
4046491 Bulk I 1.01 2.0 I Brown Till IrLean Clay CL IINAI NA 1 N A ~  NA I NA NA NA NA NA 1 NA-[,lStandard 1 21.4 1 0 1 . 0 ~ 0 1 4 0  

I 
2. Compaction Method: Standard Standard Proctor Compaclive Effort (ASTM D 698, Method A) i 

CL I l l  27.6 1 4 . i 1 1 3 . 5 1 '  3.0 I 22.0 I I ~ 3 1 d l ~ ~ k ~ d  
CL 7 N A l l 2 7 . 0  12.01 3.0 I 25.0 I I 44.0 1 2 8 . 0 1 1 7 9 1 1 S t a n d a r d  15.01 

25.0fBr and G r T i l l ~ ~ ~ ? ~ a n d  
;2-209 102-209 /Bulk I Bulk I 0.0 I 
i2-210 162-2101Bulk I Bulk I 0.0 I 
i2-201-204 E2-201-204 I Bulk I 0.0 I 24.511 Br and Gr Till 1 Lean Clay with Sand 
i2-205-208 E2-205-208 I Bulk I 0.0 I 24.511 Brand Gr Till [Sandy Lean Clay CL -[-]I 27.0 - 1 S J  13.01. 3.01 27.0 I I -- 42.0 1 2 8 7 6 1 1 ! 2 . 8 1 1 1 S i % i 6 3  

3. Clay size particles defined as those smaller than 0.005 mm (Reference: ASTM D 422) 

4. Natural Moisture Content: 

5. NA Not available 

6. Data Source: 

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 contenls shown for PO-140 bulk sample are moisture contents of the sample. 

I . 
PO 132 
PO 140 

PO 101 

Disposal Facility Pre-Design Geotechnlcal Invesligatlon, 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 lo FERMCO Phase 111 Investigation; borings/excavations located within Ihe proposed disposal facility loot print and along 
proposed haul roads. 
On-Site Disposal Cell, Pre-Design Aclivities Invesligation, PARSONS Projecl Order 101, April and July 1994; brings located oulside of proposed disposal facility footprinl (south). 
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Table G-1 1 - Summary of Laboratory Permeability Tests, Remolded Specimens 

Notes: 
1. Sample Type: 

2. Compactlon Method: 

3. Test Type: 

4. Target Remold Conditions: . 

Bulk Bulk sample 

Standard 
Modified 

Standard Proctor Compactive Effort (ASTM D 698, Method A) 
Modified Proctor Compactive Effort (ASTM D 1557. Method A) 

Triaxial, Remolded, Back-Pressure Permeability (ASTM D 5084) pc 

4a. Minimum dry density: 95 %of the maxlmum 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 moisture content 
4. At or near optimum moisture content (-0.5%, +1.5%) at dry density in a band about +/4 p d  from compaction curve dry density 
4d. +2% wet of optimum (+/-I%) at dry density in a band about +/4 pcf from compactlon curve dry density 
4e. +5% wet of optimum (+/-I%) at dry density in a band about +/4 p d  from compaction curve dry density 

8 5  6 

5. Natural Molsture Content: Molsture contents shown for PO-I32 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 
PO 101 

Dlsposal Facility Pre-Design Geotechnlcal Investigation, PARSONS Project Order 132. July 1995: corresponds to FERMCO Phase I I  Investlgation; borings located within the proposed dispoFl facility foot print. 
Disposal Facility Geotechnlcal Investlgatlon, 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 
On-Slte Disposal Cell, Pre-Design Activities Investlgatlon, PARSONS Project Order 101, April and July 1994; borings located outside of proposed disposal lacllity footprint (south). 
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