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SECTION 1

INTRODUCTION

This report summarizes the results of a geotechnical investigation performed at the Former Plant Area (FPA)
at the Fernald Environmental Management Project (FEMP), Fernald, Ohio. Figure 1-1 shows the limits of
the FPA considered during the investigation. The geotechnical investigation was performed to provide
subsurface soil properties and parameters to support development of design criteria, and geotechnical
parameters for excavation of contaminated soils that will be undertaken after removal of above grade
structures. The report summarizes the data from geotechnical field and laboratory tests, and provides
recommendations based on the analysis and evaluation of these data.

1.1 Description of Former Plant Area

The FPA which consists of the former process area and the immediately surrounding areas, is one of the
largest and most complex of the FEMP Operable Units (OU), largely due to the wide variety of former
processing facilities located in this approximate 136-acre area. When the mission of the FEMP was production
of high-purity uranium metals for the U.S. Defense Programs and the processing of thorium to support other
United States Department of Energy (DOE) programs, large quantities of radioactive materials and hazardous
chemicals were used in the various plants involved in the process. Remediation of the FPA focuses on clean
up of contamination that occurred as the result of the 37-year production mission of the FEMP. The primary
contaminant of concern is uranium and the main focal points of the cleanup are contaminated buildings,
equipment, soils and groundwater.

1.2 Scope and Objectives

PARSONS was tasked by Fluor Daniel Fernald (FDF) under Project Order 177 (PO-177) (PARSONS 1997)
to provide geotechnical engineering services for a geotechnical design investigation at the FPA.

1.2.1 Scaope

PARSONS' scope was to:

1) Provide geotechnical sampling oversight during field activities.
2) Provide geotechnical 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. :

i 2Lk
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1.2.2 Objectives

The overall objectives defined by FDF for the geotechnical investigation of the FPA are:

1) Develop additional and more precise information for the three-dimensional solid block model of the
FPA to be refined by FDF.
2) Provide geotechnical properties and parameters for subsurface, native and granular soils for use in

design of excavation, dewatering, grading and site restoration activities. From these properties also
provide the following:

L Characterize and define geotechnical properties of subsurface soils to support design slopes
for remedial excavation,

o Develop grading, stormwater controls, and dewatering recommendations for areas affected
by soil removal, and

L4 'Make recommendations on the stability of temporary and permanent slopes.
3) Provide information regarding the hydraulic conductivity of the soils within the FPA.

In support of these objectives PARSONS conducted evaluations and analyses to provide preliminary
geotechnical recommendations for the earthwork and dewatering requirements for removal of contaminated
soils as well as site restoration of the areas affected by soils removal including the following:

1) Recommendations for excavation, including evaluation of difficulties that might be expected during
excavation operations.

2) Recommendations for shrinkage and bulking factor to be used for earthwork estimating.

3) Recommendations for the construction of temporary slopes and slope protection during the removal
of soil and perched groundwater and during placement of fill materials.

4) Recommendations for the construction of permanent slopes, slope protection and site restoration for
areas affected by soil removal.

5) Recommendations for geotechnical monitoring and testing during soil removal.
6) Recommendations for dewatering and stormwater control.

Additional background information regarding the geotechnical investigation of the FPA is described in the
subsections that follow. Section 2 provides a summary of prior geotechnical and soil hydraulic properties
investigations. Section 3 describes the geotechnical field and laboratory testing performed as part of the PO-
177 work. Section 4 summarizes the laboratory test results. Section 5 presents analyses, g:ya\]_qgﬁons and
recommendations. b .
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13 Background

As stated in the Operable Unit 5 Record of Decision (DOE 1995a), the preferred alternative at FEMP includes
the removal and permanent disposal of contaminated materials to an appropriate on- or off-property disposal
facility. To accommodate this disposition of contaminated materials, an on-site disposal facility (OSDF) is
being constructed near the eastern edge of the site. Waste Acceptance Criteria (WAC) have been developed
for certain contaminants that can be disposed of in the OSDF. Any contaminated materials (including soils)
that exceed the WAC are to be disposed of off-site. Contaminated materials meeting WAC can be disposed
of in the OSDF. Final Remediation Levels (FRLs) have also been developed that establish the minimum
concentrations for certain contaminants that require action. Soils exceeding FRLs are to be excavated and
disposed in accordance with WAC. Within the excavation areas of the FPA, there are a significant number
of existing groundwater monitoring wells, piezometers, and other similar subsurface features. Specific
recommendations on the closure of these features is beyond the scope of this report. Subsequent planning
documents will provide additional details on specific recommendations.

1.3.1 Bemediation and Geotechnical Investigation Study Areas

For purposes of sequencing soil remediation activities, the Remedial Design Work Plan for Remedial Actions
at Operable Unit 5 (DOE 1996) divided the FEMP into seven major soil remediation areas and further divided
Soil Remediation Areas 1 and 2 into subareas, known as Phases. Figure 1-2 shows the approximate boundaries
of these areas based on PARSONS’ Scope of Work. From the Figure, the study area for the FPA geotechnical
investigation includes Areas 3, 4A, 4B and part of 5. Implementation and construction plans should consider
boundaries and interface criteria based on any supplemental data collected to define excavation extent as well
as other administrative boundary criteria required by FDF. To facilitate discussion in this report the FPA will
be discussed in terms of general quadrants: Northeast (NE), Southeast (SE), Southwest (SW) and Northwest
(NW). Figure 1-3 shows the approximate boundaries of the quadrants used for discussion in this report. The
quadrants are roughly defined by an intersection of lines along existing Second Street and B Street within the
Former Process Area.

1.3.2 Modeled Extent of Excavation

To assist in remedial design of excavations to remove contaminated soils in the FPA, a post-Remedial
Investigation/Feasibility Study (RI/FS) enhanced stratigraphic model of the glacial till was developed for the
FPA by FDF using solid block modeling techniques (i.e., Intergraph's® MGE Voxel Analyst). Geotechnical
borings associated with the design of plant area facilities were added to the OUS RI/FS environmental boring
data base. Coarse-grained material (i.e., silty sand through gravel) were identified at 6-inch intervals. A
variogram was then developed and the area of interest and the data kriged. To further evaluate the
heterogeneity of the area, contamination data was segregated into a coarse-grained material and fine-grained
material subsets and kriged separately. The subsets were then integrated into a comprehensive impacted
material model. Building foundations were added to the solid block model and the planned extent of
excavation established to envelope impacted material and the foundations (DOE 1997). Figure 1-4 shows the
planned extent of the excavation based on the block model. This excavation "footprint" provides the basis for
the geotechnical analyses and evaluations described in Section 5. The footprint used is based on the January
1997 model provided to PARSONS by FDF.
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1.3.3 PQ-177 Geotechnical Investigation

To support planning and design, additional geotechnical data were collected to evaluate slope stability and
dewatering requirements; particularly for excavations penetrating significant zones of coarse-grained materials.
A geotechnical sampling and testing program was undertaken to provide these additional data. The sampling
and testing program that was implemented is described in Geotechnical Sampling and Testing Plan for the
Former Plant Area (GSTP) (DOE 1997). The scope of PARSONS’ work for the investigation is described
in Subsection 1.2. As part of the investigation, ten new geotechnical test borings (G3-001/12266 through G3-
010/12275) were completed and samples collected therein were tested by a geotechnical testing laboratory.
Additionally, as part of the testing program, archived samples of coarse-grained materials collected during the
FEMP Remedial Investigation (RI) were tested to evaluate the variability of permeable zones. To support
evaluations and analyses, existing geologic and geotechnical data from the RI (e.g., boring logs, pumping test
results) and other prior geotechnical investigations (e.g., grain-size and shear strength test data) were also
used.

1.4 Subsurface Conditions

Subsurface material encountered in the FPA during the advancement of 10 borings as part of PO-177 is
grouped into five categories. Fill is the only material that is not natural, inasmuch as it has been mechanically
moved and placed. The remaining four categories of material consist of natural in-place deposits. Although
the categorized materials are relatively common at various locations throughout the study area, it is typical to
find some combination of them at any particular location, and not necessarily a complete section containing
‘ each material at all specific drilled locations. Section 5 presents Generalized Material Type Descriptions.

The in-place sediments as defined in this report have been previously described in the OU-5 Remedial
Investigation (OUS RI) (DOE 1995b) as Glacial Till, Lacustrine Deposits and Loess. These three units
comprise what is termed the Glacial Overburden. In this report, because of geotechnical, engineering and
hydrologic requirements, it is necessary to further delineate the QUS-RI lithologies. This categorization is
based mainly on stratigraphic superposition and probable Pleistocene depositional modes for the area of the
FEMP as defined in the OUS RI.

The in-place sediment categories (generalized strata) are:
1) Brown Clay

Equivalent to the brown-colored Till and Loess as discussed in the OUS RI. These deposits
overlay the Lacustrine Deposits as defined in the OUS RI.

’ 0000153
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2) Muddy Stream Deposits

Equivalent to lenses and channels of coarser-grained sediment that lie within the Till as
described in the OUS RI. In this report, the Muddy Stream Deposits have been defined on
the basis of subsurface mapping of the silt-, sand- and gravel-sized sediments that are not part
of the Lacustrine Deposits. '

3) Lacustrine Deposits

Equivalent to the Lacustrine Deposits of the OU5 RI.
4) Gray Till

Equivalent to the gray-colored Till of the OU5 RI

The definition of the above lithologic units is based on the interpreted depositional paleo-environment as
described in the QUS RI. The RI states: "The depositional environment within the basin is that of a series of
deltas formed by muddy streams flowing into the lake that filled the basin behind the dam formed by the
terminal moraine.” A more detailed discussion of these units is provided in Section 5.

It should be noted that the lithologic units (Glacial Till, Lacustrine Deposits and Loess) discussed in the QU5
RI are not annotated on the cross-sections that accompanied the RI report. On those cross-sections, the
defining criteria for the sediment are based on lithologic types only. Those lithologies include bedrock, clay,
silt, sand, gravel, sand and gravel and undifferentiated glacial outwash.

1.4.1 Conceptual Cross-Section

Figure 1-5 is a Conceptual Cross-Section that includes all of the categories of material and shows their
generalized stratigraphic relationships. The Conceptual Cross-Section trends in a NE/SW direction through
the middle of the FPA and is a view looking toward the NW. Additional cross- sections based on actual boring
log analyses are presented on Figures 5-2 and 5-3. Section $ in this report presents an interpretation and
assessment of the information displayed on the cross-sections and the map (see Figure 1-6). Evaluation
discussions are organized by quadrant, considering the NE quadrant first, next the SE quadrant followed by
the SW quadrant, and finally the NW quadrant.

In the Conceptual Cross-Section, laterally-continuous sedimentary sequences are depicted because of
geotechnical, hydrological and engineering analysis and modeling necessary for the PO-177 FPA excavation
report. Though this Cross-Section appears to differ with the original OUS RI, conceptual cross-sections, that
is only due to the analysis approach being used. The Conceptual Cross-Section is based on the profile in cross-
section E-E' (Figure 5-3) since this section takes into consideration all of the depositional environments
believed to have occurred during the Pleistocene glaciation. It would not be feasible to model hydrologic
conditions within the subsurface based on a series of generally discontinuous coarse-grained lenses and
channels as depicted in the OUS RI, consequently the PARSONS' Conceptual Cross-Section should be
considered as a conservative approach to model the conditions beneath the FPA and as such, laterally
continuous lithologic units must be maintained in the Conceptual Cross-Section.
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1.4.2 Extent of Coarse-Grained Depasits

Figure 1-6 is a map showing the general location and trends of the various interpreted deposits below or near
to the brown/gray interface in the glacial overburden. Unit boundaries are based chiefly on trends in silt-,
sand- and gravel-sized sediment within the glacial till clay "matrix." An overlay of the coarse-grained bodies
map, as modeled by FDF, shows that PARSONS' map is an extension of the FDF model. The OUS RI stated
"Due to the variety of possible depositional environments the sand, silt and gravel units can rarely be
correlated over distances greater than a few hundred feet in cross sections.” Since PARSONS has had access
to a number of borings that were not available at the time of the OUS RI, as well as pre-RI/FS borings (not
presented in the OUS RI Report) for its subsurface interpretation, it has led to a further refining of the RI data,
especially the delineation of probable water-bearing silt and coarse-grained sediment trends. The boundaries
of these sediment trends are constrained in part by borings that encountered clay-only materials as annotated
on the map of Figure 1-6. The PARSONS' map also includes coarse-grained sediment (sands and gravels)
which were not mapped by the FDF model.

Figure 1-6 depicts the boundaries of ancient "muddy” streams which fed sediment into the lake created by
glacial meltwaters during the glacial retreat. As noted on the map, paleo-stream channel trends (Pleistocene
Age) are uncertain and approximated in some areas because of the lack of adequate subsurface control
(borings). Though the trends represented by the silt-, sand- and gravel-sized sediments strongly corroborate
the depositional model as defined in the OUS RI, they are still interpretive to an extent because of occasional
difficulties in correlating trends of coarse sediment within the glacial overburden, the often rapid transition of
sediment types within the glacial overburden and the lack of borehole control in some areas of the FPA.

1.5 Topography and Perched Groundwater Conditions

Figure 1-7 shows the general land surface topography based on the data from the 1992 flyover. The
topography will likely be modified somewhat prior to excavation of contaminated soils due to the other various
activities associated with planned remediation activities within the FPA (e.g., construction of stormwater
controls, demolition of buildings, construction of temporary access roads, etc.)

Figures 1-8 and 1-9 show contour maps for perched groundwater during October 1991 and March 1992 which
were developed for the OUS RI and Feasibility Studies (FS). According to the OUS RI, "The glacial
overburden is saturated from approximately 3 to 5 feet below the ground surface down to the base of the
glacial overburden, where present. Unsaturated conditions exist just beneath the base of the glacial
overburden. Approximately 3 to 45 feet of unsaturated sand and gravel exist between the base of the glacial
overburden and the water table of the Great Miami Aquifer. Because of the unsaturated sediment below the
glacial overburden, groundwater within the glacial overburden is "perched" above the water table of the Great
Miami Aquifer.

This view of the perched water zone means that its presence is independent of subsurface lithology. In light
of this, Figures 1-8 and 1-9 represent groundwater elevations (in feet above Mean Sea Level (MSL)) in
lithologic units thought to have permeabilities high enough and sufficient thickness for possible seepage or flow
of water which would be of concern to excavation activities. These maps also illustrate the range of typical
groundwater elevation likely to be encountered during excavation within the FPA coarse-grained units (FDF
Coarse-grained Model) and silt and sand zones (PARSONS, this report), and also provide a basis for the slope
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stability and dewatering evaluation presented in Section 5. Figures 1-10 and 1-11 are isopach maps showing
the approximate depth to perched groundwater from the ground surface (units in feet). These figures were

created using the 1992 ground surface topography and the October 1991 (Figure 1-8) and March 1992 (Figure
1-9) perched water elevations.

1.6 Excavation Location Map

In order to facilitate evaluations and discussions associated with this report, the primary excavation sites within
each quadrant have been identified. Figure 1-12 shows the locations of the principal excavation sites. They
are identified by a quadrant designator (e.g., NW) and an excavation site designator (e.g., A, B, C, etc.).
The excavations identified generally have depths in excess of 10 to 15 feet.

® . 000523
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SECTION 2

PRIOR INVESTIGATIONS

This section summarizes the existing geotechnical and soil hydraulic properties data reviewed and summarized
during preparation of this report. Relevant existing data were used to support the evaluations and analyses
described in Section §.

2.1 Geotechnical Investigations

Existing FEMP reports and documents were reviewed to summarize geotechnical data and information that
would be useful in planning the geotechnical investigation of the FPA and conducting the associated
geotechnical evaluations. The reports containing data from geotechnical investigation conducted prior to the
PO-177 Geotechnical Investigation are listed in Table 2-1. Figure 2-1 provides a boring location map for
borings performed within the FPA. All of the borings except G3-001/12266 through G3-010/12275 were
conducted prior to the PO-177 Geotechnical Investigation. In general, logs of these prior borings provide
visual classification of soils and standard penetration test results to the depths explored. A summary of
geotechnical laboratory data extracted from the prior geotechnical reports listed in Table 2-1 is found in
Appendix A. Figure 2-2 shows the locations of borings associated with prior geotechnical laboratory test data.

00C023
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Table 2-1 - Summary of Reports Containing Existing Geotechnical

Data, FPA Study Area

Author Date Report
U.S. Department of March 1995 "Remedial Investigation Report for Operable Unit 5",
Energy Reference Appendices N, O and P
S&ME June 30, 1986 "Slag Leach Facility, Uranium Control Pad, Drum
Reconditioning Building", Project No. 021-86-169
S&ME June 9, 1986 "Buildings 6 and 8 Expansion”, Project No. 021-86-
162
S&ME May 15, 1987 "Decladding and Box Furnace Facility", Project No.
1221-87-178-1.0
S&ME May 18, 1987 "General Sump”, Project No. 1221-87-178-2.0
S&ME July 28, 1987 “Proposed Laundry Room Upgrade/Locker Room
Upgrade", Project No. 1221-87-257
S&ME January 19, 1986 | "Proposed Training Center and In Vivo Building”
Project No. 021-86-363
S&ME September 4, "NLO Facility UF, - UF, Facilities Expansion",
1984 Project No. 021-84-215
S&ME August 31, 1984 | "NLO Fernald, Ohio Plant 5 Expansion”, Project No.
021-84-215
S&ME February 16, "Derby Breakout and Slag Milling Area”, Project No.
1987 1221-87-114
S&ME May 21, 1987 "N, Systems", Project No. 1221-87-178-3.0
S&ME August 29, 1986 | "Existing Water Tank", Project No. 021-86-261
S&ME September 9, "Water Treatment Plant", Project No. 1221-87-288-1
1987
S&ME September 21, "Nu-Sal Furnace", Project No. 1221-87-288-2.0
1987
S&ME November 12, "NLO Railroad Relocation", Project No. 021-84-269
1984
S&ME September 20, "Geotechnical Exploration, Coal Storage Pile",
1988 Project No. 4144-88-309
ATEC 1982 "FMPC Water Pollution Control", Job No. 22-23071
S&ME March 14, 1988 | "Receiving and Incoming Materials Inspection Area",
Project No. 4144-88-119
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Table 2-1 - Summary of Reports Containing Existing Geotechnical
Data, FPA Study Area (Continued)

Author Date Report
H. C. Nutting 1984 "Report of Geotechnical Investigation, NLO Inc.,

Supply/Services Subcontract No. S-1143"

ATEC 1988 " Analytical Facilities Expansion”, Job No. 22-831858

S&ME April 9, 1987 "NO, Destructor Facility", Project No. 1221-87-160-
2.0

S&ME April 27, 1987 | "Decontamination and Decommissioning Facility",

_Project No. 1221-87-160-1.0
S&ME April 22, 1987 "Proposed Warehouse", Project No. 1221-87-159

U.S. Army Corps of February 1952 | "Report of Foundation Investigation, Feed Materials
Engineers Production Center, Fernald, Ohio"
PARSONS September 1993 "Central Storage Facility Subsurface Exploration”,
Project Order 20
PARSONS September 1993 | "Subsurface Exploration Report, Plant 1 Ore Silos",
Project Order 22 .
PARSONS July 1993 "Plant 7 Dismantling Geotechnical Report”, Proje.ct
Order 32
PARSONS May 1996 "Site Rail Improvements and WPRAP Load Out

Facility Geotechnical Investigation Report”, Project
Order 167

Notes for Table 2-1:

Authors:

U.S. Department of Energy - Fernald Field Office, Ohio
PARSONS - PARSONS ERA Project, Cincinnati, Ohio
S&ME - Soils and Material Engineers, Inc., Cincinnati, Ohio
H. C. Nutting - The H. C. Nutting Company, Cincinnati, Ohio

U.S. Army Corps of Engineers - Ohio River Division

A ~ 7
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2.1.1 Remedial Investigation Report for Operable Unit §

The Remedial Investigation Report for Operable Unit 5 (OUS), Appendices N, O, and P contain a summary
of geotechnical data and boring/well log data. The visual descriptions found in these logs and additional logs
maintained by FDF provided a large geologic data base used to evaluate and analyze subsurface stratigraphic
conditions at the FPA. Geotechnical laboratory data from tables in the OU-S RI Report, Appendix N for
borings within the FPA study area are summarized in the tables found in Appendix A.

2.1.2 Geotechnical Beports for Construction_of Various Structures and
Eaciliti

The geotechnical reports by S&ME, PARSONS, ATEC Associates, Inc. (ATEC) and H. C. Nutting
Company (H.C. Nutting) typically summarize the boring logs and geotechnical laboratory test data for various
projects within the Former Production Area conducted from 1982 through 1996. The subsurface explorations
summarized in these reports, especially those by S&ME, often involved a foundation investigation for a
proposed facility. The geotechnical laboratory tests summarized in these reports principally include soil
classification tests (moisture content, specific gravity, grain size, unit weight and Atterberg limits), strength
tests (unconfined compressive strength, and triaxial compression), consolidation tests, compaction tests, and
California Bearing Ratio tests. Geotechnical laboratory data extracted from these reports are summarized in
tables found in Appendix A.

2.1.3 Corps of Engineers Foundation Report

The Report of Foundation Investigation, Feed Materials Production Center, Fernald, Ohio, issued in 1952 by
the U.S. Army Corps of Engineers summarizes the results of the foundation investigation for construction of
the Feed Materials Production Center (currently the FEMP). The report includes boring logs and results of
geotechnical laboratory testing. The geotechnical laboratory tests summarized in these reports principally
include soil classification tests (moisture content, grain size, specific gravity, unit weight and Atterberg limits)
and consolidation tests. Geotechnical laboratory data extracted from these reports are summarized in tables
found in Appendix A. .

2.2 Hydraulic Investigations

Table 2-2 presents a summary of the existing reports and papers containing FEMP site specific soil hydraulic
properties data. Information and data from these reports provided the basis for establishing some of the
hydrogeologic parameters used in the dewatering analyses and evaluations presented in Section 5.

. 000.0.32‘
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Table 2-2 - Summary of Reports Containing Existing Soil Hydraulic
Properties Data, FPA Study Area

Author Date Report
DOE 1990 "Groundwater Report”
PARSONS 1994 "FEMP Glacial Till/Vadose Zone Hydraulic
Investigations Report”, Project Order 37
ASI May 30, 1991 "Hydrogeological Study for the Initial Design of
Perched Groundwater Extraction System”, Project
No. 602.27.15, Internal Report
Frink 1995 “Hydraulic Conductivity" Determination in Glacial
Till: A Comparison of Method and Scale"”
DOE 1995 “Remedial Investigation Report for Operable Unit 5"
Notes for Table 2-2:
Authors:

DOE - United States Department of Energy, Fernald, Ohio

PARSONS - PARSONS ERA Project, Cincinnati, Ohio

ASI - ASI Oak Ridge, Waste Management Engineering Group, Oak Ridge, Tennessee
Frink - Paul Frink, a thesis submitted to the Division of Graduate Studies and Research of the
University of Cincinnati, Department of Civil and Environmental Engineering, Committee Chair: Dr.

Milovan S. Beljin

2.2.1

EEMP Glacial Till/\Vadose. Zone Hydraulic | iaations B

The FEMP Glacial Till/Vadose Zone Hydraulic Investigations Report, summarizes the results of an
investigation to obtain hydraulic conductivity data on the glacial overburden sediments, and to assess the
properties of the gray clay contained within the overburden. Values of hydraulic conductivity contained within
this report includes results of 44 slug tests, 4 yield test and 2 pumping tests within and in the immediate vicinity
of the FPA. This report was prepared by PARSONS under PO-37 in support of the OU-5 RI/FS. Data from
the report are also presented in the OU-5 RI Report. Because of the relevance of this report to dewatering
aspects of the FPA and the amount of site specific slug test (Tables 2-2 and 2-7 of Appendix B) and pumping
test (Tables 5-5 and 5-8 of Appendix B) data contained therein, Volume 1 of the report is included in its

entirety in Appendix B.
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2.2.2 Hydrageolagical Study for the Initial Design of Perched Groundwater
Extraction System

This RI related report studies a groundwater extraction system alternative for handling contaminated perched
groundwater. The report evaluates the preliminary design of a perched groundwater extraction system for the
FPA, including information and data regarding the physical properties and characteristics and a preliminary
extraction system configuration.

223 Uni . ¢ Cinci i Thesi

A 1995 University of Cincinnati Thesis entitled "Hydraulic Conductivity Determination in Glacial Till: A
Comparison of Method and Scale”, used FEMP site specific data from the PO-37 Investigation to evaluate
various test methods used to determine the hydraulic conductivity of glacial overburden sediments. This thesis
summarized methods that use grain-size data to estimate hydraulic conductivity of soils.
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F‘ SECTION 3

FIELD AND GEOTECHNICAL LABORATORY TESTING PROGRAM

This section describes the geotechnical field and laboratory test program implemented per the Geotechnical
Sampling and Testing Plan of the Former Plant Area (GSTP) (DOE 1997). Geotechnical test borings,
advanced at 10 locations, were performed at the FPA study area during April and May, 1997. Additionally,
during this period, soil samples from RI archival storage were retrieved for testing. Samples from RI boring
locations were submitted for geotechnical testing. Geotechnical laboratory testing was performed by Advanced
Terra Testing, Inc. (ATT), Lakewood, Colorado, Inc., Golden, Colorado. Laboratory technicians from ATT
tested samples at the FEMP on-site laboratory and at the ATT Lakewood, Colorado laboratory. The
laboratory data sheets from this testing are compiled in a five-volume data report entitled Former Plant Area
Geotechnical Investigation, Geotechnical Data Report (SAIC 1997). Geotechnical field and laboratory
activities were conducted following the guidelines of the Sitewide CERCLA Quality Assurance Project Plan
(DOE 1994a).

3.1 Geotechnical Test Borings

Ten geotechnical test borings (G3-001/12266 through G3-0010/12275) were advanced by FDF's drilling
subcontractor, Alliance Environmental, Inc., at the locations which are shown on Figure 2-1. The boring
. locations were staked and surveyed by FDF.

The test borings were advanced with hollow-stem augers to depths ranging from 19 to 29 feet. During drilling
operations, a PARSONS geotechnical engineer or geologist was present to visually classify the soil samples,
log the borings, and record any encountered groundwater levels. During sampling activities, FDF sampling
technicians screened the soil samples and drill cuttings, using hand-held instruments for volatile organics and
radiation.

Soil samples were recovered continuously in the undisturbed material below the bottom of the augers using
either the Standard Method for Penetration Resistance and Split-Barrel Sampling (American Society for
Testing and Materials [ASTM] D 1586), 3-inch-diameter Shelby Tubes (ASTM D 1587), a Denison sampler,
or a-Dames & Moore ring-lined sampler. Samples were collected following the sampling plan described in
the GSTP (DOE 1997). Variations in the sampling plan, due to conditions encountered in the field, were
documented on Field Change Notice/Variance documents provided to FDF.

Upon completion of each boring, the soil test borings were backfiiled throughout the entire length of the boring
with a volclay grout. A FDF geologist oversaw the grouting operations.

Appendix C contains a field boring log and a Geotechnical Logging Report for each of the new geotechnical
test borings completed during the PO-177 Geotechnical Investigation. The Geotechnical Logging Report
updates the soil classification based on the results of laboratory classification tests. Appendix D summarizes
the Ohio State Plane Coordinates and ground surface elevations for test borings.

, 000036
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3.2 Archived Samples

During preparation of the GSTP, RI boring logs were reviewed to identify intervals of coarse-grained soils
(sands, gravels) and silts within the FPA, at or near the planned excavation sites. The FEMP RI Sample
Archives were then searched to establish the availability and condition of the samples for potential geotechnical
laboratory index properties testing (i.e., grain-size and Atterberg limits tests). The samples came from split-
spoon samples collected during various phases and projects of the RI and were contained in sealed sample jars
that were marked with appropriate sample identification. A FDF geologist estimated the volume of soil
contained in each jar. A PARSONS geologist visually classified approximately half of the archive samples
to evaluate the integrity of the sample and assure that the sample material contained in the jar corresponded
to the visual description of the boring log. This activity provided a high level of confidence that sufficient
volume and type of sample material would be available for the index properties testing. Additionally, this
activity provided a high level of confidence in the visual descriptions found on the boring logs and the overall
integrity of the archival process. Based on the available samples, a test matrix was developed in the GSTP
for geotechnical laboratory testing of the RI archive sample. Figure 3-1 shows the locations with archive
sample test results. Appendix C contains copies of boring logs for the borings which have associated PO-177
archive sample test data.

3.3 Geotechnical Laboratory Testing

Geotechnical laboratory testing of soil samples was performed by ATT at the FEMP on-site laboratory and
at ATT's Lakewood, Colorado, geotechnical laboratory between April and November 1997.

The laboratory testing program was directed toward classifying in situ and remolded soils and determining
their engineering properties for use in design and evaluation of excavation, dewatering, grading and site
restoration. Classification tests of coarse-grained soils (primarily sands) within the glacial deposits were
performed to provide data to evaluate the properties of soils in water bearing zones. Additionally, some tests
on undisturbed samples were performed to provide strength data for evaluation and analyses of excavation
slopes. A variety of index tests were performed on selected samples to aid in soil classification and to extend
the utility of the more sophisticated strength and permeability tests.

Table 3-1 lists the type of tests performed and the laboratory test methods. The soil testing was performed
on split-spoon samples (disturbed samples), bulk samples (collected from auger cuttings), Shelby tube, Denison
Tube, and ring samples from the Dames & Moore sampler (relatively undisturbed samples) obtained during
the field investigation. A PARSONS geotechnical engineer assigned laboratory tasks after reviewing the test
plan, field boring logs, and sample recovery. Section 4 provides a summary of test results.

3.3.1 Test Conditions for Undisturbed Samples

Triaxial compression and vertical permeability tests were performed on undisturbed samples from Shelby tube,
Denison tube or Dames & Moore ring samples. Confining pressures for triaxial strength tests were chosen
to simulate the approximate range of confining pressures anticipated in the field during excavation. For the
consolidated undrained (CU) triaxial compression tests, the effective confining pressures used were 5, 10 and:
25 psi. For the direct shear (DS) tests, the normal pressures used were 4.9, 9.7 and 25 psi. Single point

00Cocs
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consolidated drained (CD) triaxial compression tests were performed at an effective confining pressure of 10
psi. Triaxial back pressure permeability tests (P,,) were performed at an effective confining pressure of 5 psi
with a constant head of 2 psi.

3.3.2 Test Conditions for Remolded Specimens

Two permeability (P,) tests were performed on test specimens remolded sand soils from disturbed split-spoon
samples. The samples were remolded to estimated in situ condition based on overburden depth and Standard
Penetration blowcount data for the sample. Table 3-2 lists test conditions for these remolded permeability
tests. Additionally, sand from a split-spoon sample (G3-006[13-15']/#412374) was combined at the laboratory
with disturbed portion sand material from a Dames & Moore sample (G3-006{15-17']/#412376) to perform
aremolded CD test. The sample was remolded to a target density measured from the Dames & Moore ring
samples (G3-006[15-17')/#412375) that underwent a direct shear test.

000039
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Table 3-1 - Summary of PO-177 Geotechnical Laboratory Program Tests

Test Method Title GSTP Test
Code

ASTM D 2216 | Method for Laboratory Determination of Water Content of Soil and MC
Rock (oven method)

ASTM D 4318 | Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of AL
Soils

ASTM D 422 | Test Method for Particle-Size Analysis of Soils’ GS

ASTM D 698 | Test Method for Laboratory Compaction Characteristics of Soil Sp
Using Standard Effort

ASTM D 5084 | Test Method for Measurement of Hydraulic Conductivity of P,
Saturated Porous Materials Using a Flexible Wall Permeameter

ASTM D 2166 | Test Method for Unconfined Compressive Strength of Cohesive Soil UCS

ASTM D 3080 | Test Method for Direct Shear Test of Soils under Consolidated DS

Drained Conditions

ASTM D 4767 | Test Method for Consolidated-Undrained Triaxial Compression Test CuU
on Cohesive Soils (with pore pressure measurements)

- ASTM D 4767 | Modified Test Method D 4767 for Consolidated-Drained Triaxial CDh
Compression Test

Notes:
! Specific gravity tests were performed in conjunction with hydrometer tests (i.e., grain-size analyses)
Table 3-2 - Test Parameters for Remolded Permeability Tests of Sand
Samples
Boring G3-004/12269 G3-005/12270
Depth 15 - 17 feet : 13.5 - 15.5 feet
Effective Confining Pressure 15 psi 14 psi
Target Remold Dry Density 110 pcf 112 pef
Constant Head 2 psi 2psi
000010
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SECTION 4

SUMMARY OF LABORATORY TEST RESULTS

This section summarizes the results of the geotechnical laboratory testing conducted by ATT for the PO-177
Geotechnical Investigation. These data are presented in a series of tables found in Appendix F that incorporate
the sample's identifier as well as the sample's color, Unified Soil Classification System (USCS) group symbol,
and USCS group name. Additional details for individual tests can be found in the laboratory data sheets
compiled in a five-volume data report entitled Former Plant Area Geotechnical Investigation, Geotechnical
Laboratory Data Report (SAIC 1997). Appendix K, Table K-1 presents a summary of the PO-177 laboratory
test data by the in-place sediment categories (general strata) listed in Section 1.4.

4.1 Index/CIassification Test Results

Moisture content tests (ASTM D 2216) were performed on selected samples to provide soil moisture profiles
of the G3-series borings. Moisture content was also determined as a routine part of test procedures for
strength and permeability. Plasticity tests (ASTM D 4318) and- grain-size analyses (ASTM D 422) were
conducted for soil classification (ASTM D 2487) and to evaluate the hydraulic conductivity characteristics of
the coarse-grained samples tested. Appendix E presents typical grain-size curves. Table F-1 (Appendix F)
presents a summary of the moisture content test results for samples tested from borings G3-001/12266 through
G3-010/12275. Table F-2 (Appendix F) presents index properties of the G3-series boring samples and the RI
archive samples tested during the PO-177 laboratory testing program including Liquid Limit, Plastic Limit,
Plasticity Index, grain-size, and specific gravity of the soil. Specific gravity tests were performed on the
minus No. 10 sieve fraction of the soil samples.

4.2 Unit Weight Test Results

Wet and dry unit weights of the soils were determined in conjunction with other laboratory tests (i.e.,
permeability, unconfined compressive strength, and triaxial compression tests) and are presented in Table F-3

(Appendix F).
4.3 Undisturbed Strength and Permeability Test Results

This subsection summarizes the results of geotechnical laboratory strength tests performed on undisturbed
samples collected from the G3-series borings during the PO-177 Geotechnical Investigation.

4.3.1 Unconfined Compressive Strength Tests

Unconfined compressive strength tests (ASTM D 2166) were performed on samples of cohesive materials from
Shelby tube, Dames & Moore, or Denison samples. The results of these tests are presented in Table F-4
(Appendix F). Two samples (designated 412305 and 412381) exhibited considerably higher strengths than all
other samples. The moisture content for these samples were significantly lower than most all other samples
and showed a liquidity index well below zero, indicating moisture contents are well below the plastic limit.
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This suggests a high degree of overconsolidation which would contribute to higher strengths. Cementation due
to some degree of carbonate content in these soils may also contribute to higher strengths.

4.3.2 Consolidated Undrained (CU) Triaxial Compression Tests_

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

4.3.3 Direct Shear Tests

Three-point direct shear tests (ASTM D 3080) were conducted under consolidated drained conditions on
samples from a Shelby tube and a Dames & Moore ring sample. Table F-6 (Appendix F) summarizes the
cohesion and friction angles from Mohr circle constructions. Appendix G contains the failure envelopes.

4.3.4 Consaolidated Drained (CD) Triaxial Compression Tests

A single point, consolidated drained triaxial compression test (ASTM D 4767) was conducted on samples from
a Shelby tube. The test was run on sample material that also underwent a direct shear test to allow for
comparison of results of the friction angles obtained from the different test methods. Table F-6 (Appendix F)
summarizes the results from Mohr circle constructions. Appendix G contains the Mohr strength envelope.

4.3.5 Triaxial Back-Pressure Permeability Tests

Triaxial permeability tests were performed on samples from Shelby tubes. Table F-7 (Appendix F)
summarizes the test results.

4.4 Remolded Strength and Permeability Test Results

This subsection summarizes the results df geotechnical laboratory strength and permeability tests performed
on remolded samples collected from the G3-series borings during the PO-177 Geotechnical Investigation. The
permeabilities were determined by ASTM Test Method 5084 which used a triaxial test chamber to perform
the test.

4.4.1 Bemolded Consolidated Drained {(CD) Triaxial Compression Tests

A single point, consolidated drained triaxial compression test (ASTM D 4767) was conducted on sand material
from a split-spoon sample (G3-006{13-15']/#412374) that was combined at the laboratory with disturbed
portion sand;material from a Dames & Moore sample (G3-006[15-17']/#412376). The sample was remolded
to a farget density based on the undisturbed portion of the Dames & Moore ring sample (G3-006[15- .
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" 17')/#412375) that underwent a direct shear test. Table F-6 (Appendix F) summarizes the results from Mohr
. circle constructions. Appendix G contains the Mohr strength envelope.

44.2 Bemalded Triaxial Back-Pressure Permeability Tests

Two triaxial permeability tests were performed on sand from split-spoon samples. The criteria for remolding
the sample are listed in Table 3-2. Table F-7 (Appendix F) summarizes the test results.

4.5 Compaction Test Results

Standard Proctor compaction tests were performed soil materials from bulk samples of auger cuttings collected
during the PO-177 geotechnical investigation. Table F-8 (Appendix F) summarizes the results of these tests.
Appendix H contains the compaction curves.

. | 00¢¢ 13

OUDATA\OU-2\PO17T\ o
REPORT\REVC 4-3 DR 3/24/98



1507

2 &

SECTION 5

EVALUATION, ANALYSES, AND RECOMMENDATIONS

This section describes the engineering evaluations and analyses performed to support preliminary design
recommendations for excavation and site restoration of the FPA. The evaluations and analyses are based on

te-specific data from the geotechnical investigations described previously, and on supplemental technical data
and methodologies, as required, from engineering literature. Also included are PARSONS' recommendations
regarding specific preliminary geotechnical and civil engineering design aspects of the proposed FPA
remediation requested by FDF under PO-177 (PARSONS 1997). These design recommendations are general
in nature with the actual design and construction details to be defined during remedial design.

The recommendations in this report are based on soil data at test boring locations which are assumed to be
representative of the FPA site. However, the actual area of the test borings is small and finite in relation to
the area of the site, and the soils encountered are not necessarily typical for the entire site.

5.1 Subsurface Conditions Evaluation

Discussion of the subsurface conditions evaluation is structured in the following sections beginning with the
general characteristics of the five categories of material, and continuing with a more specific discussion of each
of the four quadrants shown on Figure 1-3 identified in Section 1.4. Discussions of the quadrants begin in the
NE and continue to address each quadrant in turn in a clockwise direction with the SE quadrant next, followed
by the SW, and finally the NW quadrant. Figure 5-1 shows boring and section line locations. Figures 5-2 and
5-3 show geologic cross-sections for the FPA,

5.1.1 General Characteristics of Subsurface Materials

For discussion and evaluation, the soil materials at the FEMP site can be generalized into the following general
categories described below. Geotechnical parameters for soils comprising the in-place sediment categories
(generalized strata) are summarized in Appendix K. The hydrogeologic parameters for the soils are
summarized in Appendix L. Grain-size curves for typical sediments can be found in Appendix E.

Fill

Fill typically consists of mixtures of earth materials comprised of the other four categories of on-site materials
identified within the study area; that is to say that they are composed of varying assemblages of clay, silt, sand,
and gravel. These mixtures have been moved and/or mechanically placed, and are typically moist with a wide
range of consistencies and thickness. It can be anticipated that during excavation of the upper few feet of fill
materials, a greater abundance of gravel is expected compared to other types of earthen matenals that
comprise the fill. Gravel was imported for use in building pads and road subgrade.

000014
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Muddy Stream Deposits

These deposits are equivalent to the coarse-grained lenses and channels of the Till as described in the OU5 RI
(DOE 1995b) and are often stratified in appearance. Although many deposits at the FEMP can be categorized
as stratified at some scale, for the purpose of this discussion most of the Muddy Stream Deposits are
characterized by deposits of interbedded silt, sand and gravel with bed thicknesses on the order of feet. The
generally quartzose and sometimes clayey sands range from well-sorted to poorly-sorted and often contain
accessory mafic minerals such as biotite and horneblende. The sands range from fine-grained to coarse-
grained. As seen on Figure 1-6, the areas labeled Muddy Stream Deposits are considered generally to be
stratified sediments, and can be correlated with boring log identifications that result in typically coarse-grained
textures in multiple layers. The coarse-grained Muddy Stream Deposits range in relative density from loose
to very dense, and are moist to wet.

Lacustrine Depasi

As described in the QU5 RI, "the lacustrine deposits consist of distinct thin layers of clay and silt with some
sand and gravel in less distinctive layers. Lake clay, in field descriptions, is distinguished from till clay by
the lack of sand and gravel within the clay layer."

In addition, many of the coarse-grained sediments in the FDF Coarse-grained Model are present in the western
half of the FPA and correspond to the area defined in the OUS RI as Lacustrine Deposits. Included in this,
from this study, would be "varved” sediments which are interbedded and laminated sediments composed of
sand, silt, and clay mixtures generally with bedding thicknesses on the order of fractions of an inch to one foot
(NAVFAC DM 7.1). These are not typical lacustrine varves, which are consistently fine-grained layers of
dark and light sediment representing seasonal deposition of material (winter and summer), but are glacial
varves (Picard and High, 1970). Glacial varves contain coarser material than lacustrine varves which is
reflected by the variations in water currents and velocities due to freezing and thawing episodes during the
period of glacial retreat. Numerous borehole logs indicate that glacial varves are present throughout the
western half of the FPA, further supporting the OUS RI contention that the area represents a glacial lacustrine
environment. Glacial varves have been encountered only rarely in the eastern portion of the study area,
indicating sediment in that part of the site was not deposited under lacustrine conditions. The Lacustrine
Deposits in the subsurface of the FPA exhibit a wide range of consistencies, densities, and moisture contents;
from soft to stiff, loose to very dense, and moist to wet.

Brown Clay

The Brown Clay consists predominantly of low to medium plasticity silt/clay mixtures with localized areas of
high plasticity clay or silt. The till matrix commonly has scattered gravel throughout, some locally, with silty
or clayey sand lenses. Typically the Brown Clay unit is stiff to very stiff, and moist. The Brown Clay is likely
a combination of till materials and possibly loess, though the OUS RI indicated that loess deposits were present
only to the north and east of the FPA. The gradations for the Brown Clay materials can be found in
Appendix E.

0000458
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Gray 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. This unit, which generally
has low permeabilities as indicated in the OUS RI, is believed to be the separation between the perched
groundwater zone and the Great Miami Aquifer. Typically, the clays of the till are very stiff to locally hard,
and moist. The gradations for the Gray Till can be found in Appendix E.

5.1.2 Northeast Quadrant

Figure 5-1 shows that borings G3-001/12266 and G3-003/12268 are located in the NE quadrant as well as
portions of geologic sections C-C', D-D', E-E', and F-F'. Each of the borings, and the appropriate portions
of the cross sections are discussed below. The boring logs can be found in Appendix C.

Borings (PO-177)

Boring G3-001/12266 is located in the far NE corner of the NE quadrant. Stratigraphy noted within the boring
consists of approximately 9 feet of Brown Clay underlain by Gray Till to a total depth of 26 feet (bottom of
borehole). From a depth of about 6 to 11 feet is a zone of alternating layers of clayey sand, silt, silty clay,
and sand typical of the Muddy Stream Deposits and depicted in the FDF Coarse-grained Model. A zone of
alternating fine-grained to coarse-grained sand and clay is apparent from about 17 to 22 feet. This zone would
also classify as Muddy Stream Deposits. Below 5 feet all materials are wet, which indicates the extent of the
Perched Water Zone in this area of the FPA. Soil consistency ranged from stiff to hard from 1 to 22.5 feet
and is soft below 22.5 feet.

Boring G3-003/12268 is located in the central area of the west half of the NE quadrant. Stratigraphy identified
in the boring consists in general of a nearly continuous section of sandy clay, with gravel becoming more
evident below a depth of about 9 feet. This boring was advanced in Brown Clay to 8.5 feet and Gray Till from
8.5 feet to total depth. As expected from both the FDF Model and PARSON's interpretation, no Muddy
Stream Deposits were encountered in this boring, the sediments being typical of clayey Till deposits. The
clays are wet between 9 to 15 feet and 23 to 25 feet, and at all other depths the clays are moist. Plasticity
measurements of the clays are generally low throughout the borehole with consistencies typically varying from
stiff to very stiff.

Sections

Figure 5-1 shows the portion of Section C-C' that transects the NE quadrant and extends from the location of
boring 1355 east to boring 1320. This area has been subject to several feet of cut since 1952, with a maximum
cut of about 10 feet in the area of boring 1317. Additional cut is planned in this area ranging from about 3
to 5 feet along the line of section.

The SW corner of the NE quadrant in the area of boring 1355 is located near the transition boundary between
Muddy Stream Deposits toward the NE and Lacustrine Deposits toward the SW. Geologic Section C-C' east
of the transitional boundary shows Muddy Stream Deposits at varying elevations between borings 1316 and
1320 at or below the proposed excavation depth (Figure 5-2). The geologic signature of the stream deposits
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depicted in Section C-C' is typical of the stream deposit signature throughout the area of the FPA. These
deposits were laid down during a time of glacial retreat according to the OUS RI and because of that, there
would have been a fluctuation in both flow rate and depositional capability of the streams based on seasonal
climatic effects, especially over a long period of time as would be expected for the thickness of the glacial
deposits at the FEMP. The stream deposit between boreholes 1315 and 1320, which is included as part of the
proposed excavation activities has been aerially exposed by previous excavation activities.

As seen in Figure 5-1 the eastern half of Section D-D' transects the northern half of the NE quadrant in an
east/west direction from boring 1340 in the west to about 100 feet east of boring 3421 in the east. Since 1952,
the area along Section D-D' has been subject to cuts on the order of 3 to 5 feet with an area of fill between
borings 11088 and 1288 with a thickness of about 2 feet. Additional excavation locally in excess of 10 feet
is planned between borings 1340 and 1363 placing the base of the proposed excavation well within the stream
deposits and locally up to about 3 feet below indicated water levels from boring data. East of boring 1363,
the proposed excavation will generally be less than 5 feet.

The western edge of the NE quadrant near boring 1340 is in the middle of a stream deposit composed of silty
sand, sand, and gravel that extends east toward boring 1363 which appears to be proximal to the eastern edge
of the stream deposit along the line of section. Eastward from boring 1363 to boring 1284, subsurface
materials are clays which comprise the Brown Clay and Gray Till. From the area just west of boring 1285,
east to boring 1290, a distance of about 200 feet, there is another probable stream deposit which, from
extrapolation of adjacent boring logs, lies both above and below the level of proposed excavation.

As seen in Figure 5-1, Section E-E’ extends in a NE/SW direction along the general axis of a thick Muddy
Stream Deposit. About 350 feet of the section crosses the NW corner of the NE quadrant between borings
1336 and 1272. In this area along the section, the coarse-grained sands and gravels of the stream deposit
extend vertically from 570 to 580 feet. The deepest excavation along the section reaches to approximately 573
feet; cutting through the coarse-grained material of the stream deposit. Water levels have been indicated by
boreholes to be at or just below 580 feet.

As shown in Figure 5-1, Section F-F’ is a north/south section just east of the center of the NE quadrant. The
portion of the section within the NE quadrant extends from boring 1116 in the south to boring 11086 to the
north. The entire section within the NE quadrant has been subject to excavation cuts ranging from about 2 to 8
feet since 1952. The deeper cuts were made in the southern half of the portion of the section that transects
the quadrant. Proposed excavation along the section will be in the clays of the Brown Clay unit and will
remain above known coarse-grained deposits. A near-surface coarse-grained stream deposit has been
identified near boring 1277. At this location, the deposit is about 1 foot below the proposed excavation
elevation and about 3 feet above a borehole-indicated water level.

Excavation Conditions

In the Northeast Quadrant, four excavation areas are of chief concern (areas having a greater than 15-foot
excavation depth). These excavations are shown in Figure 1-12. The excavation designated NE-A will extend
to a depth of 22 feet, mainly in Muddy Stream Deposits comprised of sands and to a lesser extent, silts.
Groundwater is to be expected from the perched water zone in the northern end of the excavation in the
interval from 5 to 12 feet below ground surface.
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Excavation NE-B will extend to a depth of 26 feet and should be confined to glacial clays, both the Brown Clay
unit and the Gray Till. It is not likely that any significant water-bearing zones will be encountered in this area
of excavation.

Excavation NE-C will extend to a depth of 16 feet in Muddy Stream Deposits. Water-bearing sands are likely
to be encountered from 6 to 12 feet. Area NE-D is proposed to excavate to a depth of 20 feet. This area will
encounter Muddy Stream Deposits and likely permeable, water-bearing zones from the interval of 8 to 14 feet
below ground surface.

The excavation bottom materials at NE-B, NE-C, and NE-D are anticipated to mostly consist of moist lean
clay to sandy lean clays. The excavation bottom material at NE-A at the maximum depth (22 feet) is
anticipated to consist of lean clay to sandy lean clay; whereas the shallower portions of the NE-A excavation
will consist of a combination of interbedded wet silt and clay and areas of wet sand. The wet silts and sands
will prove difficult to track with construction equipment. Pan-type excavators may need dozer assistance to
traverse these areas, or these areas may require excavation by trackhoe.

It is anticipated that these excavation side slopes will be most similar to those simulated by excavations NE-A
and NE-B in the slope stability analyses. However, other conditions could also be encountered within the
excavations.

5.1.3 Southeast Quadrant

Figure 5-1 shows boring G3-009/12274 and portions of sections F-F’ and G-G’ as identified in the SE
quadrant. Boring logs can be found in Appendix C.

Borings (PO-177)

Boring G3-009/12274 is located in the eastern edge of the quadrant and was advanced in Fill (upper 1 foot),
Brown Clay to a depth of 11 feet, a two-foot bed of Muddy Stream Deposits (11 to 13 feet), and Gray Till to
a depth of 19 feet. The lithologies encountered in Boring G3-009 corroborates the sand and silt units that were
identified in adjacent borings in this area. It appears that this boring is located in one of the Muddy Stream
Deposits that may have fed sediment into the Pleistocene glacial lake. No producing water zone was
encountered in this boring, though moist sediments were noted throughout. The clay ranges from stiff to very
hard in consistency and is generally a low plasticity type clay typical of the glacial Till deposits at the FEMP.

Sections

The portion of Section F-F' within the SE quadrant extends from the southern boundary of the quadrant (near
boring 11110) to the area of boring 1116. Along this part of the section, the maximum depth of proposed
excavation is about 15 feet which is below the Brown Clay/Gray Till interface. Some coarse-grained deposits
of sand and sand-silt mixtures are at or near the interface. Elsewhere along this portion of the section there
are locally identified zones of silt and sand/silt mixtures such as those identified in borings 2054, 12023, and
1114 respectively. Projection of boring 1114 into the section reveals a layer of 1-foot thick clayey silt near
the base of the proposed excavation and a 1-foot thick layer of well graded sand less than ten feet below the

proposed excavation depth. OOOQ ;
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The eastern half of Section G-G’ extends from the area of boring 1154 to the area of boring 3120. Although
coarse-grained stream deposits exist along this part of the section, in large part they are below the proposed
depth of excavation. From borings 11829 to 2389 coarse-grained sediments are within about one foot of the
excavation elevation. In the eastern half of the SE quadrant along the Section G-G', the proposed excavation
will intercept several stream deposits between borings 1114 and 1111. Near borings 1608 and 1159 coarse-
grained materials will be encountered in the bottom four feet of the excavation. These deposits are generally
composed of silt, and silt/clay mixtures. Wet clayey gravel was encountered in boring 1111, about 2 feet
below the proposed excavation depth.

Excavation Conditions

Four excavations will be made to a depth of over 20 feet in this quadrant (Figure 1-12). Excavations SE-A,
SE-C and SE-D will all occur within a mix of probable Muddy Stream Deposits and glacial clays. In SE-A,
water is likely to be encountered in sands and silts from a depth interval of 10 to 14 feet. In SE-C, water
bearing sands and silts are likely to be encountered in localized sections of the excavation. In SE-D, localized
water-bearing zones may be encountered with the main controlling factor being silts.

Excavation SE-B is mainly outside of the mapped Muddy Stream Deposit and will likely not encounter a
sizeable water-bearing zone.

The bottom of excavation SE-B is anticipated to be mostly lean clay or sandy lean clay. Excavations SE-C
and SE-D are anticipated to have bottom materials consisting mostly of lean clay with isolated areas of wet
sand and silt. Excavation SE-A is anticipated to have bottom materials consisting mostly of damp to wet sands
in the north and south portions and lean clay to sandy lean clay in the central portions. The wet silts and sands
will make it difficult for rubber-tired vehicles to traffic these areas. As a result, pans may need to be pushed
using bulldozers or excavations may have to be performed using trackhoe or similar equipment.

It is anticipated that these excavation side slopes will be most similar to those simulated by excavations NE-A
and NE-B in the slope stability analyses. However, other conditions could also be encountered within the
excavations. The conditions encountered in north and south portions of SE-A may be more similar to
excavation NW-A in the slope stability analyses. -

514 Southwest Quadrant

Figure 5-1 shows that borings G3-005/12270, G3-007/12272, G3-008/12273, and G3-010/12275 are located
within the SW quadrant, as well as portions of sections A-A’, B-B’, and G-G’. The boring logs can be found
in Appendix C.

Borings (PO-177)

Boring G3-005/12270, located in the central and western half of the southeast quadrant, was advanced to a
depth of 29 feet, encountering a sediment mix typical of the Lacustrine Deposits as noted in the OUS RI.
Brown Clay is present from the surface to 8 feet, then a mixture of silts and sands predominate to 23 feet
(Lacustrine Deposits) and Gray Till is encountered from 23 feet to total depth with a few, thin interbedded .
clayey sands. In the interval from 16 feet to 23 feet, coarse-grained Glacial Varves are present. Sands and
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silts are wet below 9 feet. Water was measured in the borehole at 5.8 feet below the ground surface. Most
brown sands are poorly sorted, most gray sands well sorted. Clays are generally of low plasticity and soft to
hard in consistency.

Boring G3-007/12272, located south of G3-005/12270 near the center of the southwest quadrant, was also
drilled in the Lacustrine Deposits of the OUS RI. Brown Clay is present to 7 feet, then a series of sands, silts
and clays are encountered to a depth of 23 feet (Lacustrine Deposits). Glacial Varved Units were encountered
from 10 to 15 feet. Below 23 feet, Gray Till is present. Sands and silts are wet below 7 feet. Sands are
generally poorly sorted and contain components high in mafic minerals. Clays are of low to medium plasticity
and stiff to very hard in consistency.

Boring G3-008/12273 is located east of G3-007 (east-central portion of the southwest quadrant) and was
advanced in the Lacustrine Deposits of the OU5 RI. Brown Clay is noted to 13 feet with two, thick wet sand
lenses present at roughly 8 and 10 feet. Gray Till is present below 13 feet with two wet sand units interbedded
at 17 to 19 feet and 24 to 26 feet respectively. The sands are poor to well sorted. Clays are generally of low
plasticity. Consistencies range from stiff to very stiff, except for a gray fat clay at a depth of 21 feet which
is very soft to soft and contains a medium to high plasticity.

Boring G3-010/12275 is located near the bottom-left corner of the quadrant. It was advanced in Lacustrine
Deposits as indicated by the sediment recovered though the coarser-grained units were deeper than in the other
three borings. Brown Clay is present to 15 feet with only one 2-inch sand seam at about 9 feet. At 15 feet,
a series of interbedded clays and silts are present to the total depth of the boring at 21 feet. The unit appears
to be Glacial Varves. The clayey silt units below 15 feet are wet. Clays are generally stiff to hard with a low
plasticity. The exception is a brown fat clay between 3 to 5 feet which was soft with a medium plasticity.

Sections

The south half of Section A-A’ generally bisects the SW quadrant in a north/south direction. The portion of
Section A-A’ within the SW quadrant displays a consistent profile composed in general of up to § feet of fill
underlain by a thick section (up to 22 feet) of generally wet, interbedded layers of Lacustrine Deposits
(silt/clay mixtures, silt, sand, and scattered gravel). The proposed excavation will extend to a depth of about
20 feet along this line of section, and as a result will be predominantly in wet, Lacustrine-type sediments.

The southern portion of Section B-B’ from boring 1403 in the south to boring 1130 in the north, extends in
a north/south direction near the eastern boundary of the quadrant. Excavation along this section generally
remains well within the Brown Clay and above the Lacustrine Deposits. Two exceptions exist: 1) Between:
boring 1403 and boring 1840, the proposed excavation will dip below the Brown Clay/Gray Till interface
intercepting the units of the Lacustrine Deposits as well as extending about 5 feet below water levels as
indicated by boring logs. 2) In the area of borings 2007 and 1305, the proposed excavation dips into what are
probable Lacustrine Deposits, though this area is close to the transitional boundary between the Lacustrine
Deposits and the Muddy Stream Deposits. At its deepest point, the excavation will be below the water
elevations as indicated by the boring log of 2007.

0090020
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Section G-G’ extends in an east/west direction across the central portion of the SW quadrant from boring 2042
to boring 1237. East of boring 12161, the depth of proposed excavation descends 20 feet below the existing
ground surface and continues at about this depth to boring 1237. Throughout the entire area of this relatively
deep excavation, materials which will be encountered generally consist of saturated Lacustrine Deposit
sediments. Borehole log data in this area shows that the proposed depth of excavation will be about 15 feet
below the indicated water levels.

Excavation Conditions

Three major excavation zones are noted in Figure 1-12 for the Southwest Quadrant. These excavations are
SW-A (26 feet), SW-B (24 feet) and SW-C (26 feet). All three excavation zones will occur in primarily
Lacustrine Deposits which will be comprised of both layered and massive sands, silts and clays. All
excavation areas are expected to encounter significant thicknesses of water bearing zones. Water bearing
zones will range from a few feet in thickness to over 15 feet in thickness. Sands will be a primary water

source, but silts will also contribute. Glacial clays will be mainly restricted to the first 5-7 feet of the
excavations and below 15 feet.

The bottom materials in excavations SW-A, SW-B and SW-C will consist of a mixture of wet silt, wet sand,
and moist lean clay to sandy lean clay. Some wet soft to medium stiff clay areas should also be anticipated.
The wet silt, sand and clay zones will be difficult to track with rubber-tired equipment, unless dewatering
schemes are utilized.

According to the boring logs and cross-sections, it is anticipated that the slopes simulated by excavations SW-A
(borings 1339 and 12272) in the slope stability analyses best represent the anticipated side slope conditions in
the southwest quadrant. Due to the amount of sand encountered in the northwest quadrant, shallow sloughing
failures will occur in saturated sands (due to precipitation, surface run off, or groundwater seepage) and should
monitored during construction to ensure that they do not cause deeper failures by unloading the toe portions
of slopes.

5.1.5 Northwest Quadrant

Borings G3-002/12267, G3-004/12269, and G3-006/12271 are Alocated in the northwest quadrant, as well as
portions of Sections A-A’, B-B’, C-C’, D-D’, and E-E’. The boring logs can be found in Appendix C.

Borings (PO-177)

Boring G3-002/12267, located in the north-central portion of the northwest quadrant, was advanced in Fill
(0 to 2 feet), Brown Clay to 7.5 feet, Gray Till with interbedded silt from 7.5 to 13 feet and gravelly Gray Till
to 25 feet. The silts are moist to wet. Below 11 feet the materials are generally wet. Clays are stiff to hard
with no to low plasticity. The silts are believed to be indicative of the Muddy Stream deposits in the north of
the FPA, which appear from adjacent boring logs to be silty in composition.

Boring G3-004/12269 is located in the south-central portion of the NW quadrant. Fill is present from O to 1
foot. Brown Clay is present from 1 foot to 9 feet. Thin interbedded clays and silts are present from 9 to 14
feet.- From 14 to 21 feet, sands predominate over gray silts and clays. Below 21 feet, the Gray Till is the
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dominant lithology. This boring was advanced in the Lacustrine Deposits as typified by the lithologies
encountered. Probable Glacial Varves are present from 9 to 13 feet. Silts and sands are wet below 9 feet.
Sands are poorly sorted. Clays are generally moist, stiff to very stiff and have a low to medium plasticity.
A fat clay at 23 feet is very soft to medium stiff, with a high plasticity.

Boring G3-006/12271 is located to the east of G3-004, near the southeast corner of the northwest quadrant.
Fill is present from O to 1 foot. Brown Clay is present from 1 to 12.5 feet. Interbeds of sand, silt and clay
occur from 12.5 feet to 19.2 feet. Gray Till is present from 19.2 feet to total depth at 27 feet. This boring
is located within the Lacustrine Deposits of the OUS Rl, close to the transitional zone of the Muddy Stream
Deposits of this report. From 12.5 feet to 15 feet, coarse-grained Glacial Varves are apparent. Silts and sands
are wet below 13 feet, the sands poorly sorted. Clays are generally low in plasticity and stiff to very stiff in
consistency.

Sections

The northern half of Section A-A' bisects the NW quadrant. Near boring G3-004/12269, the subsurface
materials are typical of the Lacustrine Deposits of the OUS RI. Continuing north along the section to boring
G3-002/12267, the Lacustrine units transition into Muddy Stream Deposits. Beneath boring G3-002/12267,
the materials are generally clays typical of the Brown Clay and the Gray Till, but a section of Muddy Stream
Deposits is also present. With the notable exception of the vicinity of boring G3-004/12269, the proposed
depth of excavation remains well within the Brown Clay unit and above the stream deposits. In the area of
G3-004, however, the proposed excavation dips about 10 feet into the Lacustrine Deposits some 8 to 10 feet
below the water levels as indicated by boring log reports.

The northern half of Section B-B’ extends along the eastern boundary of the NW quadrant. At boring 1305
the stratigraphy is comprised of typical Brown Clay/Gray Till clays with the subtle exception of a layer of sand
and sand-silt mixtures associated with the Lacustrine Deposits located near the bottom of the boring. The
proposed excavation remains within the Brown Clay deposits along this part of the section, except between
borings 1344 and 1340. Between these borings, the excavation will extend less than ten feet into the Gray Till,
and will intersect sediment composed of Muddy Stream Deposits.

The western half of Section C-C’ is located near the southern boundary of the NW quadrant. Stratigraphy in
this area consists of a layer of Lacustrine Deposits between the Brown Clay and the Gray Till. The proposed
excavation generally remains far above the Lacustrine Deposits except between borings 1352 and 1353. The
excavation appears to remain above indicated water levels as shown on the section (from boring log data).

Sections D-D’ and E-E’ depict a complex system of interlayered sediments and transitional zones that include
the Lacustrine Deposits, Muddy Stream Deposits, the Brown Clay and Gray Till. Along Section D-D’, an
extensive deposit of Muddy Stream sediments lie above the gray till and the elevation of the Lacustrine
Deposits. The proposed excavation will be generally above these silty and sandy sediments, with the exception
of the area near boring 11194 and borings 11208, 11116, 11114, 11112 and 1339. In this area, the water
elevations as indicated by boring logs, will be above the base of the excavation.
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Along Section E-E', the Lacustrine Deposits are transitional with the Stream Deposits, all of which are
overlain by the materials of the Brown Clay and underlain by the Gray Till. The proposed excavation along
section E-E’ is expected to remain above the Lacustrine Deposits and the stream deposits. Water levels, as
shown by borehole logs, are above the level of the proposed excavation.

Excavation Conditions

Three primary excavations are proposed for the Northwest Quadrant, NW-A, NW-B and NW-C (see Figure
1-12). NW-C should be considered as the northern part of SW-A (Southwest Quadrant) and accordingly is
described as being in Lacustrine Deposits as detailed in the previous section for SW-A.

Excavation NW-A is an area to be excavated to a depth of 14 feet in chiefly Lacustrine Deposits, but it is near
to the transition zone between the northernmost Muddy Stream Deposit and the Lacustrine Deposits. Water
will be encountered from a depth of approximately 6 feet to 14 feet. The main water-bearing, lithologic unit
will be sands.

Excavation NW-B is proposed to go to a depth of 18 feet, primarily in Lacustrine Deposits. Water bearing
zones will be encountered from depths around 10 feet to the bottom of the excavation. The chief lithology for
the water-bearing zones will be Lacustrine sands.

Bottom conditions at excavation NW-A will mostly consist of wet sand with isolated areas of clay. The bottom
materials at excavations NW-B and NW-C will mostly consist of lean clay to fat clay with isolated areas of
clayey sand. The lean clays should support rubber tired equipment, provided water is controlled and not
allowed to soften the clays. The wet sands will provide poor support for rubber-tired equipment unless
dewatering is performed.

It is anticipated that the simulated SW-A and NW-A slopes from the slope stability analyses will best represent
the excavations within the northwest quadrant. Due to the amount of sand encountered in the northwest
quadrant, shallow sloughing failures will occur in saturated sands (due to precipitation, surface run off, or

groundwater seepage) and should be monitored during construction to ensure that they do not cause deeper
failures by unloading the toe portions of slopes.

5.2 Slope Stability of Excavations

This section summarizes the results of slope stability analyses performed to evaluate the temporary and long-
term stability of excavated slopes at the FPA.

5.2.1 Analysis of Open Excavation Excavated Slopes

According to published literature (Duncan, Buchignani, and De Wet, 1987), excavation slopes of large open
excavations should be analyzed using three cases, which are:

1) Short-Term Conditions (undrained analysis, ¢, =0 for saturated cohesive soils),

2) . Ldng-Term Conditions (drained or ¢’ and ¢’ analysis), and
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3) Rapid Drawdown Conditions.
5.2.1.1 Short-Term Analysis

The short-term analysis models the undrained, after construction condition. In this case it is assumed that there
has not been adequate time to allow dissipation of the excess pore pressures which are developed as a result
of the excavation activities. Undrained shear strengths of cohesive soils can be determined using either
Unconsolidated-Undrained triaxial compression tests or Unconfined Compression Strength tests, which
represents the $=0° case. For sands, total stress values from Consolidated-Undrained triaxial tests can
sometimes be used, although it is common practice to treat well-drained soils in terms of effective stresses,
even for short-term analyses.

For cohesive soils, a ¢=0° approach was used to evaluate the short-term (undrained) conditions for the
cohesive soils. Unconfined compression strength (UCS) and unconsolidated-undrained (UU) triaxial
compression test results were used to establish the undrained shear strength parameters of the cohesive soils.
The UCS and UU tests are the most appropriate tests for the unconsolidated-undrained state present in the
short-term condition. Past experience in similar soils in the southwest Ohio area indicates that total stress
conditions at cut slopes should be based upon UCS and UU test results. The total stress parameters used for
analyses of the cohesive soils (Table 5-2) were conservative when compared with the results of the UCS and
UU test results (Appendices Tables A4, A6, and F4). For cohesive soils, the use of total stress results from
consolidated-undrained (CU) triaxial compression tests is only appropriate when considering intermediate cases
‘of well-defined, phased construction activities. Use of CU total strength parameters would result in
unconservative, higher factors of safety against temporary slope failure in cohesive soils.

For the cohesionless silt and sand soils, the total stress CU results were used to represent the short-term
conditions. The total stress shear strength parameters for cohesionless soils (Table 5-2) used to evaluate the
cut slopes are conservative when compared to interpreted parameters from the CU test results and the effective
stress parameters (Appendices Tables A-5 and F-5).

5.2.1.2 Long-Term Analysis

Long-term analyses assume that the pore pressures within granular and fine-grained soils are allowed to
dissipate from the soils. Effective stress shear strength values for cohesive soils can be estimated using
Consolidated-Undrained triaxial compression tests and for granular soils using Consolidated-Undrained,
Consolidated-Drained triaxial compression tests or direct shear tests.

The shear strength parameters used for the long-term analysis of the cut slopes in cohesive soils were estimated
using the effective stress results from the CU tests. The shear strength parameters used to evaluate the long-
term stability of the cohesive soils (Table 5-2) were conservative compared to the average values from the
effective stress results of the CU tests (Appendices Tables A-5 and F-5).

The shear strength parameters from the long-term analysis of the cohesionless soils (silts and sands) were
estimated using the effective stress results from the CU tests, Consolidated-Drained (CD) triaxial compression
tests, and direct shear tests. The effective stress results for the silts were reduced since all laboratory tests
were performed on sandy silts, which would have higher ¢ values than silt soils with no sand. The shear
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strength values for the Great Miami Aquifer sand and gravel were taken from the PO-140 slope stability
analysis (Parsons 1995b).

5.2.1.3 Rapid Drawdown Analysis

The rapid drawdown condition assumes the slope is consolidated under one loading condition and is then
subjected to a rapid change in loading, such that excess pore pressures are not allowed to dissipate (such as
rapid pumping of excavations during excavation operations). The shear strength values for this case can be
interpreted from the Consolidated-Undrained triaxial compression tests, using the total stress analysis for
cohesive soils and silts and using the effective stress analysis for free-draining sands.

The proposed interim excavated slopes (i.e., prior to site certification and final grading) in the FPA were
analyzed for the short-term and long-term conditions only. However, the long-term permanent slopes were
analyzed for rapid drawdown conditions. This models the rapid drawdown case, provided that a minimum
2 feet free-board is maintained in the ponds or lakes. Shear strength parameters for the cohesive soils and silts
were obtained from the total stress results of the CU tests. Shear strength parameters for the free-draining
sand soils were obtained from the effective stress results of the CU tests, CD tests, and the direct shear tests.

5.2.1.4 Method of Slope Stability Analyses

Stability of the slopes was analyzed using limit equilibrium methods. The Janbu Generalized Procedure of
Slices was used to find the critical circular slip surface. The Janbu method was chosen because it satisfies all
conditions of equilibrium (horizontal, vertical, and moment). The analyses were performed using slope
stability analysis software XSTABL version 5.101a by Interactive Software Designs, Inc. 1994.

5.2.2 Geotechnical Parameters

The encountered subsurface soils within the FPA included existing fill, brown clay, gray glacial till, muddy
stream deposit or lacustrine sand, silt and clay, and sand and gravel deposits of the Great Miami Aquifer,
according to current and previous test borings. Geotechnical parameters necessary for performing a slope
stability analysis include both unit weight and shear strength parameters. Data for determining these
parameters were taken from several sources which are mentioned in Sections 2.0 and 4.0. In addition, data
from PARSONS PO-161, OU+4, Silos Superstructure Geotechnical Design Investigation (PARSONS 1996a),
was also used in determining unit weight and shear strength parameters.

5.2.2.1 Soil Unit Weight

Representative, wet and saturated unit weights were selected based on available undisturbed test samples and
a couple published values for typical soils. Referenced values were used for two granular soils. One published
value was used for the Great Miami Aquifer (GMA), since laboratory test data was not available. The second
_published value was used for the muddy stream and lacustrine sands, since all available data were for clayey
sands. A majority of the sand samples tested were classified as silty sand, poorly graded sand or well graded
sand. Therefore, the literature values better estimate the actual conditions. Table 5-1 outlines the unit weight
values used for the slope stability analysis of the excavation slopes. ‘
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Table 5-1 - Wet and Saturated Unit Weights of Soils used in the Excavation Slope Stability Analyses

Soil Type Wet Ig;’i:fgeight Satuvl;?t:iegitu "
(b/ft*)
Fill * 1-23 125
Brown Clay 130 133
Gray Till . 135 140
Muddy Stream and Lacustrine Sénd * 133 135
Muddy Stream and Lacustrine Silt 125 127
Muddy Stream and Lacustrine Clay 122 125
Great Miami Aquifer Sand and Gravel * 135 140

* Typical values reported in Holtz and Kovacs, 1981.

5.2.2.2 Shear Strength Parameters

As mentioned earlier, the other necessary geotechnical parameter required for slope stability analysis is shear
strength. Table 5-2 reports the total stress (short-term/undrained), effective stress (long-term/drained) and
rapid drawdown shear strength parameters used in the excavation slope stability analyses. These values are

based upon data sources and selection methods reported earlier in Section 5.2.1.
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Table 5-2 - Soil Shear Strength Parameters (Short-Term, Long-Term and Rapid Drawdown) used for the
Excavation Slope Stability Analyses

Short-Term Long-Term Rapid Drawdown
Parameters Parameters Parameters
(Undrained) (Drained)
Soil Type ¢,
(deg) c,(ps) | d'(deg.) | c'(psh) | d(deg.) | c(psh)
Fill 0 800 22 50 20 200
Brown Clay 0 1000 28 100 24 180
Gray Till 0 1250 29 100 26 400
Muddy Stream or
Lacustrine Sand 29 0 31 30 31 30
Muddy Steam or
Lacustrine Silt 25 0 29 0 25 0
Muddy Stream or
Lacustrine Clay 0 500 24 200 22 200
Great Miami Aquifer
Sand and Gravel 33 0 33 0 33 0
5.2.3 Slope_Stahility Model Assumptions

Several assumptions regarding subsurface stratigraphy, groundwater conditions, surcharge loads adjacent to
the excavations and seismic considerations were made to perform the slope stability analyses.

5.2.3.1 Soil Stratigraphy

Five representative subsurface conditions were chosen based upon the cross-sections A-A' through G-G' and
interpretation of the soils presented in Section 5.1 of this report. The five selected conditions represent muddy
stream sand areas (2 generalized profiles), lacustrine areas (2 generalized profiles) and glacial till (1
generalized profile) (consisting mostly of cohesive soils) areas.
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Due to the complex geology and stratigraphy conditions present in the lacustrine and muddy stream sand areas
and the large area being excavated, two boring logs representing each condition were chosen. The boring log
for each area was chosen (in an attempt) to select a worst case condition, assumed to be a large thickness (at
least 8-foot thick) of interbedded wet silts and sands. It was assumed that wet silts and sands interbedded with
soft clays in the lacustrine and muddy stream sand areas and thick deposits of saturated sands would provide
the least stable slopes due to the presence of seepage pressures within the granular soils. Figures 5-4 through
5-8 present the representative subsurface stratigraphy for the lacustrine, muddy stream sand, and glacial till
areas. Figure 5-9 shows the locations of the excavation sites having the representative stratigraphy of Figures
5-4 through 5-8.

5.2.3.1.1 Brown Clay over Glacial Till

Throughout the eastern half of the proposed excavations, areas exist where brown clay overlies cohesive
glacial till was the predominant material encountered above the GMA. Locally the cohesive glacial till matrix
contains thin, more permeable silt or sand lenses or pockets. In addition, fill is also often encountered
overlying the brown clay. Test boring 11825 was chosen to represent the glacial till areas, since the most
recent G3- series borings encountered sand seams.

5.2.3.1.2 Muddy_Stream Areas

Throughout the northern and eastern portions of the excavation areas, interbedded muddy stream sands, silts
and clays or relatively thick units of sand were encountered between the brown clay and gray glacial till soils.
Typically the silt and sand seams were saturated and ranged in thickness from several inches to several feet.
Due to the variability in these deposits, two test borings were chosen to represent the muddy stream deposit
areas. Test borings 12266 and 1339 were selected to represent the muddy stream deposit areas, due to the
relatively thick granular muddy stream deposits encountered in the test borings.
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Test Boring 11825

Depth (ft)

Thickness (ft)

0]

Fitt

Unit

f

Sandy lean clay, 5
very moist, medium stiff

> <
Brown Clay -J 4
Brown ond gray lean m < =
clay to brown sandy, -1 7
silty clay, moist, M < T
stiff to very stiff, -/ 1
occ. sond lenses 1»( |

'\/ e
12 /
Gray Till
Gray sandy, silty clay with
gravel, moist, very stiff
/ "

20 [Excavation Depth - 20 fe_et_/

23 ° O{
GMA slleX:
Gray, poorly graded sond, e 0 o
damp, dense D8O 4
........................................................... 20 o

Typical Cross-Section for
Existing FiliOverlying Brown Cloy,
GroyTilloand the GMA

Explanation:
Fil

VN
| < A Brown Clay
V= =
%
// Gray Till

/
O8O 8¢
P o2 2 GMA
© 80 84

File: /usr/ref3/fpa/fpa/dgn/11825.dgn

4:OG0359

Lo
- -

l::fgure 5-4 - Generalized Stratigraphic Column 1 (Excavation Site NE-B)
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Depth (ft)
0 Fin
2 Clay
Brown Clay N 1S
Brown ond groy lean clay, ‘<\/
5 moist, stiff owl 1 9 <—I
Muddy Stream - Interbedded fo*o =
cloy, silt and sand seams b o—, 1
7.3 PWT 2 v |— = =
-0 <2, 2
Bty
n P I T - -
Gray Clay Layer
Some interbedded sand
and silt seams /
17 PWI 4 V //
Muddy Stream il
Sand L oot
Aot
M e
29 Excovation Depth - 22 feet p—-.
Groy Til
Gray lean clay with gravel
and trace sand, very moist
to wet, stiff /

Test Boring 12266/G3-001
Thickgglsts (ft)

2-

!

~tt— N ————

Typical Cross-Section for
Existing Fill Overlying Brown
Clay, Muddy Stream, Gray
Tilland the GMA

Explanation:
Fill
VAR
| < A <] Brown Clay
vV = =
%
/ Gray Till

/
S i
i :‘:-9—_ Muddy Stream Deposit
—— ._o__

PWT 4 ¥ Perched Water Zone

Fite: /usr/ref3/fpa/ipa/dgn/12266.dgn

‘000060

Figure 5-5 - Generalized Stratigraphic Column 2 (Excavation Site NE-A and Representing SE-A)
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Test Boring 12272/G3-007

Unit
Depth (ft) Thickness (ft)

0 Brown Ciay ,\\/ v
Brown and gray lean clay, {q 4
trace gravelond sand, YN
moist, very stiff (\/1 < -

I~ b
<<

7 pwr 1 v [ )
Lacustrine oL

9 Sand
Lacustrine - Lean clay with | —.

y silt lenses, wet, stiff .. , o |. 7 .1
frterhedder i = — ]

71 14

15 - 1
Lacustrine - Poorly graded
sand, wet, medium dense

17 lecustrme PWY & ¥ .
interbedded rlnye and ___
sonds . '_

21 A1
Gray Till / i
Gray lean clay with
sand and gravel, moist
to wet, stiff to hard

6 = —— = — = ——

Excavation Depth - 26 feet / 12

33 //
GMA "O,GOC

0 o
Sand and grave! 3o 8

Typical Cross-Section for
Existing Fill Overlying Brown
Cloy, Lokebed Deposits, Gray
Tillond the GMA

Explanation:

-t -
A < | <] Brown Clay
/ -J y

///// Gray Til

—- —-| Lacustrine Deposit

Lacustrine Sond

[+
o,
o,

GMA

(]
]

A", ']

0
Po %o

0
bo “O

PwT 4 . Perched Water Zone

File: 7usr/ret3/fpa/tpa/dgn/12272.dgn

- QC0OBL

Figure 5-6 - Generalized Stratigraphic Column 3 (Excavation Site SW-A)
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Soil Boring 1236

Typical Cross-Section for
Brown Clay Underlain by
Thick Muddy Streom Sond,
Lacustrine Cloy and Glaociol
Till

Explanation:

<

VSN
=< T Brown Clay

N
A\

Gray Till

— —. Lacustrine Deposit

Unit
Depth (ft) Thickness (ft)
0. Brown Clay P, (V. .
Leon clay, dry, stiff \\/1__\/ 2.5
25 PWT 1 (Highwater) & _D__./
Muddy Stream ;__—‘_;__'.E
Sand and gravel, moist to i-_'_ -
wet, loose to medium dense (2 _79
w11y [otITO
7 b—._ _—n— 10!
iy
o
12, PWT 2 @ e
23 Lacustrine Clay .
Leon clay, moist to very [ ]
moist, medium stiff to stiff .
— 1 7.5
17 [Excavation Depth - 17 feet | : =1
e
20 Gray Till 4
Lean clay with sand, moist
very stiff to hard /
........................................................... )

© 0 -0 Muddy Stream Sand

PWT 2 ¥ Perched Water Zone

Fite: Zusr/ref3/fpa/fpa/dgn/1236.dgn

i

A 009052.

Figure 5-7 - Generalized Stratigraphic Column 4 (Excavation Site SW-A)
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Soil Boring 1339

Typical Cross-Section for
Brown Cloy Underlain by
Thick Muddy Stream Sond
and Glaciol Till

: Unit
Depth (ft) Thickness (ft)

o] = '

; |Brown Cloy pwr ) (uighwgten) @ A
Muddy Stream 2 e
Sand, trace gravel, moist to [ T .7
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o0

_______ PWT 12 [27 ]

5 i
o= 105

D.t."_.o.:

o 5 [Excavation Depth - 9.5 feet oo

ne = 0.5
Muddy Stream oY 15

13.5 P
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Lean clay with sand, moist,
very stiff to hard

Explanation:
SN
A < A < Brown Ciay
V= =
%
// Gray Till
/
9__':‘:.:" Muddy Stream Sand

-

AR
\iammms\\\\\m

R

PWT 2 9

Muddy Stream  Clay

Perched Water Zone

File: /usr/ref3/tpo/fpa/dgn/1339.dgn
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3724/98




507

<

A L0

. Q

o

“ Q

86/42/€ 1Z-S OATILIOITY =

+\LL1od\Z-No\wWilvano
SUOnES0T Youaly, 301da01aju] pajenug pue suoneAedxXy aaneiuasaidoy Jo uonedso - 6- MLy
UOI}DO07 Yousld] 403dadusjul PaIDINWIS 8)3DWIX0Jddy % 3
suin AJuopunog DT /IBUUDYD - -semmmmeemmee w
(3004-0l) JNOJUOD UOI}IDADIXT oL e
=)
=]
1o (}98)) UOnDADOXT JOo Yrdsg wnwixon vZ 3
14 0% sz 0 sylsods@ wDaUIS PUD sUISNIDT paysusdisyy ,m
g
L.
uolouo|dx 3
0
e |

dnid

40 Avis




1507

5.2.3.1.3 Lacustrine Areas

Lacustrine deposits were encountered in the southwestern to western portions of the proposed excavation areas.
Typically the lacustrine deposits included interbedded silts, clays and sands ranging in thickness from a few
inches to as great as 2 feet or relatively thick sand deposits underlain by lacustrine clays in isolated areas. At
several locations the clay portions of the lacustrine deposits were varved and contained thin silt partings.
Generally, the permeable lacustrine deposit sands and silts were wet, resulting in saturation of the adjacent clay
layers. The saturated clay layers were often soft to medium stiff. Test borings 12272 and 1236 were chosen
to represent the lacustrine deposit areas.

5.2.3.2 Perched Groundwater Conditions

Typically the perched groundwater conditions shown in Figure 1-11 or the conditions encountered in the
recent test borings were used as the groundwater conditions simulated in the slope stability analyses. The
higher level of the two (most conservative) was used. The groundwater conditions reported in Figure 1-11
were measured in the Spring of 1992, which represent high water conditions. Table 5-3 outlines the perched
water level reported in the Spring of 1992 and the water level used in the slope stability models for each
representative soil column. However, where shallow sands were encountered (test borings G3-001, 1236 and
1339), the water level was increased to model the entire sand layer being saturated during wet seasonal
conditions. These water levels are designated PTW 1 (high water) in Generalized Soils Columns 1, 4 and §
(Figures 5-5, 5-7 and 5-8). In all these cases, groundwater is assumed to daylight at the cut face of the
excavation at the top of the saturated layer. This is conservative since some degree of drainage in the sands
is expected to draw the phreatic surface down at the cut face. These cases also conservatively simulate
pumping from open sumps and/or drawdown conditions.

Table 5-3 - Perched Groundwater Depths in March 1992 and Groundwater Depth in Slope Stability
Simulations.

Soil Column March '92 Perched Water Depth to Phreatic Surface
depth below Ground Used in Simulations
Surface

1 9 ' 9

2 7 5

3 7 7

4 6 2.5 (high water)

5 3 1 (high water)

A dewatered case was also evaluated. This case removed all perched groundwater above the proposed
excavation level. This case was used to evaluate slope stability if a dewatering scheme is adopted prior to
performing the excavations.

It should be noted that the groundwater that will be encountered during excavation will consist of perched
water. The perched water levels will be highly susceptible to seasonal variations in precipitation and weather.
Therefore, water levels encountered during excavation may vary significantly from those used in the slope
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stability simulations. However, the most recent borings were performed during the wet spring of 1997 which
represent high water conditions. The water conditions used in the slope stability analyses were at the water
levels encountered in the recent test borings or above the water levels encountered in the recent test borings
represented by March 1992 perched water readings. The high water conditions assumed for Soil Columns 4
and 5 demonstrate the effects of fluctuating water levels. Therefore, the water conditions used in the slope
stability analyses are considered conservative.

The XSTABL slope stability model evaluates seepage pressures associated with perched water levels. Seepage
forces that result from horizontal flow velocities were not included in these analyses (long or short-term).
These forces were not included because:

» The relatively high permeability of the coarse-grained units and the relatively moderate pace at which
excavation is expected to proceed,

o The relatively low peak and sustained yields from pumping tests, and
e The assumption that gradients are primarily vertical in these units.

5.2.3.3 Surcharge Loads

Two foreseeable surcharge load types were assumed for the excavations. The first type of surcharge load was
an equipment load applied at the crest of the slopes or on benches. A CAT 350L track hoe was assumed for
the excavation equipment. The track hoe weight was applied over the entire area between the tracks, which
resulted in a load of 750 psf applied on a 10.8-foot by 14.75-foot area. The entire area between the tracks was
used instead of the actual track area, since XSTABL assumes that surcharge loads are continuous line loads
and not point loads (the track hoe would be considered a point load). Additional shear strength would be
available on either side of the point load, from the unloaded areas, to resist the effects of the point load.
Therefore, using a reduced surcharge load is justified to simulate actual loading conditions.

The equipment surcharge loads were used in both the short-term, total stress and the long-term, effective stress
cases. It is anticipated that the equipment will be moved back from the excavations while the exposed soils
in the excavations are tested and approved. Therefore, it is unlikely that equipment will rest at the top of the
excavated slopes for extended periods of time. Placing large loads, such as equipment or large soil or spoil
piles, at the top of the slopes during the approval process should be avoided.

The second type of surcharge load used was a 380 psf load over a 4-foot width to represent a berm at the top
of the excavations to reduce surface water runoff from entering the excavations. This surcharge was only
modeled for the long-term, effective stress case.

No adjacent building loads were considered in the stability calculations. Buildings near the crest of the
excavated slopes could significantly reduce the stability of the slopes. Therefore, if buildings are to remain
near the crest of the slopes, the stability of these slopes should be further analyzed on a case by case basis.
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5.2.3.4 Seismic Considerations

Seismic loads were not considered for analysis of the long-term interim slopes. It is appropriate to consider
seismic conditions for long-term permanent slope stability analyses, when final land use is known. Final land
use plans are not well defined at this time. Current plans suggest that some of the excavations will be
completed as lakes or ponds. Thus, selection of the appropriate seismic coefficients to use for analyses would
be an estimate at best. A seismic evaluation and related pseudo-static slope stability analyses should be
performed for any critical slopes when the permanent final slope design is considered.

At the northeast quadrant, excavation limits planned outside the FPA approach and may encroach upon the
western edge of the OSDF. In this case, a seismic coefficient of 0.065g (equivalent to a design acceleration
of 0.13g) was applied in the stability analyses of the permanent slope configuration. This is consistent with
the design coefficients used in analyses of the OSDF seismic stability (Parsons 1995¢c). The seismic analyses
assumed no surcharge due to the OSDF, since it was assumed that the excavation of the northeast quadrant
would occur prior to construction of the OSDF adjacent to this excavation. In addition, due to the
encroachment of the northeast quadrant excavation into the OSDF, it was assumed that this excavation would
require complete or partial backfilling to prevent global slope instability of the OSDF (an open excavation will
result in cutting the toe out from the OSDF).

5.24 Slope Excavation Recommendations and Conclusions

The results of the slope stability analyses are reported in Tables 5-4a through 5-4e for each excavation site.
The following sections provided recommendations concerning slope configurations, slope maintenance,
erosional control, and monitoring of short and long-term slopes. Graphical output from the slope stability
analyses are included in Appendix J for the recommended slope configurations.

Table 54a - Results of Slope Stability Analyses (Excavation Site NE-B)

CASE WATER FOS FOS w/ EQUIPMENT |FOS w/ BERM
SURFACE | NO SURCHARGE : SURCHARGE SURCHARGE
DEPTH (ft} |} SHORT-TERM | LONG-TERM |SHORT-TERM |LONG-TERM| LONG-TERM
TH:1V 20" Ht. 9 2.44 0.89 1.90 - --
1.5H:1V 20' Ht. 9 1.10 0.98 1.02
1.6H:1v " 9 1.48/1.36 1.17/1.06| 1.28/1.36
2H:1V 20' Ht. 9 - 1.32 1.19 1.22
3H:1V 20" Ht. 9 --- ] e - 1.60
Notes: "™ 15" wide bench with maximum 10’ high slopes.

FOS = Factor of Safety

For benched case - FOS presented as: FOS of Slope Above Bench/FOS of Slope Below Bench.
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Table 5-4b - Results of Slope Stability Analyses (Excavation Site NE-A, SE-A)

CASE WATER FOS FOS w/ EQUIPMENT  [FOS w/ BERM
SURFACE| NO SURCHARGE SURCHARGE SURCHARGE
DEPTH (ft}| SHORT-TERM | LONG-TERM {SHORT-TERM |LONG-TERM| LONG-TERM
1.5H:1V 22' Ht. 5 1.47 1.01 1.13 — —
1.5H:1v @ 5 1.80/1.70 1.28/1.35 1.531.12 | 1.11/1.02 1.13/1.35
2H:1V 22' Ht. 5 1.66 1.38 1.32 —
2H:1V @ 5 2.12/2.11 1.811.78 1.70/1.50 | 1.42/1.24 1.51/1.78
3H:1V 22" Ht. 5 2.11 2 1.72 1.76 1.91
1.5H:1v o= 5 - 1.56/1.68 1.30/1.24 1.36/1.68
2H:1V 22' Ht, @ 5 - 1.63 1.46 1.54
3H:1V 22" Ht. 5 2.26 2.01 2.2

Notes: (1)

(2) Dewatered

FOS = Factor of Safety

15' wide bench with maximum 13" high slopes.

For benched case - FOS presented as: FOS of Slope Above Bench/FOS of Slope Below Bench.

Table 5-4c - Results of Slope Stability Analyses (Excavation Site SW-A)

CASE WATER FOS FOS w/ EQUIPMENT FOS w/ BERM

SURFACE| NO SURCHARGE SURCHARGE SURCHARGE

DEPTH {ft)| SHORT-TERM | LONG-TERM | SHORT-TERM | LONG-TERM| LONG-TERM
1.5H:1V 26’ Ht. 7 1.7 - 1.35 es -
2H:1V 26’ Ht. 7 1.91 1.34 1.48 - -
2H:1v @ 7 2.37/3.01 1.53/1.97 1.60/1.64 1.32/1.58 1.40/1.97
3H:1V 26" Ht. 7 - 1.82 - 1.73 1.79
3H:1v @ 7 .- 1.97/2.45 .- 1.60/1.70 1.82/2.45
2H:1V 26" Ht. @ 7 - 1.59 - 1.49 1.52
2H:1v " 7 - 1.83/2.03 - 1.57/1.63 1.67/2.03
3H:1V 26’ Ht, @ 7 --- 2.22 - 2.04 2.21

Notes: (1) 15' wide bench with maximum 13 ft. high slopes.

(2) Dewatered
FOS = Factor of Safety
For benched case - FOS presented as: FOS of Siope Above Bench/FOS of Slope Below Banch.

- 0GG06s

OUDATA\QU-2\PO17T7\

REPORT\REVC

5-25




Table 5-4d - Results of Slope Stability Analyses (Excavation Site SW-A)

CASE WATER FOS FOS w/ EQUIPMENT  [FOS w/ BERM
SURFACE| NO SURCHARGE SURCHARGE SURCHARGE
DEPTH (ft}{ SHORT-TERM | LONG-TERM |SHORT-TERM | LONG-TERM| LONG-TERM
2H:1V 17' Ht. 7 1.51 1.61 1.35 1.37 1.42
1.5H:1v @ 17 1.7716.07 1.33/3.03 1.29/2.01 1.12/1.85 1.22/3.03
1.5H:AV M @ 25 1.57/6.06 1.10/3.03 1.16/2.01 0.96/1.55 1.03/3.03
1.6H:1v ® @ 17 1.99/6.06 1.59/3.03 1.44/2.01 1.31/1.55 1.45/3.03
3H:1V 17" Ht. 7 - - 1.88
3H:1V 17' Ht, @ 2.5 — 1.58

1507

Notes: 1)
(2) Dewatered

15" wide bench with maximum 12.5 ft. high slopes.
(3) High water condition

FOS = Factor of Safety
For benched case - FOS presented as: FOS of Slope Above Bench/FOS of Slope Below Bench.

Table 5-4e - Results of Slope Stability Analyses (Excavation Site NW-A)

CASE WATER FOS FOS w/ EQUIPMENT FOS w/ BERM
SURFACE| NO SURCHARGE SURCHARGE SURCHARGE
DEPTH (ft)| SHORT-TERM | LONG-TERM |SHORT-TERM | LONG-TERM| LONG-TERM
2H:1V 9.5’ Ht. 5 1.54 1.46 1.23 1.32 1.38
2H:1V 8.5' Ht. @ 1 1.34 1.24 1.08 1.14 1.17
2H:1V 9.5' Ht. @ 9.5 1.89 1.95 1.51 1.63 1.74
3H:1V 9.5" Ht. 5 1.78
3H:1V 9.5' Ht. @ 1 1.53
Notes: (2) Dewatered

(3) High water condition
FOS = Factor of Safety

5.24.1 Temporary and Long-Term Slope Configurations

Temporary slopes were assumed to be slopes that are open for no more than a few days and are used to safely
facilitate the excavations. The temporary slopes analyzed ranged in steepness from 1H:1V to 3H:1V using
total stress parameters. Slopes steeper than 1H:1V were not considered. Benched slopes were also analyzed
having maximum heights of 13 feet (between benches) and bench widths of 15 feet. The height of the benched
slopes may vary depending on the elevation at which a stable bench material is encountered. Temporary slopes
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were not analyzed for the dewatered conditions, since temporary slopes were generally stable without the use
of dewatering.

Long-term slopes were analyzed for slopes ranging in steepness from 1H:1V to 3H:1V using effective stress
parameters. Again bénched slopes were also analyzed for the long-term cases. The geometry for the long-
term slopes were the same as the short-term slopes. Dewatered slopes were analyzed for long-term slopes for
both the muddy stream deposit and lacustrine deposit areas. The long-term slopes analyzed are only for the
interim slopes that will be open during the anticipated 1 to 3 year long project. It is anticipated that these
interim slopes will be open for no longer than a year. Once the excavation limits are approved, the interim
slopes can be reconfigured to the permanent configurations.

Due to the amount of available subsurface data and laboratory data, the factors of safety greater than or equal
to 1.2 and 1.3 for the short term and interim long-term slopes, respectively, are considered acceptable. For
permanent long-term slopes a factor of safety greater than or equal to 1.5 is recommended. Recommended
slope configurations are presented in Table 5-5.

Table 5-5 - Summary of Recommended Short-term, Interim Long-term,
and Permanent Long-term Slope Configurations
Excavation Recommended Slope Configurations ¢
il Col
(Soil Column) Short-Term Interim Long-Term Permanent Long-Term @
NE-B (1) 1H:1V Full height 1.5H:1V 10 ft. Slopes/ | 3H:1V Full height
15 ft. Bench
NE-A (2) 2H:1V Full height 2H:1V 13 ft. Slopes/ 3H:1V Full height
15 ft. Bench
SW-A (3) 1.5H:1V Full height 1H:1V 13 ft. Slopes/ 3H:1V Full height
15 ft. Bench
SW-A 4) 1.5H:1V 12.5 ft. 2H:1V Full Height ® | 3H:1V Full Height
Slopes/15 ft. Bench
NW-A (5) 2H:1V Full height 2H:1V Full Height ® | 3H:1V Full Height

o Assumes no dewatering performed prior to excavation.

Considers Rapid Drawdown Condition
& Assumes perched water 7 ft. and 5 ft. below ground surface for SW-A (4) and NW-A (5),
respectfully. Higher perched water conditions will require 3H:1V full height slopes.

(ioigod
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5.2.4.1.1 Temparary Slopes

For the temporary slopes, the equipment surcharge case controls the stability of the slopes. Recommended
stable short-term slopes with equipment loads ranged from 1H:1V in the brown clay over glacial till to 2H:1V
in the lacustrine and muddy stream deposit areas. Other recommended stable conditions in the lacustrine and
muddy stream deposit areas included 1.5H:1V slopes with 13 ft. maximum height slopes and 15 ft. wide
benches. Areas may be encountered during excavation that may require flatter slopes than those indicated.
These areas should be evaluated by the contractor on a case by case basis. Saturated sand and silt seams,
pockets and layers that may be encountered within the glacial till profile may require slopes flatter than 1H:1V.

Shallow excavations (less than 10 ft. deep) may be required for utility and other miscellaneous earthwork.
Steeper slopes may stand temporarily and should be constructed per applicable OSHA guidelines for temporary
trench excavations. The stable slope configurations only consider deep-seated failures. No shallow sloughing
failures were considered. Sloughing failures, due to erosion and seepage forces, at the surface of the sands
and silts should also be expected. These sloughing failures will require maintenance during the excavation
process.

To reduce the amount of perched water (hydrostatic pressures) in the soils, dewatering may be required (see
Section 5.3). Section 5.2.3.2 describes the groundwater conditions considered for the stability analyses. The
computer program used calculates the hydrostatic head across the analyzed section as defined by the input
piezometric elevations.

5.2.4.1.2 interim Long-Term Slopes

For the interim long-term slopes, the equipment surcharge case controls the stability of the slopes. However,
it is anticipated that the equipment will not be allowed to remain at the crest for the interim long-term.
Therefore, the berm surcharge case was considered to be controlling.

The interim long-term stability of the excavated slopes are a function of the slope height, type of geology, and
the elevation of any perched water. In the brown clay over glacial till and lacustrine areas with slope heights
greater than 13 feet, 1.5H:1V slopes having maximum heights of 13-foot with 15-foot wide benches, are
predicted to have acceptable factors of safety for the berm surcharge load case. In the muddy stream sand
deposits with excavation depths greater than 13 feet, 2H:1V slopes with 13-foot maximum heights and 15-foot
wide benches were estimated to have acceptable factors of safety. A 2H:1V benched configuration should be
considered where thick saturated sand deposits are encountered. It is recommended that determination of the
stable slope configurations be determined in the field by the contractor as the excavations near completion and
the type of geology at the slope locations becomes known. Areas may exist that will require flatter long-term
side slopes than those previously mentioned (possibly where shallower perched water conditions are
encountered).

Where the slope heights are less than 13 feet, 2H:1V full height slopes can be considered. Again, these slope
recommendations do not consider sloughing failures. Maintenance of slopes is anticipated before excavation
filling can commence.
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Stability of the interim long-term slopes can be increased using dewatering methods, such that 1.5H:1V
benched slope configurations are stable in all the analyzed areas.

The above recommended slopes assume that groundwater seepage is not allowed to accumulate in the bottom
of the excavations. Sumps and pumps should be utilized to remove collected water in the excavations as they
progress to avoid rapid development of drawdown conditions. If any permanent surcharge loads, such as
buildings, construction equipment, etc., are proposed at the slope crests, then these cases should be further
analyzed on a case by case basis.

As discussed in Section 5.2.3.4, seismic conditions were not considered in the analyses at this time due to
uncertainty in final land use.

No rapid drawdown analyses were performed for the interim long-term slope configurations. However, rapid
drawdown analyses of the permanent slope configurations indicate marginally stable conditions at the northwest
and southwest excavation sites. Therefore, unstable conditions should be expected for the interim long-term
slopes under rapid drawdown conditions (i.e. rapid pumping of water from excavations after a storm event).
As a result, controlled pumping should be considered for interim long-term slopes or the permanent slope
configurations could be considered.

5.2.4.1.3 Permanent Long-Term Slopes

Permanent long-term slopes are those slopes that will remain along the edge of the excavations after
construction is completed. Based on current land use concepts, the majority of the excavations will be allowed
to fill with water, forming lakes or ponds. Permanent slopes are recommended to be constructed at 3H:1V
or flatter for the full height of the slope. Converting the interim long-term slopes to the flatter permanent
slopes can be achieved by either buttressing the toe of the interim slopes or by further cutting the crest for the
interim slopes. These permanent long-term slopes are considered conservative since the presence of water
in the lakes will give the slopes a buttressing effect.

Results of the permanent 3H:1V full-height slopes under seismic load at the northeast quadrant excavation
indicated a factor of safety against slope failure of 1.58. whereas the static FOS was 1.91. This factor of
safety is considered adequate. This scenario assumes that if the northeast quadrant excavation is partially left
as a lake, the eastern lake shore is at least 100 ft. from the proposed western boundary of the OSDF. The
buttressing effect of the lake or pond water was not considered in the analyses.

The rapid draw-down case was evaluated for the permanent slopes assuming that there is a 2 feet free-board
in the lakes and ponds. Factors of safety for the long-term permanent slopes ranged from 1.08 to 2.00. As
a result, controlled pumping of the lakes or ponds should be evaluated to prevent slope failures during rapid
drawdown conditions. Laboratory tests indicated that the sand samples tested had an effective cohesion value
of 50 psf. Sands may be encountered in the FPA excavations that have zero cohesion. Using a cohesion value
of zero, slope simulations indicated that sloughing failures will occur during rapid drawdown conditions,
indicating that controlled pumping should be considered in areas where massive sand deposits (greater than
3 feet thick) are encountered.
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5.2.4.1.4 Effect of Northeast Quadrant Excavation on OSDF

According to the model excavation footprint used for this report, the eastern edge of the northeast quadrant
excavation is approximately 130 ft. beyond the eastern FPA boundary. Considering 3H:1V permanent slopes,
the crest of the permanent slope will extend at least 160 ft. east of the FPA boundary. The toe of the
proposed OSDF berm is approximately 80 ft. east of the FPA boundary, and the west side of the drainage ditch
along the toe of the OSDF is approximately 20 ft east of the FPA boundary. As a result, the current northeast
quadrant FPA excavation encroaches into the OSDF footprint. Performing the FPA excavation after
construction of the OSDF cell would undercut the toe of the OSDF cell and possibly create an unstable
condition. No calculations were performed to confirm unstable conditions upon undercutting the OSDF berm
toe. However intuitively, removing a large portion of the soil mass which is resisting rotational failure of the
western OSDF side slope could create an unstable condition. As a result, it is recommended that the northeast
quadrant excavation be performed prior to the OSDF cell construction and then backfilled with structural fill
to buttress the toe of the west OSDF side slope.

According to stability calculations performed by GeoSyntec and during PO-140, the critical failure circles of
the OSDF extend a maximum of 36 ft. beyond the toe of the OSDF side slope. One of the top 10 most critical
failure surfaces for the northeast quadrant permanent slope configurations extends 15 ft. beyond the crest of
the permanent slope. Since only the most critical failure surface was reported for the OSDF and other failure
surfaces may exist that extend further beyond the toe of the OSDF, it is recommended that the crest of any
permanent northeast FPA quadrant slope be maintained a minimum of 100 ft. from the western boundary of
the OSDF. This minimum distance can be achieved by first excavating the northeast FPA quadrant excavation
and then backfilling the easternmost portion until the offset distance is achieved.

5.24.2 Slope Protection

During the excavation phase, equipment should enter and exit the excavations perpendicular to the slopes using
temporary ramps. In addition, the amount of equipment allowed to travel or operate at the crest of the
temporary slopes should be minimized. Any equipment operating at the slope crest should maintain a 3-foot
horizontal offset from the slope crest. The edge of any stockpiled soils should be maintained a minimum of
30 feet from the excavation slope crests, to avoid surcharging the excavated slopes. This value is based upon
the 10 most critical failure surfaces and the furthest distance that these surfaces extend beyond the crest of the
slope. To reduce flow into the excavations and erosion of the temporary slopes, a perimeter silt fence should
be installed. Finally, sumps and pumps should be used to prevent the ponding of water in the bottom of
excavations.

For long-term interim slopes, a more permanent soil berm should be constructed of cohesive soil around the
perimeter of the excavated slope crest. The berm will help reduce the surface water run-off that enters the
excavations from the surrounding ground surface. Therefore, the water entering the excavations will be
limited to groundwater and run-off due to precipitation collected on the slopes and the bottom of the
excavations. '

In order to reduce the sheet flow run-off from the exposed slope faces, drains or collection trenches should
be considered at the back of any benches. These drains or trenches will aid in collection of the run-off from
the upper slope and reduce the amount of water flowing over the lower slope. Drains should consist of
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perforated or slotted pipe surrounded by free draining granular material such as Ohio Department of
Transportation (ODOT) No. 57 gravel. Water collected in these drains or trenches should be gravity drained
to collection pipes routed to sumps in the bottom of the excavation and then pumped from the excavation. The
concentrated flow from the collection trenches should not be placed directly on the lower slopes to avoid
erosion of the lower slopes.

Sodding of the long-term slopes and berms or covering the slopes with anti-erosional geotextile mats should
be considered to reduce the erosion of the exposed slopes. Sodding or anti-erosional mats may also help
reduce sloughing failures.

Finally, the bottom of the excavations should be kept relatively dry. All water collected in the bottom of the
excavations should be routed to sumps and pumped from the excavations to help prevent excessive ponding
in the excavations.

5.24.3 Monitoring and Testing During Excavations

Temporary slopes should be inspected at the beginning of each work day before construction activities
commence. Any slopes that exhibit distress or failure should be flattened or stabilized using other methods
before construction personnel are allowed to enter the excavations.

Permanent slopes can be monitored using survey stakes at the top and bottom of the excavations, as well as
on the benches. The stakes should be considered in areas that exhibited slope stability problems during
excavation. Any lateral or vertical movement of the stakes could indicate slope movement. Inclinometers
could also be considered for monitoring the long-term slopes.

5.3 Storm Water and Perched Water (Problem Definition)

The remedial excavations in the FPA are anticipated to be up to 26 feet deep below existing ground surface
and will penetrate the perched groundwater zone identified in Section 1.2.3 above. This zone varies in
depositional environment (muddy stream vs lacustrine), strata thickness, lateral extent, elevations and hydraulic
conductivity. Section 5.1 describes the depositional environment, strata thicknesses, etc., in detail.

Experience with excavations.made during the Former Plant operaticris (NLO 1970) and pumping tests were
reviewed. The review indicates that the perched groundwater that enters excavations is of sufficient volume
that it must be considered for the remedial excavations. Utility trenches that are encountered during
excavations may have some finite volume of groundwater "stored™ in the backfill that would be released into
the working area.

Remedial excavations are likely to remain open for periods up to six months or more. During these periods,
precipitation events will cause direct surface water to accumulate in the excavations. Run-on can likely be
avoided with the construction of low berms or other similar measures around the excavation. Storm water

landing directly in the excavations must be handled by providing positive drainage to one or more open sumps
and pumped.
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5.3.1 Dewatering Evaluation (Technical Approach)

The primary steps used to perform this evaluation included the following:
5.3.1.1 Data Collection and Interpretation

L] Review of field boring logs and laboratory data developed during the exploration for the preparation
of this report as well as the database of existing geotechnical data from the QUS RI Report (DOE,
1995b). This was used to develop cross-sections at selected locations in each of the four quadrants
within the FPA.

o Review of various hydrogeological studies for the perched ground water (ASI Oak Ridge, 1991), the
RI/FS Groundwater Report (DOE, 1990), the OUS5 RI Report (DOE, 1995b), research by Frink
(Frink, 1995), Pre-Design Investigation for the OSDF (DOE, 1995¢) and the FEMP Glacial
Till/Vadose Zone Report (Parsons, 1994).

] Review of geotechnical and geologic boring logs for evidence of potential interconnection of the
brown and gray glacial overburden granular deposits (referred to as the "Coarse-Grained Deposits”
in Section 1.4.2). The review included a refined evaluation of potential water-bearing silts. The QU5
RI Report (DOE, 1995b) identified the potential for “stair-step” and “short circuit” pathways through
the glacial overburden, recognizing that the extent and permeability of the clay "keeps water from
migrating any great distance quickly”. The review resulted in a plan showing potential interconnection
of water-bearing silt deposits and a series of cross-sections. Hydraulic flow through the silt zones will
likely be at least one-half to one order of magnitude slower than through the coarse-grained deposits.

(] Review of historical hydrographs of various groundwater monitoring wells and development of a map
depicting perched groundwater level contours (as discussed in Section 1.5 which considers data
obtained from this study and the OUS RI Report [DOE, 1995b]).

5.3.1.2 Selection of Appropriate Dewatering Methods

Groundwater dewatering is typically done by one of three basic methods. These include open sumps and
pumping from within the excavation, predraining the soil using wells, wellpoints or trenches, or lastly, a cutoff
wall such as a slurry wall. To make this selection, the following items were considered:

° Hydraulic conductivity of the coarse- and fine-grained glacial averburden soils. As detailed in
Appendix I, Table I-1, summaries of hydraulic conductivity from pumping tests, slug tests, laboratory
permeability tests and empirical calculations based on geotechnical sample gradations were made. The
coarse-grained materials are typically medium dense to dense, well-graded sands and silts, often with
clay-sized materials. The fine-grained materials are glacial till with a significant clay fraction.

° Estimated source and volume of recharge. The muddy stream (channel) deposits (DOE, 1995b) have

the potential to be interconnected and transition into the lacustrine deposits at the SW quadrant.
Several reports on the hydrogeologic conditions (ASI, 1990), RI/FS Groundwater Report
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(DOE, 1990), OSDF Pre-Design Report (DOE,1995¢), and OU RI Report (DOE, 1995b) provide data
suggesting recharge is from precipitation that falls directly on the Former Plant and the watershed area
to the north of the plant (ASI, 1990). Estimates of recharge from precipitation (6 in/yr infiltration
from OU 5 RI Report) indicate about 28 to 30 gallons per minute. The estimated average volume of
perched groundwater within the plant area is about 28,310,000 gallons (ASI, 1990) based on estimated
porosity and average perched groundwater elevations. These estimates reportedly were based on five-
year precipitation records.

° Size and depth of excavations. There are over 20 planned individual excavations that will exceed 10
feet in depth. These excavations range in dimension from 30 feet wide to over 500 feet long in a few
cases. The lateral and vertical extent of the excavations are still preliminary at this time. Section 5.1
provides detailed discussion on 14 excavations of primary concern.

o Proposed method of excavation. While it will likely be left up to the contractor, the size and depth
of the excavations suggest that much of the work will be done with conventional construction
equipment such as backhoes, hydraulic excavators, bulldozers, front-end loaders and scrapers. This
equipment will have to work on the bottom of the excavation for the most part and thus will require
a relatively stable base condition.

° Estimated schedule. The size of the excavations, the time required for the volume of the excavations
and the monitoring and testing process to demonstrate clean closure conditions suggests that
excavations will be open for at least six months. The implementation of Natural Resource Restoration
Projects may establish long-term open water ponds in the FPA as a result of the remedial excavation
activities (FEMP Natural Resource Restoration Plan, 1997).

o Miscellaneous factors. If any major structures are to remain within the area to be remediated,
consideration must be given to the potential impact of dewatering on foundations.

Review of the CRUS Feasibility Study (DOE, 1995) indicates that several groundwater extraction systems have
been considered for the removal of contaminated groundwater. The application of these technologies is similar
for construction dewatering. The consideration of these technologies as discussed in that report are
summarized here:

° Horizontal Slurry Walls - should be eliminated frbm consideration due to questionable reliability,
construction difficulty and high initial capital cost.

o Vertical Extraction Wells (or well points) - could be used to remove groundwater in the Former Plant
Area. Insome cases, currently existing wells could be used as part of the system. Wells are a proven
and reliable process for removing groundwater. The construction of such wells is relatively simple
and materials are readily available. Relatively close spacing would be required due to the small radius
of influence expected with the coarse-grained material units. Capital costs are relatively low to
moderate compared to slurry wall construction. Operations and maintenance costs are moderate.

o Interceptor Trenches - are a proven and reliable process. Materials and equipment are readily
available. Capital costs are moderate while operation and maintenance costs are low.
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° Open Pumping - from sumps within the excavation are a proven and reliable method when
groundwater volumes are relatively low and recharge is nominal. Materials and equipment are readily
available. The capital costs and O&M costs are both relatively low when compared to the methods
mentioned above.

The factors cited above suggest that open pumping from sumps and ditches within the excavation may be the
most feasible dewatering option. Due to the pore volume estimates and the noted variability of the hydraulic
conductivity, it is possible that some form of pre-drainage such as interceptor trenches may be required at
some of the excavations. Based on the hydraulic conductivity and yields indicated from the FEMP Glacial
Till/Vadose Zone Hydraulic Investigations Report (Parsons, 1994), it is not likely that wellpoints would be an
appropriate technique since the well spacing would have to be 10 feet or less to achieve drawdown within the
radius of influence. Additionally, for excavations greater than 15 feet, the wellpoint system would have to be
staged, resulting in higher costs.

Figure 1-5, discussed earlier in Section 1, suggests that groundwater flow within the perched water system
flows through the muddy stream (channel) deposits from northeast to the southwest. This is consistent with
the OUS RI Report (DOE, 1995b) which indicates that the perched groundwater surface “slopes to the west-
southwest”. Figures 5-2 and 5-3 show detailed cross-sections which support the conceptual cross-sections
shown in Figure 1-5.

5.3.1.3 Dewatering System Preliminary Calculations

The FPA was divided into four quadrants for the purposes of characterizing the hydrogeologic conditions. The
description for each of these quadrants was provided in Section 5.1. Using typical excavation soil profiles for
each of the quadrants that were used for the Slope Stability analyses in Section 5.2, calculations were made
to evaluate a fully penetrating trench or well at each of the typical excavations. Hypothetical trenches were
simulated at selected locations to estimate conservative flow rates and yields. Figure 5-9 shows the location
of the hypothetical trenches considered for this calculation. The calculations were made using a code based
on a model of an infinite trench described in Dewatering and Groundwater Control (NAVFAC P-418).

General assumptions made are as follows:

° the trench area perched groundwater zone coarse-grained material is homogeneous, nearly horizontal,
isotropic and of uniform thickness within the area of influence by pumping (conservative, given the
boundaries and extent of the clay till units). '

° the analysis assumes a pre-existing uniform low gradient, consistent with the OUS RI Report (DOE,
1995b) values of 0.008 to 0.015 (conservative, since pump test data suggests that sustained yields are
not likely which in turn will cause the gradient to reduce with time under open trench conditions)

L] Darcy's law applies throughout the system and non-laminar flow into the trench may be neglected
° the trench penetrates the perched groundwater zone and receives water from the entire thickness of
the perched zone under steady state infiltration from precipitation at a rate of 6 inches per year from . .

OUS RI Report (DOE, 1995b) 0 0 o
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° the maximum observed seasonal groundwater surface is the starting condition

° gravity flow conditions apply even though the brown clay confining unit is present (since the maximum
observed phreatic surface is most often found below the bottom of the brown clay).

Tables 5-6 through 5-9 below provide interpreted parameters assumed in the calculation specific to each
quadrant as noted in the Table heading. These parameters were developed from review of hydrogeologic and
geotechnical data developed for this report and from the FEMP Glacial Till/Vadose Zone Hydraulic
Investigations report (Parsons, 1994).

The values of hydraulic conductivity for specific material types were taken directly from the OUS5 RI Report
(DOE, 1995b) and FEMP Glacial Till/Vadose Zone Report (Parsons, 1994). Porosity estimates were made
using an empirical correlation (Vukovic and Soro, 1992) based on uniformity coefficient. The coefficient of
uniformity and resulting porosity was calculated from particle size analyses for each material type described
below. These porosities are also consistent with those determined for similar soil units in the OSDF Pre-
Design Investigation (DOE, 1995¢c). The porosity calculated for the gray till (30.6 percent) agrees well with
the high end of the range of 23 to 30 percent identified in the OUS5 RI Report (DOE, 1995b) and is therefore
conservative with regard to estimates of hydraulic conductivity and resulting flow volumes.

Table 5-6 - Assumed Hydraulic Parameters for Excavation Sites NE-A and SE-A
(See Figure S-5 - Generalized Stratigraphic Column 2)

Depth (feet) Material Type Hydraulic Conductivity (ft/day) | Porosity (%)
0-2 Fill (Clay) 0.006 35.0
2-5 A Brown Clay 0.005 33.3

5-7.3 Interbedded Clay and Sand 0.073 36.0
7.39 Brown Sand 3.0 30.0
9-11 Interbedded Sand and Clay 0.298 36.0
11-17 Gray Clay 0.001 30.6
17-22 Gray Sand 0.073 28.0
below 22 Gray Till 0.001 30.6

Table 5-7 - Assumed Hydraulic Parameters for Excavation Site SW-A
(See Figure 5-6 - Generalized Stratigraphic Column 3)

Depth (feet) Material Type Hydraulic Conductivity (ft/day) | Porosity (%)

0-7 Brown Clay 0.005 33.3

7-9 Sand 23.8 26.0

9-11 Interbedded Clay and Sand 0.073 36.0
11-15 Interbedded Silts and Clays 0.10 35.0
15-17 Sand 23.8 26.0
17-21 Interbedded Sand and Clay 0.31 32.0
21-33 Gray Till 0.001 30.6

00CC: S o .
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Table 5-8 - Assumed Hydraulic Parameters for Excavation Site SW-A
(See Figure 5-7 - Generalized Stratigraphic Column 4)

Depth (feet) Material Type Hydraulic Conductivity (ft/day) | Porosity (%)
0-2.5 Brown Clay 0.005 33.3
2.5-12.5 Sand 59.8 36.1
12.5-20 Lacustrine Clay 0.275 36.0
below 20 Gray Till 0.001 30.6

Table 5-9 - Assumed Hydraulic Parameters for Excavation Site NW-A
(See Figure 5-7 - Generalized Stratigraphic Column 5)

Depth (feet) Material Type Hydraulic Conductivity (ft/day) | Porosity (%)
0-1 Brown Clay 0.005 33.3
1-11.5 Sand 38.6 25.7
11.5-12 Lacustrine Clay 0.239 30.0
12-13.5 Lower Sand 3.8 25.5
below 13.5 Gray Till 0.001 30.6

5.3.2 Dewatering Analysis (Results and Conclusions)

150%

The results of the calculations generally include estimates of peak and sustained yields anticipated from the
hypothetical trenches modeled. Anticipated yields were used to make an estimate of the probability that an
interceptor trench would be needed at a given location. The relative probability of the need for interceptor
trenches is listed in Table 5-10 for each quadrant considered. This is based on consideration of the peak yield,
potential trench lengths and sustained yield results.

Table 5-10 - Calculated Yields for Interceptor Trenches (per foot of trench length)
Quadrant/ Assumed Peak Yield Sustained Yield Interceptor Trench
Representative Borin Trench | = oy | 2fter 30 days Probabilit
P & | Length ity | P (epm/ft) y
Northeast and Southeast
(channel) / Boring 12266 | 0 0.23 0.01 Low
Southwest (lacustrine) / .
Boring 12272 300 0.58 0.03 Low to medium
Southwest (sand unit) / )
Boring 1236 500 1.25 0.08 Medium
Northwest (channel) / .
Boring 1339 500 0.45 0.02 Low to medium

To achieve an estimate of the flow into an excavation of the assumed length, the perimeter of the excavation
should be multiplied by the flow per foot of excavation length reported in Table 5-10 at the appropriate time.
For example, for an initial excavation trench having a length of 100 feet at excavation NW-A, the flow would

be equal to:

0.45 gpm/ft x 100 ft x 2 sides = 90 gpm
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For a larger excavation having a perimeter of 1000 feet for the same location after approximately 30 days, the
flow would be equal to:

0.02 gpm/ft x 1000 ft = 20 gpm

These results appear to confirm the earlier statement that flow rates will be low (even under very conservative
assumptions of hydrogeologic conditions) and that open sumps and pumping will be the most common method
for controlling groundwater. These systems will be needed in any event for stormwater control.

On the basis of these calculations, test trenches at selected locations would provide definitive data to determine
the validity of these conclusions. Such trenches would be designed to evaluate effective yield rates, average
hydraulic conductivity, drawdown and recharge information. Using the observed sustained yield data from
pumping tests at the site, the test trenches would have to remain open for an extended period and protected
from recharge by surface infiltration or precipitation. Alternately, observations made during initial excavations
may be sufficient to make determinations with regard to the dewatering method required.

5.3.3 Dewatering Recommendations

Based on the information discussed previously in this report, the following recommendations are made:

° Test trench excavations could be made to determine the validity of the assumptions, observations and
conclusions made above.

L] Remedial excavations should be made working generally from the NE to the SW. This sequence is
to avoid the potential for perched groundwater flow to recontaminate previously remediated areas.

L Contractors planning the remedial excavation should assume that, at a minimum, dewatering as a
result of ground and surface water will be required using open sumps and pumping methods.
Contingencies should also be made, particularly in excavations in the northwest and southwest
quadrants of the Former Plant Area, for alternate means of groundwater control. These may include,
but not be limited to, interceptor trenches and wellpoints.

° Pumping from open sumps and/or interceptor trenches should continue until excavations are developed
to final planned grades or are backfilled at least 2 feet above the maximum observed seasonal
groundwater elevations to avoid heave of the soils at the base of the excavation.

5.3.4 Stormwater/Groundwater Handling

During excavation of the site, water is expected to accumulate within the excavations as a result of perched
water seepage and/or precipitation. Surface water run-on into the excavations will be limited to the extent
practical by the use of berms, dikes, or ditches. Within the excavation, local sumps will be constructed to
collect water.
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The accumulated water is likely to be contaminated to some degree by site constituents of concern. The
contamination could consist of radiological, inorganic, or organic constituents, or some combination of these
constituents. Therefore, this water will be routed to the appropriate remediation wastewater treatment facility
as defined in the Operations and Maintenance Master Plan for the “Aquifer Restoration and Wastewater
Treatment Project”, FDF Document 2505-OM-001.

5.4 Excavation and Site Restoration

This subsection summarwes possible excavation sequences and the anticipated excavation difficulties based on
the subsurface conditions described in Section 5.1. Additionally, considerations regarding restoration of the
site after excavation are presented.

5.4.1 Excavation Sequences

Due to the known perched water conditions, planning the sequence of excavation to accommodate dewatering
is necessary. The steps taken during excavation will directly affect the groundwater collection and
containment. Sumps and interceptor trenches or other groundwater controls will be required in some areas.
Figure 5-10 presents three potential excavation sequence which should be considered by the excavation
contractor for excavations encountering perched water.

54.1.1 Excavation Sequence 1

This excavation sequence involves installation of an interceptor trench on the up gradient side of the
excavation. The excavation is then started at the center of the excavation and then progresses downward and
outward. Open sumps can then be installed at either end of the excavations.

The advantages to this excavation sequence is that it helps to dewater the soils surrounding the excavations;
thus reducing the amount of water encountered as the excavations progress laterally. Disadvantages to this
sequence are that the sump location is constantly changing and running pump hoses and related items will
require careful planning. In addition, the equipment may be constantly working in wet conditions at the
excavation bottom. Finally, this sequence will require construction of access ramps into the excavation for
hauling and excavation equipment, which will take away from excavation time.

54.1.2 Excavation Sequence 2

This excavation sequence does not include an interceptor trench or other dewatering methods. The excavation
is started around the perimeter of the excavations and is then extended inward and downward. This method
will act as a dewatering system on both the up gradient and down gradient sides of the excavation. Open
sumps are then installed around the perimeter of the excavation.
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OUDATA\OU-2\PO177\
REPORT\REVC 5-38 3/24/98



N

Sump Location (Typncal)

Interceptor Trench

Excavation Sequence 1

ZSump Location (Typical

‘Excavation Sequence 2

Sump Location (Typicol)j

Excavation Sequence 3

Interceptor Trench

/ust/ref3/fpa/fpa/dgn/ipa_schem.dgn

File:

Note: Roman Numerals Depict Sequence of Excavation

Figure 5-10 - Possible Excavation Sequences

LR AP N

003082

OUDATA\OU-2\PO1 77\
REPORT\REVC 5-39 312498




1507
The advantage of this sequence is that the sump location is always at the same location (along the perimeter).
In addition, the center portions of the excavation will remain drier, which should facilitate excavation. The
interior slopes could be kept flatter than the exterior working slopes, which could act as access routes for
hauling equipment and make hauling easier. Disadvantages include water collected at the toe of the slopes,
may lead to sloughing or localized slope failures. However, the sump location could be moved inward slightly

to reduce the effect on the slopes. Open sumps may not be able to control groundwater in higher flow
conditions, and interceptor trenches or other dewatering methods will need to be considered.

54.1.3 Excavation Sequence 3

This excavation sequence involves installation of an interceptor trench or other dewatering method up gradient
of the excavation. The excavation is started on one side of the excavation and is progressively extended deeper
and wider. The sump is located on the side that the excavation was started. This method will dewater the
down gradient side of the excavation and any water that remains on the up gradient side.

The primary advantage to this sequence is that a large portion of the excavation will remain dewatered
throughout the excavation process, which will facilitate the ease the use of equipment. This sequence also has
the advantage of a flatter slope on the down gradient side of the excavation, which will allow equipment to
access the excavation more easily and prevent disturbance to the working slope. The major disadvantage is
the sumps will be located at the toe of the side slopes, which may lend to greater frequency of sloughing
failures or possible localized slope failures.

5.4.2 Antici | E ion_Difficulti

The main problems that will be encountered during excavation are all related to groundwater. The foreseeable
problems include shallow sloughing failures along slopes, keeping excavations dry, disturbance of silty or
sandy materials when trafficked by construction equipment, and providing a stable foundation to begin placing
new, clean structural backfill. Standard excavation equipment will be able to excavate the anticipated
materials. However, perched water zones will make excavation difficult unless some precautions are taken.

5.4.2.1 Sloughing

Shallow sloughing failures will likely occur along temporary and permanent slopes cut into cohesionless soils
(silts and sands). Sloughing failures will require maintenance throughout the project. Recommendations were
made in Section 5.2 concerning methods to help reduce sloughing failures.

5.4.2.2 Groundwater Removal from Excavations

In perched water zones containing more permeable silts and sands, water will seep into the excavations and
will require removal. Groundwater can be collected in temporary sumps constructed within the excavations.
Groundwater can then be pumped from the sumps, allowing excavations to continue. Other dewatering
methods have been discussed previously in Section 5.3.
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5.4.23 Trafficking Difficulties

Moving equipment on very moist to wet silts and fine sands will cause rutting and pumping of the soils. In
some instances, these soils could liquefy under the load and vibration of excavation equipment and cause
equipment to "bog down" or get stuck. In these areas construction traffic should be minimized. If continual
trafficking of the area is necessary, as in the case of a temporary haul road, a bed of No. 2 stone could be
placed and choked off with a layer of ODOT 304 material. Geogrids and mats could also be used in
conjunction with crushed stone to provide a suitable working surface.

In excavation areas where construction equipment cannot travel due to liquefying silt and sands, isolated areas
could be dewatered as mentioned earlier or consideration could be given to the use of drag lines.

5.4.2.4 Unstable Structural Fill Foundation

It is anticipated that excavation NE-A will be completely or partially backfilled due to the proximity of the
OSDF footprint. In addition, the toe of the long-term interim slopes may be buttressed with new fill to
construct permanent slopes. Wet silt and sand layers may prove unstable for placement of new structural
backfill. In isolated areas consideration could be given to placing a bridging lift of No. 2 stone choked off with
ODOT 304 or similar material. The thickness of the bridging lift should be such that a stable subgrade is
developed. Consideration could also be considered to placing a geotextile mat below the bridging lift to
prevent migration of finer particles into the stone bridging lift.

Larger areas may require dewatering schemes such as trenches or installation of drains to develop a stable
subgrade for fill placement. Bridging lifts of stone or use of geotextiles could then be used if isolated unstable
conditions persist. Bridging lifts can be constructed by punching No. 2 crushed stone into the subgrade and
placing at least a 12-inch thickness of crushed stone (layer thickness could vary depending on conditions).
Punching the No. 2 stone into the soft layer is not necessary if geotextiles are used. The surface layer of the
No. 2 crushed stone should then be choked off with a minimum 8-inch thickness of compacted ODOT 304
crushed stone. The backfill can then commence upon the bridging lift.

5.4.3 Site Restaration

The current plan for the FPA is to convert the excavation into wetlands consisting of ponds and lakes. No
structures are proposed within the FPA. However, the excavation NE-A will be affected by the proposed
OSDF footprint which is immediately adjacent to the FPA east boundary. See Section 5.2.4.1.4 for effects
of the OSDF on excavation NE-A.,

Once the excavations are approved, the long-term interim slopes will require reconfiguration to final
permanent slopes. This reconfiguration can be performed by cutting back the crest of the interim slope or by
placing buttress fill at the toe of the interim slope.

At excavation NE-A, due to its close proximity and overlap with the proposed OSDF footprint, the eastern
portion (if not all) of this excavation will require backfilling with new structural fill. This will need to occur
prior to construction of the adjacent OSDF cell. .
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Impacted excavated materials from the FPA are to be placed and compacted in the OSDF. The placement and
compaction of these materials should be performed according to the Impacted Material Placement Plan
(GeoSyntec, 1998). Clean excavated on-site material can be reused as new structural fill.

5.4.3.1 Filling of Excavated Areas

After the limits of the excavations are approved, restoration of the excavations should commence with an
inspection of the existing slopes to evaluate their condition. Any slough or failed material at the toe of the
slopes or accumulated on the benches should be removed prior to placing any new fill to buttress the slopes.
In addition, sod and/or other vegetation should be stripped from the excavation side slopes and bottom. If
desired, the vegetation could be removed in stages, starting from the base of the excavation and moving
upward, to reduce the erosion of the slopes above the new fill. Finally, all pipes and other items associated
with erosion control and slope maintenance should be removed prior to filling.

Since the backfill may be used to buttress the permanent slopes and support the OSDF, it is recommended that
the excavations be buttressed with structural fill compacted to a minimum of 98 percent maximum dry density
as determined by Standard Proctor (ASTM D 698) at +2 percent of the optimum moisture content. The new
fill should be placed in maximum 8-inch thick lifts. Each lift should be tested and approved by qualified
technicians before subsequent lifts are constructed.

New structural fill material should be free of deleterious substances. The maximum particle size in the new
structural fill should be less than 4 inches in any dimension to prevent nesting of larger particles that could
cause subsidence under load. If cohesive fill is used, it is recommended that the cohesive structural fill
material have a plasticity index of 25 or less. Any proposed structural fill material should be subjected to
laboratory testing to determine its suitability for use as structural fill. According to Proctor data, most on-site
soils are suitable for reuse as structural fill but will likely require some moisture conditioning.

Horizontal stability benches should be cut along the lengths of the excavation slopes to accept new structural
fill. The stability benches will help knit the new fill to the existing soils and improve the stability of the
fill/natural soil interface as the fill is being placed. The bench widths should be at least as wide as the
equipment used to place and compact the new fill.

Any permanent slopes should be maintained at 3H:1V or flatter for ease of maintenance and improved-
stability. Temporary fill slopes should conform to OSHA regulations. Once the filling operations are
completed, the fill and any cut areas should be immediately sodded in order to reduce erosion of exposed soils
until water levels can be established in the proposed ponds and lakes.

Once final grading plans and seismic Performance Categories are assigned, the final slopes should be analyzed
under seismic load per DOE 1994b.

5.4.3.2 Placement of Excavated Material in Disposal Facility

All impacted materials from the FPA excavations will be placed in the OSDF. The impacted materials should
be placed in the OSDF per the Impacted Material Placement Plan (IMPP) (GeoSyntec, 1998). According to
the IMPP soil and soil-like (Category 1) materials are to be placed in 12- to 15-inch thick loose lifts,
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compacted to at least 85% maximum dry density per ASTM D 698 with an average of 90% maximum dry
density for the previous 10 tests, and placed at +3% of optimum moisture content according to ASTM D 698.
It is anticipated that the majority of the materials excavated from the FPA will fall into Category 1. Other
types of materials from the FPA excavations should be placed in the OSDF per the IMPP.

Three Standard Proctor tests were performed on three bulk samples from the new test borings performed for
this study. Two of the Standard Proctor tests were performed on lean clays, and one was performed on a silty,
clayey sand sample.

According to the new (PO-177) lean clay proctors, the maximum dry densities ranged from 118.1 to 118.3
pcf at 14.1 to 14.4 percent optimum moisture content. Previous Standard Proctors indicate that optimum
moisture contents range from 10.2 to 19.5 percent and maximum dry densities range from 105.9 to 129.7 pcf
for lean clays with varying amounts of sand. Twelve Modified Proctors (ASTM D1557) were previously
performed on the brown lean clays in the FPA and are reported in Appendix A, Table A-8. Additional
compaction data for brown clay samples within the footprint of the OSDF from PO-140 (PARSONS 1995b)
can be found in Appendix H. According to the new collected cohesive soils samples, the in situ moisture
contents ranged from approximately 14 percent to 30 percent. Placing excavated lean clay soils at or near
optimum moisture content will occasionally require drying of the excavated soils.

Per the clayey, silty sand proctor, the maximum dry density is 131.2 pcf at 8.8 percent optimum moisture
content. The measured moisture content of tested new sand samples ranged from approximately 6 percent to
11 percent. This indicates that moisture conditioning of the excavated soils will not likely be required prior
to placing them in the disposal facility.

Using a sandy silt Proctor from Fly Ash Piles and South Field Waste Units Geotechnical Report (PARSONS
1996b), PO-154, the estimated Standard Proctor maximum dry density is 120.9 pcf at 12.8 percent optimum
moisture content. The newly collected samples had measured moisture contents ranging from approximately
12 percent to 23 percent, indicating that some moisture conditioning will be required prior to placement in the
OSDF.

Using a gray glacial till Proctor from Geotechnical Investigation Report On-Site Disposal Facility (PARSONS
1995b), PO-140, the estimated Standard Proctor maximum dry density is 128.4 pcf at 10.5 percent optimum
moisture content. Additional proctor data for gray till samples within the footprint of the OSDF from PO-140
(PARSONS 1995b) can be found in Appendix H. The newly collected gray till samples had measured
moisture contents ranging from approximately 6 percent to 26 percent, indicating moisture adjustments will
be required. '

Excavating the in situ soils from the FPA and placing them in the disposal facility will result in volume
changes, called bulking and shrinking. Bulking is where the recompacted volume is greater than the in situ
or bank volume. Whereas, shrinkage is where the recompacted volume is less than the bank volume. Bulking
also occurs as materials are excavated from the bank and loosely placed in trucks. Table 5-11 outlines the
anticipated shrinkage and bulking factors for the anticipated excavated soils in a compacted state and for
trucking. Bulking factors are indicated by values greater than one, and shrinkage factors are indicated by
factors less than one. Bulking will occur within all the materials due to their generally compact natural state.

000086

OUDATA\OU-2\PO1 77\

REPORT\REVC 5-43 3124/98




1507

86/bT/E S DATILIOITY
\LL104\T-NO\WVIVANO

1S9, 1010014 plepuel§ uo paseq uAuod Amsiow wnwndo 1e uonoedwo)) sAneRY % (6 I8 WAWADR[d SSWNSSY 4uy
SLTT1/010-€D Buiioq wioy anjea [ed1dA) uo paseg *%

BlEp LL]-Od uo paseq *= SAION
sAe[)
uUINSNOL|
134 650°1 £ 1Cl 1'vl £'901 1811 .14 9°¢t *x0 P01 1P
£ 1-6C'1 690°1 LT 8l 8°801 6021 ClItl 9°61 L 601 N
eyl SLI'Y $'8¢1 8’8 1’811 el 0151 [ard| 9vel pueg
vl O11°1 L LTl S0l 9°CIl 18141 L'1y1 L1l 6°'9CI L Aein
A ! SLO'T 812l byl $901 €811 60l 88l cort KepD umoig
s (Jod) (%)
duryng adeyuryg >d) (%) Aysuaq U>d) G2d) JUARUO) +(2d)
Aysud@ PM | danjsioly Aysua(q Aswq LysuaQq [BLIR)BIA
Buppn.g /3upiing djedwo wnwid fia Aa( *xe d SIMSIOW L2 : *3A .
poyprduwo) P J ndo “XBIN %06 d "Xe]\l PMA Ay d ‘sAy

$30)08] Sunfing pue JZexuLIyS pajewnsy - [[-S d[qeL

0060Ss7




B 1507
SECTION 6

REFERENCES

(ASI 1991) ASI Oak Ridge, Waste Management Engineering Group, May 30, 1991. Hydrogeological Study
Jor the Initial Design of Perched Groundwater Extraction System, Project No. 602.27.15, Internal Report. ASI
Oak Ridge, Waste Management Engineering Group: Oak Ridge, Tennessee.

(ATEC 1982) American Testing and Engineering Company, 1988. FMPC Water Pollution Control, Job No.
22-23071. ATEC: Cincinnati, Chio.

(ATEC 1988) American Testing and Engineering Company, 1988. Analytical Facilities Expansion, Job No.
22-831858. ATEC: Cincinnati, Ohio.

(DOE 1990) United States Department of Energy, 1990. Groundwater Report. DOE Fernald Field Office:
Fernald, Ohio.

(DOE 1994a) United States Department of Energy, May 1994. Sitewide CERCLA Quality Assurance Project
Plan, Revision 0.2. DOE Fernald Field Office: Fernald, Ohio.

(DOE 1994b) United States Department of Energy, April 1994. Natural Phenomena Hazards Design and
Evaluation Criteria for Department of Energy Facilities. DOE-STD-1020-94. DOE: Washington, District of

Columbia.

(DOE 1995a) United States Department of Energy, 1995a. Record of Decision for Final Remedial Actions
at Operable Unit 5, Final. DOE Fernald Area Office: Fernald, Ohio.

(DOE 1995b) United States Department of Energy, March 1995. Remedial Investigation Report for Operable
Unit 5. DOE Fernald Area Office: Fernald, Ohio.

(DOE 1995¢) United States Department of Energy, July 1995. Pre-Design Investigation and Site Selection
Report for the On-Site Disposal Facility. DOE Fernald Area Office: Fernald, Ohio.

(DOE 1996) United States Department of Energy, 1996. Remedial Design Work Plan for Remedial Action at
Operable Unit 5. DOE Fernald Area Office: Fernald, Ohio

(DOE 1997a) United States Department of Energy, April 1997. Geotechnical Sampling and Testing Plan of
the Former Plant Area, Revision 0. DOE Fernald Area Office: Fernald, Ohio.

(DOE 1997b) United States Department of Energy, July, 1997. Natural Resource Restoration Plan, Revision
C Draft. DOE Fernald Area Office: Fernald, Ohio.

000091

OUDATA\OU-2\PO177\
REPORT\REVC 6-1 3/24/98



(Duncan, Buchignani, and De Wet, 1987) DuncanJ.M., A. L. Buchignani and Marius De Wet, March 1987.
An Engineering Manual for Slope Stability Studies. Virginia Polytechnic Institute and State University,
Department of Civil Engineering: Blacksburg, Virginia.

(GeoSyntec, 1998) GeoSyntec Consultants, January 1998. Impacted Materials Placement Plan On-Site
Disposal Facility, Revision 0. Prepared for United States Department of Energy, Fernald Environmental
Management Project: Fernald, Ohio.

(Holtz and Kovacs 1981) Holtz, R. D. and Kovacs, W. D., 1981. An Introduction to Geotechnical
Engineering. Prentice-Hall, Inc., Englewood Cliffs, New Jersey.

(NLO 1970) National Lead Company of Ohio, December 4, 1970. An Outline Description of the Construction
of Chemical Waste Pit No. 5. Feed Materials Production Center, National Lead Company of Ohio: Fernald,
Ohio.

(NAVFAC DM 7.1) Naval Facilities Engineering Command, September 1986. Design Manual 7.1, Soil
Mechanics, Change 1. Naval Facilities Engineering Command: Alexandria, Virginia.

(NAVFAC P-418) Naval Facilities Engineering Command, November 1983. Dewatering and Groundwater
Control. Naval Facilities Engineering Command: Alexandria, Virginia.

(H.C. Nutting 1984) The H. C. Nutting Company, 1984. Report of Geotechnical Investigation, NLO Inc.,
Supply/Services Subcontract No. S-1143. The H. C. Nutting Company: Cincinnati, Ohio.

(PARSONS 1993a) PARSONS ERA Project, September 1993. Central Storage Facility Subsurface
Exploration. PARSONS ERA Project: Cincinnati, Ohio.

(PARSONS 1993b) PARSONS ERA Project, September 1993. Subsurface Exploration Report, Plant 1 Ore
Silos, Project Order 22. PARSONS ERA Project: Cincinnati, Ohio.

PARSONS 1993c) PARSONS ERA Project, July 1993. Plant 7 Dismantling Geotechnical Report", Project
Order 32. PARSONS ERA Project: Cincinnati, Ohio.

(PARSONS 1994) PARSONS ERA Project. FEMP Glacial Till/Vadose Zone Hydraulic Investigations Report,
Project Order 37. PARSONS ERA Project: Cincinnati, Ohio.

(PARSONS 1995a) PARSONS ERA Project, July 1995. Disposal Facilities Pre-Design Investigation Soil
Investigation Data Report Summary Document, Operable Unit 2, Project Order 132, Revision 0, PARSONS
ERA Project: Cincinnati, Ohio.

(PARSONS 1995b) PARSONS ERA Project, December 1995. Geotechnical Investigation On-Site Disposal
Facility, Operable Unit 2 Project Order 140, Revision 0. PARSONS ERA Project: Cincinnati, Ohio.

(PARSONS 1996a) PARSONS ERA Project, May 1996. Silos Superstructure Geotechnical Design
Investigation, Operable Unit 4, Project Order 161. PARSONS ERA Project: Cincinnati, Ohio. .

OUDATA\OU-2\PO177\ G20032

REPORT\REVC 6-2 3/24/98




k1507

(PARSONS 1996b) PARSONS ERA Project, April 1996. Fly Ash Piles and South Field Units Geotechnical
Report, Operable Unit 2, Project Order 154, Revision 0. PARSONS ERA Project: Cincinnati, Ohio.

(PARSONS 1996¢c) PARSONS ERA Project, May 1996. Site Rail Improvements and WPRAP Load Out
Facility Geotechnical Investigation Report, Project Order 167. PARSONS ERA Project: Cincinnati, Ohio.

(PARSONS 1997) PARSONS ERA Project, April 1997. Project Order Plan for Project Order 177, A-E
Support Services for Geotechnical Investigation of the Former Plant Area, Revision 0. PARSONS ERA
Project: Cincinnati, Ohio.

(SAIC 1996) Science Applications International Corporation, April 12, 1996. Silo Superstructure
Geotechnical Investigation, Geotechnical Laboratory Data Report. SAIC: Golden, Colorado.

(SAIC 1997) Science Applications International Corporation, September 12, and 22, 1997; November 24,
1997. Former Plant Area Geotechnical Investigation, Geotechnical Laboratory Data Report, Volumes 1
through 5. SAIC: Golden, Colorado.

(S&ME 1984a) Soils and Material Engineers, Inc., September 4, 1984. NLO Facility UF, - UF, Facilities
Expansion”, Project No. 021-84-215. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1984b) Soils and Material Engineers, Inc., August 31, 1984. NLO Fernald, Ohio Plant 5 Expansion,
Project No. 021-84-215. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1984c) Soils and Material Engineers, Inc., November 12, 1984. NLO Railroad Relocation, Project
No. 021-84-269. Soils and Material Engineers, Inc.: Cincinnati, Ohio

(S&ME 1986a) Soils and Material Engineers, Inc., January 19, 1986. Proposed Training Center and In Vivo
Building Project No. 021-86-363. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1986b) Soils and Material Engineers, Inc., June 9, 1986. E«ildings 6 and 8 Expansion, Project No.
021-86-162. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1986¢) Soils and Material Engineers, Inc., June 30, 1986. Slag Leach Facility, Uranium Control Pad,
Drum Reconditioning Building, Project No. 021-86-169. Soils and Material Engineers, Inc.: Cincinnati,
Ohio.

(S&ME 1986d) Soils and Material Engineers, Inc., August 29, 1986. Existing Water Tank, Project No. 021-
86-261. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987a) Soils and Material Engineers, Inc., February 16, 1987. Derby Breakout and Slag Milling
Area, Project No. 1221-87-114. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987b) Soils and Material Engineers, Inc., April 9, 1987. NO, Destructor Faciliry, Project No 1221 -
87-160-2.0. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

OUDATA\OU-2\PO1T\ O 0 0 0 3 3

REPORTAREVC 6-3 ‘ 3124/98



(S&ME 1987c¢) Soils and Material Engineers, Inc., April 22, 1987. Proposed Warehouse, Project No. 1221-
87-159. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987d) Soils and Material Engineers, Inc., April 27, 1987. Decontamination and Decommissioning
Facility, Project No. 1221-87-160-1.0. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987e) Soils and Material Engineers, Inc., May 15, 1987. Decladding and Box Furnace Facility,
Project No. 1221-87-178-1.0. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987f) Soils and Material Engineers, Inc., May 18, 1987. General Sump, Project No. 1221-87-178-
2.0. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987g) Soils and Material Engineers, Inc., May 21, 1987. N, Systems, Project No. 1221-87-178-3.0.
Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987h) Soils and Material Engineers, Inc., July 28, 1987. Proposed Laundry Room Upgrade/Locker
Room Upgrade, Project No. 1221-87-257. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987i) Soils and Material Engineers, Inc., September 9, 1987. Water Treatment Plant, Project No.
1221-87-288-1. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1987j) Soils and Material Engineers, Inc., September 21, 1987. Nu-Sal Furnace, Project No. 1221-
87-288-2.0. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1988a) Soils and Material Engineers, Inc., March 14, 1988. Receiving and Incoming Materials
Inspection Area, Project No. 4144-88-119. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(S&ME 1988b) Soils and Material Engineers, Inc., September 20, 1988. Geotechnical Exploration, Coal
Storage Pile, Project No. 4144-88-309. Soils and Material Engineers, Inc.: Cincinnati, Ohio.

(U.S. Army Corps of Engineers 1952) U.S. Army Corps of Engineers, February 1952. Report of Foundation
Investigation, Feed Materials Production Center. U. S. Army Corps of Engineers: Ohio River Division.

(Vukovi¢ and Soro 1992) Vukovi¢ Milan and Andjelko Soro, 1992. Determination of Hydraulic Conductivity
of Porous Media from Grain-size Composition. Water Resources Publications: Littleton, Colorado.

000094

e
OUDATA\OU-2\PO177\
REPORT\REVC 6-4 3/24/98




APPENDIX A




k1507

. ' APPENDIX A
SUMMARY TABLES
GEOTECHNICAL LABORATORY DATA FROM PRIOR
GEOTECHNICAL INVESTIGATION

Table of Contents

Table Title
A-1 Summary of Moisture Content
A-2 Summary of Index Properties
A-3 Summary of Unit Weight and Percent Saturation
A4 Summary of Unconfined Compressive Strength
. _ A5 Summary of Consolidated Undrained Triaxial Compression Tests
A-6 Summary of Unconsolidated Undrained Triaxial Compression Tests
A-7 Summary of Permeability Tests
A-8 Summary of Standard and Modified Compaction Tests
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TABLE A-2

Summary of Index Properties

Operable Unit 3 b 1 5 0 7
Former Plant Area . — L.
Area | FEMP ID | Boring ID Sample Number Sample| Top |Bottom Color General Stratum USCS Name USCS | Sample Atterberg Limits Grain Size Specific Reference
Type | Depth | Depth ' Symbdl  |Moisture Gravel | Sand [Siltend|Clay 0.002 | D10 | D30 | D60 |Gravity
Content | 1y, | pL | PI Clay mm
(%) %) | (% | ®) | (%
NW 0s-1 0s1/4B ST | 60 | 80 |Olive Brown andGray Gray Till Lean Clay with Sand CL 21.1 37 18 | 190 | 20 | 160 | 820 31.0 0.002 | 0.017 | 2.80 |[PARSONS PO 22
NW 0S-2A - |0S2A73 ST | 40 | 6.0 |OliveBrown Brown Clay Lean Clay with Sand CL 221 37 18 | 190 | 30 | 190 | 780 280 0.002 | 0.023 | 2.77 |PARSONS PO 22
NW 0s-3 0s3/5 ST | 80 | 100 |Very Dark Gray Gray Till Fat Clay CH 246 | 52 | 2t | 310 | 00 | 16 | 990 400 0.0085| 2.78 [PARSONS PO 22
NW 0S4 0s4/6 ST | 130 | 15.0 |Light Olive Brown Brown Clay Lean Clay cL 326 | 27 19 | 80 | 10 | 20 | 970 280 0.0026 | 0.015 | 2.79 |PARSONS PO 22
SE PFS-1 P1/a ST | 60 | 80 [VeryDarkGray IFin? Lean Clay cL 267 | 452 | 228 | 224 | 00 | 143 | 857 340 0015 | 2.73 |PARSONS PO 32
SE PFS-2 P2/5 ST | 80 | 100 |Olive Brown Brown Clay Lean Clay CL 188 | 26 17 | 90 | o1 | 52 | 947 270 0.003 | 0.014 | 2.81 |PARSONS PO 32
SE PFS-3 P3/a ST | 60 | 80 [VeryDarkGray Fill Lean Clay CL 232 | 487 | 201 | 286 | 00 | 70 | 930 380 0.0013] 0011 | 2.76 |PARSONS PO 32
SE PFS4A  |PAASS ST | 80 | 100 |Dark Yellowish Brown Brown Clay Lean Clay CL 226 | 401 | 197 | 204 | 00 | 54 | 946 37.0 0003 | 279 [PARSONS PO 32
SE PFS-5 Ps/a ST | 60 | 80 |Dark Yellowish Brown Brown Clay/Fill? Silt with Sand ML 206 | NP | NP | NP | 09 | 272 | 119 8.0 0.003 | 0.016 | 0.06 | 2.75 |PARSONS PO 32
SE PFS-6 P6/5 ST | 80 | 100 |DarkGray Gray Till Sandy Silty Clay CL-ML 113 19 | 141 | 49 | 55 | 2719 | 666 17.0 0.009 | 0.065 | 2.82 |PARSONS PO 32
SW UD-1 1 Bot D 23 | 30 |GrayandBrown IFill Sandy Lean Clay CL 271 | 386 | 214 | 172 | 140 | 210 | 650 180 | 0.0012]| 0.006 | 004 | 2.73 |USACOE 1952
SW UD-1 1 Top D 1.5 | 23 |Brown IFill Clayey Gravel with Sand GC 139 | 27 | 178 | 92 | 540 | 210 | 250 5.0 0006| 03 | 65 [USACOE 1952
SW UD-1 © |10 D | 185 | 200 [Gray Gray Till Sandy Lean Clay CL 117 | 232 | 158 | 74 | 80 | 220 | 700 230 0.0043| 0.04 | 2.76 [USACOE 1952
SW UD-1 11 D | 205 | 220 |Gray Gray Till Sandy Lean Clay CL 115 | 223 | 151 | 72 | 100 | 270 | 630 19.0 0.006 | 0.063 USACOE 1952
SW UD-1 2 D 35 | 6.0 |GrayandBrown Brown Clay Silty Clay CL-ML 173 | 221 | 171 |- 50 | 00 | 1.0 | 990 180 | 0.0007 | 0.0043 | 0.012 [USACOE 1952
SW UD-1 3 D 55 | 7.0 |GrayandBrown [Muddy Stream Silt ML 176 | NP | NP | NP | 00 | 100 | 900 9.0 0003 | 0.012 | 0.022 | 2.77 |USACOE 1952
SW UD-1 la D 7.5 | 9.0 |Grayand Brown Brown Clay Lean Clay with Sand CL 171 | 287 | 185 | 102 | 3.0 | 120 | 850 25.0 0.003 | 0.011 | 2.75 |USACOE 1952
sW UD-1 5 D 9.5 | 11.0 |Gray Gray Till Sandy Lean Clay CL 141 | 247 | 16 | 87 | 80 | 220 | 700 18.0 0.006 | 0.033 | 2.76 |USACOE 1952
swW UD-1 6 D | 115 | 130 |Gray Gray Till Sandy Lean Clay CL 148 | 23 | 151 | 79 | 80 | 220 | 700 235 0.004 | 0.031 [USACOE 1952
SW UD-1 U D | 136 | 150 |Gray Gray Till Sandy Lean Clay CL 123 | 242 | 157 | 85 | 80 | 220 | 700 235 0.004 | 0.031 USACOE 1952
sW UD-1 s D | 155 | 17.0 |Gray Gray Till Sandy Lean Clay CL 133 | 244 | 161 | 83 | 120 | 250 | 630 20.0 0.0058 | 0.052 USACOE 1952
SW UD-1 9 D | 175 | 185 |Gray Gray Till Sandy Lean Clay CL 125 | 245 | 157 | 88 | 157 | 88 | 700 230 0.0043| 0.04 USACOE 1952
NE UD-2 1 D 15 | 3.5 |Brown Brown Clay Fat Clay CH 265 | 554 | 274 | 280 | 00 | 40 | 960 40.0 0.011 | 2.71 |[USACOE 1952
NE UD-2 10 D | 215 | 235 |Gray Gray Till Sandy Silty Clay CL-ML 120 | 198 | 143 | 55 | 40 | 330 | 630 19.0 0.0072 | 0.064 [USACOE 1952
NE UD-2 11 D | 235 | 255 |Gray Gray Till Sandy Silt ML 128 | 177 | 138 | 39 | 80 | 270 | 650 120 | 0.0017| 0.009 | 006 | 2.76 |[USACOE 1952
NE UD-2 12 D | 255 | 27.5 |Gray Gray Till Silty Sand with Gravel SM 100 | 153 | 127 | 26 | 180 | 340 | 480 130 002 | 02 USACOE 1952
NE UD-2 13 D | 275 | 295 |Gray Gray Till Sandy Silt ML 103 | 148 | 132 | 1.6 | 100 | 350 | 550 180 007 | 01 USACOE 1952
NE UD-2 14 D | 295 | 315 |Gray Gray Till Sandy Silty Clay CL-ML 120 | 199 | 137 | 62 | 60 | 320 | 620 150 0.008 | 0.065 USACOE 1952
NE UD-2 15 D | 31.5 | 325 |Gray Gray Till Lean Clay with Sand CL 143 | 238 | 157 | 8t | 20 | 260 | 720 230 0.004 | 0.025 [USACOE 1952
NE UD-2 16 D | 325 | 345 |Gray Gray Till Sandy Silty Clay CL-ML 99 | 222 | 155 | 67 | 70 | 290 | 640 16.0 0.0075| 0.05 USACOE 1952
NE UD-2 h D 35 | 5.5 |Brown Brown Clay Lean Clay with Sand CL 1.5 | 242 | 165 | 77 | 30 | 250 | 120 23.0 0.0045| 0.036 | 2.74 [USACOE 1952
NE UD-2 3 D 55 | 75 |Brown Brown Clay Sandy Silty Clay CLML | 121 | 205 | 141 | 64 | 00 | 500 | 500 150 | 0.0014| 0013 | 0.16 | 2.77 |[USACOE 1952
NE UD-2 s D | 11.5 | 135 |Gray Muddy Stream Silty, Clayey Sand with Gravel SC-SM 80 | 189 | 129 | 60 | 50 | 610 | 340 120 |00018| 0.04 | 093 [USACOE 1952
NE UD-2 7 D | 155 | 17.5 |Gray Gray Till Sandy Lean Clay CL 146 | 235 | 152 | 83 | 9.0 | 350 | 560 100 | 0002 | 0.085 | 0.1 | 2.77 [USACOE 1952
NE UD-2 3 D | 175 | 195 |Gray Gray Till Sandy Silty Clay CL-ML 114 | 187 | 135 | 52 | 100 | 370 | 530 13.0 0012 | 0.15 USACOE 1952
NE UD-2 o D | 195 | 215 |Gray Gray Till Sandy Silty Clay CL-ML 107 | 213 | 146 | 67 | 100 | 290 | 610 180 0.0072 | 0.065 [USACOE 1952
SW UD-3 D | 130 | 135 |Gray Gray Till Well Graded Sand (V) SW (V) 00 | 950 | 50 USACOE 1952
sSW UD-3 1 D 15 | 3.5 |Brown Brown Clay Fat Clay CH 25.1 | 504 | 267 | 237 | 00 | 100 | %00 400 0.008 | 2.70 |USACOE 1952
SW UD-3 2 D 35 | 55 |Brown Brown Clay Lean Clay CL 244 | 427 | 243 | 184 | 00 | 00 | 1000| 450 0.005 | 2.72 |USACOE 1952
SW UD-3 3 D 55 | 75 |Brown Brown Clay Lean Clay CL 263 | 382 | 223 | 159 | 00 | 100 | 900 380 0.009 USACOE 1952
SW UD-3 la D 75 | 95 |Brown Muddy Stream Silt ML 208 | NP | NP | NP | 00 | 50 | 950 240 0004 | 0014 | 2.75 |USACOE 1952
SW UD-3 s D 95 | 11.5 |Brown Muddy Stream Silt ML 191 | NP | NP | NP | 00 | 110 | 890 7.0 0.024 | 0.032 [USACOE 1952
SW UD-3 6 Bot D | 130 | 135 |Brown [Muddy Stream Silty Sand SM 185 | NP | NP | NP | 00 | 850 | 150 0.0 008 | 0.15 | 025 USACOE 1952
SW UD-3 6 Top D | t1.5 | 13.0 [Brown [Muddy Stream Silt ML 197 | NP | NP | NP | 00 | 100 | %00 5.0 0.002 | 0.02 | 0.035 lUSACOE 1952
SW UD-3 7 D | 135 | 155 |Gray Gray Till Silty Clay with Sand CLML 147 | 187 | 146 | 41 | 00 | 240 | 760 16.0 0.0063 | 0.024 | 2.77 {USACOE 1952
SW UD-3 8 D | 155 | 17.5 |Gray Gray Till Lean Clay with Sand CL 185 | 249 | 162 | 87 | 40 | 190 | 770 250 0.003 | 0.016 | 2.75 |USACOE 1952
SW UD-3 9 D | 175 | 19.5 |Gray Gray Till Lean Clay with Sand CL 153 | 239 | 16 | 79 | 50 | 240 | 710 235 0.004 | 0.028 USACOE 1952
NW 11112 30920-11112-01 SS | 10 | 1.5 |Olive Yellow IFill - [Sitty Sand with-Gravel SM 210 | 460 | 330 NR 50.03.24
NW 11112 30920-11112-02 SS | 40 | 45 |Brown Muddy Stream Poorly Graded Sand (V) SP(V) 300 | 600 | 100 | NR 50.03.24
NW 11112 30920-11112-04 SS | 70 | 7.5 |Brown Muddy Stream Well Graded Said with Gravel SW (V) . 20 | 930 | 50 NR 50.03.24
NW 11112 30920-11112-07 SS | 85 | 9.0 |LightOliveBrown uddy Stream Well Graded Sand with Gravel SW (V) 290 | 660 | 50 NR 50.03.24
NW [11112 30920-11112-18 SS | 140 | 145 |Gray Gray Till Sandy Lean Clay (V) CL (V) 60 | 270 | 670 NR 50.03.24 ]
NW [t1112 30921-11112-01 ST | 145 | 17.0 |Gray Gray Till Sandy Lean Clay (V) cL (V) 70 | 340 | 590 NR p 50.03.24 -
NW 11112 30921-11112-02 ST | 170 | 19.0 |Gray Gray Till Sandy Lean Clay (V) CL (V) 90 | 290 | 620 NR 50.03.24
NW (11114 30913-11114-01 SS | 1.0 | 1.5 [Brown IFill Silty Gravel with Sand (V) GM (V) 460 | 320 | 220 NR 50.03.24 -
ERAFS 1 -/OUDATA/PO177/GEOT/PO177.MD 1of7 2/19/98
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TABLE A-2.

Summary of Index Properties

Operable Unit 3
Former Plant Area

b 1507

ERAFS1:/OUDATA/PO177/GEOT/PO177T.MD

000119

Area | FEMPID | Boring ID Sample Number Sample| Top |Bottom General Stratum USCS Name USCS Sample Atterberg Limits Grain Size Specific| Reference
Type | Depth | Depth Symbol  |Moisture Gravel | Sand [Siltand| Clay 0.002 | D10 | D30 | Do |Gravity
: Coatent | L, | pL | PI Clay mm
(%) (%) | (%) | (%) (%)
NW (11114 30913-11114-03 Ss 25 | 3.0 {Brown Brown Clay Silty Sand with Gravel (V) SM (V) 28.0 | 440 | 280 NR 50.03.24
NW [11114 30913-11114-04 ss 3.0 | 3.5 |Brown Muddy Stream Silty Sand (V) SM (V) 9.0 | 7180 | 130 NR 50.03.24
NW {11114 30913-11114-05 SS 3.5 | 40 [Brown [Muddy Stream Silty Sand (V) SM (V) 110 | 680 | 210 NR 50.03.24
NW (11114 30913-11114-08 SS 55 | 6.0 [Brown [Muddy Stream Poorly Graded Sand (V) SP(V) 1.0 | 910 | 80 NR 50.03.24
NW (11114 30913-11114-13 Ss 85 | 90 [Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP(V) 50 | 880 | 70 NR 50.03.24
NW |11114 30913-11114-23 SS 14.5 15.0 |Brown IMuddy Stream Poorly Graded Sand with Gravel (V) SP (V) 15.0 78.0 7.0 NR 50.03.24
NW 11114 30913-11114-27 SS | 165 | 17.0 |Brown and Gray [Muddy Stream Silty Sand with Gravel (V) SM (V) 290 | 560 | 150 NR 50.03.24
NW [11114 30913-11114-28 sS | 170 | 175 |Gray Gray Till Sandy Lean Clay (V) CL (V) 3.0 | 29.0 | 680 NR 50.03.24
NW [11115 30915-11115-01 SS 1.0 1.5 [Brown IFill Silty Gravel with Sand (V) GM (V) 400 | 330 | 270 NR 50.03.24
NW (11115 30915-11115-03 ss 20 | 2.5 [Brown {Muddy Stream Silty Sand (V) SM (V) 9.0 | 711.0 [ 200 NR 50.03.24
NW 11115 30915-11115-06 sS 4.0 4.5 [Brown hduddy Stream Silty Sand with Gravel (V) SM (V) 350 | 480 17.0 NR 50.03.24
NW (11115 30915-11115-07 ss 55 | 6.0 [Brown [Muddy Stream Poorly Graded Sand with Gravel (V) SP(V) 420 | 500 | 80 NR 50.03.24
NW [11115 30915-11115-09 Ss 70 | 7.5 |Brown Muddy Stream Poorly Graded Sand (V) SP(V) 70 | 870 | 60 NR 50.03.24
NW (11115 30915-11115-11 Ss 80 | 85 [Brown Muddy Stream Well Graded Sandy Gravel (V) GW (V) 460 | 440 | 100 NR 50.03.24
NW [11115 30915-11115-12 ss 85 | 9.0 [Brown Muddy Stream Well Graded Sand with Gravel (V) SW (V) 350 | 600 [ s.0 NR 50.03.24
NW [11115 30915-11115-16 ss | 11.5 [ 12.0 [Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP (V) 360 | 570 | 70 NR 50.03.24
NW |11115 30915-11115-19 SS 13.0 13.5 |Brown [Muddy Stream Poorly Graded Sand with Gravel (V) sP(V) 120 | 82.0 6.0 NR 50.03.24
NW (11115 30915-11115-27 ss | 170 | 17.5 |Gray Gray Till Sandy Lean Clay (V) CL(V) 60 | 29.0 [ 650 NR 50.03.24
Nw [11116 30911-1116-01 ss 1.0 1.5 [Brown Fill Silty Sand with Gravel (V) SM (V) 340 | 350 | 310 NR 50.03.24
NW (11116 30911-1116-05 ss | 40 | 45 [Brown Brown Clay Sandy Lean Clay (V) CL (V) 120 | 380 | 500 NR 50.03.24
NW [t1116 30911-1116-07 Ss 50 | 55 [Brown Muddy Stream Silty Sand with Gravel (V) SM (V) 160 | 51.0 | 330 NR 50.03.24
NW (11116 30911-1116-08 Ss 55 | 6.0 |Brown [Muddy Stream Silty Sand (V) SM (V) 130 | 570 | 300 NR 50.03.24
NW [11116 30911-1116-11 ss | 70 | 7.5 !Brown Muddy Stream Silty Sand (V) SM (V) 140 | 71.0 | 150 NR 50.03.24
NW 11116 30911-1116-12 Ss 85 | 9.0 [Brown Muddy Stream Silty Sand with Gravel (V) SM (V) 150 | 56.0 | 29.0 NR 50.03.24
NW [i1116 30911-1116-15 ss | 100 | 105 [Brown Muddy Stream Well Graded Sand (V) SW (V) 40 | 890 | 70 NR 50.03.24
NW (11116 30911-1116-16 §S | 105 [ 11.0 [Brown [Muddy Stream Silty Sand (V) SM (V) 70 | 830 | 100 NR 50.03.24
NW (11116 30911-1116-18 sS | 11.5 | 120 |Brown [Muddy Stream Silty Sand with Gravel (V) SM (V) 200 | 66.0 | 14.0 NR 50.03.24
NW [11116 30911-1116-20 ss | 13.0 | 135 |Brown [Muddy Stream Well Graded Sand (V) SW (V) 70 | 830 [ 100 NR 50.03.24
NW (11116 30911-1116-21 ss | 135 | 14.0 [Brown [Muddy Stream Silty Sand with Gravel (V) SM (V) 180 | 38.0 | 440 NR 50.03.24
sw [11120 30914-11120-01 Ss 1.0 1.5 |[Gray Fill Lean Clay with Sand (V) CL (V) 70 | 190 | 740 NR 50.03.24
sw (11120 30914-11120-03 ss 20 | 25 |Gray Fill Lean Clay (V) CL (V) 00 | 120 | 880 NR 50.03.24
sw 11120 30914-11120-10 ss 60 | 65 |Gray IFill Lean Clay (V) CL (V) 00 | 80 | 920 NR 50.03.24
SW |[11120 30915-11120-02 ss 80 | 85 [Brown [Muddy Stream Silt with Sand (V) ML (V) 00 | 230 | 770 NR 50.03.24
SW 11120 30915-11120-05 ss | 105 | 11.0 |Brown [Muddy Stream Silty Sand with Gravel (V) SM (V) 230 | 570 | 200 NR 50.03.24
sw (11120 30915-11120-06 ss | 120 | 12.5 [Brown [Muddy Stream Silty Sand (V) SM (V) 9.0 | 750 | 160 NR 50.03.24
sw (11120 30915-11120-06 SS | 14.0 | 145 |Brown [Muddy Stream Silty Sand (V) SM (V) 140 | 720 | 140 NR 50.03.24
sw (11120 30915-11120-09 ss | 180 | 18.5 {Brown [Muddy Stream Well Graded Sand (V) SW (V) 00 | %40 | 60 NR 50.03.24
sw 11120 30915-11120-16 ss | 195 | 200 [Brown Muddy Stream Well Graded Sand (V) SW(V) 1.0 | 910 | 80 NR 50.03.24
sw [t1120 30915-11120-19 sS | 200 | 205 [Brown Muddy Stream Silty Sand (V) SM (V) 70 | 700 | 230 NR 50.03.24
sw |11120 30915-11120-21 SS | 205 | 210 [Brown [Muddy Stream Sandy Silt (V) ML (V) 80 | 300 | 620 NR 50.03.24
SW [11120 30915-11120-22 SS | 210 | 21.5 [Gray Gray Till Sandy Lean Clay (V) CL (V) 20 | 300 | 680 NR 50.03.24
sw [11120 30915-11120-25 SS | 23.0 | 235 |Gray Gray Till Sandy Lean Clay with Gravel (V) CL (V) 160 | 330 | 510 NR 50.03.24
sw (1112t 30921-11121-01 SS 1.5 | 2.0 [Gray IFill Lean Clay (V) CL (V) 70 | 270 | 660 NR 50.03.24
sw 11121 30921-11121-05 SS | 45 | 50 [Gray Fill Lean Clay (V) CL (V) 70 | 260 | 670 NR 50.03.24
SW 11121 30921-11121-08 SS 6.0 6.5 |Brown Brown Clay Lean Clay (V) CL (V) 0.0 120 | 880 NR 50.03.24
sw (11121 30921-11121-11 ss 85 | 90 [Brown [Muddy Stream Silty Sand (V) SM (V) 00 | 610 | 390 NR 50.03.24
SW 11121 30921-11121-12 SS | 105 | 11.0 |Yellowish Brown [Muddy Stream Silty Sand (V) SM (V) 0.0 | 600 | 400 NR 50.03.24
sw 1112t 30921-11121-19 sS | 145 | 150 |Brown Muddy Stream Silty Sand (V) SM (V) 90 | 450 | 460 NR 50.03.24
sw 12t 30921-11121-20 SS | 150 | 15.5 |Brown [Muddy Stream Silty Sand with Gravel (V) SM (V) 170 | 610 | 220 NR 50.03.24 ]
sw {11121 30921-11121-23 SS | 165 | 17.0 [Brown [Muddy Stream Silty Sand (V) SM (V) 00 | 790 | 210 NR 50.03.24
sw 121 30921-11121-30 ss | 200 | 205 |Brown [Muddy Stream Poarly Graded Sand (V) SP(V) 60 | 870 | 70 NR 50.03.24
swW (11121 30921-11121-37 ss | 240 | 24.5 [Gray Gray Till Sandy Lean Clay (V) CL (V) 140 | 310 | 550 NR 50.03.24
NE [11132 30923-11132-01 Ss | 245 | 250 |Gray Gray Till Lean Clay (V) - CL (V) 50 | 220 | 130 NR 50.03.24 -
NE (11133 30916-11133-01 ss 00 | 05 [Brown Fiil Silt with Sand (V) ML (V) 60 | 210 | 7130 NR 50.03.24 T
NE |11133 30916-11133-08 SS | 45 | 50 [Brown Fill Sitt with Sand (V) ML (V) 40 | 250 | 710 NR 50.03.24 -
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TABLE A-2

Summary of Index Properties

Operable Unit 3 - 1 5 N 7
Former Plant Area e 2t
Area | FEMP ID | Boring ID Sample Number Sample| Top [Bottom Color General Stratum USCS Name USCS | Sample Atterberg Limits Grain Size Specific Reference
Type | Depth | Depth Symbol  {Moisture Gravel | Sand [Siltand | Clay 0.002 | D10 | D30 | Do |Gravity
Content | 1y | pL | PI Chay mm
(%) (%) | (%) | (%) (%)

NE |[11133 30916-11133-12 SS 7.5 8.0 |Brown Brown Clay Sandy Lean Clay with Gravel (V) CL (V) 150 | 27.0 | 580 NR 50.03.24

NE (11133 30916-11133-15 ss | 90 | 9.5 |Brown Brown Clay Sandy Lean Clay with Gravel (V) CL (V) 200 | 300 | 500 NR 50.03.24

NE [11133 30916-11133-17 ss | 100 | 105 |Gray Gray Till Sandy Lean Clay (V) CL (V) 30 | 290 | 68.0 NR 50.03.24

NE (11133 30916-11133-19 ss [ 11.0 [ 11.5 [Brown Muddy Stream Silt with Sand (V) ML (V) 20 | 260 | 720 NR 50.03.24

NE [11133 30916-11133-21 ss | 120 | 125 [Gray Gray Till Sandy Lean Clay (V) CL (V) 80 | 330 | 590 NR 50.03.24

NE [11133 30916-11133-25 SS | 140 | 145 |Gray Gray Till Sandy Lean Clay (V) CL (V) 60 | 300 | 640 NR 50.03.24

NE (11133 30917-11133-07 ss | 210 | 21.5 |Gray Gray Till Lean Clay with Sand (V) CL (V) 10 | 240 | 750 NR 50.03.24

NE (11133 30917-11133-18 Ss | 270 | 27.5 |Gray Gray Till Lean Clay with Sand (V) CL (V) 20 | 200 | 780 NR 50.03.24

NE (11133 30917-11133-27 SS | 315 | 34.5 [(Gray Gray Till Sandy Lean Clay (V) CL (V) 60 | 260 | 680 NR 50.03.24

NE [11133 30918-11133-01 ss | 31.5 | 320 |Gray Gray Till Sandy Lean Clay (V) CL (V) 100 | 260 | 64.0 NR 50.03.24

NE (11133 30918-11133-05 ss | 350 | 355 |Gray Gray Till Lean Clay with Sand (V) CL (V) 120 | 150 | 730 NR 50.03.24

NE [11133 30918-11133-08 SS | 345 | 375 |Gray Gray Till Sandy Lean Clay with Gravel (V) CcL (V) 230 | 250 | 520 NR 50.03.24

NE (11133 30923-11133-01 ss | 375 | 38.0 |Gray Gray Till Silty Sand with Gravel (V) SM (V) 210 | 360 | 430 NR 50.03.24

NE [11133 30923-11133-04 ss | 39.0 | 39.5 |Gray Gray TilUGMA Silt with Sand (V) ML (V) 00 | 180 | 820 NR 50.03.24

NE [11133 30923-11133-06 sS | 405 | 41.0 |Gray GMA Silt with Sand (V) ML (V) 30 | 240 | 730 NR 50.03.24

NE [11133 30923-11133-08 SS | 420 | 42.5 [Gray GMA Sandy Silt (V) ML (V) 00 | 450 | 550 NR 50.03.24

NE |11133 30923-11133-10 SS | 435 | 44.0 |Gray GMA Poorly Graded Sand (V) SP(V) 00 | %40 | 60 NR 50.03.24

NW |11208 30909-11208-01 sS 10 | 1.5 |Brown Fill Silty Sand with Gravel (V) SM (V) 190 | 540 | 270 NR 50.03.24

NwW [11208 30909-11208-02 ss 1.5 | 2.0 [Brown IFill Silty Sand (V) SM (V) 00 | 770 | 230 NR 50.03.24

NW (11208 30909-11208-03 SS 2.5 30 |Brown Brown Clay Lean Clay with Gravel (V) CL (V) 180 | 270 | 550 NR 50.03.24

NW (11208 30909-11208-05 SS | 35 | 40 |Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP(V) 310 | 580 | 11.0 NR 50.03.24

NW [11208 30909-11208-08 SS | 55 | 60 [Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP (V) 100 | 790 | 110 NR 50.03.24

NW |11208 30909-11208-17 SS | 100 | 10.5 |Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP (V) 200 | 730 | 7.0 NR 50.03.24

NW (11208 30909-11208-18 ss | 105 | 11.0 |Gray Gray Till Silty Sand with Gravel (V) SM (V) 190 | 370 | 440 NR 50.03.24

NW (11208 30909-11208-19 ss [ 11.0 | 11.5 |Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP(V) 180 | 700 | 120 NR 50.03.24

NW 11208 30909-11208-20 SS | 11.5 | 12.0 |Brown Muddy Stream Silty Sand with Gravel (V) SM (V) 200 | 670 | 130 NR 50.03.24

NW [11208 30909-11208-24 SS | 135 | 140 [Gray Gray Till Sandy Lean Clay (V) CL (V) 60 | 250 | 69.0 NR 50.03.24

NW [11209 30917-11209-01 Ss 1.0 | 1.5 [Brown Fill Silty Sand with Gravel (V) SM (V) 170 | 39.0 | 440 NR 50.03.24

NW (11209 30917-11209-02 SS 15 | 2.0 [Brown Muddy Stream Silty Sand with Gravel (V) SM (V) 220 | 600 | 180 NR 50.03.24

NW (11209 30917-11209-04 sS | 25 | 3.0 [Brown Muddy Stream Silty Sand with Gravel (V) SM (V) 170 | 68.0 | 150 NR 50.03.24

NW (11209 30917-11209-06 SS | 40 | 45 |Brown Muddy Stream Silty Sand (V) SM (V) 90 | 770 | 140 NR 50.03.24

NW (11209 30917-11209-08 SS | 50 | 55 |Brown Muddy Stream Poorly Graded Sand with Gravel (V) SP(V