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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 Scone 

PARSONS' scope was to: 

1) Provide geotechnical sampling oversight during field activities. 

2) Provide geotechnical laboratory testing services. 

3) Perform prehminary 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. 

: .  ;: 1t-t 
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1.2.2 

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: 

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

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

0 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 moriitoring 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, eyql tions and 
recommendations. . \ .  *?I 1 . 
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‘1 
1.3 Background 

As stated in the Operable Unit 5 Record of Decision (DOE 1995a), the preferred alternative at FEW 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 minim& 
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. 

I n v w S t u d y  A r a  . .  1.3.1 

For purposes of sequencing soil remediation activities, the Remedial Design Work Plan for Remedial Actions 
at Operable Unit 5 (DOE 19%) divided the FEh4P 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 

To assist in remedial design of excavations to remove contaminated soils in the FPA, a post-Remedial 
InvestigatiodFeasibility 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 
bow associated with the design of plant area facilities were added to the OU5 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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PO-177 . .  1.3.3 

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 ptechnical 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 (G3401/12266 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. Fd 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 (OU5 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 OW-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 OU5 RI. 

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

1) BrownClay 

Equivalent to the brown-colored Till and Loess as discussed in the OU5 RI. These deposits 
overlay the Lacustrine Deposits as defined in the OU5 RI. 

1-7 
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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 OU5 RI. In this report, the Muddy Stream Deposits have beem 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 paleoenvironment as 
described in the OU5 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 OU5 
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 

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 5 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 N W  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 OU5 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 OU5 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 

Figure 14 is a map showing the general location and trends of the various interpreted deposits below or near 
to the browdgray 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 OU5 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 brings that were not available at the time of the OU5 RI, as well as pre-RI/FS brings (not 
presented in the OU5 FU 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 OU5 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 OU5 RI and Feasibility Studies (FS). According to the OU5 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 1-1 1 are isopach maps showing 
the approximate depth to perched groundwater from the ground SUrEdce (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. 
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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 5.  

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 boMgs associated with prior geotechnical laboratory test data. 
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Table 2-1 - Summary of Reports Containing Existing Geotechnical 
Data, FPA Study Area 

U.S. Department of “Remedial Investigation Report for Operable Unit S“, 
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Table 2-1 - Summary of Reports Containing Existing Geotechnical 
Data, FPA Study Area (Continued) 

Date 

1984 

1988 

April 9, 1987 

April 27, 1987 

April 22, 1987 

February 1952 

September 1993 

September 1993 

Author 

H. C. Nutting 

~~ 

Report 

"Report of Geotechnical Investigation, NLO Inc., 
Supply/Services Subcontract No. S-1143" 

"Analytical Facilities Expansion", Job No. 22-831858 

"NO, Destructor Facility", Project No. 1221-87-160- 
2.0 

"Decontamination and Decommissioning Facility", 
Project No. 1221-87-160-1.0 

"Proposed Warehouse", Project No. 1221-87-159 

"Report of Foundation Investigation, Feed Materials 
Production Center, Fernald, Ohio" 

"Central Storage Facility Subsurface Exploration", 
Prqiect Order 20 

"Subsurface Exploration Report, Plant 1 Ore Silos", 

S&ME 

U.S. Army Corps of 
Engineers 

PARSONS 

PARSONS 

PARSONS July 1993 

PARSONS 

Project Order 22 

"Plant 7 Dismantling Geotechnical Report", Project 
Order 32 

May 1996 "Site Rail Improvements and W P M  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 
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lnv# . .  

'Ihe Remedial Investigarion Repon for Operable Unit 5 (OU5), Appendices N, 0, 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-5 RI Report, Appendix N for 
brings within the FPA study area are summarized in the tables found in Appendix A. 

2.1.2 of Var- 

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 a F o V  

The Report of Foundation Investigation, Feed Materials Production Center, Femald, Ohio, issued in 1952 by 
the U k .  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. 
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Table 2-2 - Summary of Reports Containing Existing Soil Hydraulic 
Properties Data, FPA Study Area 

Author I1 Date 

1990 

1994 

May30, 1991 

1995 

1995 

Report 

"Groundwater Report" 

"FEMP Glacial TillNadose Zone Hydraulic 
Investigations Report", Project Order 37 

"Hydrogeological Study for the Initial Design of 
Perched Groundwater Extraction System", Project 
No. 602.27.15, Internal Report 

"Hydraulic Conductivity" Determination in Glacial 
Till: A Comparison of Method and Scale" 

"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 
AS1 - AS1 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 

l n v w  . .  2.2.1 

The FEMP GIaciul lill/Vadose Zone Hydraulic Investigations Repon, 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 6 of Per- 

'Ihis 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. 

2.2.3 I Thesis 

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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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. (A"), Lakewood, Colorado, Inc., Golden, Colorado. Laboratory technicians from AT" 
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 (G3M)1/12266 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-inchdiameter 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 NoticdVariance documents provided to FDF. 

Upon completion of each boring, the soil test borings were bacldiiled 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. 

. "  
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3.2 0 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 (Le., 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 fnr 

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 llndmmd * (CU) triaxial compression tests, the effective confining pressures used were 5, 10 and. 
25 psi. For the direct shear @S) tests, the normal pressures used were 4.9, 9.7 and 25 psi. Single point 
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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,J were performed at an effective confining pressure of 5 psi 
with a constant head of 2 psi. 

3.3.2 for 

Two permeability (PA tests were performed on test specimens remolded sand soils from disturbed split-spoon 
samples. "he 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 (G3406[ 15-17']/#412376) to perform 
a remolded CD test. The sample was remolded to a target density measured from the Dames & Moore ring 
samples (G3M)6[ 15-17']/#412375) that underwent a direct shear test. 

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

Test Method 

ASTM D 2216 

ASTM D 4318 

ASTM D 422 

ASTM D 698 

ASTM D 5084 

Title GSTP Test 
Code 

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

Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of AL 
Soils 

Test Method for Particle-Size Analysis of Soils' GS 

SP Test Method for Laboratory Compaction Characteristics of Soil 

Test Method for Measurement of Hydraulic Conductivity of 

Using Standard Effort 

p* 
Saturated Porous Materials Using a Flexible Wall Permeameter 

ASTM D 2166 

ASTM D 3080 

ASTM D 4767 

ASTM D 4767 

Notes: 

Test Method for Unconfined Compressive Strength of Cohesive Soil ucs 
DS Test Method for Direct Shear Test of Soils under Consolidated 

Drained Conditions 

Test Method for Consolidated-Undrained Triaxial Compression Test cu 
on Cohesive Soils (with pore pressure measurements) 

Modified Test Method D 4767 for Consolidated-Drained Triaxial 
Compression Test 

CD 

1 Specific gravity tests were performed in conjunction with hydrometer tests (Le., grain-size analyses) 

Boring 

Depth 

Effective Confining Pressure 

Target Remold Dry Density 

Constant Head 

Table 3-2 - Test Parameters for Remolded Permeability Tests of Sand 
Samples 

G3-004/12269 G3-005/ 12270 

15 - 17 feet 13.5 - 15.5 feet 

15 psi 14 psi 

110 pcf 112 pcf 

2 psi 2 psi 
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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 
Labomzory 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/Classification 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 
G3410/12275. Table F-2 (Appendix F) presents index properties of the G3-series boring samples and the FU 
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. 

0 
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 ive Strength Tesls 

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. 

U! T r v n  T e s t s  . .  4.3.2 

consolidated, llndmmd 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 
c~nstructions. Appendix G contains the Mohr strength envelopes. 

4.3.3 

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. 

D! Tr- Tests . .  4.3.4 

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. 

k-Pressure Permehhty Tests .. 4.3.5 

Triaxial permeability tests were performed on samples from Shelby tubes. 
summarizes the test results. 

Table F-7 (Appendix F) 

4.4 Remolded Strength and Permeability Test Results 

This subsection summarizes the results of 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 

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^ f+iqclg@tyial from a Dames & Moore sample (G3-006[ 15-17']/#412376). The sample was remolded 
to a &get density based on the undisturbed portion of the Dames & Moore ring sample (G3-006[15- 
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7']/#412375) that underwent a direct shear test. Table F-6 (Appendix F) summarizes the results from Mohr 0 circle constructions. Appendix G contains the Mohr strength envelope. 

. .  .. 4.4.2 r i amaLBa& - Pr essursA-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. 
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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 
site-specific data ftom the ptechnical 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 of 

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 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 materials that 
comprise the fill. Gravel was imported for use in building pads and road subgrade. 
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These deposits are equivalent to the muse-grained lenses and channels of the Till as described in the OU5 RI 
(DOE 199%) 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. 

As described in the OU5 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 OU5 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 bed- 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 P A ,  further supporting the OU5 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. 

The Brown Clay consists predominantly of low to medium plasticity siltklay 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 OU5 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. 
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The Gray Ti 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 OU5 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 - 
Figure 5-1 shows that borings G3401/12266 and G3403/12268 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 OU5 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 
&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. 

a 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 N W  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 northlsouth section just east of the center of the NE quadrant. The 
portion of the section within the NE quadrant extends from boring 1 116 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 Ti. It is not likely that any significant water-bearing zones will be encountered in this area 
of excavation. 

Excavation NE€ 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 - 
Figure 5-1 shows boring G3-009112274 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 G3409/12274 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 (1 1 to 13 feet), and Gray Till to 
a depth of 19 feet. The lithologies encountered in Boring G3-09 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 11 110) to the area of boring 11 16. 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 sandhilt mixtures such as those identified in borings 2054, 12023, and 
11 14 respectively. Projection of boring 1 1  14 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 

c p  
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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 1 1 14 and 11 1 1. Near borings 1608 and 1 159 coarse- 
gmmed 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 I 1  1 1, 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, 
SEX and SED 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 SilIbdS 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. 

5.1.4 - 
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. 

Boring (“0-177) 

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 OU5 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 OU5 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 63-008/12273 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 5 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. 
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a Section G-G’ extends in an eadwest 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 slouglung 
hilures 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 - 
Borings G3402/12267, G3-004/12269, and G3-006/12271 are located 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 MI to low plasticity. The silts are believed to be indicative of the Muddy Stream deposits in the north of 
the FTA, which appear from adjacent boring logs to be silty in composition. 

Boring G3404/12269 is located in the south-central portion of the N W  quadrant. Fill is present from 0 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. 

0 
Boring G3M)6/12271 is located to the east of G3-004, near the southeast corner of the northwest quadrant. 
Fill is present from 0 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 OU5 FU, close to the transitional zone of the Muddy Stream 
Deposits of this report. From 12.5 feet to 15 feet, coarse-@ 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 OU5 RI. Continuing north along the section to boring 
G3Mn/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 
G3404, 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 Td 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 N W  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 11 194 and borings 11208, 11 116, 11 114, 11 112 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 

'Ihree 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 

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, $u =O for saturated cohesive soils), 

2) Long-Term Conditions (drained or 4' and c' 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 @=Oo 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 @=Oo 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 
W test results (Appendices Tables A4,  A-6, and F4). For cohesive soils, the use of total stress results from 
consolidated-unwed (CLJ) 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 Lon g -Te r m An a I y si s 

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 h e  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 0 
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a 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 freedraining sands. 

The proposed interim excavated slopes (Le., 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 freedraining 
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 .  lOla by Interactive Software Designs, Inc. 1994. 

5.2.2 

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, O W ,  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 v&es 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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L. 

Table 5-1 - Wet and Saturated Unit Weights of Soils used in the Excavation Slope Stability Analyses 

Brown Clay 

Gray Till 

Muddy Stream and Lacustrine Sand * 

Muddy Stream and Lacustrine Silt 

Muddy Stream and Lacustrine Clay 

Great Miami Aquifer Sand and Gravel * 

Saturated Unit I Weight nit Weight 
I L r r r h  

130 133 

135 140 

133 135 

125 127 

122 125 

135 140 

Fill * I 123 I 125 

* 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 

Soil Type 

Short-Term Long-Term Rapid Drawdown 
Parameters Parameters Parameters 
(Undrained) (Drained) 

4" 
(deg) 

Fill 

Brown Clay ____t 
0 

Gray Till I o  

Muddy Stream or 
Lacustrine Sand 

Muddy Steam or 
Lacustrine Silt 

~~ 

29 

25 

Muddy Stream or 
Lacustrine Clay 1 I, 
Great Miami Aquifer 
Sand and Gravel 

.. 5.2.3 e  st^ 

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. 

0080557 5-14 
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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 b e i i  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 ver 

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 - 
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 
Unit 

Depth ( f t )  Thickness (ft)  

f 
5' 

t ry moist. medium stiff 

7' 

gravel, moist, very stiff 

11' 

Gray, poorly graded sand. 
domp. dense 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . , . . 

Typical Cross-Section for 
Existing Fill Overlying Brown Clay, 

GroyTill and the GMA -- 

Explanation: 

n 
t-i 

Gray Till m 
CMA 

c 
7 

u P 

0: 

? 
C 

C c 

2 
c 

Egure 5-4 - Generaczed Stratigraphic Column 1 (Excavation Site NE-B) 
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_ -  

Test Boring 12266/G3-001 
Unit 

Depth ( f t )  Thickness ( f t )  
0 

2 

5 

, 7 . 3  

11 

17 

22 

2' 

rown and gray lean cloy, 4 
I 
t 

moist, stiff  

6' 

and silt seams 

PWT 4 0 

Muddy Streom 
Sond 

Typical Cross-Section for 
E xis ting Fill Over lying Brown 
Cloy, Muddy Stream, Croy 
Till and the CMA 

Explanation: 

Fill 

- r 1 - J  < 7 -j < Brown Cloy 

b$j f, Gray Till 

ond troce sand. very moist 
to wet, stiff 

PWT 4 p Perched Water Zone 

e 
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 ( f t )  Thickness ( f t )  
0 

7 

9 

I t  

15 

17 

21 

26 

31 

3rown Clay 
3rown and gray lean clay, 
:race gravel and sand, 
noist. very stiff 

;and 

ray lean clay WI 

sand and gravel, moist 
to wet, stiff to hard 

I /  / I  

14' 

T 

12' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 

Typicol Cross-Section for 
Existing Fill Overlying Brown 
Cloy, Lakebed Deposits, Groy 
Till ond the GMA 

Explanation: mj Brown Clay 

Gray Till 

1-1-4 Lacustrine Deposit 

. .  . .  
. .. . - 1  Lacustrine Sand 

I .  . I  

PWT 4 9. Perched Water Zone 

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

Depth ( f t )  Thickness ( f t )  

O. Brown Clay 

2.5 
:"1 <"- 2.5' 

- 

Muddy Stream 

Lean clay. moiit to very 
moist. medium stiff to stiff 

Excavotian Depth - 17 feet 17 - - - - - - - - - c 

Typicol Cross-Section for 
Brown Cloy Underlain by 
Thick Muddy Streom Sond, 
Locustrine Cloy ond Glociol 
Till 

Gray Till El 
Lacustrine Deposit 

Muddy Stream Sand 

c . 
PWT 2 P Perched Water Zone \ 

Figure 5-7 - Generalized Stratigraphic Column 4 (Excavation Si t e  SW-A) 
OUDATA\OU-Z\POlTA 
R E P O R W C  5-19 



Soil Boring 1339 

c 

Brown clay PwT 1 (Hiahwater) V JAG-' - - -  
Muddy Stream 0 a 

Sand, troce gravel, moist to 
wet, medium dense 

- 
i.-;--- 

- 4  

Depth ( f t )  
Unit 

Thickness ( f t )  

E x  cava t io" --- 

Y with sand, moist. with sand, moist, 

............................................................ 

Typical Cross-Section for 
Brown Cloy Underloin by 
Thick Muddy Streom Sond 
ond Glociol Till 

Exdonation: 

P W T  2 P 

Brown Cloy 

Gray Till 

Muddy Stream 

Muddy Streom 

Perched Water 

Sond 

Cloy 

Zone 

I 

7 
C 
v 

I 

? 
I I 

I I 

l. 

< 

, 
i 

00006% 
. .  

Figure 5-8 - Generalized Stratigraphic Column 5 (Excavation Site NW-A) 
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5.2.3.1.3 e 

Soil Column 

1 
2 
3 
4 
5 

Lacustrine depasits 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, tfie 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. 

March '92 Perched Water 
depth below Ground 

Surface 

Depth to Phreatic Surface 
Used in Simulations 

9 9 
7 5 
7 7 
6 2.5 (high water) 
3 1 (high water) 

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 1-1 1 
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 5 
(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. 

0 
Table 5-3 - Perched Groundwater Depths in March 1992 and Groundwater Depth in Slope Stability 
Simulations. 

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 variations in precipitation and weather. 
Therefore, water levels encountered during excavation may vary significantly from those used in the . .  slope e 

OUDATA\OU-I\PO 177\ 
REPORT\REVC 5-22 ooooss 



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, 

The relatively low peak and sustained yields from pumping tests, and 

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 psfapplied 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 ‘&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. 

. I :!L’ t i  i .. 

Q 0 80 bh 
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5.2.3.4 e 

I CASE 

11 H: 1 V 20' Ht. 
1.5H: 1 V 20' Ht. 

F 

Seismic Considerations 

WATER FOS FOS w/ EQUIPMENT FOS w l  BERM 
SURFACE NO SURCHARGE SURCHARGE SURCHARGE 

DEPTH (ft) SHORT-TERM LONG-TERM SHORT-TERM LONG-TERM LONG-TERM 

--- _-- 9 2.44 0.89 1.90 
9 --_ 1.10 --- 0.98 1.02 

S e i c  loads were not considered for analysis of the long-ierm 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. 

1.5H: 1 V "' 
2H:l V 20' Ht. 
3H: 1 V 20' Ht. 

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 199%). 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 parhal backfilling to prevent global slope instability of the OSDF (an open excavation will 
result in cutting the toe out from the OSDF). 

9 --- 1.4811.36 --- 1.1 7/1.06 1.28/1.36 
9 --- 1.32 --- 1.19 1.22 

--- 1.60 9 --- --- --- 

5.2.4 

The results of the slope stability analyses are reported in Tables 54a through 5 4  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. 

'0 
a .  

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

Notes: I" 15' wide bench with maximum 10' high slopes. 

FOS = Factor of Safety 

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

WATER 
SURFACE 

DEPTH ( f t )  

5 L 1.5H:l V 22' Ht. 

FOS FOS w/ EQUIPMENT FOS w/ BERM 
NO SURCHARGE SURCHARGE SURCHARGE 

SHORT-TERM LONG-TERM SHORT-TERM LONG-TERM LONG-TERM 

1.47 1.01 1.13 - -- 
1.5H:lV ''I 

2H:lV 22' Ht. 

5 1.9011.70 1.2811.35 1.5311.12 1.1111.02 1.1311.35 

5 1.66 1.38 1.32 _-- - 
- ~ _ _ _ _ _  

2H:lV ''I 5 2.1 212.1 1 1.8111.78 1.7011.50 1.4211.24 1.5111.78 

3H:lV 22' Ht. 5 2.1 1 2 1.72 1.76 1.91 

1.5H:l V ''mal 5 -- 1.5611.68 ___ 1.3011.24 1.3611.68 

2H:lV 22' Ht. O' 

3H:l V 22' Ht. e) 

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

(2) Dewatered 

FOS = Factor of Safety 

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

~ ~- 

5 -I 1.63 __- 1.46 1.54 
5 --- 2.26 __- 2.01 2.2 

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

I I I I I I 

I I I I I 2.04 I 2.21 3H:lV 26' Ht. ''I 7 _-- 2.22 ___ 

Notes: (1) 

(2) Dewatered 

FOS = Factor of Safety 

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

15' wide bench with maximum 13 ft. high slopes. 
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Table 5 4  - Results of Slope Stability Analyses (Excavation Site SW-A) 

CASE WATER FOS 
SURFACE NO SURCHARGE . 

DEPTH (ft) SHORT-TERM I LONG-TERM 

FOS w/ EQUIPMENT FOS w/ BERM 
SURCHARGE SURCHARGE 

SHORT-TERM I LONG-TERM LONG-TERM 

2H:lV 17' Ht. 

1.5H:l V Q1 

1.5H:lV"' o, 

_____ ~~ - 

7 1.51 1.61 1.35 1.37 1.42 

17 1.7716.07 1.3313.03 1.2912.01 1.1211.55 1.2213.03 

2.5 1.5716.06 1.1013.03 1.1612.01 0.9611.55 1.0313.03 

Notes: (1) 

(2) Dewatered 

(3) High weter condition 

FOS = Factor of Safety 

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

15' wide bench with maximum 12.5 ft. high slopes. 

1.5H:lV ( I1  

3H:l V 17' Ht. 

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

17 1.9916.06 1.5913.03 1.4412.01 1.3111.55 1.4513.03 

7 ___  1.88 - --- -- 

I CASE I WATER I FOS I FOS w/ EQUIPMENT I FOS w/ BERM I 

2H:lV 9.5' Ht. 

2H:lV 9.5' Ht. 

2H:lV 9.5' Ht. ('I 

.* _ _ _ .  

-- 
. .. 

SURFACE NO SURCHARGE SURCHARGE SURCHARGE 
DEPTH (ft) SHORT-TERM LONG-TERM SHORT-TERM LONG-TERM LONG-TERM 

5 1.54 1.46 1.23 1.32 1.38 

1 1.34 1.24 1 .08 1.14 1.17 

9.5 1.89 1.95 1.51 1.63 1.74 

Notes: (2) Dewatered 

(3) High water condition 

FOS = Factor of Safety 

5.2.4.1 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 

,2 r" .g 0 <; i 
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were not analyzed for the dewatered conditions, since temporary slopes were generally stable without the use 
of dewatering. 

(Soil Column) 
Short-Term 

Long-term slopes were analyzed for slopes ranging in steepness from 1H: 1V to 3H: 1V using effective stress 
parameters. Again benched slopes were also analyzed for the long-term cases. The geometry for the long- 
term slopes were the Same as the short-tern 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. 

Interim Long-Term 

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. 

NE-B (1) 

NE-A (2) 

SW-A (3) 

SW-A (4) 

NW-A (5)  

~~ ~~ ~~ 

Table 5-5 - Summary of Recommended Short-term, Interim Long-term, 
and Permanent Long-term Slope Configurations 

1H: 1V Full height 1 SH: 1V 10 ft. Slopes/ 
15 ft. Bench 

2H:lV 13 ft. Slopes/ 
15 ft. Bench 

1H: 1V 13 ft. Slopes/ 
15 ft. Bench 

2H: 1V Full Height 

2H: 1V Full height 

1 SH: 1V Full height 

ISH: 1V 12.5 ft. 
Slopes/l5 ft. Bench 

2H: 1V Full height 2H: 1V Full Height 

Excavation I Recommended Slope Configurations (') 

Permanent Long-Term @ 

3H: 1V Full height 

3H: 1V Full height 

3H: 1V Full height 

3H: 1V Full Height 

(') 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 (9, 
respectfully. Higher perched water conditions will require 3H: 1V full height slopes. 

3H: 1V Full Height 
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5.2.4.1.1 a - 
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 SH: 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 sloughmg 
failures were considered. Sloughing failures, due to erosion and seepage forces, at the surface of the sands 
and silts should also be expected. These sloughlng 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 ':a 
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:lV 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:lV 
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 (Le. 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 drawdown 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. 

000372 
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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. 

i -  . 5.2.4.2 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. 

- . e .  . .  

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 antierosional geotextile mats should 
be considered to reduce the erosion of the exposed slopes. Sodding or antierosional mats may also help 
reduce sloughing failures. 

Fdy, 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. 

5.2.4.3 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 operatiom (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 (T- 

The primary steps used to perform this evaluation included the following: 

5.3.1.1 Data Collection and Interpretation 

0 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 OU5 RI Report (DOE, 
1995b). This was used to develop cross-sections at selected locations in each of the four quadrants 
within the FPA. 

0 Review of various hydrogeological studies for the perched ground water (AS1 Oak Ridge, 1991), the 
RI/FS Groundwater Report (DOE, 1990), the OU5 RI Report (DOE, 1995b), research by Frink 
(Frink, 1995), Pre-Design Investigation for the OSDF (DOE, 1995c) and the FEMP Glacial 
TillNadose Zone Report (Parsons, 1994). 

0 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 OU5 
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. 

0 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 OU5 RI Report [DOE, 1995b1). 

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: 

0 As detailed in 
Appendix I, Table 1-1, 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. 

0 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, lw), OSDF Pre-Design Report (DOE, 1995c), 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 idyr 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. 

0 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. 

0 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, frontend 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. 

0 Eaimaterl. 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 (FEW Natural Resource Restoration Plan, 1997). 

0 MiRcellanenus. 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 Feasibfity 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: 

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

0 Vertical Extraction Wells (or well points) - could be used to remove groundwater in the Former Plant 
Area. In some 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. 

0 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. 

I -  

. .  
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0 Open Pumping - from sumps within the excavation are a proven and reliable method when 
groundwater volumes are relatively low and recharge is n o d .  Materials and equipment are readily 
available. The capital costs and O&M costs are both relatively low when compared to the methods 
mentioned above. 

0 
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 
T i N a h s e  Zone Hydraulic Investigations Repon (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 OU5 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 Sys tem 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 Groundwaer Control (NAVFAC P-418). 

General assumptions made are as follows: 

0 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). 

0 the analysis assumes a preexisting uniform low gradient, collsistent with the OU5 RI Report (DOE, 
199%) 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) 

0 Darcy's law applies throughout the system and non-laminar flow into the trench may be neglected 

0 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 . 

OU5 RI Report (DOE, 1995b) 
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0 the maximum observed seasonal groundwater surface is the starting condition 

Depth (feet) 
0-7 
7-9 

0 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). 

Material Type Hydraulic Conductivity (ft/day) 
Brown Clay 0.005 

Sand 23.8 

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 TiWVadose Zone Hydraulic 
Investigations report (Parsons, 1994). 

9-1 1 
11-15 

The values of hydraulic conductivity for specific material types were taken directly from the OU5 RI Report 
(DOE, 1995b) and FEMP Glacial TillNadose 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, 199%). 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 OU5 RI Report (DOE, 1995b) and is therefore 
conservative with regard to estimates of hydraulic conductivity and resulting flow volumes. 

Interbedded Clay and Sand 0.073 
Interbedded Silts and Clays 0.10 

17-21 
21-33 

Interbedded Sand and Clay 0.31 
Gray Till 0.001 

I 15-17 I Sand I 23.8 

- . .  s 
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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 

. 

r .  . 5.3.2 An) 

12.5-20 Lacustrine Clay 0.275 I 36.0 

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. 

- , 

. .  

Assumed 
Trench 

Length (ft) 

Quadrant/ 
Representative Boring 

I Table 5-10 - Calculated Yields for Interceptor Trenches (per foot of trench length) 
Sustained Yield 

after 30 days Interceptor Trench 
Probability 

Peak 
(gpmlft) 

500 

300 

500 

500 

Northeast and Southeast 
(channel) / Boring 12266 
Southwest (lacustrine) / 
Boring 12272 
Southwest (sand unit) / 
Boring 1236 
Northwest (channel) / 
BorinP 1339 

0.23 0.01 LOW 

0.58 0.03 Low to medium 

1.25 0.08 Medium 

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 

--e.-..*- - --. 
c 

I * %  X I  0.45 gpm/fi x 100 fi x 2 sides = 90 gpm 
08 0 0.; 3 

e beequalto: 
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0 For a larger excavation having a perimeter of loo0 feet for the same location after approximately 30 days, the 
flow would be equal to: 

0.02 gpm/ft x lo00 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 Recommendations 

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

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

0 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. 

0 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. 

0 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 

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. 

1 7  . ,  
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The accumulated water is likely to be contaminated to some degree by site constituents of concern. The 
contamixsation 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 

'Ibis subsection Summarizes possible excavation sequences and the anticipated excavation difficulties based on 
the s u b d c e  conditions described in Section 5.1. Additionally, considerations regarding restoration of the 
site after excavation are presented. 

5.4.1 

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. 

5.4.1.1 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. 

0 
€ 

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 oeaccess ramps into the excavation for 
hauling and excavation equipment, which will take away from excavation time. 

5.4.1.2 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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Sump Location (Typical) 

L Sump Locotion (Typical) 

Excavation Sequence 2 

. .  . .  .... 
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.... . .  .... . .  
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f 
Sump Location (Typical)-.) 

j .... .... 

. .  .... ...- .... . .  .... .... .... . .  . .  .... . .  . .  
Interceptor Trench 

Excavation Sequence 3 

Note: Roman Numerals Depict Sequence of Excavation 

Figure 5-10 - Possible Excavation Sequences 
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' h e  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 localizsd 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. 

5.4.1.3 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 If- 

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 . 2 . 3  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  

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. 

~ o a o s q  - 
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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 f 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 
laborakny 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:lV 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 

AU impacted materials from the FTA 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, a 
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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 f3% 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 Repon 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 5-1 1 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. 
009086 
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(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) Soh 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. DecWing and Box Fumuce Faciliry, 
Project No. 1221-87-178-1.0. Soils and Material Engineers, Inc.: Cincinnati, Ohio. 

(S&ME 19870 Soi 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. N2 Systems, Project No. 1221-87-178-3.0. 
Soils and Material Engineers, Inc.: Cincinnati, Ohio. 

(!&WE 198%) Soils and Material Engineers, Inc., July 28, 1987. Proposed LawuIry 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 Fumuce, 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. 

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

(Vukovic and Soro 1992) Vukovic Milan and Andjelko Soro, 1992. Determination of Hydraulic Conductiviry 
of Porous Media from Grain-sue Composition. Water Resources Publications: Littleton, Colorado. 
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TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

)live Brown and Gray 
)live Brown 

I I I I , I . - ,  

Gray Till ]Lean Clay with Sand l C L l  21.1 I 37 I 18 I 19.0 
Brown Clav h.an Clav with Sand I CL I 22.1 I 37 I 18 I 19.0 

N W I  
N w I  

OS-3 OS315 ST 8.0 10.0 
os4 OS416 ST 13.0 15.0 ight Olive Brown IBrown Clay 

'ery Dark Gray pa? 
I CL 32.6 I 27 I 19 8.0 Lean Clay 

Lean Clay I CL 26.7 I 45.2 I 22.8 22.4 I 0.015 
, 13 I 0.014 

0.0 I 14.3 I 85.7 1 34.0 I 
I 

2.73 PARSONS PO 32 
2.81 PARSONSPO32 SE I 

SE 1 
PFS-2 P2J5 ST 8.0 10.0 
PFS-3 P314 ST 6.0 8.0 

llive Brown 
'ery Dark Gray 
hrk Yellowish Brown 
hrk Yellowish Brown 
lark Gray 
iray and Brown 
rown 

Brown Clay Lean Clay CL 18.8 26 17 9.0 
Fill Lean Clay CL 23.2 48.7 20.1 28.6 
Brown Clay Lean Clay CL 22.6 40.1 19.7 20.4 
Brown Clayfill? Silt with Sand ML 20.6 NP NP NP 
Gray Till Sandy Silty Clay 
Fill Sandy Lean Clay CL 27.1 38.6 21.4 17.2 
Fill Clavev Gravel with Sand GC 13.9 27 17.8 9.2 

CL-ML 11.3 19 14.1 4.9 

0.0 5.4 94.6 37.0 
0.9 27.2 71.9 8.0 
5.5 27.9 66.6 17.0 
14.0 21.0 65.0 18.0 
54.0 21.0 25.0 5.0 
8.0 22.0 70.0 23.0 

0.003 2.79 PARSONSPO32 
0.003 0.016 0.06 2.75 PARSONS PO32 

0.009 0.065 2.82 PARSONSPO32 
0.0012 0.006 0.04 2.73 USACOE 1952 
0.006 0.3 6.5 USACOE 1952 

0.0043 0.04 2.76 USACOE 1952 

SE I 
SE 1 

PFS-5 PSI4 ST 6.0 8.0 
PFS-6 P6/5 ST 8.0 10.0 

sw I 
sw I 

UD-I 1 Top D I 1.5 I 2.3 
UD-I' I O  D I 18.5 I 20.0 

, _ _  
iray ]Gray T ~ I I  ISandy Lean Clay 
[ray IGray T~II ISandy Lean Clay 

CL 11.7 23.2 15.8 7.4 
CL 11.5 22.3 15.1 7.2 

Grain Size Reference 
Gravel Sand Siltad clay 0.002 D10 D3O D60 

coaknt I 1 % )  I LL I pL I 
I 0.002 I 0.017 I 
I 0.002 I 0.023 I 2.77 IPARSONS PO 22 

2.0 I 16.0 I 82.0 I 31.0 I 
3.0 1 19.0 I 78.0 I 28.0 I 

2.78 IPARSONS w 22 

OS 114B 

'ery Dark Gray bray TI1 lFat Clay I CH I 24.6 I 52 I 21 I 31.0 0.0 I 1.0 I 99.0 I 40.0 I I 
97.0 I 28.0 I I 0.0026 I 0.015 I 2.79 IPARSONS PO 22 

SE I IPFS-I lP114 I ST I 6.0 I 8.0 

0.0 I 7.0 I 93.0 I 38.0 I I0.0013 I 0.01 1 I 2.76 IPARSONS PO 32 

sw I IUD-I 11 Bot I D I 2.3 1 3.0 

sw I IUD-I 111 I D 1 20.5 I 22.0 IUSACOE 1952 10.0 1 27.0 I 63.0 I 19.0 I 
0.0 I 1.0 I 99.0 I 18.0 IO.ooMI 0.0043 1 0.012 I hJSACOE I952 

I 0.006 I 0.063 I 
sw I IUD-I 12 I D I 3.5 I 6.0 
sw I IUD-I I D I 5.5 I 7.0 

tray and Brown Brown Clay Silty Clay CL-ML 17.3 22.1 17.1 5.0 
tray and Brown Muddy Stream Silt ML 17.6 NP NP NP 
tray and Brown Brown Clav Lean Clav with Sand CL 17.1 28.7 18.5 10.2 

0.0 10.0 90.0 9.0 0.003 0.012 0.022 2.77 USACOE 1952 
3.0 12.0 85.0 25.0 0.003 0.011 2.15 USACOE1952 
8.0 22.0 70.0 18.0 0.006 0.033 2.16 USACOE1952 tray ]Gray Till ISandy Lean Clay I CL I 14.1 I 24.7 I 16 I 8.7 

bray T~II ISandy Lean Clay I CL I 14.8 I 23 I 15.1 I 7.9 
I 

8.0 1 22.0 I 70.0 I 23.5 I I 0.004 I 0.031 I PSACOE I952 
8.0 I 22.0 I 70.0 I 23.5 1 I 0.004 I 0.031 I IUSACOE 1952 ray bray XII handy Lean Clay I CL I 12.3 I 24.2 I 15.7 I 8.5 

ray lGray XI1 ISandy Lean Clay I CL I 13.3 I 24.4 I 16.1 I 8.3 
rav lGrav Till ISandv Lean Clav I CL I 12.5 I 24.5 I 15.7 I 8.8 

12.0 25.0 63.0 20.0 0.0058 0.052 bSACOE 1952 
USACOE 1952 15.7 8.8 70.0 23.0 0.0043 0.04 

0.0 4.0 96.0 40.0 0.01 1 2.71 USACOE 1952 rown IBrown Clay ]Fat Clay I C H I  26.5 I 55.4 
ray ]Gray Till /Sandy Silty Clay I CL-ML I 12.0 I 19.8 :::: I 28;" 4.0 I 33.0 I 63.0 I 19.0 I 0.0072 I 0.064 I WSACOE I952 

8.0 12.0 10.0017 0.009 I 0.06 1 2.76 IUSACOE 1952 I 27.0 I 65.0 I I ML I 12.8 I 17.7 I 13.8 1 3.9 ]Sandy Silt ]Gray Till 
ray IGray Till /Silty Sand with Gravel I SM I 10.0 I 15.3 I 12.7 I 2.6 
ray lGrav Till kandv Silt I ML I 10.3 I 14.8 I 13.2 I 1.6 
ray Gray Till Sandy Silty Clay CL-ML 12.0 19.9 13.7 6.2 
ray Gray Till Lean Clay with Sand CL 14.3 23.8 15.7 8.1 

rown Brown Clay Lean Clay with Sand CL 11.5 24.2 16.5 7.7 
ray Gray l i I I  Sandy Silty Clay CL-ML 9.9 22.2 15.5 6.7 

rown Brown Clay Sandy Silty Clay CL-ML , 12.1 20.5 14.1 6.4 
ray Muddy stream Silty. Clavev Sand with Gravel SC-SM 8.0 18.9 12.9 6.0 

NE UD-2 16 D 32.5 34.5 
NE UD-2 2 D 3.5 5.5 

I D 11.5 13.5 
1 D 15.5 17.5 

NE UD-2 15 
NE UD-2 17 

, - . _  
IGray Till ]Sandy Lean Clay CL 14.6 23.5 15.2 8.3 

ray pray T ~ I I  ISandy Silty Clay CL-ML 11.4 18.7 13.5 5.2 
9.0 35.0 56.0 10.0 0.002 0.085 0.1 2.71 bSACOE 1952 
10.0 37.0 53.0 13.0 0.012 0.15 USACOE I952 
10.0 29.0 61.0 18.0 0.0072 0.065 USACOE I952 

N E 1  IUD-2 I8 I D I 17.5 I 19.5 
NE I m - 2  19 I D 19.5 21.5 
sw Im-3  I D 13.0 13.5 

ray bray XII ISandy Silty Clay I CL-ML I 10.7 I 21.3 I 14.6 I 6.7 
ray lGray Till ]Well Graded Sand (V) I SW(V) I 
rown IBrown Clav ]Fat Clav 25.1 I 50.4 I 26.7 I 23.7 

0.0 95.0 5.0 USACOE I952 
0.0 10.0 90.0 40.0 0.008 2.70 USACOE 1952 
0.0 0.005 2.72 USACOE 1952 0.0 100.0 45.0 
0.0 10.0 90.0 38.0 0.009 USACOE I952 

sw I IUD-3 11 I D I 1.5 I 3.5 
sw I u D - ~  I2 D 3.5 5.5 
sw IUD-3 13 D 5.5 7.5 

rown IBrown Clay l~ean Clay I CL I 24.4 I 42.7 I 24.3 I 18.4 
rown (Brown Clay CL 26.3 38.2 I 22.3 15.9 Lean Clay 

20.8 NP I NP NP rown buddy Stream Silt ML 
d I 0.004 0.014 I 2.75 PSACOE 1952 1 0.0 I 5.0 1 95.0 I 24.0 I 

0.0 I 11.0 I 89.0 I 7.0 I I 0.024 0.032 I PSACOE I952 
sw I IUD-3 k I D I 7.5 I 9.5 

I D I 9.5 I 11.5 sw I IUD-3 15 
sw I I1m-3 k Bot I D 1 13.0 1 13.5 

rown ~MUW Stream Isilt I ML I 19.1 I NP I NP I NP 
18.5 g 1 g I :; rown pluddy Stream ISilty Sand I SM I 

rown hutitiv Stream k i l t  I MI. I 19.7 
0.0 1 85.0 1 15.0 I 0.0 1 0.08 I 0.15 I 0.25 I IUSACOE 1952 I 

USACOE 1952 
I 0.0063 1 0.024 1 2.77 USACOE 1952 

0.0 1 10.0 90.0 I 5.0 I 0.002 I 0.02 I 0.035 I 
0.0 I 24.0 76.0 I 16.0 I ray bray XII h t v  Clav with Sand I CL-ML I 14.7 I 18.7 I 14.6 I 4.1 D 13.5 15.5 

D 15.5 17.5 
sw UD-3 9 D 17.5 19.5 

"Y IGray Till ILean Clay with Sand I C L I  18.5 I 24.9 I 16.2 I 8.7 
15.3 I 23.9 I 16 I 7.9 ray IGray Till /Lean Clay with Sand I CL I I 4.0 I 19.0 I 77.0 I 25.0 I I 0.003 I 0.016 I 2.75 hrSACOE 1952 

0.004 0.028 5.0 24.0 71.0 23.5 
50.03.24 21.0 46.0 33.0 NR 

30.0 60.0 10.0 NR 50.03.24 

~ .. . 

Nw 11112 30920-1 I 112-01 SS 1.0 1.5 
Nw 11112 30920-1 I1 12-02 SS 4.0 4.5 
Nw I l l 12  30920-1 I 1  12-04 - SS 7.0 7.5 
Nw 11112 30920-1 1 112-07 SS 8.5 9.0 
Nw I l l 12  30920-1 I 112-18 SS 14.0 14.5 
Nw 11112 30921-11112-01 ST 14.5 17.0 

- -  

live Yellow kill . h t v  Sand with Gravel I I  I 
rown 'Muddy Stream Poorly Graded Sand (V) s p  (v) 
rown Muddy Stream Well Graded Said with Gravel sw (V) 
iaht Olive Brown Well Graded Sand with Gravel sw IV) Muddv Stream 

2.0 93.0 5.0 NR 
29.0 66.0 5.0 NR 
6.0 27.0 67.0 NR ' ray IGray El l  ISandy Lean Clay (V) I cL(V) I 

ray bray T~II ISandy Lean Clay (V) I I I 

I I I I 7.0 I 34.0 I 59.0 I NR 1 * I 50.03.24 
50.03.24 9.0 I 29.0 I 620 I NR I 

. .  

I ST I 17.0 19.0 
130913-1 I1 14-01 I SS I 1.0 1.5 
130921-11112-02 bray T ~ I I  !Sandy Lean Clay Nj 

ERAFS I :IOUDATA/PO I 771GEOTPO I 77.MD 
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TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

NW 11114 
NW 11114 
NW 11114 
NW 11114 
NW 11114 
NW 11114 
NW 11114 
NW 11114 
NW l l l l 5  
NW l l l l 5  
NW 11115 
Nw llll5 
NW l l l l 5  
NW l l l l 5  
NW 11115 
Nw 11115 

0913-1 1 1  14-03 
0913-11114-04 3.0 
091 3-1 1 114-05 
091 3- 1 I 1 14-08 
09 13- 1 I I 14-13 
091 3- 1 1 1 14-23 14.5 
D913-11114-27 16.5 
0913-1 I 114-28 SS 17.0 
09 15- 1 1  1 1  5-01 
091 5- 1 1  1 15-03 
D915- I 1  1 15-06 
13915- I 1 I 15-07 
D915-11115-09 SS 7.0 
0915-11115-11 8.0 
09 15- 1 I 1 15-1 2 SS 8.5 
D915-11115-16 ss 11.5 
D915-11 I 15-1 9 SS 13.0 
D915-11115-27 SS 17.0 
D911-1116-01 ss 1.0 
D9 1 1 - 1 I 16-05 SS 4.0 
3911-1116-07 ss 5.0 
391 I - 1 1 16-08 ss 5.5 

Nw 11115 E NW 11115 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
NW 11116 
sw 11120 
sw 11120 
sw lll20 

391 I- 1 I 16-1 I I SS I 7.0 
3911-1116-12 I SS I 8.5 
391 I - I 1 16- IS 
3911-1116-16 
3911-1116-18 
391 1-1 I 16-20 I SS I 13.0 
391 1-1116-21 I SS 1 13.5 
)914-1112001 
)9l4-1112o.O3 
1914-1 1120-10 6.0 

sw lll20 =t_ sw lll20 
1915-1 1120-02 
191 5- 1 1 120-05 
HIS- 1 1  120-06 12.0 sw 111120 

sw 11120 E sw I1120 
19 15- I 1 120-06 
)915-1 I12049 
191 5- 1 1 120-16 SS 19.5 sw 11120 

sw Ill20 
sw lll20 
sw 11120 
sw 11120 
sw lll2l 
sw 11121 
sw lll2I 

1915-11120-19 ss 20.0 
1915-1 1120-21 SS 20.5 
1915- 1 1 120-22 ss 21.0 
191 5- 1 1 120-25 ss 23.0 
1921-1 1121-01 ss 1.5 
)921-11121-05 ss 4.5 
192 I - 1 1 I2 1-08 SS 6.0 
)921- I I 12 1-1 I ss 8.5 
1921-11121-12 ss 10.5 

sw 11121 =F- sw 11121 
sw llll2l 192 I - 1 1 12 1-1 9 I SS I 14.5 
sw lll2l -I-- sw 11121 

192 I - I I I2 1-20 I ss 15.0 
1 SS 16.5 1921 -I  1121-23 

1921-11121-30 

1923-1 1132-01 
K - 1  I133-01 0.0 
191 6- I 1 133-08 
1177.MD WlAFS 1 :/OUDATAIPOI 77/GuTm 2of7 2/ I 9/98 
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FEMP ID 

1133 
1133 
I133 
1133 
1133 
1133 
I133 
I133 
1 I33 
1133 
1133 
1133 
1 I33 
1133 
1133 
I133 
I I33 
1208 
1208 
1208 
I208 
1208 
I208 
1208 
1208 
1208 
1208 
1209 
1209 
I209 
I209 
I209 
I209 
I209 
I209 
I209 
I209 
I21 1 
121 1 
121 1 
121 I 
1211 
121 1 
I21 1 
I21 1 
I21 1 
121 I 
121 1 
1211 -- 
I21 I 
121 1 
I21 I 
I583 
I587 
I587 
IUDATAlP 

___.- 

TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

__ 
- 50.03.24 4.0 NR 

54.0 NR 50.03.24 
35.0 NR 50.03.24 

- 
- 

- 
13% 1 :: 1 1 1 I r . 2 4  
61.0 50.03.24 
96.0 27.0 0.0026 0.01 I 2.64 SBMEO21-86-162 

, 

0001173 



TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

Boringm SampkNumk Sample Top Bottom cohr Generalstratum USCSName uscs sample 
Symbol Moisture 

Cootent 
TYPC kptb Depth 

Area FEMPID I 
SW 11590 
SW 11595 
SW 11597 
SW 11599 
SW 11797 
SW 11799 
SW 11799 
NW 11802 
NW 11803 
NW 11804 
NW 11806 
SE 11809 
SE 11816 
SE 11817 
SE 11818 
SE 11819 
SE 11821 
SE 11821 
SE 11823 
SE 11825 
SE 11826 

NE 111845 

NE 11845 
NE 11845 
NE 11845 
NE 11847 
SE 11862 
SE 11862 
SE 11863 
SE 11866 
SW 11874 
SW 11875 
sw ll880 
SW 11882 
NW 11883 
NW 11885 
NW 11888 
SE 11936 
NE 11938 

- 

._ 

NE 11941 
d l 1 9 4 4  

Atterberg Lmik Grain Si Reference 
Gravel Sand Sitand Clay 0.002 D10 D30 D60 

LL PL PI 

ERAFS I :/OUDATAIPO 



TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

a 

a 

FEMP ID 

1952 
I956 
I957 
1960 
1960 
1960 
I962 
I963 
1963 
I965 
1967 
1967 
1968 
1971 
1977 
1977 
1979 

~. 

I980 
1982 
2010 
2010 
2010 
2010 
201 1 
201 1 
201 I 
201 1 
201 5 
201 5 
101 5 
1019 
101 9 
1019 
1019 
1020 
1020 
1020 
!020 
!020 
!020 
!020 
!023 
!023 
!023 
!023 
!023 
___- 

!024 
!024 
___. 

!024 .___ 
!024 
!024 
!024 

97(C-3) 
OI(C-7) 
02C-8) 
W 3 )  SS 5.0 6.5 

ss 10.0 11.5 
05(3) SS 15.0 16.5 

I I SS I 2.5 I 4.0 . .  

05(10) I I SS I 3.0 I 4.5 
M(I0) I I BULK I 3.0 I 8.0 

W 7 )  SS 3.0 4.5 
W 3 )  2 SS 5.0 6.5 
1x2)  sr 3.0 5.0 . .  

I SS 7.5 9.0 
1 7 m  I ST 3.0 5.0 

15(2) 12 

W1)  SS 7.5 9.0 
20(5) sr 12.5 14.5 
!I 10 JAR 27.0 32.0 
9 113 I JAR I 42.0 I 47.0 
9 12 I JAR 1 3.0 1 4.0 
9 6 JAR 10.0 12.0 
') 12 JAR 37.0 41.0 
1) 13 JAR 41.0 46.0 

') 12 I JAR I 2.0 I 4.0 

') I7 I JAR I 12.0 I 17.0 
') 13 I JAR I 4.0 I 6.0 
') 18 I JAR I 18.0 20.0 
'1 19 I JAR I 20.0 25.0 

I JAR 1 18.0 I 23.0 1 
7) 11 1 I JAR I 21.7 I 24.2 
71 115 I JAR I 33.5 I 3 7 0  I . . . - - . . - 
L1 2 I JAR I 4.0 I 6.0 

I JAR I 9.5 I 10.0 
I J A R  I 14.0 I iRn 

~~~~ 

JAR 18.0 20.0 
JAR 33.5 36.0 
JAR 36.0 38.5 

1 5 0 1 
UscS Grain si h p k  AtterbergLimik 

Symbol Moistme 
cdor Gmeral shaatum USCS Name 

Gravel Sand Sitaad Ctay 0.002 D10 
amtent LL PL PI CLaY w 

(%) (96) (w) (%j ( W )  
;ray Gray XI1 Lean Clay (V) CL(V) 13.0 23 14 9.0 ATEC 22-831858 
3rown and Gray Brown Clay Lean Clav (V) CLW) 19.0 29 17 12.0 



TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

FEMP ID , - 
D30 Gravel 

PL I PI -1 
18) I2 I JAR I 4.0 

~~~~ 

6.0 IBrown IBrown Clav b a n  Ciav I CL I 21.4 I 41.8 12025 
12025 
12025 
I2026 

2.0 98.0 43.0 
10.0 90.0 22.0 

- 
0.0047 
0.0064 
___ 

I 

19.2 26 
CL-ML 10.1 21 

10.0 /Brown Brown Clay (~ean  Clay CL 
21.7 (Gray Gray TiIVMuddy Stream? ISandy Silty Clay 

18) 4 JAR 8.0 
18) 7 JAR 17.0 

19.2 26 
CL-ML 10.1 21 21.7 Gray Gray TiIVMuddy Stream? Sandy Silty Clay 

4.0 Brown Brown Clay Lean Clay CL 22.9 43.7 

10.0 Brown Brown Clay Lean Clay CL 17.2 8.8 0.0 
14.7 6.3 4.0 
21.1 22.6 0.0 
NP NP 5.0 
NP NP 2.0 
14.8 8.9 6.0 
NP NP 0.0 
24.4 23.5 0.0 
NP NP 8.0 
14.8 5.7 0.0 
14.9 7.4 3.0 
NP NP 0.0 
23.7 19.5 0.0 

0.037 USACOE 1952 
0.0095 USACOE 1952 

0.8 USACOE 1952 
0.28 USACOE 1952 
0.04 USACOE 1952 
0.02 USACOE 1952 

0.0095 USACOE 1952 

19) 1 JAR 2.0 
I 9) 12 JAR 30.5 
19) 14 JAR 35.5 
I 9) 6 JAR 12.0 
19) 8 JAR 21.5 
10) 1 JAR 1.2 
10) 10 JAR 22.5 

- 
0.35 
0.2 

0.0036 
0.0 I 3 

0.045 
0.0035 
0.0064 
0.008 

0.0135 
0.04 

0.0048 
0.18 

- 
- 
- 
~ 

- 
- 
___ 
- 
- 
- 
- 
- 
- 
~ 

I SWSM I 2.5 I NP 34.2 IGray IGMA IWell-maded Sand with Silt I2026 
I2026 
I2026 

0.1 1 

37.0 IGray GMA Silty Sand I SM 3.2 NP 
11.6 23.7 17.0 ]Gray Gray Till Lean Clay I CL 

SP-SM 19.4 NP 23.0 buddy Stream Poorly-graded Sand with Silt Gray 
3.0 Dark Gray and Brown Fill Lean Clay CL 23.8 47.9 

27.0 Brown GMA Siltv Sand SM 2.4 NP ' 

I2026 
I2027 
12027 0.28 bSACOE 1952 

0.025 USACOE 1952 
0.035 USACOE 1952 
0.019 USACOE 1952 
0.0065 USACOE 1952 
0.046 USACOE I952 
0.95 USACOE 1952 

0.035 USACOE 1952 

CL-ML 14.1 20.5 9.0 Brown kuddy Stream Silty Clay with Sand 
17.0 Gray Gray 'IiIVMuddy Stream? Lean Clay with Sand CL 22.3 22.3 
22.5 Grav Muddv Stream Silt ML 19.7 NP 

I2027 
I2027 

LO) I JAR I 20.5 12027 
2 1 I JAR 2.0 
2 2 I JAR 3.5 

3.5 Gray andBrown 'Fill Lean Clay CL 22.3 43.2 
5.5 Brown Brown Clay Silt with Sand ML 23.5 20.7 
10.5 Brown Muddv Stream Clavev Sand with Gravel sc 19.8 21.3 

12029 
12029 
I2029 
12029 
12029 

2 4 JAR 8.0 
2 6 JAR 12.5 
2 8 JAR 22.0 

14.2 20.0 ~~ 
. I  

16.0 /Gray Gray XI1 Lean Clay with Sand CL 10.5 24 
27.0 IGray GMA Silty Sand SM 6.5 NP 83.0 I 16.0 I 0.0 I 

23.8 I 70.6 I 22.5 I 
SACOE 1952 

5.0 Olive Brown IMuddy Stream Lean Clay with Sand CL 14.8 28.8 
10.0 Olive Brown buddy  Stream Sandy Lean Clay CL 9.9 23.8 
6.5 Dark Yellowish Brown h u d v  Stream Clavev Sand sc 23.0 30.2 

12074 
I2074 
2077 
2077 
2077 

I 2.73 lPARSONSPO 167 
I 2.77 IPARSONSW 167 

411817 ST 4.5 
411818 BULK 4.5 
A11819 ss 9.5 

8.0 IDark Yellowish Brown pvIuddy Stream lkan  Clay with Sand I CL I 23.4 I 38 
I1 .O IDark Grav h u ~ v  Stream ( b a n  Clav I CI. I 21.8 I 72.8 0.1 I 99.9 I 36.8 I 

1.5 I 98.5 I 28.0 I 20.0 (Dark Grayish Brown lhiuddv Stream l ~ e a n  Clay I CL I 22.5 I 26.7 2077 
2078 yzfzq= 

91.2 34.9 

5.0 lolive brown pvIuddy Stream ILean Clay with Sand I CL I 19.0 I 40.7 
8.0 llieht Olive Brown h u d v  Stream ISandv Lean Clav I CL I 14.2 1 31.4 

17.7 23.0 
15.4 12.3 

17.3 30.7 0.3 
2078 h11860 I ST I 5.5 

k l l8 lO I BULK I 1.5 
1.111812 I ss I 10.5 

2079 
2079 

5.0 DarkBrown Brown Clay Lean Clay CL 24.7 48 
12.5 DarkGrayish Brown Gray Till Lean Clay with Sand CL 13.6 23.5 
5.0 Dark Yellowish Brown Brown Clav Lean Clav CL 21.3 45.6 2080 

2080 
411802 BULK 1.5 
411804 SS 10.5 
411806 SS 18.0 

LK 1.5 

28.4 I 66.5 I 17.3 I 
2080 

5.0 lolive Brown b a n  Clav with Sand , I CL I 18.7 I 40.1 15.9 I 24.2 I 1.5 208 I 
208 1 

17.5 13.2 
8.0 ]Olive Brown pluddy Stream (ban  clay l C L l  22.5 1 33.6 
10.5 ILiht Olive B ~ O W ~  huddv Stream lhan Clav I n 1  15.9 I 30.7 

1.2 I 98.8 I 31.1 I 
208 1 k l l852  I ST I 8.0 4.9 I 95.1 I 28.6 I 

1.2 I 98.8 1 27.5 I 411853 I ss I 11.0 
411854 I ST I 15.0 

12.5 Dark Grayish Brown buddy Stream Lean Clay CL 21.2 26.7 
17.0 Dark Grayish Brown Muddy Stream Sandy Lean Clay CL 15.6 20.9 
8.0 Dark Gravish Brown Brown Clav Lean Clav with Sand CL 28.3 33 

15.7 I 11.0 I 0.0 208 1 
208 I 

18.0 
26.3 I 61.6 I 14.8 I - 

1.0029 
1.0063 
0.008 
0.009 
).0075 
).0073 
0.005 
0.004 
0.009 
).0015 
1.0035 
1.0035 
0.004 

I 

~ 

- 
- 
- 
- 
~ 

- 
- 
- 
- 
- 
- 
-. 

1 2.82 IPARSONSPO 167 I 
2174 SF-I IC114 I ST I 6.0 21.0 1 76.0 I 27.0 1 

26.0 I 66.0 I 18.0 I 
0.023 2.75 IPARSONS PO 20 
0.062 2.78 /PARSONS PO 20 10.0 lDark Yellowish Brown IBrown Clay ]Sandy Lean Clav I CL I 14.0 1 25 15 I 10.0 I 8.0 SF-I C115 ST 8.0 

SF-2 CU6 ST 13.0 
2174 
2175 

6.0 
15.0 IGray IGray Till ISandy Silty Clay 
12.0 ILieht Olive Brown h u ~ v  Stream lsiltv clav with sand I CL-ML 

24.0 I 67.0 I 18.0 I 0.064 I 2.77 IPARSONS PO 20 I 
7 i q T i . T . ~  
25.0 

SF-3 IC316 I ST I 10.0 2176 
2177 
2178 
2179 

PO 20 
15.0 IDarkGray lhiuddv Stream ISandv Silty Clav I CL-ML I 12.6 I 22 I5 1 7.0 I 6.0 SF-I C416 ST 13.0 

SF-5 C5114 SS 38.0 
- . .  

Muddy Streamhcustrine Silty Clay CL-ML 17.9 23 
Gray Till Lean Clay CL 14.4 23 

40.0 l a a y  
22.0 IDarkGrav 

1.0 I 99.0 I 15.0 I 

0.06 2.70 PARSONS PO 168/3221 
0.025 2.77 PARSONS PO 168L3221 
0.023 2.73 PARSONS PO 168/3221 
0.04 2.73 PARSONS PO 168/3221 
0.045 2.75 PARSONS PO 1681322 I 

0.01 9 2.77 PARSONS PO 20 
0.018 2.75 PARSONS PO 20 

0.027 S&ME 4144-88-309 
0.01 S&h4E 4144-88-309 

-____ - 

xrtGJ7Gq- 
26.0 2297 

~~ 

5.0 Olive Brown Sandy lean clay CL 21.4 37.9 
10.5 Olive Brown Silty clay CLML 21.7 22.9 

23.7 50 
5.0 Brown Lean clay with sand CL 43.2 
18.0 Dark Greenish Gray Gray Till Sandy lean clay CL 21.8 26.8 

15.0 27 
3.0 Brown and Gray Brown Clay Lean Clay CL 41 

5.0 Light Olive Brown Fat clay with sand CH 

5.0 Brown and Gray Brown Clay Lean Clay with Sand CL 

5.4 I 94.6 I 13.0 I 12532 
12520 3.0 

2297A 
2298 15.4 34.6 

17.2 26.0 
13.9 12.9 8.7 

10.0 7.0 
22.0 0.0 

~. 

412521 BULK 0.0 
4 I2530 ST 16.0 

-1  ST 3.0 

2298 
2298 
1-1 21.0 72.0 21.0 

53.0 39.0 1-2 -2 I ss I 2.0 
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T ceaeral stratum USCSName USCS 
Symbol 

TABLE A-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

Sam& AtterbcrgLimits 
Moisture I I 

Grain Si Sperifii 
Gravel Saod Siltand CIay 0 . a  D10 D3O D60 Gra* 

-Y - 
(46) (46) (96) (46) 

Gmtellt I (5%) I LL I pL I 
Reference 

Notes: 

1. Grainsize: NR Clay fraction not rrported @lo hydrometer data) 

2. General Stratum: Gray Till or Muddy Stream, unable to determine from boring log 
Sample is a combination of Brown Clay and Fill 
Could not be readily determined from description on boring log 

Gray TilVMuddy Stream 
Brown ClayFil1 
? 

7of7 211 9/98 



TABLE A-3 

OtherID Sample Specimen Sample 
Number ID - Type 

3s-1 OS114B A ST 

Color General Stratum USCS Name Top Bottom 
Depth Depth 

(ft) CfO 
6.0 8.0 OliveBrownandGray Gray Till Lean Clay with Sand 

AREA FEMPID 

Summary of Unit Weight and Percent Saturation 
Operable Unit 3 

Former Plant Area c 1 5 0 1  
- 

Reference : U  1 Test IM;ZRI z': 1 zn 1 P;;;;t I SG 
Type Content Density Density Saturation 

UCS 19.1 132.7 111.5 2.80 N W I  >ARSONS Po 22 
>ARSONS Po 22 CL . UCS 18.7 130.6 110.0 2.77 

CH UCS 24.7 124.4 99.8 2.78 
MUCL(V) UCS 14.1 135.3 118.5 

CL UCS 23.5 129.7 118.5 2.79 

=SONS Po 22 
'ARSONS Po 22 
'ARSONS Po 22 
'ARSONS Po 32 

3S-4 os414 ST 6.0 8.0 OliveBrown Lacustrine Sandy Clayey Silt (V) 
3S-4 OS416 A ST 13.0 15.0 LightOliveBrown Brown Clay Lean Clay 
'FS- 1 P114 F114B ST 6.0 8.0 Very DarkGray Fill? Lean Clay 
'FS-2 PUS W 5 B  ST 8.0 10.0 OliveBrown Brown Clay Lean Clay 
'FS-3 P314 F314A ST 6.0 8.0 Very DarkGray Fill Lean Clay 
'FS-4A F4N4 F414 ST 6.0 8.0 LiahtOlive Brown Brown Clav Sandv Siltv Clav M 

CL I UCS I 25.4 I 125.5 I 100.1 I I 2.73- 
'ARSONS Po 32 
'ARSONS Po 32 
'ARSONS Po 32 
'ARSONS Po 32 
'ARSONS Po 32 

'FS-4A F4N5 F415 A ST 8.0 10.0 DarkYellowishBrown Brown Clay Lean Clay 
'FS-5 F514 F514A ST 6.0 8.0 DarkYellowishBrown Brown Clay/Fill? Silt with Sand 
'FS-6 P6l5 F615 A ST 8.0 10.0 DarkGray Gray Till Sandy Silty Clay 
107( 1) ST 3.0 5.0 BrownandGrav Brown Clav Lean Clav 

ucs 2.79 
ML 2.75 

'ARSONS Po 32 
;&ME 021-86-169 
;&ME 021-86-169 
;&ME 021-86-169 
;&ME 021-86-162 

CL-ML UCS 11.3 146.3 131.5 2.82 
CL CUpp 26.1 122.3 97.0 93.5 
CL CUDD 23.2 122.3 99.3 86.3 I 3.0 I 5.0 (BrownandGray I 
CL I CUpp I 20.5 I 125.8 I 104.4 I 86.1 I 

SW 11 1583 I 4.0 I 5.0 IBrown IFill ILean Clav I 104.1 I I 2.64 
I 94.7 I 

CL 
C L N )  I UCS 1 27.0 I I SS I 2.5 I 4.0 IBrown lFill kxan Clav with Sand N) ;&ME 021-86-162 

;&ME 021-86-162 
;&ME 021-86-162 
:&ME 021-86-162 

. ,  I I I 1 -  I I 

CL I CUDD I 20.5 I 123.5 I 102.5 I 86.5 I I13(2) ST 4.0 6.0 BrownandGray Brown Clay Lean Clay with Sand 
I15(7) SS 5.0 6.5 Brown Fill Well Graded Sand (V) 
! 16(5) ST 7.0 9.0 BrownandGrav Brown Clav Siltv Clav 

SW 111589 1 100.3 I I SWW) I UCS I 25.0 I 
CLML I UCS I 27.1 I I 97.5 I I 2.78 
C L N )  I UCS I 24.0 I I 100.5 I .23(2) SS 3.5 5.0 BrownandGray Brown Clay Lean Clay (V) 

.24(3) SS 5.0 6.5 BrownandGray Brown Clay Lean Clay (V) 
2x71 SS 3.0 4.5 BrownandGray Brown Clay Lean Clay 
26(6) ST 3.0 5.0 Brown Brown Clav Sandv Lean Clav 

CL(V) UCS 23.5 100.3 
CL UCS 20.3 107.2 
CL ucs 33.7 99.6 

CL(V) UCS 26.1 97.2 
CL CUpps 18.0 110.5 98.8 70.0 2.67 

105.2 CL(V) UCS 18.7 

sw 111599 
- 
;&ME 1221-87-178-2.0 
,&ME 021-86-169 
#&ME 021-86-169 
&ME 1221-87-178-2.0 
&ME 1221-87-178-2.0 

Lean Clay (V) 27( 1) SS 5.0 6.5 BrownandGray Brown Clay 
Lean Clay 28(2) ST 5.0 7.0 BrownandGray Muddy Stream 

29(4) ST 5.0 7.0 DarkGrayandBrown Fill Lean Clay (V) 
30(5) SS 1.5 3.0 Brown Brown Clay Lean Clay (V) 
31(1) SS 0.0 1.5 Brown Brown Clav Lean Clav 

SW 111801 CL(V) UCS 19.6 110.4 
CL UCS 17.4 106.7 
CL UU 22.8 102.3 2.61 

NW 111802 
- 
&ME 021-86-169 
&ME 021-86-169 
&ME 021-86-169 
&ME 1221-87-257 
&ME 1221-87-257 

I ST I 5.0 I 7.0 /Gray (Gray Till ILean Clay with Sand 
CL I CUUP I 25.4- I 128.3 I 102.3 I 100.0 I 2.65 35(5) ST 7.0 9.0 Brown Brown Clay Lean Clay 

38(5) 13 ST 3.0 5.0 BrownandGray Brown Clay Lean Clay with Sand SE hi809 
SE 11813 
SE 11816 

-__- 
I SS 1 2.5 I 4.0 IBrownandGrav ]Brown Clav ILean c1 

- 
&ME 021-86-363 
&ME 021-86-363 
&ME 021-86-363 
&ME 021-86-363 
&ME 021-86-363 

4 W )  ST 2.5 4.5 Brown Brown Clay Lean clay (VI 
4 7 w  ST 5.0 7.0 BrownandGray Brown Clay Lean Clay with Sand 
47( 1) ST 5.0 7.0 BrownandGray Brown Clay Lean Clay with Sand 

Lean Clay with Sand ___- 47( 1) ST 5.0 7.0 BrownandGray Brown Clay 
49(3) SS 4.0 5.5 Gray Gray Till Lean Clay (V) 

50(4) ST 2.0 4.0 Brown Fill? Sandy Silty Clay 0 
49(3) ST 9.0 11.0 Gray Gray Till silty clay 

14.6 136.9 119.5 92.4 
98.4 SzME 021-86-363 

_- 100.5 S&ME 02 1-86-363 
115.8 S&ME 021-86-363 

S&ME 021-86-363 
-___ 

117.6 
101.8 - S&ME 02 1-86563 . ____ 

- 

~ O O ? A ~  2119198 

-s+ SE 11821 
23.0 
24.9 
15.0 
18.6 
21.8 

- :L-MLCV)I UCS 
Gray Till Sandy Lean Clay I ST 9.0 11.0 Gray ""--+---I 530)  I SS 5.0 6.5 Brown andGray Brown Clay Lean Clay (V) 

CL I CON 
CLW) I ucs 

E M S  l:/OUDATA/Po 177lGEOTIPO 177.MD lOf3 



TABLE A-3 
Summary of Unit Weight and Percent Saturation 

Operable Unit 3 
Former Plant Area 

AREA FEMPID OtherID Sample Specimen Sample Top Bottom Color General Stratum 
Number ID Type Depth Depth 

(ft) (ft) 
SE 11826 154(7) ST 7.0 9.0 Brown Brown Clay 
SE 11827 155(4) ST 7.5 9.5 Brown Brown Clay 
SE 11830 158(8) ST 2.0 4.0 Brown Brown Clay 
SE 11832 1 60( 5 )  ST 5.0 7.0 Brown Brown Clay 
SE 11832 160( 5 )  ST 5.0 7.0 Brown Brown Clay 
SE 11838 166( 1) ST 1.0 3.0 Brown Brown Clay 
SE 11840 168(11) ST 3.0 5.0 Brown Brown Clay? 
SE 11844 172(8) SS 3.0 5.0 Brown Brown Clay 
NE 11845 173( 1) SS 5.0 6.5 Brown Brown Clay 
NE 11845 173( 1) SS 7.5 9.0 Gray Gray Till 

SS 30.0 31.0 Brown Gray Till NE 11845 - 173(1) 
NE 11847 175(3) SS 7.5 9.0 Gray Lacustrine? 
SE 11861 188(7) SS 5.0 6.5 Gray Gray Till 
SE 11862 189(4) ST 3.0 4.5 Brown Brown Clay 
SE 11862 189(4) SS 4.5 5.0 Brown Brown Clay 
SE 11864 191(6) SS 5.0 6.5 Brown Brown Clay 
NE 11868 195(5) NR 3.5 5.0 Brown Brown Clay 
NE 11869 196(7) SS 5.0 6.5 Gray Gray Till 
NE 11869 196(7) 
NE 11869 196(7) SS 10.0 11.5 Gray Lacustrine? 
SW 11874 222(4) ST 10.0 12.0 BrownandGray Lacustrine 
SW 11875 223(2) ST 2.5 4.5 MottledBrown Brown Clay 
SW 11877 225(3) ST 4.5 6.5 MottledBrown Brown Clay 
SE 11934 279(B1) ST 3.0 5.0 Brown Fill? 
SE 11936 281(B3) ST 3.0 5.0 Brown Brown Clay 
NE 11941 286(4) S-1 ST 12.0 14.0 Gray Gray Till 
NE 11944 289(7) S-1 ST 7.5 8.5 Brown, Gray, Reddish Brown Brown Clay 
SW 11946 291(9) S-1 ST 7.0 9.0 BrownandGray Lacustrine 
SW 11948 293(11) S-1 ST 9.5 11.5 Gray Lacustrine 
NE 11963 201(2) ST 3.0 4.5 Brown Brown Clay 
NE 11965 201(3) SS 2.5 4.0 BrownandGray Brown Clay 
NE 11965 201(3) SS 5.0 6.5 BrownandGray Brown Clay 

NE 11977 215(2) 2 SS 7.5 9.0 Gray Gray Till 

NE 11980 218(1) SS 2.5 4.0 Brown Brown Clay 
SW 11982 220(5) ST 12.5 14.5 Gray Muddy Stream 

SS 7.5 9.0 Gray Gray Till 

NE 11977 215(2) ST 3.0 5.0 Brown Brown Clay 

NE 11979 217(2) ST 3.0 5.0 Brown Brown Clay 

SW 12077 411817 ST 4.5 6.5 DarkYellowishBrown Muddy Stream 
SW 12077 41 1817 ST 4.5 6.5 Dark YellowishBrown Muddy Stream 

411851 ST 6.0 8.0 OliveBrown Muddy Stream 

411851 C ST 6.0 8.0 OliveBrown Muddy Stream 
411851 A ST 6.0 8.0 OliveBrown Muddy Stream 

411854 ST 15.0 17.0 DarkGrayishBrown Muddy Stream 

P. 1507 *- - 
USCS Name USCS Test Moisture Wet Dry Percent SG Reference 

Symbol Type Content Density Density Saturation 
(%) I p B - l P c D  (%I 

Fat Clay CH UU 22.7 103.4 S&ME 021-84-215 
Lean Clay with Sand CL UU 20.3 107.1 S&ME 021-84-215 
Fat Clay CH UCS 21.4 99.1 2.68 S&ME 1221-87-1 14 
Silty Clay CL-ML CUpp 20.7 130.7 108.3 100.0 S&ME 1221-87-114 
Silty Clay CL-ML CUpp 20.7 126.1 104.5 91.3 S&ME 1221-87-114 

CL(V) UCS 13.9 120.2 S&ME 1221-87-1 14 Lean Clay (V) 
Silty Clay (V) CL-ML(V) UCS 12.0 127.5 S&ME 122 1-87-178-3.0 
Sandy Lean Clay CL 128.4 S&ME 122 1-87- 178-3.0 
Lean Clay with Sand (V) CL(V) UCS 12.4 127.8 S&ME 021-86-261 
Sandy Silty Clay CL-ML ucs 12.0 129.6 2.79 S&ME 021-86-261 
Sandy Silty Clay CL-ML ucs 12.0 117.9 2.79 S&ME 021-86-261 
Sandy Lean Clay CL UCS 12.3 123.5 S&ME 122 1-87-288- 1 .O 
Silty Clay with Sand (V) CL-ML(V) UCS 11.8 124.6 S&ME 021-86-162 
Sandy Silty Clay CL-ML CUpp 13.6 135.9 119.6 89.8 2.72 S&ME021-86-162 
Lean Clay with Sand (V) CL(V) UU 11.9 126.3 %ME 021-86-162 

S&ME 021-86-162 

UCS 11.3 

Lean Clay with Sand (V) CL(V) UCS 11.9 120.3 
Sandy Lean Clay (V) CL(V) ucs 11.0 126.0 S&ME 1221-87-288-2.0 
Silty Clay (V) CL-ML(V) UCS 12.2 122.7 S&ME 1221-87-288-2.0 
Silty Clay (V) CL-ML(V) UCS 13.2 121.7 S&ME 1221-87-288-2.0 

CL-ML(V) UCS 13.9 122.1 S&ME 1221-87-288-2.0 Sandy Silty Clay with Gravel (V) 
Silty Clay (V) CL-ML(V) UU 19.5 116.7 
Lean Clay (V) CL(V) UCS 21.6 103.4 
Silt (V) ML(V) UU 19.5 108.0 
Lean Clay (V) CL(V) ucs 21.0 103.5 

128.3 Sandy Silty Clay with Gravel 
Silty Clay (V) CL-ML(V) UCS 13.6 123.1 
Silty Clay (V) 
Lean Clay (V) CL(V) UCS 24.1 103.2 
Lean Clay (V) CL(V) UCS 20.7 109.8 

127.0 Lean Clay (V) 
Silty Clay with Sand CL-ML UCS 12.2 131.2 
Silty Clay with Sand and Gravel (V) CL-ML(V) UCS 10.5 132.8 

120.4 
Lean Clay CL UCS 21.5 108.2 

Lean Clay (V) CLW) ucs 21.0 ~ 106.6 
Silty Clay 0 CL-ML(V) UU 12.3 122.6 

S&ME 021-84-215 
S&ME 021-84-215 
S&ME 021-84-215 
S&ME 4144-88-1 19 
S&ME 4144-88-1 19 
NUTllNG S- 1143 

CL-ML(V) UCS 10.5 122.7 NU'ITING S-1143 

CL-ML ucs 11.0 

NU'ITING S- 1143 
NUlTING S- 1143 

2.79 S&ME 1221-87-160-2.0 
S&ME 122 1-87-160-2.0 

2.88 S&ME 1221-87-160-2.0 
2.73 S&ME 1221-87-160-1.0 

S&ME 1221-87-160- 1 .O 
S&ME 1221-87-159 
S&ME 1221-87-159 
S&ME 021-84-215 

~~~~~ _ _ _ _ _ _ _  

CL(V) ucs 1.2 

UCS 15.3 Sandy Lean Clay CL 

Fat Clay (V) CH(V) UCS 29.5 95.9 

-~ 

- 

_ ~ _ _ _ _  

Clayey Sand sc CON 21.4 129.3 106.5 97.0 
Clayey Sand sc UU 23.0 127.4 103.5 97.0 
Lean Clay CL CON 25.5 126.1 100.5 97.0 

CL CUpp 22.5 131.5 107.3 100.0 
Lean Clay CL CUpp 23.3 130.2 105.6 100.0 

CL CON 13.5 142.1 125.3 94.0 

Lean Clay 

Sandy Lean Clay -- __ __ 
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TABLE A-3 
Summary of Unit Weight and Percent Saturation 

Operable Unit 3 
Former Plant Area 

AREA 

NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

FEMPID OtherID Sample Specimen Sample Top Bottom Mor  General Stratum USCS Name USCS 
Symbol 

12174 CSF-1 c114 C1-4A ST 6.0 8.0 DarkGrayishBrown Brown Clay Lean Clay with Sand CL 
12174 CSF-1 c114 C1-4B ST 6.0 8.0 DarkGrayishBrown Brown Clay Lean Clay with Sand CL 
12174 CSF-1 c115 ST 8.0 10.0 DarkYellowishBrown Brown Clay Sandy Lean Clay CL 

12176 CSF-3 c3110 ST 25.0 27.0 DarkGray Muddy Stream Sandy Silt (V) ML 0 
12176 CSF-3 C316 C316A ST 10.0 12.0 LightOliveBrown Muddy Stream Silty Clay with Sand CLML 

12176 CSF-3 C316 c316c ST 10.0 12.0 LightOliveBrown Muddy Stream Silty Clay with Sand CL-ML 
12179 ~. CSF-6 C618 C618A ' ST 20.0 22.0 DarkGray Gray Till Lean Clay CL 
12179 CSF-6 C6/8 C618B ST 20.0 22.0 DarkGray Gray Till Lean Clay CL 
12179 CSF-6 C618 C618C ST 20.0 22.0 DarkGray Gray Till Lean Clay CL 
B-1 B-1 ST 3.0 5.0 BrownandGray Brown Clay Lean Clay with Sand CL 
B-2 B-2 ST 3.0 5.0 Brown Brown Clay Sandy Lean Clay (V) CL (VI 
B-3 B-3 ST 3.0 5.0 Brown Brown Clay Sandy Lean Clay (V) CL (VI 
B-4 B-4 ST 3.0 5.0 Brown Brown Clay Lean Clay with Sand (V) CL (VI 
B-4 B-4 ST 10.0 12.0 Brown Brown Clay Lean Clay with Sand (V) CL (VI 
B-6 B-6 ST 3.0 5.0 Brown Brown Clay Sandy Lean Clay (V) CL (VI 
B-6 B-6 ST 10.0 12.0 Gray Gray Till Sandy Lean Clay (V) CL (V) 

Number ID Type Depth Depth 
(ft) Ift) 

12175 CSF-2 -6 ST 13.0 15.0 Gray Gray Till Sandy Silty Clay CLML 

12176 CSF-3 C316 C316B ST 10.0 12.0 LightOliveBrown Muddy Stream Silty Clay with Sand CLML 

Notes: 

1. Wet Density: 

2. Percent Saturation: 

3. General Stratum: Brown ClaylFill Sample is a combination of Brown Clay and Fill 

Recorded only if reported, no wet densities were calculated (blank indicates not reported) 

Recorded only if reported, no percent saturations were calculated (blank indicates not reported) 

? Could not be readily determined from description on boring log 

SG 

2.75 
2.75 
2.78 
2.77 

2.81 
2.81 
2.81 
2.75 
2.75 
2.75 

T i t  1;;;; 
Type Content 

UU 28.3 
CON 14.3 

Reference 

PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
PARSONS PO 20 
S&ME 4144-88-309 
S&ME 4144-88-309 
S&ME 4144-88-309 
S&ME 4144-88-309 
S&ME 4144-88-309 
S&ME 4144-88-309 
S&ME 4144-88-309 

CON I 11.9 

UU 
UU 
UU 

Wet 
Densitj 
A !  

139.4 
124.4 
138.2 

18.9 133.7 112.5 
14.8 140.2 122.1 
13.9 142.8 125.4 

144.5 

142.8 

96.9 I 

125.4 

CON I 10.7 I 148.4 I 134.1 I 
UU I 16.9 I 137.6 I 117.7 I 

1 
PbD 16.0 123.0 105.0 
Pbp I 13.0 I 139.0 I 123.0 I 

p. 1 5 0 7  
b -  
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. TABLEA-4 
Summary of Unconfined Compressive Strength Tests 

Operable Unit 3 
Former Plant Area 

SampleNumber Sample Top Bottom Color General Strahun USCS Name 
Type Depth Depth 

(fV (n) 
S114B ST 6.0 8.0 OliveBrownandCray Gray Till Lean Clay with Sand 
IS2An ST 4.0 6.0 OliveBrown Brown Clay Lean Clay with Sand 
IS315 ST 8.0 10.0 VeryDarkGray Gray Till Fat Clay 
IS416 ST 13.0 15.0 LiehtOliveBrown Brown Clav Lean Clav 
I /4 

I ST I 3.0 
1 I ST I 12.0 

- 1507 

&ME 1221-87-160-2.0 --- 
ERAFSI ~OUDATAIPO177/GEOT/PO177.MD lo f2  000119 2/19'98 



TABLE A-4 

Area FEMPID 

NE 11977 
NE 11977 
NE 11979 
NE 11980 

a 
General Stratum USCS Name BoringID Sample Number Sample Top Bottom Color rn Depth 

(fi) (fi) 
215(2) ST 3.0 5.0 Brown Brown Clay Sandy Lean Clay 
215(2) 2 SS 7.5 9.0 Gray Gray Till Lean Clay 
217(2) ST 3.0 5.0 Brown Brown Clay 

Brown Clay 218(1) SS 2.5 4.0 Brown 
Fat Clay (V) 

Lean Clay (V) 

a 

Pre-Test 
Dry 

Density 
(PO 
120.4 
108.2 
95.9 

summary 

Reference Axial Unconfined 
Strain Compressive 

Strength 
(46) @sf) 

4500 SBME 1221-87-160-1.0 
15.90 7400 SBME 1221-87-160-1.0 
6.20 2440 SBME 1221-87-159 

5.40 

of Unconfined Compressive Strength Tests 
Operable Unit 3 

Former Plant Area 

Notes: 

1. 

2. General Stratum: Brown ClayFiII Sample is a combination of Brown Clay and Fill 

Boring 11944, Sample S-I. 7.5 to 8.5 feet. 'Ihe Shelby Tube was bent and test results iue questionable. 

? Indicates could not be readily determined from description on test boring log 

USCSSymboll Test I TestMethod 

I T w I  
Pre-Test 
Moisture 
Content 

15.3 
21.5 
27.4 

- 1 5 0 1  
-a. 

C L N )  I UCS I ASTMD2166 I 21.0 I 106.6 I 10.70 I 3900 ISBME1221-87-159 

ERAFSI :/OUDATA/POI 77/GEOT/PO177.MD 2 0 f 2  



TABLE A-5 
Summary of Consolidated Undrained Traixial Compression Tests 

Operable Unit 3 
Former Plant Area 

Area FEMPID BoringID Sample Number Sample Top Bottom Color USCS Name 
Type Depth Depth 

Notes: 

1. TotalSees~: NR Not reported and tabular data not provided 

7 
mPP 

CL-ML cupp 
CL-ML cupp 

cum 

11501  
Average Average . EffectiveStress TotalStress Testing Reference 
Pre-Test Pre-Test Cohesion Friction Cohesion Friction Condition 
Moisture Dry Density Angle Angle 

(%I (pe9 @si, (degrees) 0 (degrees) 

SLME 021-86-363 

ERAFS 1 ~OUDATAm0177/GEOT/P0177.MD I of I 



TABLE A-6 
Summary of Unconsolidated-Undrained Triaxial Compression Tests 

Operable Unit 3 
Former Plant Area 

CL 
CL (v) 
CL-ML 

CH 
CL 

CL 0 
CLML (V) 
ML (v) 

CL-ML (V) 
sc 
CL A 
CL B 

CL-ML I A 
CL-ML I B 
CL-ML I c 

CL I A 
CL I B 
CL I c 

15.1 PARSONS PO 20 
1714 I 15.1 PARSONS PO 20 

W I ASTMD2850 I 14.7 I 123.0 I 4 o O 0 1  2775 I 
W I ASTMD2850 14.7 I 123.3 I 2000 I 

ERAFSI YOUDATAIPO177/GEOT/PO177.MD I of 1 2/18/98 



TABLE A-7 
Summary of Permeability Tests 

Operable Unit 3 
Former Plant Area 

Bottom 
Depth 

(feet) 

General Stratum 

3-3 I ST . I 3.0 
3-4 I ST I 3.0 5.0 

12.0 
5.0 
12.0 

BrownClay 
Brown Clay 
BrownClay 
Gray Till 

3-4 
3-6 
3-6 

ST 10.0 
ST 3.0 
ST 10.0 

- 1 5 0 1  -. 

Area 

- 
NE 
NE 
- 

Test Method Reference FEMP ID 

B- 1 

Sample Number 

5.0 IBrown Clay I CL I PbD  an Clay with Sand EM 11 10-2-1906 
EM 11 10-2-1906 B-2 3-2 I 5.0 IBrown Clay 

NE 
NE 
__ 3-3 5.0 IBrownClav EM 11 10-2-1906 

EM 11 10-2-1906 
18.0 
14.0 3-4 

NE 3-4 NR I 10.0 I 5.00E-08 IS&ME4144-88-309 EM 11 10-2-1906 
NE 3-6 EM 1110-2-1906 NR I 16.0 I 5.708-08 IS&ME4144-88-309 landy Lean Clay (V) 
NE 3-6 l a d y  Lean Clay (V) I C L O I  Pbp EM 11 10-2- 1906 NR I 13.0 I 2.808-08 IS&ME4144-88-309 

Notes: 

1. Test Method: EM 1 1 10-2-190 Army Corps of Engineers Manual 11 10-2-1906 

2. ConfrningPressure: NR Not Reported 

1 of 1 
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TABLE A-8 
Summary of Standard and Modified Compaction Tests 

Operable Unit 3 
Former Plant Area 

Gravel Sand x FEMPID 

sw 
SW 
SW 
SW 
Nw 
SE 
SE 

1582 
1587 
1597 
1799 
1803 

- 
23.0 
- 
48.0 29.0 

77.0 
78.0 

0.0 I 22.0 78.0 
1817 5.0 20.0 

10.0 24.0 

13.0 29.0 
12:O 31.0 
0.0 5.0 
22.0 28.0 
8.0 33.0 
1.0 33.0 
5.6 23.8 
11.8 27.5 
0.7 24.2 
3.0 16.9 
0.3 8.5 
0.3 7.3 

75.0 
66.0 

58.0 
57.0 
95.0 
50.0 
59.0 
66.0 
70.6 
60.7 
75.1 
80. I 
91.2 
92.4 
81.0 

1821 
SE 1830 
SE 1832 

1843 
1866 
1882 
1885 
1963 
1967 
2074 
2074 
2077 
2078 

-___ 193(2) BULK 1.0 5.0 BrownClay Sandy Lean Clay CL 26.4 15.9 10.5 
!30(4) BULK 0.5 4.0 BrownClay Lean Clay CL 41.4 18.4 23.0 
!33(7) BULK 0.5 4.0 BrownClay Sandy Lean Clay with Gravel CL 29.4 16.5 12.9 

SW 
Nw 
NE !01(2) I BULK I 3.0 1 8.0 \BrownClay lsandy ~ean  Clay I CL I 25.5 I 14.5 I 11.0 

!05(10) 1 I BULK I 3.0 I 8.0 lBrownClay lsandv ~ean  Clay I CL I 26.2 I 14.0 I 12.2 NE 
Nw 141 I847 I BULK 1 1.5 I 5.0 IMuddy Stream I CL I 28.8 I 15.6 I 13.2 
Nw 
SW 
Nw 
Nw 2079 
NE 2080 
Nw 208 1 1.5 I 17.5 

Notes: 

I .  General Stratum: Brown ClayFiIl Sample is a combination of Brown Clay and Fill 
7 C d d  not be readily determined from desaiption on test boring log 

1 of I ERAFSI :IOUDATAIPO177/GEOTlPO177.MD 2/19/98 
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SECTION 1 

INTRODUCTION 

1.1 Purpose and Objectives 

The purpose of the Glacial TillNadose Zone (GTNZ) Hydraulic Investigation Program was to obtain 
additional hydraulic conductivity data on the glacial overburden sediments, and to assess the barrier 
properties of the gray clay contained within the overburden. Hydraulic conductivity data contained within 
this report includes the results of 70 slug tests, seven yield tests, three pump tests, one packer test, and 
coefficient of permeability measurements from six Shelby tube samples of the gray clay. Data contained 
within this report on the barrier properties of the gray clay includes bulk density, specific gravity, 
moisture content, porosity, and water quality. 

A strategy similar to that presented by Bradbury and Muldoon (Bradbury et al. 1990) was followed for 
the collection of hydraulic conductivity data. Bradbury and Muldoon explain that the "true" hydraulic 
conductivity of saturated near-surface materials is difficult to obtain due to measurement scale effects. 
Physical characteristics of geologic materials (particle size, roundness, sorting, etc.) vary spatially and 
this spatial variation can be large in many glacial and fluvial settings as a result of changes in depositional 
environments occurring over short distances. Tests and measurements of hydraulic conductivity of such 
variable material (such as glacial till) produce average values for the volume of the material being 
measured or tested. It is this "averaged" value that is used to address the problem at hand. not the "true" 
value. 

As larger or smaller volumes of material are tested, a larger or smaller number of aquifer heterogeneities, 
which might be regarded as more or less conductive zones, are encountered. Hydraulic conductivity tests 
conducted for the GTNZ Investigation Program can generally be grouped into three operational scales 
based upon the volume of material sampled. 

1) Small Scale Tests ( C  lm3): Core permeameter tests. 

2) Site-Specific Tests (lm3 to Hundreds of Cubic Meters): Single well pumping tests, packer tests, 
and slug tests. 

3) Local Tests (Hundreds of Cubic Meters to Thousands of Cubic Meters): Multiple well pumping 
tests. 

The GTNZ Investigation Program is based on the "Development of Glacig..Till/jVadose Zone 
Investigation Program for Operable Unit 5 - November 13, 1992" (Ebasco and CH2M' Hill 1992). 
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Activities 1 and 2 of that report identified tasks and general methodologies for evaluating the vertical and 
horizontal migration of groundwater through the glacial till into the Great Miami Aquifer (GMA). 
Following scoping meetings and a workshop on characterization of the Vadose Zone (Glacial Till), these 
tasks were formalized in the "FEMP Glacial TillNadose Zone Hydraulic Investigation Work Plan" 
(PARSONS 1993b). Data obtained from this investigation will be used to better understand fluid 
movement through the overburden sediments and to help consuuct an improved groundwater flow and 
solute transport model for the overburden sediments. 

This report is divided into two volumes. Volume I describes the extent of the investigation, activities. 
analysis, and provides a summary of results and conclusions. Volume I1 contains background information 
and data to support the analyses presented in Volume I. 

The intent of this report is to document the data collection activity and present the results. Hydrogeologic 
interpretations are limited. The reader should refer to the CRUS RI Report for hydrogeologic 
interpretations. 

1.2 Summary of Activities 

Figure 1-1 shows the locations where tests and measurements were conducted. Below is a brief outline 
of the scope of the project. 

Slug Tests 

Seventy slug tests were performed on "lo00 series" monitoring wells across the site to determine 
hydraulic conductivity in the "perched" groundwater zones. Slug test methods and results are discussed 
in Section 2. 

Packer Tests 

Packer tests were conducted to determine bulk hydraulic conductivities. Descriptions of activities, 
equipment, and results are discussed in Section 3. 

Yield Tests 

Seven yield tests were performed at 5 different locations to determine if a yield could be sustained and 
to establish discharge rates for the CRTs. Yield tests were also used to establish where CRTs could be 
conducted. Yield tests are discussed in Section 4. 
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Constant Rate PumDine Tests (CRTs) 

CRTs were performed at three separate locations. Drawdown trends were examined to provide insight 
into potential communication pathways and to determine hydraulic properties. Pumping test data and 
results are discussed in Section 5 .  

Lysimeter Installation 

Three pairs of suction lysimeters were installed to obtain water samples from portions of the lower gray 
till and upper unsaturated GMA. Method and equipment descriptions and results are discussed in 
Section 6. 

Geotechnical Data 

Continuous split spoon samples were collected from the holes dug in support of this study and analyzed 
for grain size using a sieve analysis. Thirteen Shelby tube samples of gray clay were collected and tested 
for moisture content, bulk density, specific gravity. and coefficient of permeability. Test results from 
Shelby tube samples are presented and discussed in Section 7. 

1.3 Management and Responsibilities 

Activities described in th is  document were carried out jointly by FERMCO and PARSONS as defined 
in Subsection 1.4 of the GTNZ Work Plan (PARSONS 1993b) and illustrated in Figure 1-2. 

FERMCO CERCLA/RCRA Unit 5 (CRU-5) and Site Characterization and Data Management (SCDM) 
provided the procurement of all drilling, sampling, equipment installation, and testing. FERMCO SCDM 
was responsible for the direct daily oversight of all field activities while project oversight was the 
responsibility of CRU-5. PARSONS provided a technical representative in the field during all field 
activities. PARSONS provided the analysis and interpretation of the collected field data presented in this 
report. 
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SECTION 2 

SLUG TESTING 

Slug Testing was performed according to Section 2 of the FEMP Glacial TillNadose Zone Hydraulic 
Investigations Work Plan (GTNZ Work Plan) (PARSONS 1993b) on 70 existing or newly constructed 
wells at the Fernald Environmental Management Project (FEMP). Figure 2-1 shows the locations of the 
tested wells. The analysis of the slug test data and the results of slug testing are presented below. 

2.1 Methods 

In a slug test, a small solid object or volume of water (slug) is suddenly added (Falling Head Test) or 
removed (Rising Head Test) from a well, after which the rate of fall or rise of the water level in the well 
is measured. From these measurements, the transmissivity or hydraulic conductivity of the water-bearing 
unit in close proximity to the well can be determined. 

If the water level in a well is near the ground surface, the slug of water can be quickly removed with a 
bailer or a bucket (bail down method). Otherwise, a closed cylinder or other solid body is submerged 
in the well and then, after the water level has stabilized, the cylinder is pulled out (Kruseman and de 
Ridder 1990). A slug test determines the characteristics of a relatively small volume of material 
immediately surrounding the well. This volume may have been disturbed during well drilling and 
construction. 

0 
Each well identified for slug testing in the GTNZ Work Plan was tested according to the following 
general methodology. 

1) Water level and total depth of well were measured manually to determine acceptability of the well 
for slug testing. Wells with insufficient water for slug testing were tested using the alternate bail- 
down procedure. Wells without a water level (dry wells) were not tested. 

2) Each well was instrumented with a pressure transducer and data logger to measure and record 
the water level in the well. 

3) A falling head test was performed on the well by lowering a slug into the well and recording the 
instantaneous rise in water level followed by the gradual decline of the level to its previous static 
level. 
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4) Once the water level returned to its original static level (or after the rate of level change had 
diminished) a rising head slug test was performed. This test was- conducted by quickly retrieving 
the slug and recording the instantaneous drop in water level followed by a gradual recovery as 
the well again equalmd to its previous static level. 

. 

Well 

1019 

1045 

1072 

1155 

The rate at which the original static water level is established following slug inseniodreuieval is a 
function of the hydraulic conductivity of the material near the well screen. Data obtained from slug 
testing was analyzexi as described in Subsection 2.3. 

Reason Well not Slug Tested 

Well plugged and abandoned 

Insufficient water level 

Insufficient water level 

Insufficient water lewd 

Slug testing was not performed on nine of the wells listed by the work plan. Table 2-1 lists the wells 
along with the reasons why testing was not performed. 

1220 

1304 

1728 

1754 

Table 2-1 - Wells That Were Not Slug Tested 

Insufficient water level 

Well plugged and abandoned 

Insufficient water level 

Insufficient water level 

11 1785 1 Constantratepumptestperformed 

2.2 Equipment 

Slugs were constructed from varying lengths of 1- and 2-inch nominal polyvinyl chloride (PVC) pipe. 
The lengths of pipe were filled with gravel and sealed at both ends. The Cinchdiameter monitoring 
wells were tested with 2-inch slugs, while the 2-inchdiameter wells were tested with 1-inch slugs. The 
slugs were lowered into and removed from the wells with a nylon cord. 

Manual water level readings were taken with SOLINST electronic water measuring tapes. 
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Electronic water level measurements were taken and recorded with In Situ Hermit 2000 or loo0 series 
data loggers with pressure transducers. 

2.3 Analysis 

The methods of Bouwer and Rice (1976) and Cooper et al. (1967) were used to calculate hydraulic 
conductivity from the slug test data. These two methods of analysis were performed using AQTESOLV 
(Aqufer Test Solver) software, Version 1.1 (Duffield and Rumbaugh 1991). These methods are 
described below. 

Bouwer and Rice 

The Bouwer-Rice method calculates the hydraulic conductivity around a partially or fully penetrating well 
in an unconfined aquifer by measuring the rise of water level in the well, initially at equilibrium 
conditions, after a volume is quickly removed. The calculation is based on the Thiem equation of steady- 
state flow to a well. Using an electrical analog model, Bouwer and Rice developed a set of curves that 
relate the effective radius of a well to other known well dimensions and allows solution of the Thiem 
equation (Bouwer and Rice 1976). 

The Bouwer-Rice method was originally developed for rising levels in an unconfined aquifer, however, 
the conductivity calculated by the Bouwer-Rice method for a confined aquifer should be of the same order 
of magnitude as that calculated with the procedure in Cooper et al. (1967) if the top of the screen is some 
distance below the upper confining layer (Bouwer 1989). 

The Bouwer-Rice method also can be used for falling water levels (after the quick injection of water or 
solid volume) if the initial equilibrium water level is above the screened section of the well. However, 
if the equilibrium water level in the well is below the top of the screened section, then the subsequent 
flow of water into the aquifer not only takes place through the screen below the orignal water level but 
also through the vadose zone above the original water table. This leads to an over estimation of 
conductivity (Bouwer 1989). 

For the rising head situation where the equilibrium water level in the well is within the screened interval, 
the effective screen length is only that which is below the static water table. Additionally, the thickness 
and porosity of the filter pack must be considered when calculating the equivalent value of the casing 
radius. 

Coouer et al. 

Cooper'et al. (1967) presents a method that uses a family of type curves and a graphical solution 
0 0 0 2 4 ~ c p e  to determine the transmissivity of a homogeneous isotropic confined aquifer in which a fully 
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penetrating well undergoes an instantaneous change in water level (slug test). Cooper et al. (1967) 
presents a solution for a well of finite diameter that is applicable for all times following the water level 
change. 

This method has applicability to partially penetrating wells. Since the vertical permeability of most 
stratified wen is only a fraction of the horizontal permeability, the induced flow in the smail radius 
of the corn that develops around the well &ring the short duration of the slug test is essentially two 
dimensional. The determined value of transmissivity approximates the transmissivity of that part of the 
water-bearing unit in which the well is screened. 

2.3.1 ADDroach and Assmt ions  

The following assumptions were used during the slug test analysis. 

1) General Assumptions 
(1) 
(2) 
(3) 

(4) 

Preference was given to rising head data over falling head data. 
Effective porosity of the sand pack surrounding the well screen is 0.3. 
If the static water level is within the screened interval of the well, then the effective 
radius of the well includes the porosity of the surrounding sand pack. 
If the static water level was within the screened interval of the well, falling head slug 
tests will overestimate hydraulic conductivity and are not used for parameter estimation. 

2) Confined Conditions (Figure 2-2) 
Effective screen length (L) is equal to the length of sand pack surrounding the well screen 
that is within the aquifer. 
Height of static water (H) in the well is the distance from the bottom of the effective 
screen length (L) to static water level. 
Groundwater is apparently confined beneath a layer of lower permeability. The static 
water level is higher then the top of the confined material. 
Initial drawdown is that shown by the data logger as the earliest steadily changing level 
after the initial transient fluctuations (injection of the slug). 

(1) 

(2) 

(3) 

(4) 

3) Unconfined Conditions (Figure 2-2) 
(1) 

(2) 

(3) 

Effective screen length (L) is equal to the length of sand pack surrounding the well screen 
that is below the static water level. 
Height of static water (H) in the well is the distance from the bottom of effective screen 
length to static water level. 
Vertical conductivity in the till is a fraction of horizontal conductivity such that flow to 
the well is essentially horizontal and the effective saturated thickness is equal to the 
distance from the bottom of the effective screened interval to static water level. 
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2.3.2 Analvsis Met)rodoloqy 

The following steps were performed during the slug test analysis: 

A schematic showing well construction and surrounding lithology was drawn using boring logs 
and the well construction logs. These well schematics are located in Appendix A. 1. 

Each well was categorized as confined or unconfined based on the relationship between the well 
screen, static water level, and lithology. Well parameters for confined and unconfined conditions 
were assigned as shown in Figure 2-2. The effective saturatcd hckness (D) and ct'fcctivc scrccn 
length (L) differ for confined and unconfined conditions. A list of input valucs for thc tcsrcd 
wells is located in Appendices A2 and A3. 

An AQTESOLV input file was prepared from the down-loaded data logger output file and the 
selected well parameters. Water level data is referenced to the initial static water level. For 
falling head tests the absolute value of the change in level is used. 

If the static water level in the well was within the screened interval, an effective well radius (rerr) 
was calculated for the well that considers the thickness and effective porosity of the filter pack. 
An equivalent value for casing radius was then calculated using the following equation (Dawson 
and Istok 1991): 

where: 
re = radius of well casing 
r, = radius of well (includes filter pack) 
n = effective porosity of filter pack 
r, = effective well radius 

For wells with confined conditions, Cooper et al. (1967) was the primary method of analysis. 
These wells were also analyzed by Bouwer and Rice for comparative purposes. For unconfined 
conditions, Bouwer and Rice was the primary method of analysis. 

Dominant sediment types (clay, silt, sand, or gravel) and color (brown or gray) was noted from 
the boring logs and a depositional category was assigned. 

An estimate of hydraulic conductivity was determined by evaluating the results of each analysis 
for the well of concern; noting the goodness of fit of the data and the applicability of each method 
of analysis. Figure 2-3 shows the decision tree used to determine the type of test and analysis 

0 0 o I l & & t h o d  used. Appendices A.2 and A.3 contain tables of all  results by various analysis methods. 
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2.4 Results 

The results of the data analysis for the tested wells are shown in Table 2-2 and summarized in Table 2-3. 
The lithology of the tested wells varied greatly with location. Table 2-3 provides the high, low. and 
"average" of the calculated hydraulic conductivities for each general sediment type where the average 
conductivity is described by the geometric mean of the calculated values for that specific sediment type 
(Domenico and Schwaru 1990). Figure 2 4  presents this information graphically. 

In general, slug test results are considered to be more accurate when conducted in less permeable 
sediments than in more permeable sediments. Highly permeable sediments produced a relatively quick 
response to the instantaneous change in level caused by the slug test. In several of the gravel or sand and 
gravel wells tested (Table 2-2). the response was so quick that it was partially obscured by the initial 
response caused by the slug being inserted into the well. For several of the tests performed in the tighter 
clay material (Table 2-2), the response was extremely slow taking several days to a week to equilibrate. 

In wells installed in clay, the permeabfiQ of the sand pack was significantly greater then the surrounding 
material, a "double straight line" effect (Bouwer 1989) can be seen on the semi-log drawdown versus time 
plot. This effect is more or less pronounced deqemhng on the difference between the penneabilities of 
the two materials. 
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Figure 2-3 - Method and Analysis Decision Tree 
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SECTION 3 

PACKER TESTS 

Section 5 of the GTNZ Work Plan (PARSONS 1993b) directed that packer tests be performed in two 
borings and in each of three pumping wells. The purpose of these packer tests was to collect data at 
different depths from one location which would provide a vertical profile of hydraulic conductivity of the 
gray clay. The locations of the two borings are shown in Figure 3-1 and are designatcd N (north) and 
S (south). Packer tests were to be performed on each distinct 5 foot interval of cohcsivc (clay) matcrial 
in the borings, thus providing a vertical profile. Actual field conditions, though. did not allow lor the 

vertical profiling and limited the number of tests conducted to one location. 

3.1 Methods 

Descriptions of methods used for packer testing are divided into the methods used for borehole 
advancement, geophysical sampling, and borehole abandonment (Subsection 3.1.1) and the methods used 
to conduct the actual packer testing (Subsection 3.1.2). 

3.1.1 Borehole Advancement and Abandonment 

Each boring was advanced by a Mobile Drill, B-80 hollow stem auger drilling rig using a 6-inch ID steel 
spin casing technique. Split spoon samples were collected continuously from the ground surface to the 
total depth of the borehole. To obtain undisturbed formation samples, the split spoon samplers were 
advanced ahead of the base of the spin casing. 

Shelby tubes were collected within the lower clay unit of the clay till. To facilitate the collection of the 
Shelby tubes, an offset borehole was advanced and the tube was pushed into the desired horizon identified 
by split spoon samples from the initial borehole. Each Shelby tube was submitted to the laboratory for 
analysis for the following geotechnical parameters: 

1) 
2) Moisture content 
3) Soil density 
4) Atterberg limits 
5 )  
6) Specific gravity 
7) USCS classification 

Grain size analysis with hydrometer 

Constant Head Permeability Tests (Wal cell with back pressure) 
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Potable water from the FEW was used to facilitate circulation of the drilling cuttings to the surface and 
to lubricate the spin casing. The water was pumped from a truck-mounted holding tank into the borehole 
through a hose and swivel anached to the drill rig top, head dnve. A conductor casing was installed into 
the surface of the borehole to contain the water circulated back from the borehole conductor casing 
through a discharge pipe into a steel tub. The water was then recirculated back to the truck-mounted 
holding tank. By containing the water in a closed loop in this manner, the total volume of water 
introduced to the boring was minimized. 

When an appropriate 5-foot-length zone in the boring was identified by sampling, the spin casing was 
pulled back a sufficient length to facilitate the installation of the packer against the borehole walls and 
to provide for the 5-fOOt open hole below the packer base. 

The work plan speufied that the borehole walls be brushed prior to testing, however, examination of the 
split.’spoon samples indicated the presence of soft moist zones within the clay horizons that were to be 
packer tested. To minimize the potential of smearing the walls and sealing any fractures, the bore hole 
walls were not brushed prior to installation of the packer. 

After the completion of packer testing, each borehole was abandoned by pumping a volclay grout slurry 
to within 1.5 feet of the ground surface. The remaining 1.5 feet were then capped with a cement seal. 

3.1.2 Packer Test Methods 

The work plan specified two types of packer tests and data analysis techniques which could be used to 
obtain values for hydraulic conductivity. The Constant Head Pumph Test was the primary method of 
analysis while the Pressure Pulse Test was to be utilized if permeability of the till proved to be 
insufficient for analysis by constant head testing. The Constant Head Pump Test is described below. The 
Pressure Pulse Test was not utilized. 

Constant Head PumPIn Test 

The Constant Head Pumph test procedures are described in USBR 7310 (1990). The analysis of the 
data produced from these procedures is based on the Theim (1906) steady state (or equilibrium) pumping 
test analytical method. .The method presumes the following assumptions: 

1) The tested interval is homogeneous, isotropic, and of uniform thickness. 

2) The test interval fully penetrates the tested interval and receives or delivers water from the entire 
thickness of the interval. 
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3) Discharge or inflow is constant and has continued for sufficient duration to reach steady state or 
equhbrium conditions. 

4) Flow to the well is horizontal, radial, and laminar. 

The constant head pump-in test consists, generally, of the following steps: 

1) When an appropriate horizon is identified, a length of the boring is isolated with the pressurized 
packer. 

2) Water is injected into the isolated horizon of the boring, below the packer, at a constant prcssure. 

3) The volumetric flow of water into the well is monitored for following the establishment of steady 
state conditions. 

4) Steps 1-3 are performed at each of three successive constant pressures. Pressures are selected 
based on a maximum injection pressure of 0.5 pounds per square inch (psi)/foot of depth to the 
midpoint of the horizon being tested, and the 20 psi maximum limitation of the transducer that 

measu~eed the packed off horizon. 

Values for hydraulic conductivity are calculated from flow rate, length and radius of test interval, 5)  
and effective total head. 

6) Following completion of the third pressure step. the well pressure is shut-in and the decay of the 
shut-in pressure is monitored. 

3.2 Equipment 

The packer used for the tests was constructed by Pennsylvania Drilling Company staff, and consisted of 
a rubber inflatable gland with stainless steel end caps and a pon for the transducer to pass through. A 
second transducer was attached to the top of the packer to monitor pressure changes that would be 
encountered above the packer zone or as a result of upward leakage. The packer was attached to a 
hollow steel rod which was used to raise and lower the packer into the borehole and to provide a conduit 
for water to pressurize the borehole. Pressurized nitrogen gas was used to inflate the packer. A schematic 
diagram of the packer assembly is presented in Figure 3-2. 

An In Situ XD 20 psi, electronic pressure transducer was used to measure the water pressure in the 
packed horizon. A 10 psi transducer was used to monitor the zone above the top of the packer. These 
transducers were c o ~ e c t e d  to an In Situ SE-2000, 16 channel, electronic data logger. e 
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Potable water from a FEMP source was used for pressurizing the tested horizon. This water was stored 
in a truck-mounted tank and pumped via a Moyno positive displacement pump which was powered by 
the drilling rig. Water flowed from the Moyno pump to a surge tank and through the upline pressure 
gage. A valve and tee was mounted down line from the pressure gauge. The valve and tee were used 
to provide a method of bleeding off excess water to the packer line while it was being pressurized. The 
valve was also used to shut in the down hole pressure. Down line from the valve and tee was a Rockwell 
50 gpm mechanical flow mem with digital recorder and sweep hand. The second or down line pressure 
gauge was installed in line after the flow meter. The 1-inch ID pressure hose went directly from the 
pressure gauge to the swivel at the top of the packer rods. 

3.3 Analysis 

Hydraulic conductivity values, K, were calculated according to the following formula: 

Where: 
q = Constant rate flow into the test interval (iY/yr) 
L = Length of test interval (ft) 
H,=H,+H, ,=To ta lHead  
H, = Gravity head (ft) 
Hp = Applied pressure head (ft) 
r = Radius of borehole (ft) 
K = Hydraulic Conductivity (ft/yr) 

3.4 Resutts 

Actual field conditions did not facilitate the collection of profile data. A single horizon of boring N was 
suitable for testing during the packer testing phase of the GTNZ Investigation. The Constant Head 
Pump-In Test methods and data analysis methods were used to calculate values for hydraulic conductivity 
for this horizon. 

Down to a depth of 17 feet BGS there were no suitable sections of cohesive material identified due to 
repeated failures in recovery to a depth of 11.5 feet and the presence of thin fine grain sand lenses from 
11.5 feet to 17 feet. A 5-foot section of cohesive materials was identified from 17 to 22 feet, and a series 
of packer tests were conducted over the interval. The borehole was advanced to a depth of 34 feet and 
no additional suitable cohesive horizons of a minimum thickness of 5 feet were encountered. The 
borehole was terminated at a depth of 34 feet. 
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The horizon that was successfully tested between 17 and 22 feet at boring N-1 , is described as soft to stiff 
dark gray silty clay with traces of sand and gravel. and medium plasticity. While traces of sand and 

gravel were noted to be present within the cohesive material matrix, no discrete lenses of granular 
materials suggestive of zones of elevated hydraulic conductivity were present within the tested horizon. 

Packer testing on this horizon was conducted for three total pressures (12, 15, and 18 psi). The packer 
was successively inflated at 40.60, and 80 psi for each of three initial attempts to test the interval. These 
three attempts failed when the packer inflation pressures were insufficient to seal it against the borehole 
wall and the injected water broke through. The packer was subsequently inflated to 100 psi whch 
effectively sealed the packer against the borehole wall. A pressure of 100 psi is the maximum pressure 
recommended by the driller for inflation in an unconsolidated matrix. 

' 

During step 1, approximately 0.2 gallons of water were injected into the formation at a rate of 0.02 gpm 
(1.40 x l@ Wyr). The flow rate in step 2 was 0.05 gpm (3.51 x ldft/yr) and 0.02 gpm for step 3. 
Since these three flow fates were relatively low, each step was run for a time period of 10 minutes to 
provide for a more accurate average measurement of flow per step. 

Following the third step, the pressure was shut in and the holding pressure allowed to decay for 938 
minutes. After approximately 660 minutes, the nitrogen in the packer leaked off sufficiently to allow the 
packer to deflate and break the seal with the borehole wall. 

The equations for calculating values for hydraulic conductivity from the constant head pump-in test have 
been discussed in Subsection 3.3. Based on these calculations, the values for the parameters to determine 
hydraulic conductivities and the values for hydraulic conductivities are presented in Table 3- 1. 

The r d t s  of the packer test were relatively consistent between the three steps. The range of hydraulic 
conductivity values calculated from the test fall within the mid-range of values expected for silt and 
glacial till, (Driscoll 1986, and Freeze & Cherry 1979) which are the predominant lithologies of the 
material that was tested. 
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SECTION 4 

YIELD TESTS 

Seven yield tests were performed in accordance with Section 6 of the GTNZ Work Plan (PARSONS 
1993b). The purpose of these tests was to determine the yield capability of various sand units so as to 
select locations for CRTs. In addition, the closest wells surrounding the test well were monitored for 
water level changes. Although response in these wells was not expected due to the low permeability and 
high heterogeneity of the surrounding sediments, it was felt that an attempt to detect a rcsponsc was 

warranted No response in any of the surrounding wells was noted, however. 

Yield tests were completed at the following locations (Figure 1-1): 

1) 
2) 
3) 
4) 
5 )  

North of the Old D m  Bailing Area, Well 1274 
South of the Pilot Plant Building, Well 1259 
Waste Pit Area. Wells 1077 and 11214 
Plant 1 Pad Area, Wells 1339 and 11112 
Plant 8 Area, Well 1785 

4.1 Methods 

The GTNZ Work Plan called for each well to be pumped at three successively higher rates. starting at 
1 gpm, for a maximum total period of 8 hours. Each step was to be of equal duration, 1 hour long if 
the drawdown trend stabilized, or shorter if the well began to dewater. Pumping rates for the second and 
subsequent steps were determined in the field, based on the observed response during the first step. 

Observation wells in close proximity to the test well were instrumented with electronic data loggers and 
pressure transducers, while the water levels in others were measured manually. 

To verify data logger measurements, early time drawdown and recovery measurements were made 
manually in each test well. Manual measurements were also made periodically in the instrumented 
observation wells. All manual water level measurements were taken relative to the top of the casing, and 
recorded on forms as specified by the GTNZ Work Plan. 

During the pumping phase of the tests, flow rates were measured and recorded at every minute for the 
first 6 minutes, at 2-minute intervals from 6 minutes to 20 minutes, and at 10 minute intervals for the 
duration of each step. The discharge rate was maintained within + 5  percent by monitoring the pump 
control box and the flow meter. 
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4.2 Equipment 

Figure 4-1 shows the general equipment arrangement used for the yield tests. 

All wells were initially pumped with a GRUNDFOS 1 .&inch outside diameter REDIFLO-2 submersible 
pump. This pump was selected because of its versatility for use in either 2-inch, or 4-inch wells and its 
variable flow range from < 1 gpm to 5 gpm. The discharge rate from the pump was manually adjusted 
on the pump control box. 

Flow rates were measured with either a Hersey MVR 30 or Sensus mechanical flow meter with totalizer. 
The flow meter was instailed in line with the discharge hose from the pump. Flow rates were 
periodically checked by comparison with a timed discharge into a graduated container. 

Multi-channel data loggers (In Situ HERMIT lo00 and 2000 series), and In Situ pressure transducers 
were used to measure and record water levels. 

Manual water level measurements were made with SOLINST electronic water level measuring tapes. 

Water from wells 1274,1259,1077, and 1339 was discharged to truck-mounted 500-gallon tanks. Water 
produced from wells 11 112 and 11214 was discharged to 1.860 and 1,900-gallon truck-mounted tanks. 
Discharged water was subsequently transferred to the FEMP general sump. Water from Well 1785 was 
pumped into a 500-gallon holding tank and subsequently transferred to the FEMP water treatment facility. 

4.3 Analysis 

The yield test data was analyzed to determine sustainable CRT pumping rates and to provide a pumping 
rate for the subsequent constant rate pumping tests, that were conducted within the GTNZ Investigation. 

The pumping rate for the CRT was derived from the step test data by projection of step drawdown data 
for each pumping rate to 10,OOO minutes. Well drawdown for each step is plotted against time on a semi- 
logarithmic plot, the stable drawdown portion of each step response is then extrapolated to determine a 
time in the future at which the pump inlet would become uncovered if the discharge rate were held 
constant and steady state conditions were not reached. For the GTNZ investigation, a maximum 
pumping time of 7 days or 10,OOO minutes was targeted. It was felt that sustained low discharge pumping 
for 7 days wouid be needed to established communication for any great distance in the overburden 
sediments. This is due to the low permeability and heterogeneous nature. For each step test an estimate 
is made, based on the slopes of the individual rate steps, of a pumping rate which would not uncover the 
pump inlet during the first 10,OOO minutes of pumping. 
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4.4 Results 

Well No. 

1249 

1252 

1258 

1260 

126 1 

1265 

A nanafive of the specific results is provided for each of the tested wells as follows: 

Depth to Screen Bottom Distance from Well 1259 
(Feet) (Feet) 

7.5 160 

9.0 85 

20.2 40 

9.0 65 

20.0 65 

9.0 65 

4.4.1 South of the Pilot Plant Buildina (Well 12591 

1267 

1268 

Well 1259 is located south of the Pilot Plant Building. The predominant lithology is brown silt. The 
observation wells used and their distances from the test well are listed in Table 4-1 and are shown in 
Figure 4-2. 

16.5 155 

15.0 125 

Table 4-1 - Observation Wells, 1259 Yield Test 

A yield test was performed on July 8, 1993 during which the well de-watered after 11 minutes of 
pumping at an average discharge rate of 0.65 gpm. During this short pumping period, a stable first step 
pumping rate of 1.0 gpm was not achieved. No drawdown was detected in any of the observation wells. 

The limited yield from this well, coupled with the reported silt lithology, suggests that the hydraulic 
conductivities in the area are relatively low. Therefore, the sustainable pumping rate would be less than 
the minimum established rate of 1 gpm and additional yield or pump testing was not conducted. 

ERAFS 1 \VOLl : RSAPPS\RSDATA\ 
,, . , . , OUJ\po.37UEITRAlT.RVO 4-4 05/18 3:12pm. Rev. No.: 0 



0 
Z 
W 
0 
W 
J 

i 

- - - .  - .  
N 

. .. 



4.4.2 North of the Old D m  Bailincr Area (Well 12741 

Well No. 

1088 

1273 

We11.1274 is located in the northern part of the site. north of the old drum bailing area. The predominant 
lithology is gray clay with a 2.5-foot sand lense. The observation wells used and their distances from 
the test well are listed in Table 4-2 and shown in Figure 4-3. 

Depth 
(Feet) 

18.0 

13.5 

Table 4-2 - Observation Wells, 1274 Yield Test 

II 1277 I 9.0 

II 1279 I 15.0 

Distance from Well 1271 
(Feet) 

225 

225 

I 106 

237 II 

During a yield test performed on August 8, 1993. well 1274 de-watered after 3.5 minutes of pumping 
at an average rate of 0.85 gpm. It was not possible to achieve stable flow at 1.0 gpm. No drawdown 
was detected in any of the observation wells. 

The limited yield of Well 1274 suggests that the area is not suitable for a CRT 

000265 
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4.4.3 

Well No. 

1076 

1030 

1765 

1768 

ins 
11077 

Waste Pit Area (Wdl 10771 

Depth Distance from 1077 
(Feet) (Feet) 

50.0 66 

32.0 233 

22.5 526.5 

17.5 283.5 

30.0 281.4 

21.5 346.4 

Well 1077 is located in the Waste Pit Area in the northwest portion of the FEMP. The predominant 
lithology of the well is clay with 9.0 feet of well-graded sand-gravel mixture under confined conditions. 
Observation wells and their distances from the test well are listed in Table 4-3 and shown in Figure 4-4. 

Table 4-3 - Observation Wells, 1077 Yield Test 

Well 1077 was initially pumped on July 30, 1993. During this test, three steps of 1 hour duration were 
achieved at the following discharge rates: 

1) Step 1: 1.0 gprn 
2) Step 2: 2.5 gpm 
3) Step 3: 4.0 gpm 

Step three brought the pumping level to within 0.5 feet of the pump inlet, and the test was subsequently 
terminated at the end of the step. No drawdown was detect@ in any of the observation wells, and after 
the pumping ceased, the well displayed a very slow rate of recovery. 

Since the drawdown within the well was rather significant during the range of pumping steps during this 
test, it was subsequently retested on August 12, 1993. During this second test, the well was initially 
pumped in 2-hour step increments at the following rates: 

1) Step 1: 1.0gpm 
2) Step2: 1.5 gpm 
3) Step 3: 2.0 gpm 

oq9.13i7 
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Discharge water holding capacity was a limiting factor, which limited Step 4 to 80 minutes and Step 5 
to 50 minutes at the following discharge rates: 

4) Step4: 2.5 gpm 
5 )  Step5: 3.0 gprn 

The well responded differently during the second yield test with a much lower rate of drawdown over 
time for steps 3, 4, and 5 .  This abrupt change in slope is attributed to a heavy rain which occurred 
during the test. Due to the inconsistency with the first two steps of both of the yield tests, the results 
from steps 3 through 5 are neglected. No drawdown was detected in any of the observation wells during 
the test. As in the first test, the well exhibited very slow recovery. 

Timedrawdown plots for Step Tests A and B are shown in Figures 4-5 and 4-6. Projection of the 
drawdown curves for the first yield test (Test A), which was conducted on July 30, 1993, suggests that 
a pumping rate of 1.0 gprn could be sustained for a period > 10,OOO minutes. 

Projection of the drawdown curves for the first two steps of the second yield test (Test B) suggest that 
sufficient drawdown is not available in 1077 to pump the well at a rate of 1.0 gpm for a time period 
greater than 1O.OOO minutes. Since the 6rst step rate (1.0 gpm) of the second test ran for a longer time 
period, it is considered a better indication of sustained yield. Sustained yield is thus conservatively 
estimated as < 1.0 gpm. The best actual specific capacity occurred when the well was pumped at a rate 
of 1.0 gpm during Test A. 

4-10 05118 3:12pm. Rev. No.: 0 



e9 
0) 
0) 
7 

0 

I 1 I 

v, 0 
rr 

0 
H 

0 
PJ 

0 
C 
C 
C 

0 0 0 - .. 

m 

n 
5 

- . 

d 



v)b 
> O  

Cl- 
v) 

Q 
Q) 

5 

a 

Y 
I I I 

VI 0 
e 

VI 
e 

0 
C 
C a + 

a a 0 
e 

a 
M 

> V 

z 

, . , .  . . .  - . I  



4.4.4 Plant 1 Pad Area (Well 13391 

I. 

Well No. Depth Distance from Well 1339 
(Feet) (feet) 

1055 20.0 235 

1336 20.8 312 

1338 10.5 225 

1340 20.0 230 

1342 18.0 350 

1343 10.5 267 

Well 1339 is a 2-inch ID well located southwest of the boiler plant in the Pad 1 Area. The predominant 
lithology is brown sand under unconfined conditions at a depth of 5 to 11.5 feet BGS. The sand layer 
is fully peneuated by Well 1339. Observation wells and their distances from the test well are listed in 
Table 4 4  and shown in Figure 4-7. 

Table 4 4  - Observation Wells. 1339 Yield Test 

II 1344 -1- 20.0 7 3 1 7 1 1  
~~ ~ 

Well 1339 was initially tested on July 15, 1993. The first step pumping rate was 1.85 gprn for a period 
of 1 hour at which a stable drawdown was achieved. Two subsequent stable drawdown steps of 2.9 gpm 
and 4.0 gpm were also achieved during this test, but discharge water holding capacity limited the second 
and third steps to a duration of less than 60 minutes. No drawdown was detected in any of the 
observation wells during the test. 

Projection of step drawdown curves from Test A. shown in Figure 4-8, suggest that pumping at a rate 
of 1.85 gpm could extend to > 1O.OOO minutes. Although the time duration of Step 2 was only 20 
minutes, the projection of the drawdown Curve at the Step 2 rate of 2.9 gprn suggests that the well could 
not be pumped in excess of 10,OOO minutes. If the well were pumped at a rate of 4.0 gpm, the projection 
of the drawdown curve suggests that it would dewater in less than 200 minutes. Subsequent yield testing 
of Well 1339 confirmed that a rate of 4 gpm could not be sustained. Sustainable yield for Well 1339 is 
estimated conservatively at 1.85 gprn for 10,OOO minutes. 
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4.4.5 Waste Pit Area (Well 11 2141 

Well No. 

1077 

1645 

1 774 

1010 

Well 11214 is a 4-inch ID well located in the waste pit area. approximately 400 feet east of Well 1077. 
The predominate lithology is 10 feet of fine sand and gravel under confined conditions overlain by an 
upper clayey sand unit. The sand and gravel layer is fully penetrated by Well 11214. Boring logs of 
adjacent observation wells suggest that the sand unit extends from 14 to 24 feet deep and is under 
confined conditions. The sand unit is believed to represent a 20-foot-wide channel that trends north-south 
(Figure 4-16). Observation wells and their distances from the test well are listed in Table 4-5 and shown 
in Figure 4-9. 

Depth Distance from Well 11214 

(Feet) (Feet) 

33.0 411.3 

25.5 180 

31.0 407.1 

27.0 475.1 

Table 4-5 - Observation Wells, 11214 Yield Test 
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Well 11214 was step/yield tested on September 2, 1993. During this test, five full steps were achieved 
at the following discharges and times: 

1) Step 1: 1.0 gpm 100 minutes 
2) Step 2: 1.5 gprn 100 minutes 
3) Step 3: 2.0 gpm 60 minutes 
4) Step4: 2.5 gpm 70 minutes 
5 )  Step 5:  3.0 gpm 80 minutes 
6)  Step 6: 3.5 gpm 77 minutes 

The test was terminated when the pumping level reached the pump inlet 77 minutes into step 6 at a rate 
of 3.5 gpm. No drawdown was detecred in any of the observation wells, but subsequent drilling for a 
pump test revealed all of the observation wells were outside of the channel. The well recovered to 
within 76 percent after 20 minutes, and 100 percent within 15 hours. Projection of step drawdown curves 
shown in Figure 4-10 suggest that the well could be pumped at a rate of 2.5 gpm for a time period 
greater than 10,OOO minutes. 
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4.4.6 Plant 1 Pad Area (Well 11 11 2) 

Well 11 112 is a 4-inch ID well that was installed in the Pad 1 Area. The predominant lithology is fine 
to coarse sand and gravel that is present from 4 to 14 feet under unconfined conditions. The sand and 

gravel layer is fully penetrated by Well 11 112. Boring logs of the adjacent observation wells and Well 
1339 suggest that M e  lithologic conditions are typical of the Pad 1 Area. Observation wells and their 
distances from the test well are shown in Figure 4-1 1 and are listed in Table 4-6. 

Table 4-6 - Observation Wells, 1 1 112 Yield Test 

Well No. Depth Distance from Well 11% 

(Feet) (Feet) 

11114 17.5 9.99 

11115 20.5 10.86 

11116 16.0 19.97 

11208 14.5 49.67 

11209 21.5 10.18 

The yield of Well 11112 was tested on September 24, 1993. The test was conducted at the following 
discharges and times: 

1) Step 1: 1.0 gpm 70minutes 
2) Step 2: 1.5 gpm 60 minutes 
3) Step 3: 2.0 gprn 60 minutes 
4) Step 4: 2.5 gpm 50 minutes (&-water) 

The test was terminated when the pumping level reached the pump inlet. The well recovered to within 
95 percent of the pre-pumping static water level after 30 minutes. 

The yield test data from Well 11112 are summarized in Table 4-6. Projection of the step drawdown 
curves, shown in Figure 4-12, suggest that the well could be pumped at a rate of 2.0 gpm for a time 
period greater than 10,OOO minutes. 
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4.4.7 Plant 8 Area (Well 17851 

Well 1785 is a 6-inch ID stainless steel well located in the Plant 8 area. The predominant lithology is 
fine to coarse sand and gravel from 8 to 18 feet below ground surface. The sand and gravel layer is fully 
penetrated by Well 1785. Boring logs from the Plaut 8 observation well network that was installed 
during the GTNZ investigation suggest that similar lithologic conditions are present throughout the Plant 
8 area and Plant 2/3 area. Observation wells and their distances from the test well are shown in Figure 
4-13 and listed in Table 4-7. 

Table 4-7 - Observation Wells, 1785 Yield Test 

Well No. 

11 120 

11118 

11 121 

11211 

Depth (Feet) 

21 .o 

7.5 

19.6 

23.0 

/I Distance from Well 1785 

(Feet) 

10.58 

10.82 

29.67 

11.27 

I 31.46 II 1232 1 19.6 

Well 1785 was initially yield tested on October 27, 1993. During the test, an initial step lasting 100 
minutes was achieved at a rate of 0.85 gpm, but the well dewatered during the second step after a period 
of 80 minutes, at a pumping rate of 1.35 gpm. The well was allowed to recover and was subsequently 
pumped at a rate of 1.0 gpm for a period of 100 minutes. 

. .. . .  . .  
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Based on these results, an attempt to conduct a Constant Rate Pumping Test at a flow of 0.85 gprn was 
started on October 28. The results indicated a highly inefficient, possibly improperly developed. well. 
The well was altenrarely surged with a slug and pumped to achieve additional development. A second step 
test was subsequently conducted on November 3. 1993. During the test, three full steps were acheved. 
The test was terminated after the pumping level reached the pump inlet at approximately 50 minutes into 
the fourth step. The well recovered to greafer than 90 percent within 60 minutes. 

1) Step 1: 1.0 gpm 100 minutes 
2) Step 2: 1.5 gpm 100 minutes 
3) Step 3: 1.75 gpm 80 minutes 
4) Step 4: 2.0 gpm 50 minutes (de-water) 

The data from the second step test at Well 1785 are summarized in Table 4-12. Projection of the step 
drawdown curves, shown in Figure 4-14, suggest that the well could be pumped at a rate of 1.5 gprn for 
a period approaching 10,OOO minutes. 
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SECTION 5 

PUMPING TESTS 

Constant rate pumping tests (CRTs) were performed in three areas - the Waste Pit Area, Plant 1 Pad, 
and Plant 8 Area according to Section 3 of the GTNZ Work Plan (PARSONS 1993b). 

The objective of these pumping tests was to calculate hydraulic propenies of the water-bearing sand zones 
in the GTNZ. Data from the tests are used to determine the hydraulic conductivity. storauvity. and 
anisotropic conditions that may exist in the pump test area and to make obscrvations concerning hydraulic 
barriers and drawdown orientations. 

All threz pumping test locations were on FEMP property and are shown in Figure 5- 1 and more generally 
in Figure 1-1. 

1) 
2) 
3) 

Plant 1 Pad Area (Well 11112) 
Waste Pit Area (Well 11214) 
Plant 8 Area (Well 1785) 
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5.1 General Methods 

5.1.1 EauiPment 

Figure 5-2 shows the general piping and equipment set-up for the pumping tests. Table 5-1 lists and 
describes the equipment and insvumentation used to conduct the tests. 

A Grundfos Redi-Flo 2, submersible pump was used for the pumping tests. The rate of discharge from 
the pump was regulated by a control box that governed the rotation speed of the pump motor and 
impellers. 

Discharge from the pump flowed through a 3/4-inch ID Teflon hose. A Hersey MVR 30 mechanical 
flow meter with sweep hand and digital totalizer was used to record the volume and rate of flow from 
the well. A Sensus mechaaical flow meter was used to record flow from the test at the Waste Pit Area. 
A sampling port was placed in line from and downstream of the flow meter. 

For pumping tests at the Plant 1 Pad and the Waste Pit Area, the discharge subsequently flowed into a 
truck mounted 1.500 gallon or 1,800 gallon tank. These trucks rotated between water holding and 
disposal from the pumping well to the sump. For the pumping test at Plant 8. discharge was sent to a 
500-gallon, truck-mounted tank and subsequently to the Plant 8 treatment system. 

Table 5-1 - Pumping Test Components 

Component Description 

Test Pump 

Primary Flow Meterflotalizer 

Secondary Flow Measurement 

Test Pump Power Supply 

Automatic Water Levels In Situ, HERMIT Model SE 2000 

GRUNDFOS, 1.8 inch O.D., REDIFLO-2 submersible 

Hersey MVR 30 

Timed fill of calibrated volume 

Local site power 

16 Channel data logger 

SOLINST, electronic water level measuring tape Manual Water Levels - 

ERAFS 1 \VOLl : RSAPPS\RSDATA\ 
OU-5\PO-37\LEI1RA71.RVO 5-3 05/18 3:12. Rev. No.: 0 

008188 



m 

ul 
3 
. 

c 
3 
w m 
- 

000159 



5.1.2 Monitorinq Svstem Installation 

An observation well network was designed for each pump test location. According to the GTNZ Work 
Plan, this design was based on the following criteria: 

1) 
2) Proximity to flow boundaries. 
3) 
4) Radius of pumping influence. 

Evaluation of anisotropic conditions within each safurafed horizon. 

Assessment of aquitard vertical hydraulic conductivity. 

As shown in Figure 5-3, the design contains up to seven observation wells installed at varying distances 
from the pumping well. A cluster located 10 feet from the test well provided data on vertical hydraulic 
conductivity’ (Kv) and the influence of the upper and lower confining layers. The shallow observation 
well of the cluster (Pz-1A) was screened in the upper confining layer when possible. The deep 
observation well of the duster (Pz-IC) was screened in the lower confining layer when possible. The 
third observation well in the cluster (Pz-1B) was installed at an intermediate depdscreened within the 
sand body. A fourth (Pz-2) and fifth (Pz-3) observation well were linearly spaced 30 and 100 feet 
respectively from the test well. A sixth observation well (Pz4) was installed at a distance of 10 feet 
perpendicular to the axis of the other observation wells. 

During construction, each observation well borehole was advanced by a hollow stem auger (HSA) rig. 
Continuous split spoon samples were collected from the surface of the unconsolidated materials to the 
base of the borehole in the Pz-IC, R-2, Pz-3, and R-4 borings. 

All observation wells installed within the sand or sand and gravel horizons were completed with 2-inch 
ID Schedule 40 PVC casing and 0.010 inch slot screens. Each screen length was selected to screen a 
minimum of 85 percent of the sand unit. A sand pack was installed in the annular space around the 
screened interval of the casing. The filter pack was capped by a bentonite pellet seal. Either a Volclay 
grout or a dry granular bentonite was placed above the pellet seal. The thickness and depth of the 
Volclay or granular Bentonite was dependent on the depth to the screened horizon. The remainder of 
the annular space was filled with cement. Flush mounts were installed at the Plant 1 Pad and Plant 8 
Area. Protective steel casings and Cement pads were installed at the waste pit area. 

Geotechnical samples from the Plant 1 Pad and Plant 8 area observation wells, consisting of Shelby tubes 
for cohesive materials and split spoon samples of granular materials, were submitted to the laboratory 
and analyzed for the same physical characteristics as for Plant 8 Area test well (1785). 

Some deviations from the GTNZ Work Plan occurred to account for actual subsurface conditions. 
Documentation of these deviations are located in Appendix D.7. A brief description is provided below. 
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1) Drawdown data from the yield tests at both the Waste Pit Area and the Plant 1 Pad suggested that 
the radius of influence was considerably less than 100 feet. Therefore, the distance from the 
pumping well to the farthest observation well (Pz-3) was reduced from 100 feet to 50 feet. and 
the distance to h - 2  was reduced from 30 feet to 20 feet for these pump tests. 

2) For the pumping test in the Waste Pit Area, neither the deep or shallow observation well was 

installed to monitor the effects of vertical hydraulic conductivity in the upper or lower confining 
layer due to uncertainty over the location and existence of the layers. 

3 )  A continuous upper confining layer in the Plant 1 Pad Area (pumping t a t  11112) was not 
present; therefore, a shallow observation well was not installed. 

4) Since Well 1339 was in close proximity to Well 11 112. it was used as an offset observation well 
instead of installing a new Pz4. 

Figures 5-8, 5-14, and 5-21 present the arrangement of the observation wells at each pump test location. 
Tables 5 4 ,  5-6, and 5-8 list the wells monitored during each pumping test along with well type, well 
depth, distance to test well, screen length, and well diameter. 

5.1.3 Conduct of Pumr, Tests 

During constant rate pumping tests, water levels in the test well and the close observation wells were 
recorded using either a 16channel or 4-channel data logger and the logarithmic sampling cycle shown 
in Table 5-2. Water levels in the distant observation wells were measured manually. Appendix D in 
Volume II of this report contains data from manual measurements and the data logger. Manual levels 
were also obtained hourly in each close observation well to verify operation of the data logger. 

5 . t 4  Water Level Anahrsis 

Four methods of analysis were used: Theis (1935). Cooper-Jacob (1946). Hantush-Jacob (1955). and 
Neuman (1974). Additionally, well recovery is analyzed by Theis (1935). 

Effects due to background trends in water table elevations, barometric pressure, river stage, surface 
loading, and the effects of other wells were considered not to have a significant effect on the test results. 

1) Background Trends in Water Level 

The pump tests at the Plant 1 Pad and Plant 8 were located in areas where surface structures (buildings 
and pads) reduce the infiltration of surface water from precipitation events and the stormwater sewer 
system directs surface water away from the area. Figure 5-4 shows precipitation during the ~cormance . 

: " \ ,  ' 
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of these pump tests. After analysis of background uend, only two pumping tests (Plant 1 Pad and Plant 
8) required a correction for this effect. This analysis is discussed in Subsections 5.2.4 and 5.4.4 and is 
presented in Appendix D.4. Although a major precipitation event also occurred during the Waste Pit 
Area CRT, the event occurred late in the test after the onset of boundary conditions. That portion of 
the test data was not used due to the boundary conditions, so a correction for the storm event was not 
neCesSi3l-y. 

2) Barometric Pressure Effects 

An inverse relationship exists between barometric pressure and water level. 
pronounced under confined conditions. 

This cffcct is more 

Some of the sand bodies tested by these pumping tests initially exhibited confined conditions. However, 
for pumping tests at the Plant 1 Pad and Waste Pit Area once the pumping tests began, the water level 
was lowered below the bottom of the upper confining layer and the sand unit responded in an unconfined 
or semiconfined manner. An analysis for the possible effects of changing barometric pressure is 
presented in Appendix D.6. The barometric efficiency for the wells used during these CRTs is 
insignificant and no correction is required. 

3) OtherEffects 

Other factors that have been known to affect the indicated hydraulic head during a pumping test are: 

1) River stape - Due to their distance from the pumping test site and significant difference in 
elevation, Paddys Run and the Great Miami River are not considered as a possible influence to 
the test data. 

2) Surface Loading - Based on the hardened conditions at the Plant 1 Pad and the Plant 8 Area, and 
the fact that the Waste Pit Area responded as a semi-confined unit. the effect of a change in 
sudace load during the pumping test would not be significant. Additionally, other than vehcular 
traffic at the test site, there were no known local changes in surface loading during the pumping 
tests. Surface loading is not considered a factor influencing the test results. 

3) Other DumDing wells - There were no other active pumping wells in the tested units or near the 
test locations during the pump test that could have affezted the observed results. 
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Table 5-2 - Logarithmic Sampling Cycle 

1 

2 

3 

4 

5 

II Log Cycle I Elapsed Time I Measurement Interval 

0-20 seconds 0.5 seconds 

20-60 seconds 1 second 

1-10 minutes 12 seconds 

10-100 minutes 2 minutes 

> 100 minutes 15 minutes 

Constant Rate Test and Recoverv Period 

Table 5-3 provides a brief chronology for each CRT and subsequent recovery period. The logarithmic 
data collection cycle on the data loggers was re-initiated simultaneously with pump shutdown from the 
CRT to record water level recovery measurements. 

Table 5-3 - Constant Rate Test aqd Recovery Period Chronology 

~~ 

Event (information) 

Datenime CRT Initiated 

(Discharge Rate) 

Date/Time CRT Terminated and 
Recovery Period Initiated 
(Total Pumping T i  in Minutes) 

Date and Time Recovery Period 
Terminated (Total Recovery Time in 
minutes / Percent Recovery) 

Plant 1 Pad 
(Well 11112) 

9/25/93, 13:lO 

(1.75 gpm) 

9/29/93, 15: 15 

(5875) 

10/5/93, 1455 

(8620 / 83.4%) 

Waste Pit Area 
(Well 11214) 

9/21/93, 13:45 

9/27/93, 15:35 

(8740) 

9/30/93, 13: 15 

(4180 / 66%) 

Plant 8 Area (Well 
1785) 

11/04/93, 2158 

(1.25 gpm) 

11/07/93. 11:26 

(3685) 

11/08/93. 1051 

(1405 / 98%) 
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5.2 

5.2.1 

Plant 1 Pad (Well 11 11 2) 

Well 11112 was the pumped well for the CRT conducted in the Plant 1 Pad area. It is located adjacent 
to Well 1339. Figure 5-5 provides a diagram of the well and the surrounding lithology. 

The well was completed on September 20, 1993 in a medium dense, yellowish brown, well graded sand. 
with a trace of gravel. The borehole was drilled with an 8-inch ID HSA drilling rig to a total depth of 
19.5 feet BGS. In accordance with the G T N Z  Work Plan. continuous split spoon samples were collccred 
from the concrete surface pad to the base of the borehole. Selected split spoon samples were submitted 
for sieve analysis. 

Geotechnical samples of the lower gray gravelly clay were taken between 14.5 and 17.0 feet and 17.0 
to 19.5 feet by Shelby tube. These samples were submitted for laboratory analysis for: 

1) Grain Size (Hydrometer) 
2) MoisweContent 
3) Void Ratio 
4) AnerbergLimits 
5) LabDensity 
6) SpecificGravity 
7) Constant Permeability (triaxial cell with back pressure) 

The well was completed with a 4-inch ID schedule 316 stainless steel casing to a depth of 16 feet BGS 
and screened with a 10 foot length of .020 inch slot screen between 4.0 and 14.0 feet BGS, which fully 
penetrated the saturated sand body. Yield test data from nearby observation well 1339 suggested that a 
4-inch submersible pump, as specified by the G T N Z  Work Plan, would not be required and therefore, 
a 2-inch diameter submersible pump could be used in the well. A sand pack was installed in the annular 
space from the bottom of the borehole to 3.7 feet BGS. The shallow depth to the top of the screened 
zone would not permit the installation of a 5-foot thick bentonite seal. For the same reason, Volclay 
grout was not installed above the bentonite pellets. Instead, a dry granular bentonite seal was placed 
above the sand pack to a depth of 1.1 feet BGS to prevent the cement cap from sinking. The remainder 
of the annular space was finished with concrete and a flush mount steel vault was installed. 

' 

The well was developed by alternately pumping and surging with a slug. Following development, the 
well was sampled for total uranium, general chemistry constituents, and volatile organic compounds. 
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5.2.2 Conduct of Plant 1 Pad Purminq Test 

The CRT started at 13:lO on September 25, 1993. A discharge rate of 1.75 gallons per minute (gpm) 
was maintained within f 5 percent for the duration of the test. Drawdown in the test well reached 6.70 
feet. Drawdown in Observation Well 11114 located 10 feet away reached 2.29 feet. The pump was 
turned off at 15:15 on September 29. 1993 beginning the recovery period. The well recovered slowly 
with 1.11 feet (16.6 percent) residual drawdown remaining after 6 days. Figure 5-6 shows a time- 
drawdown plot for the pump test while Figure 5-7 shows the total drawdown at the end of the test. 
Figure 5-8 shows the well arrangement in the immediate vicinity of Well 11112. Th~s information is 

' XI in Table 5 4 .  

5.2.3 

The response was generally characreristic of unconfined conditions and the primary method of analysis 
is by the Neumaa method (1974). The Theis (1935) method is used as a check of the results that were 
determined by the Neuman method. The applicability of the Theis method is based on the fact that an 
unconfined aquifer will initially respond to pumping as predicted by the Theis equation. The response 
only deviates from the Theis equation as the effects of delayed yield become evident. During these 
pumping tests, suf6cient data are collected before these dewatering effects become prominent to allow 
the Theis equations to be used. 

5.2.4 Backaround Trend 

Figure 5-9 shows the levels of three wells, located near the Plant 1 Pad test area, immediately prior to 
and throughout the yield and pumping tests. Recipitation events are also shown in this figure over the 
same period. 

During a 1-hour period ending at 8:OO on September 24th, 0.55 inches of precipitation fell. An 
additional 0.81 inches fell between 1O:OO and 21:OO on September 25, 1993. These events occurred prior 
to and during the initial portion of the pumping test. These precipitation events caused the levels in the 
monitored wells to initially increase and then decrease over the period of the pump test. These wells are 
located north, east, and south of the test area and are screened in the same sand body. The average trend 
in these three wells is 0.120 ftkiay. This correction factor is applied to the data from Plant 1 Pad 
obseniation wells which were used for parameter estimation (11114, 11209, 1339, 11116). 
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Table 5 4  - Test and Observation Wells, Plant 1 Pad Pumping Test 

Well Type FEMP 
Well 
No. 

11112 

11114 
(Pz-1B) 

11115 
(Pz- 1C) 

11116 
(pz-2) 

11208 
(R-3) 

11209 
(pz-4) 

1339 

1055 

1338 

1340 

1343 

1336 

Depth to Distance 
Screen to 11112 

Bottom (feet) (feet) 

Well 
Diameter, 

ID 
(inches) 

I 14.0 I OsO 

Screen Total Notes 
Length Drawdown 
(feet) (ft)' 

New 
Observation 
Well 

2 

2 

12.5 2.29 

1 .o -3.001 basal 

2 

2 

12.5 2.29 

1 .o -3.001 basal New 
Observation 
Well 

12-0 I 2.67 
Monitoring 
Well 

20.5 10.86 

I 243*7 
Monitoring 
Well 

New 
Observation 
Well 

220.3 

230.6 
Well 

13.5 19.97 

~~ 

Monitoring -riiz --I 269.7 
Well 

New 
Observation 
Well 

Monitoring 
Well 

13.5 49.67 

New 
Observation 
Well 

20.5 10.18 

2 5 .O .10 

2 

Cumulative drawdown after 5,875 minutes at 1.75 gpm. 
Well not equalized prior to start of pumping test; response is due to equalization following 

1 

2 

13 .41 
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Two observation wells (1 1208 and 1 11 15) and the test well (1 11 12) were eliminated from consideration 
for parameter estimation for the following reasons: 

1) Observation Well 11208 was unduly influenced by precipitation events during the pump test. 
Additionally, the monitored response for Observation Well 11208 generally occurred after 
boundary conditions were encountered. The boundary effects violate the assumption of infinite 
areal extent. 

2) Observation Well 11 115 was screened in the basal clay and exhibited a continuously rising water 
level throughout the pumping test. The initial water level was below the static water level in the 
sunounding wells. It is believed that the rising water level in this well was due to slow and 
incomplete recovery following development. 

5.2.5 Results 

The objectives of this pumping test were to determine conductivity and storativity of the sand body as 
well as to assess the degree of hydraulic connection between the test well and surrounding wells. A 
conceptual cross section of the Plant 1 Pad Area is provided in Figure 5-10. 

For the Plant 1 Pad pumping test. four observation wells (1339, 11 114, 11209, 11 116) showed sufficient 
response to pumping to be considered for parameter estimation (Table 5-5). The observation wells 
exhibited responses characten 'stic of unconfined conditions. When analyzed by the Neuman method, they 
exhibited a tight correlation for values of horizontal hydraulic conductivity and ratio of vertical to 
horizontal conductivity. All four observation wells exhibited a greater drawdown at approximately 600 
minutes into the test. This change likely occurred when the expanding cone of depression from the test 
well encountered a flow boundary; in this case, the edge of the sand body. The effects of well storage 
can be seen over approximakly the first four minutes of pumping as indicated by the abrupt change in 
slope at that time (Figure 5-6). 
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From the Neuman analysis, the sand body penetrated by the test well exhibits a horizontal hydraulic 
conductivity of 17.6 Wday (6.18 x lo-) dsez) ,  a specific yield of approximately 0.042, a storativity of 
0.0023, and a ratio of horizontal hydraulic conductivity to vertical conductivity of approximately 2.5: 1. 

Calculated conductivity using the Theis recovery method yielded lower values due to the slow recharge 
to the sand body which is controlled in part by the surrounding clay till. 

The shape of the drawdown contours in Figure 5-7 indicates a northeast to southwest trend. 

The value of conductivity calculated for the test well (1 11 12) is lower than the corresponding obscrvation 
wells due to head losses associated with pumping, and the test well data is not considered for parameter 
estimation. 

5.3 Waste Pit Area (Well 1 121 4) 

5.3.1 Constmction 

Well 11214 was the pumped well for the CRT conducted in the waste pit area. It was installed in August 
1993. Figure 5-11 provides a diagram of the well and the surrounding lithology. The well was drilled 
to a total depth of 34.5 feet BGS with an 8-inch ID hollow stem auger drilling rig. The borehole was 
subsequently backfilled with a mixture of Volclay grout and Portland cement to a depth of 26.5 feet. A 
4-inch ID schedule 316 stainless steel casing was installed to a depth of 24.25 feet BGS and was screened 
from 14 to 24 feet BGS with a 0.010 inch slot screen. A sand pack was placed from 26.5 to 9.0 feet and 
a 2.0 foot seal of bentonite pellets was placed above the sand pack. The remainder of the annular space 
was filled with a Volclay groutkernem. The well was completed with a 10.75 inch OD steel protective 
riser casing. 

Well 11214 is situated within a small 20-foot wide channel that tends roughly in a northeast to southwest 
direction. 

5.3.2 Conduct of Test 

The Waste Pit Area CRT started at 13:45 on September 21, 1993. A discharge rate of 2.0 gpm was 
maintained within 5 percent for the duration of the test. Maximum drawdown in the test well reached 
10.88 feet. The CRT was concluded at 15:35 on September 27th after approximately 8,740 minutes of 
pumping. Figure 5-12 shows a timedrawdown plot for the pump test while Figure 5-13 shows the total 
drawdown at the end of the test. Figure 5-14 shows the well arrangement in the immediate vicinity of 
Well 11214. This information is summarized in Table 5-6. 
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Table 5-6 - Test and Observation Wells, Waste Pit Area Pumping Test 

. 
~~ 

h M P  Well Type Depth to 
Well Screen 
No. Bottom 

(feet) /I 11214 I Test Well 0.0 

11.15 

9.7 

19.65 

I 24.0 

4 10.0 10.88 Test 
Well 

2.0 11.0 8.11 

2.0 10.0 8.81 

2.0 6.0 4.77 

11213 New Observation )I I Well 

16.0 

11 122 New Observation ll I Well 

~ 11 11124 TNew Observation 1 9.5 

25.0 

11 1010 Monitoring Well 

11 125 New Observation I I Well 

1774 Monitoring Well ll I 

11.5 

11 1645 I Monitoring Well I 25.5 

~~~ 

12.16 2.0 - 1 . 0 - 1  2 . 0 3  ~~ Shallow ~~ 

Sand 
Zone 

Screen 

(feet) 
(inches) 

11077 

1077 

Monitoring Well 21.5 

Monitoring Well 33 

z:: -0.03' 

-0.302' Waste 
Pit 4 

180.0 -0.29' 

411.3 4 10 

323.9 4 10 -0.08' 

Cumulative drawdown after 8.740 minutes of pumping at 2.0 gpm. 
Overall negative drawdown due to rain event on September 24-25, 1993. 

A 

0 
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Recovery was monitored from the time the pump was turned off on September 27 until 11 : 15 on 
September 30 when the test well had recovered 66 percent. On September 28. at 09:05, the pressure 
transducers were inadvertently removed from Wells 1 1 124, 1 1 125, and 1 1 120 for approximately 10 
minutes due to miscommunication between the test techcians. The transducers were returned to their 
wells at approximately the same depth and monitoring continued. 

. 

5.3.3 

The response to pumping was generally characteristic of scmi-confined conditions. Data was analyzed 
primarily by the Hantush-Jacob method with Neuman and Theis analysis includcd for purposes of 
comparison. 

5.3.4 Backqround Trend 

Figure 5-15 is used to evaluate the background trend for the Waste Pit Area pump test. The figure shows 
the water level in the test well (11214) and associated observation wells. Water levels in each of five 
wells are referenced to level at the start of the background period and are plotted over the 36-hour period 
immediately prior to the constant rate test. Each well exhibited a relatively consfant water level over this 
period with variations of less than 0.03 feet. Figure 5 4  presents precipitation data collected over th~s 
time period from the FEW weather station. Precipitation totaling 1.8 inches fell on October 24 and 25. 
While this precipitation occurred during the constant rate pumping test. it occuned far enough into the 
test that the effects of boundary conditions had already been encountered. Since the Theis and Cooper- 
Jacob analysis were performed on data prior to the appearance of boundary effects, the precipitation 
events do not affect parameter estimation. 

5.3.5 

The test well (1 1214) penetrates and is screened in a sand body interpreted to be a narrow buried channel 
approximately 20 feet wide. The objective of this test was to estimate hydraulic conductivity. A 

conceptual cross section is provided in Figure 5-16. 

Well locations and the cumulative drawdown at the end of the pumping test are shown in Figure 5-  13. 
The cone of depression steepens noticeably to the west of the pumping well where it intercepts the edge 
of the chaunel. The test well demonstrated no communication with wells outside the channel. Wells 
outside the channel eventually showed a rising water level due to the precipitation event that occurred on 
September 24 and 25 (Table 5-6, Figure 5-13). 

Three methods of analysis were used: (1) Hantush-Jacob (semiconfined), (2) Theis (confined), and (3) 
Neuman (unconfined). The recovery data was also analyzed using the Theis method. The test well 
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e exhibited confined characteristics as initially the water level was above the lower extent of an upper 
brown siltyclay layer. An additional confining or semi-confining layer is also present approximately 10- 
14 feet BGS. As the test proceeded, hydraulic head was reduced and conditions uansitioned to either 
unconfined or semiconfined. 

-- 

The results of this analysis are provided in Table 5-7. The best data for analysis is between 2 and 
approximately 700 minutes. This time is after the effects of well storage have dissipated and before the 
effects of boundary conditions and precipitation become significant. During the early portion of this time 
period the hydraulic conditions are still largely confined so there is strong agreement between all three 
methods of pump test analysis. During a later portion of the pump test, it is likely that some dewatering 
of the upper sand body occurred. 
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Figure 5-16 - Conceptual Cross Section, Waste Pit Area 
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Recharge to the sand body was controlled in part by the less permeable clay material whch surrounds 
the buried channel. This effect can be observed in the recovery analysis where the calculated conducuvity 
is lower then that predicted by any of the three pumping analyses. Due to the short period of data 
collection following the termination of the pump test. the assumptions of the Theis analysis arc not valid: 
however, it still provides fairly representative values. 

-_  

Dam was c o l l d  from 10 observation wells and the test well. These wells are shown on Figure 5-13. 
Observation wells locared outside the channel (1645 and 1077) exhibited a negative drawdown (rising 
level) during the pump test and are not considered to be in communication with the test well. Thcy were 
not considered during parameter estimation. 

Additionally, the test well (1 1214) is not included in parameter cstirnation due to h e  cffccts of pumping. 
Observation Well 11 124 is not included because its relatively poor response indicates that it is not in good 
communication with the rest of the channel (Figure 5-16). 

The three remaining observation wells exhibited responses characteristic of semi-confined conditions. 
When analyzed by Theis, Neuman, and Hantush-Jacob, they exhibited a tight correlation for values of 
horizontal hydraulic conductivity and storage coefficient. A steepened drawdown curve was observed 
approximately 600-800 minutes into the test. This change in slope occurs as the expanding cone of 
depression from the test well encounters a flow boundary. 

From the Hantush-Jacob analysis, the sand body exhibits a horizontal hydraulic conductivity of 4.3 Wday 
(1.5 x lC3 cm/sec) and a storativity of 0.004. This agrees with slug test results and values of storativity 
for semiconfined conditions. Theis’ recovery analysis yielded lower values of conductivity due to 
dewatering of the sand body and slow recharge through the less permeable surrounding clay till. 

The drawdown contour plot of Figure 5-14 shows an elongation consistent with the buried channel. 
Figure 5-17 shows a distance drawdown plot 700 minutes into the pump test (prior to the rain event). 
This figure qualitatively shows that with the exception of Well 11 124, which is thought to be screened 
at the inside edge of the buried channel, the drawdown associated with each well generally correlates 
linearly with the log of distance. This indicates that the observation wells screened in the buried channel 
(with the exception of 11 124) are in good communication with the test well. 
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5.4 Plant 8 Area (Well 1785) 

5.4.1 

Well 1785 was the pumped well for the CRT conducted in the Plant 8 area. It was installed in August 
1991. Figure 5-18 provides a diagram of the well and surrounding lithology. The borehole was 
a d v a n d  with a 12-inch Outer Diameter (OD) hollow stem auger (HSA) drilling rig to a total depth of 
21 feet BGS. The well was completed with a 6-inch ID Schedule 316 stainless steel casing to a depth 
of 18.7 feet BGS. and screened from 8.2 to 18.2 feet BGS with a 0.010 inch slot screen. A sand pack 
was placed from the bottom of the borehole to 6.0 feet. A 4.7 foot seal of Bentonite pellets was placed 
above the sand pack. The well was completed as a flush mount. 

5.4.2 Conduct of Test 

The CRT was initiated on November 4, 1993, at 13:30 at a constant discharge rate of 1.5 gpm. The test 
was terminated after 370 minutes due to dewatering of the well. The water level quickly recovered once 
the pump was shut off, regaining 90 percent of the CRT drawdown in less than 8-1/2 minutes. 

A second CRT was begun at 2138 at a lower discharge rate. The discharge rate was established as 1 .U 
gpm and maintained within k 5 percent for the duration of the CRT. Maximum drawdown in the test 
well was measured at 10.76 feet. The test was concluded at 11326 on November 7 after 3,685 minutes 
of pumping due to dewatering. Figure 5-19 shows a timedrawdown plot for the pump test while Figure 
5-20 shows the total drawdown at the end of the test. Figure 5-21 shows the well arrangement in the 
immediate vicinity of Well 1785. This infomaion is summarized in Table 5-8. 

Recovery was monitored from the time the pump was turned off on November 7 until 1051 on 
November 8th. At this time, the test well had recovered 98 percent. The well recovered 90 percent 
within 34 minutes of the end of the CRT. 

5.4.3 Anahrsis 

The response to pumping was characteristic of confined conditions. Data was analyzed by the Theis and 
Cooper-Jacob methods. 
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a Table 5-8 - Test and Observation Wells, Plant 8 Area Runping Test 

Well Type 
- 
FEMP 
Well 
No. 

Depth to 
Screen 
Bottom 
(feet) 

Well 
Diameter, 

ID 
(inches) 

Screen Total 
Length Drawdowi 
(feet) (ftP 

Test Well 

New Observation 
Well 

New Observation 
Well 

~ ~ 

18.2 

24.5 

21.0 

New Observation 
Well 

7.5 2 

2 

2 

1.5 0.08 

12.5 0.84 

13 0.74 

Monitoring Well 

Monitoring Well 

Monitoring Well 

~ ~ ~~ ~ 

14.6 48.88 2 4.8 0.50 

20.0 61.36 2 12 0.45 

10.5 69.53 2 3 0.32 

Monitoring Well 

Monitoring Well 

Monitoring Well 

20.0 88.98 2 10 0.62 

20.0 206.13 2 10 0.10 

12.0 214.90 2 5 0.02 

Monitoring Well 

Monitoring Well 

~~ 

15.5 241.07 2 4.8 0.21 

13.5 309.07 2 5 0.17 

Notes 

1785 0.0 6 I 10 I 10.76 Test well 

11119 
(pt-1C) 

10.18 basal clay 

10.58 I I l.O0 

2 

11118 
(Pz-1A) 

10.82 upper clay 

11211 
m4 

New Observation 23.0 

Well I 11.27 

1233 Monitoring Well 1- 1: 
New Observation 
Well 

26.83 

11 121 
@-2) 

29.67 

1232 Monitoring Well I 19.6 31.46 

1228 

123 1 

1224 

1230 

1219 

1241 

1240 

A Cumulative drawdown after 3,685 minutes of pumping at 1.25 gpm. 
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5.4.4 Backaround Trend 

Figure 5-22 is used to evaluate the background trend for the Plant 8 Area pump test. This figure shows 
the water level in the test well (Well 1785) for the period October 22 through October 26, 1993. Water 
levels are referenced to an arbitrary reference point at the beginning of the monitoring period. Water 
levels in the associated observation wells are shown for the period of October 25-26 but were not 
available before this time. Well 1785 exhibited a daily cyclical trend imbedded on a consistently 
decreasing trend throughout the period. The steady decline over the 4-day period o m  at an average 
rate of 0.0316 ft/day. The response of the associated observation wells over the shorter period of time 
shows a similar trend. The observed background trend is also supported by the fact that during the 
recovery period following the constant rate! test, the level in Well 1785 and the associated observation 
wells recovered quickly to a level approximately 0.2 feet below the original static water levels. 

-. 

As shown in Figure 5 4 ,  approximately 0.05 inches of rain fell during the Plant 8 pump test over a 2 
hour period ending at 01:OO on November 5 ,  1993. The correction factor of 0.0316 Wday, discussed 
above, has been applied to account for the background trend. 

One observation well and the test well were eliminateri from parameter estimation for the following 
reasons: 

As mentioned above, a minor precipitation event occurred during the Plant 8 pump test that 
ultimately limited the interpretation of the collected data. Due to flooding of the Observation 
Well 11 120 casing from surface water, this well is removed from the analysis. 

The Plant 8 pump test only moderately stressed the sand body due to the inefficiency of the test 
well. Except for the test well, which lost available drawdown, the remaining wells responded 
under confined conditions. Due to its inefficiency, significant drawdown, and the resultant 
deviations from the assumptions of Theis and Jacobs, the test well is not considered for parameter 
analysis. 

Observation Wells 11 1 18 and 1 11 19 were screened entirely within the upper (brown) and lower 
(gray) clay confining layers. Observation Well 11118 showed a very minimal response and 
11 119 exhibited approximately 80 percent of the response seen at 11 120 that was screened at the 
same distance within the sand body. Observation Wells 11 118 and 11 119 thus are not analyzed 
for parameter estimation. 

ERAFSI\VOLl:RSAPPSWDATA\ 
OU-S\P037\tFITRATT.RVO 5 4 1  

- .. 

05111 3:12pm. Rev. No.: 0 



5.4.5 

For the Plant 8 Area pumping test, data from 15 observation and monitoring wells and the test well were 
collected. Figure 5-23 shows a conceptual cross section of the wells in the immediate area. 

Data collected from three wells were considered adequate for parameter estimation. The responses from 
these wells were characteristic of confined conditions. When anaiyzed using the Theis and Cooper-Jacob 
methods, they exhibited a tight correlation. for values of horizontal hydraulic conductivity and storativity. 
As seen in Figure 5-19, the effects of well storage for this test extend over the first 8 minutcs of pumping 
due to a larger well casing radius and smaller discharge rate. A steepened drawdown CWC was observed 

approximately 700 minutes into the test. This change in slope likely occurs as the expandmg cone of 
depression from the test well encounters a flow boundary. 

From the Theis analysis, the sand body exhibits a horizontal conductivity of 23.8 Wday (8.4 x l o 3  
cm/sec) and a storativity of .0054. These results fall within the range of the conductivity calculate from 
slug tests conducted in sand (Section 2) and typical values of storativity for similar materials under 
confined conditions. 

A distaace drawdown plot is shown at Figure 5-24. This figure shows that with the exception of Well 
11 118 all the wells generally responded linearly with the log of distance. This would indicate that all the 
wells (with the exception of 11 118 are in relatively good communication with the test well. 
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SECTION 6 i' 

/I 

LYSIMETERS 

Six deep-sampling lysimeters were installed in accordance with the GTNZ Work Plan 
(PARSONS 1993b). Pairs of lysimeters were installed in three areas on site property. The locations are 
shown in Figure 6-1. One lysimeter in each pair was used for sampling pore moisture in the lower clay 
at the base of the glacial overburden and the other was used for sampling pore moisture in the unsaturated 
sand and gravel above the water table of the GMA. In area A, an additional shallow lysimeter was 
installed to replace a lysimeter which failed. 

6.1 Equipment 

The installed lysimeters are 2-inch diameter, vacuum/pressure soil pore water samplers with a ceraniic 
cuptype filter media. They are manufactured by Timco and a general arrangement is shown in Figure 
6-2. This type of lysimeter allows water to enter a micro-porous ceramic cup at the instrument's base 
through capillary forces. The ceramic cup is attached to an 18 inch PVC cylindrical body with full depth 
riser and a PVC head. The head assembly attaches to the riser and COMIX~S the sample and pressure 
ports to the lysimeter via 1/4 inch nylon tubing. The nylon tubes extend from the lysimeter body up to 
the riser head at the surface and are used for vacuum extraction and pressure sampling. The sample tube 
extends from the head through the lysimeter to a point just in contact with the inside base of the 
lysimeter. The vacuum extraction tube extends into the lysimeter to a point approximately 3 inches below 
the inside of the cap. 

6.2 Methods 

The lysimeter borings were advanced by cable tool methods to a target depth. Table 6-1 provides 
completion details of the lysimeter borings. 

A 16-inch ID steel casing was driven to the basal clay and the hole was allowed to set for a period of 24 
hours to check for leakage from the upper till. Casings for the shallow lysimeters were advanced from 
1.4 to 6 feet into the basal clay, and casings for the deep lysimeters were advanced from 3.9 to 22 feet 
to ensure that the potential for moisture to migrate downward from the granular material above the lower 
clay horizon was minimized and to stabilize the borehole. Following the installation of the surface 
casing(s), each borehole was advanced to total depth with 4.25 inch ID (8-inch OD) hollow stem augers.' 
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6.3 Analysis 

All six lysimeters were sampled for total uranium and common anions/cations. The results are shown 
on Table 6-2. Data indicate that uranium is present at the base of the glacial ovenburden deposit and 

also in the upper unsawated portions of the GMA. 

The lysimeters which were installed in the lower clay at the base of the glacial overburden required very 
little to no vacuum for sampling. This indicates that the sampling conditions are very close to saturation. 
The lysimeters which are installed in the sand and gravel. beneath the glacial overburden deposit but 
above the water table of the GMA require a vacuum for sampling. This indicates that the sand and gravel 
is not saturated. The lysimeters set in the sand and gravels of the GMA are well above the water table 
of the GMA (approx. 15 feet) and well above the seasonal fluctuation of the water table (approx. 6-8 
feet). 
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Table 6-2 - Lysimeter Results 

Location 

11 129 

11 130 

- Date 

09/24/93 

03/21/94 
03/22/94 
03/23/94 

09/30/93 

03/21/94 
03/22/94 
03123194 
03/24/94 

Parameter 
~ ~~ 

Alkalinity as CaCO3 
Bicarbonate Alkalinity 

Calcium 

chloride 
Gross Alpha 
Gross Beta 
Magnesium 
Potassium 
Sodium 
Sulfate 
Uranium, Total 
Uranium, Total 
Uranium, Total 
Uranium, Total 

CarbOnateAlkalinity 

Calcium 
Gross Alpha 
Gross Beta 
Magnesium 
Potassium 
Sodium 
uranium, Total 
Uranium, Total 
Uranium, Total 
Uranium, Total 
Uranium, Total 

Result 

250.00 
300.00 

79500.00 
e 1.00 

46.00 
e .12 
e .19 

19100.00 
5900.00 

29200.00 
88.00 
15.00 
16.00 
29.00 

' 28.00 

99300.00 
- -  < .14 

e .26 
40000.00 

3820.00 
16300.00 

7.90 
13.00 
2.90 
2.80 
2.80 

Units 

6-6 

. .  . _  
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Table 6-2 - Lysimeter Results (Continued) 

Location 
~ 

11131 

11132 

Date 

09/24/94 

03/21/94 
03/22/94 
03/23/94 
03/23/94 

09/29/93 

03/21/94 
03/22/94 
03/23/94 
03/24/94 

Parameter 

Alkalinity as CaCO3 
Bicarbonate Alkalinity 

Calcium 
carbonate Alkalinity 

Chloride 
Gross Alpha 

Gross Beta 
Magnesium 
Potassium 
Sodium 
Sulfate 
Uranium, Total 
Uranium, Total 
Uranium, Total 
Uranium, Total 
Uranium, Total (Dupliwte) 

Alkalinity as CaCO3 
Bicarbonate Alkalinity 

Calcium 
Carbonate Alkalinity 

Chloride 
Magnesium 
Potassium 
sodium 
Sulfate 
Uranium, Total 
Uranium, Total 
Uranium, Total 
Uranium, Total 

6-7 

~~ 

Result 

190.00 
240.00 

59800.00 
e 1.00 

57.00 
e .I2 
c -19 

23200.00 
2860.00 

29000.00 
62.00 
1 1 . 0 0  
3.40 

12.00 
12.00 
12.00 

190.00 
. 240.00 

59500.00 
e 1.00 

25.00 
23900.00 

2280.00 
19500.00 

62.00 
4.60 
2.50 
2.30 
3.50 

* -  

Units 

. _  
000238 
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Location 

11 133 

11234 

Table 6-2 - Lysimeter Results (Conrinued) 

09/28/93 

03/21/94 
03/22/94 
03/23/94 
03/23/94 
03/24/94 

03/21/94 
03/22/94 
03/23/94 
03/23/94 
03/24/94 

Parameter 

Alkalinity as CaCO3 
Bicarbonate Alkalinity 

Calcium 
carbonate Alkalinity 

chloride 
Magnesium 
Potassium 
sodium 
Sulfate 
uranium, Total 
uranium, Total 
uranium, Total 
uranium, Total 
Uranium, Total (Duplicate) 
uranium. Total 

Uranium, Total 
uranium, Total 
uranium, Total 
uranium. Total (Duplicate) 
uranium. Total 

Result 

250.00 
310.00 

87400.00 
< 1.00 

39.00 
24200.00 
4270.00 

27700.00 
67.00 
52.00 
47.00 
16.00 
17.00 
14.00 
16.00 

4.10 
3.90 

- -  4.60 
4.20 
4.90 

Units 

000239 
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SECTION 7 

GEOTECHNICAL DATA 

7.1 Textural Analysis of Glacial Overburden Sediments 

Sieve analyses were conducted on 206 sediment samples collected during the installation of pump test 
wells, lysimeters, and packer borings for this study. The textural triangle shown in Figure 7-1 shows 
the grain size disuibutions’detennined from these sediment samples. A high density of data points is 
concentrated in a relatively small area of the textural triangle. The majority of the data fall withm the 
“60 to 80 percent silt and clay” and “20 to 40 percent sand” zone of the textural uiangle. whch 
corresponds to the USCS groupings MUMH and CL/CH. These sediments are described generally as 
silty or clayey fine sands, sandy clays, sandy silts, silty ciays, silts, or clays. 

Both Freeze and Cherry (1979) and Fetter (1980) have developed tables that correlate soil types to 
hydraulic conductivity. Based on the Freeze and Cherry table, the area with the greatest density of points 
in the textural triangle correlates to material with hydraulic conductivities from 10’ cm/s to 10’’ c d s .  
Using the Fetter table to convert the same data, a range of hydraulic conductivities from lo‘ cm/s to 106 
cm/s would be expected. 

7.2 Physical Properties of the Gray Clay -- - 

Shelby tube samples collected from six locations were measured for bulk density, specific gravity, 
volumetric moisture content, and the coefficient of permeability Figure 7-2 and Table 7- 1.  

The porosity of the gray clay has been calculated from the density measurements (Table 7-1). Both bulk 
density and particle mass density were measured according to the Corps of Engineers laboratory soil 
testing method EM1 110-2-1906, Appendix II. The following relationship was used to calculate porosity 
(Freeze and Cherry 1979): 

n = 1 - (bulk density / particle mass density) 

Porosity calculations ranged from 23 to 30 percent with an average porosity of 26 percent. 

The moisture content of the gray clay located beneath the FEMP (Table 7-1) has been determined 
according to ASTM D2216. Moisture content measurements ranged from 10.3 to 25.4 percent with an 
average moisture content of 14.3 percent. 
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SECTION 8 

CONCLUSIONS 

.8.1 Slug Tests 

Seventy slug tests were performed across a wide variety of sediment types ranging from clay to gravel. 
Table 8-1 shows the range of values obtained. The majority of the tests performed on non-cohesive 
materials (sands and . gravel) exhibited confined conditions while unconfined conditions were 
predominantly encountered during the majority of the tests performed on cohesive (clay) rnatcrials. 

Table 8-1 - Comparison of Hydraulic Conductivities 

Material Slug Test Results Packer Test Result 
Type Geometric Mean (&=) 

(&=) 

Gray Clay 1.9 x lob 5.1 x lod ('I 
L 

Brown Clay 3.6 x io5 

Gray Silt 8.8 x io5 

Brown Silt 9.9 x io5 

Gray Sand 8.0 x lo* 

Brown Sand 1.8 x i ( r 3  

Gray Gravel 4.0 x io3 

- -  

Brown Gravel 3.1 x 10' 

('I Geometric mean of three packer steps 

8.2 Yield Tests 

The yield tests showed that several areas containing water bearing sediments could not support a 
sustainable yield. Three areas listed in Table 8-2 were identified where sustainable yields less than 1 gpm 
for 7 days were calculated. The yield tests were invaluable in selecting locations for longer term constant 
rate pumping tests. 

ERAFS 1 WOLI : RSAPPS\RSDATA\ 
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Table 8-2 - Yield Test Results 

Location Well No. Sustainable Yield (gpm) 

South of Pilot Plant Building 1259 < 1.0 

North of Old D m  Bailing Area 1274 c 1.0 

waste Pit Area 1077 c 1.0 

Plant 1 Pad Area 1339 1.85 

Waste Pit Area 11214 2.5 

Plant 1 Pad Area 11112 2.0 

Plant 8 Area 1785 1.5 

8.3 Pumping Tests 

Constant rate pumping tests were performed on a small confined channel (waste pit area) and on sand 
bodies of larger areal extent (plant 8 and Plant 1 pad areas). In all three cases (Table 8-3). the pumping 
tests indicate boundary effects, most probably resulting from sediment changes. This deviation is 
evidenced in the Semi-log plot of distance versus drawdown (Figures 5-17 Ad 5-24) where drawdown 
(the slope of the curve) steepens (grows more negative) as the effects of boundaries are experienced. 
Once pumping is stopped, the recovery of water level in the sand bodyis'substantially slower than would 
be expected from the unbounM case. This cazl be seen in Tables 5-5, 5-7, and 5-9 where the values 
of conductivity calculated by the Theis recovery method are typically half or less than the values 
calculated from the pumping test data. The apparent permeability of the sand body is smaller during 
recovery because the groundwater recharging the sand unit is derived from the less permeable 
mounding clay. 

. 

These tests again concluded that the potential for movement of fluids and contarninants at the FEMP is 
largely controlled by the clay till matrix that mounds  the sand and not the individual sand bodies 
themselves. 
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Table 8-3 - Pumping Test Results 

Packer Step Number 

1 

8.4 Packer Tests 

Hydraulic Conductivity ( d s e c )  

4.6 x lo6 

The packer tests produced values of hydraulic conductivity for the lower gray clay which were consistent 
with the slug testing results. This tends to suggest that slug tests may be a good indication of hydraulic 
propemes in the gray clay. 

3 

Geometric mean 

- -  Table 8 4  - Packer Test Results 
- -  

3.1 x lv 
5.1 x 104 

I" 
>.._ 

" 
" 

I ll 2 I 9.3 x lo4 II 

8.5 Lysimeters 

A total of 6 lysimeters were installed in the base of the glacial overburden and in the upper portion of 
the sand and gravel of the Great Miami Aquifer. Sampling indicated that the conditions close to being 
sanuated exist at base of the glacial overburden and uranium is present at the base of the glacial 
overburden. 
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8.6 Geotechnical Data 

The majority of sediments (206 sieve analyses) can be described as silty of clayey fine sands, sandy clays. 
sandy silts. silty clays, silts or clays. 

The coefficient of permeability of the gray day ranges from- 1.5 x 10-8 cm/s to 2.4 x 10’ c d s .  The 
average porosity of the gray clay is 26 percent and the average moisture content of the gray clay is 14.3 
percent. 
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~ Materials Descript ion 

Dark greenish gray (IOY,4/1) clay with sand 
lenses. Wet, low plasticity, some gravel 
throughout. Sand, f g  to  cg. 

Dark greenish gray (1OY,4/1) sand, f g  to  cg, 
poorly sorted, wet. Slit In bottom 2" of core. 
Some clay throughout. 

Dark greenish gray (IOY,4/1) sand, f g  to  cg. 
poorly sorted, wet. Interbeds of dark 
greenish gray clay, low plastlclty, hard. 

Dark greenish gray (IOY,4/1) poorly sorted 
sand with clay. fg-cg, wet. 3" of dark 
greenish gray clay wlth gravel and sand, stlff 
to very stlff. 

Dark greenlsh gray (IOY,4/1) fat clay wlth 
gravel and trace sand. Wet, high plasticlty. 
soft. 

Dark greenish gray (IOY.4/1) clay. Wet, trace 
gravel. Evidence of sand In tube. 

Dark greenish gray (1OY,4/1) clay wlth gravel. 

Bottom of boring at 26 feet. 
Nates: Samples collected per ASTM 0 1586 and 
ASTM 0 1587. Colors identified uslng Munsell 
Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils vlsual 
description per ASTM D 2488 and sol1 
classlflcatlon per ASTM D 2487. 
SS = Split Spoon, 2" OD, no liner 
ST = Shelby Tube, 3" OD 
0 = Denison, 2 13/16" ID 
OM = Dames 6 Moore, 2.41" ID. 3" OD 
USCS Symbols: Bald = Lab: Normal = Vlsual 

Boring NAD 1983 Coordinates: 
1350367.2E; 481 935.0N 
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Drllllng Date Tlme 

Started 5/5/97 

U Flll L=i.O Dark yellowlsh brown ( iOYR,4/5) 
mottled clay with gravel (to I"). Dry to moist, 
low plasticity. very stiff. Root material and 
some sand. Probably fill. 1 

2 CL 20-3.1 

Dark yellowlsh brown ( iOYR,4/8) clay with 
trace gravel. Mottled wlth organlc material, 
reddish brown to orange In color. Clay, medlum 
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stlff. Trace gravel. Ollve brown (2.5Y.4/4) 
clayey sllt. wet, stlff. 

Dark-&eenlsh gray (IOY,4/1) clay with sllt, wet, 
low plastlclty, very stlff. Trace gravel t o  0.5", a subangular-subrounded. 
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Dark greenlsh gray (IOY,4/1) clay with gravel 
(to 3"). Wet, low plasticity, very stiff. 3" 

cobble is Upper Ordovician bedrock with fossll 
brachiopods, gastropods and other 
invertebrate material. 
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08:20 
5/7/97 

ss 
2 
B 
I i  

08:50 
5/7/07 3" Gravel smaller than In 18-19.5 interval. No 

Ordovician bedrock noted. 

2'E Greenish gray (lOY.5/1) clay with gravel, 
moist. (Description from bottom of tube.) 

2 2 E  a ST 

ss 
3 
B 
8 
10 

Greenish gray (IOY.5/1) clay with gravel. 
Moist, stiff to very stiff. low to  medium 
plastlclty. Gravel to 0.25". subangular- 
subrounded. quartzose and iithlc. 25" n 

CL 24 

25 

412362 

I 
Bottom o f  borhg at 25 feet. 
Notes: Samples collected per ASTM D 1586 and 
ASTM D 1587. Colors identified using Munsell 
Color Chart. Consistency based on Standard 
Penetration Resistance Value. Solls visual 
descrlption per ASTM 0 2488 and soil 
classification per ASTM 0 2487. 

- 
26- 

- 

27- 

28- 

29- 

- 

- 

- 

SS = Split Spoon, 2" OD, no liner 
ST = Shelby Tube, 3" OD 
D = Denison, 2 13/16" ID 
DM = Dames 6; Moore, 2.41" ID, 3" OD 

UCSC Symbols: 
Edd = Laboratory 
Normal = Visual 

Boring NAD 1983 Coordinates: 
1348876.8E; 481 728.7N 



DESCRIPTION 
(Colors identified per Munsell Color chart) 

GAL 

REMARKS 

WW' 



- ETA / GAMMA 

DESCRIPTION 

(Colors Idrnllflrd prr Muntrll Color Chart) 

I 

SAMPLES CWECTED PER ASTM STANDARD PENETRATION TEST. 
_ .  

FS-F-5681- 1 C:\WPtc\95-0 140.DRW 
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DE SCRIPTION 

(Colors identified per Munsell Color Chart) 

. 

RE MARKS 1' 

FS-F-368 1- 1 7 /  11/95 
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Parsons Infrastructure and 
Technology, Inc. 
25 Merchant St. 

Cincinnati, OH 45248 
Phone (513) 648-6700 Fax (513) 1348-6892 

IDrlller: Alliance, Env., Inc I Drllllnq I Date I T h e  

Log of Boring 63-003112268 
Geotechnical Logging Report 

Fernald Environmental Mgmt. Proiect 
Former Pit. Area. Geot. Investigation 

Drlll Method: 8" Hollow Stem Auger 

Sample Method: Split Spoon, Shelby Tube, Oenison 

8 

~ 

Started 4/29/97 

Flnlshed 4/29/97 

In. 

c 

E 

24.5 

?4.5 

3'0- 
40  

15- 
25 

3.0 

to- 
175 

i 
a, - 
E 

\ 
a, 
m 
0 

- 
- 
l- ? 

a, 
w 
0 
0 
a, 
U 

c 

s a  
U I c  c a  o w  
u l -  
4 0  
: 2 l  

MC 

MC 

MC 
GS 
AL 

MC 

MC 
GS 
AL 
uc s 

MC 

MC 
GS 
AL 
cu 

io" 

1/28/87 

IE:18 
1/28/97 21 

08:47 
9/29/87 la'' 

09:25 
4/29/97 24,, 

I Water Level: ~ 1 1 '  BGS ILoqqed By: J. ErIavedR. NickslChecked By: K. Ernst c. 
w 
Y 

+- 
c 
3 
0 
U 
3 
0 - 
rn 

ss 
18 
17 
15 

ss 
E 
10 
14 
14 

ST 

ss 
io 
11 
12 
15 

0 

ss 
I 
3 
7 
i t  

near bottom of core. Brown clay, very stiff, 
moist, low plasticity. Gray clay, very stiff. 
moist, low plasticity. 
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a 

- 
0 z 
a, 
n 
E 
10 
VI 

- 

- 
a, 
E 
I- 
\ 
a, 
Io 
0 

- 

c 

a: 
0 
-J 

+- 
. % a  
u l c  
c a  
o m  u t -  
u ; n  
3 :  
E 

MC 
10- GS 
175 AL 

c1 

!& MC 

:% MC 

MC 
3.75- GS 
425 AL 

uc 5 

'O- 
4.0 MC 

Materials Descript ion 

I 

15 

16 

17 

18 

08:25 
4/29/9: 

10:30 
4/28/8; 

41230i 

- 
24" 

Dark greenish gray (10YR.4/1) clay with 
gravel. Molst, stiff to very stiff. Gravels to  
0.25', subangular t o  subrounded. 

0" D 

ss 
4 

10 
12 

e 

SAA 

10:47 
4/28/ 8i 

I1:OO 
4/28/87 

41230E 

- 

112309 

21" 

20 19i SAA, except gravels to  I". 
ss 
10 
14 
12 

e 
11" 21j Dark greenish gray (10YR,4/1). clay, some 

sand, cg, trace to  some gravel. Molst, very 
stiff to hard, none to low plastlclty (slit?). 
Gravel to 0.5". subangular-subrounded. 2 2 E  1355 

1/28/87 

14:15 
4/28/87 

412310 

- 

412311 

1'1" 

18" 

D 

ss 
7 
8 
IO 
15 

Dark greenish gray (IOYR,4/1) sandy clay. 
moist t o  wet, grading to  dark gray (1OY,4/1) 
clay with some sand. Sllt likely throughout. 
Low to  medium plastlclty, very stiff. Sand, 
fg-cg, poorly sorted. Trace to  some gravel. 

B o f f o m  of boring a f  25 feet. 
Notes: Samples collected per ASTM 0 1588 and 
ASTM D 1587. Colors ldentlfled uslng Munsell 
Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual 
descrlptlon per ASTM D 2488 and soil 
classlflcatlon per ASTM 0 2487. 
SS = Split Spoon. 2" OD, no h e r  
ST = Shelby Tube, 3" OD 
D = Denison. 2 13/18" ID 
DM = Dames 6 Moore, 2.41" ID. 3" OD 

- 
26- 

- 

27- 
- 

28- 
- 

29- 
- 

USCS Symbols: 
Bdd - Laboratory 
Normal = Visual 

Boring NAD 1983 Coordinates: 
134591 7.5E; 481 488.5N 
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LITHOLOGIC LOG 
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SAMPLE 
TIME. 

DATE. AND 
NumER 

DESCRIPTION 
(Cobrs Identified per Munsell Color chart) REMARKS 

F I I  SAMPUNGEOUIPMENR ,I MI 

. - .  ., 
BETAICAMMAI W Y  

1 PENETRATION TEST. 



1 

DEPTH 

(FEET) 

sM(pLE 

TlML 
DATE. AND 
NUMBER 

DESCRIPTION 

(Cobrs identified per Munsell Color chart) REMARKS 

+ . .  . .  

F I  I SAMPUNG EQUIPMENT: 1 1- 
PID I D  I 
i % BETAIGAMMA 

- I  

SAMPLES couEcTu) PER S T M  STANDARD PENETRATION TEST. 

FS-1-1 7J11M 



LITHOLOGIC LOG 
(Contlnuatlon Page) 3 P w - o f 3  

COHTROLNUUBER: 
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PRQlECT NUMBER: LOCATION NUMBER: 
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n 

PROJECT- 
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- 
BETA I GAMMA - 
r 

DESCRIPTION 

(Cobs identified per Munsell Cokr Chart) REMARKS 

SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 
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Parsons In f ras t ruc tu re  and 
Technology, Inc. 
25  Merchant St. 

Cincinnati, OH 4 5 2 4 6  
Phone (513) 648-6700 Fax (513) 648-6892 

Log of Boring 63-004/12289 
Geotechnical Logging Report 

Fernald Environmental Mgmt. Proiect 
F ~ r m e r  Pit. Area. Geot. Investigation 

'111 Method: 8" Hollow Stem Auger 

imple Method: Split Spoon, Shelby Tube, Dames 6 Moore 

Started 5/12/97 

Flnls hed 5/13/97 

Iller: Alliance, Env., Inc I Drllllng I Date I Tlme 

Irehole Dlameter: 8 in. I Water Level: 13' BGS ILoaaed BY: J. Er iavec I Checked BY: K. Erns t - 
w - 
.I- 
C > 
0 u 
3 
0 - 
m 

q ;  
0 o 
Iu 
IT 

-I- 

m 

c 
o v )  
v ) c  
c v )  o w  u +  
U i Q  

r 
3 2  

2; MC 

MC 

MC 
GS 
AL 
ucs 

\5; MC 

23; MC 

25- 
3.5 

MC 
\oc GS AL 

d z 
Iu 
11 
E 
m 
v) 

- 

Grayish brown (2.5Y.5/2) clay to  light olive 
brown (2.5\1.5/3) clay. Dry to moist, low 
plasticity, hard to very hard. Trace gravel. 2" 
of gravel and sand at top of core, fill. 

ss 
7 
8 
8 
8 

ss 
4 
5 
8 
8 

14:iO 
5/12/87 412383 13" L 

3 

4 

5 

6 

7 

8 

9 

10 

14 :20 
5/12/97 412384 13" 

1452 
5/12/87 17' 

- 

15" 

ST 

ss 
3 
4 
8 
R 

412385 

412388 14% 
5/12/87 

ss 
2 
3 
4 
5 

ss 
3 
4 
4 
5 

3 
4 
R 
14 - 

15:02 
5/12/87 17 412387 

Light olive brown (2.5Y,5/4) and greenlsh gray 
(IOY.4/1) mottled clay, silty clay and silts. 

Clay, moist t o  very stl i i , low to high plasticity. 
Silts, moist t o  wet. .5-.75" thick. Fat clay near 
bottom of core. 

2 .9,  5/41 silty clay grading 

15:07 
5/12/87 412388 18" 

15:13 
5/  121 8 7 412388 - 

18" 
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412389 

412391 

412383/Q 

.112395/9 

412397/Q 

412399 

412400 

412402 

W 
E 
I- 
\ 
W 
m 
0 

- 

c 

6 

b 

- - 
78 

> 
0 
0 
W 
U 

18" 

22" 

15:13 
5/12/97 

? 
w 
Y 

c 
c > 
0 
0 
3 
0 - 
m 
3 
4 
6 
14 

ss 
I 

11 
11 
7 

ss 
3 

15:40 
5/12/87 

1555 
5/12/97 

-18" 

-14" 

16:05 
5/12/97 

16:15 
5/ 12/9 7 3 

5 
5 

ss 
3 
3 
4 
6 

16:26 
5/12/97 

08:45 
5/13/97 

09:15 
5/13/87 

-18" 

- 17" 

5 
9 
9 

ss 
2 
6 
6 
8 

ss 
2 

18" 1 
49 
100 

18" 

I E l  

Materials Descript ion 

Gray (2.5Y,5/11 sandy fat clay with gravel, 
moist t o  wet, high plasticity,soft. Gravel to  
.25". Dark yellowish brown (10YR.4/41 sand in 
top of core, probably slough, wet. 

23 

24 

25 

26 

27 

Wet, high plasticity, very soft t o  medium stiff. 
4" of sand in top of core, probably slough. 

Gravel abundant to  .5', mostly 
subangular-subfounded quartzose and lithic 

Dark greenlsh gray (IOY,4/11 sandy clay with 
gravel. Molst. very hard, low plasticity. Gravel 
as above. 

Bottom of boring at 28 feet. 29 

1 I Notes: Samples collected per A S T M  D 1586 and 
A S T M  0 1587. Colors Identified using Munseil 
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Parsons Infrastructure and 
Technology, Inc .  
25 Merchant St.  

Cincinnati, OH 45246 
Phone (513) 648-6700 Fax (513) 648-6892 - 
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Log of Boring 63-004/12289 
Geotechnical Logging Report 

Fernald Environmental Mgmt. Proiect 
Former Plt. j m a .  Geot. Investigation - 
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rn 
0 

- 
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35- 
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40- 
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- 
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- 
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0 
0 
J 

0 
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i 
? 

Materials Description 

Color Chart. Consistency based on Standard 
Penetratlon Reslstance Value. Soils visual 
description per ASTM d 2488 and soil 
classification per ASTM 0 2487. 

SS = Split Spoon, 2" OD, no liner 
ST = Shelby Tube, 3" OD 
0 = Denison, 2 13/16" ID  
DM = Dames E Moore, 2.41" ID, 3" OD 

USCS Symbols: 
Bold = Laboratory 
Normal = Visual 

Boring NAD 1983 Coordinates: 
1348835.9E; 480832.0N 

. -1' .,:... .. 
, : . .  



3 

. ... 

. .. 

LITHOLOGIC LOG 

SAMPLE 
TIME. 

DATE, AND 
NUMBER 

-'1 I 

4'23B4J19 
I 

-I I 

d / A  W A  

GAL. GAL. 

DESCRIPTION 

(Colors identified per Munsell Color Chart) 

SAMPLING. EQUIPMENT: I 

NDARD PENETRATION TEST. 
G: / WPSC / 95-0037.DRW (07-10-95) 

SAMPLES COLLECTED PER 
FS-F-368 1 ' Q o O ~ $ ~  



NUMBER w 

t i  
412380 Id- 

DESCRIPTION 

(Colors Idrntlflod prr Munroll Color Chart) 

RE MARKS 

UMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 

FS-F-368 1- 1 I/ 11/9S 
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Technology. Inc. 
25 Merchant St. 

Cincinnati, OH 45246 

Log of Boring 63-005/12270 
Geotechnical Logging Report 

Fernald Environmental Mgmt. Project 

Sheet 1 of 3 

Job Number: 50.03-52/p0-177 
Phone (513) ~48-8700 Fax (513) 648-8892 Former Plt. Area. Geot. Investigation Elevation: 579.1 

Drlller: Alliance, Env., Inc Drllllng Date Tlme 

Drlll Method: 8" Hollow Stem Auger Started 5/19/97 

Sample Method: Split Spoon. Dames 6 Moore Flnls hed 5/2 0/97 
I 

IBorehole Dlameter: 8 in. I Water Level: 5.8' BGS I Logged By: J. Er javec I Checked By: K. Erns t * 
w 
Y 

c 
c 
=s 
0 
W 
3 
0 - 
m 

- 
0 z 
a, 
Q 
E 
m cn 

- 

- 
a, 
E 
I- 
\ 
a, 
ID 
0 

- 

c 

- 
u) 

u) 
e 

a, 
I- 

m 
-J 

n 

- 

MC 

- 

MC 
GS 
AL 
JC S 

- 

MC 

- 

MC 

- 

MC 
GS 
AL 

- 

- 

MC 

- 
- 

I E l  
u) z 
m 
E 
a, 
III 

Materials Description 

ss 
8 
8 
8 
8 

DM 
6 
io 
12 

0897 
5/19/87 

08:25 
5/ I 8 /Q 7 

412418 

12420/2 

12" 

17" 

Llght olive brown (2.5\1.5/6) clay overlying 
dark greenish gray (1OY.3/1) clay. Moist, low 
plasticity, trace gravel. Brown clay mottled. 
Greenish gray clay may be fill. 4 

5 

6 

7 

8 

moist, trace gravel. Sand or silt in bottom 4" 

clayey silt (12" of core). Moist t o  wet, trace 
sand and gravel? 

ss 
3 
3 

. 4  
4 

ss 
3 
3 
3 
5 

09:38 
5/18/ar 

08:43 
5/19/87 

412422 

412423 

16" 

18" 

Llght olive brown (2.5\1,5/8) clay and clayey 
silt with sand. Moist t o  wet. OM 

4 
8 
6 

ss 
8 
10 
14 

08:50 
51 I 8 /97 412424 18 

. . . a  .... .... ... 
11 +::::::: 

12 -:.-::: 1 . .  

.... .... .... .... .... .... ... 
.... _. . . . 

, : : :. Brawn (10YR,4/3) sand with clay and gravel. - - e; Poorly sorted, wet. Abundant maflc minerals. ... 
- 1 . .  . ___  

14:OO 
5/18/97 

14:08 
5/19/87 
: " ;  : 

412425 14" 

~. 

412426 - 18" - Brown (iOYR,4/3) sand grading to  gray ... ... ... ... ... wet. well sorted in zones. 

000276 
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Technology, Inc. Geotechnical Logging Report 

Fernald Environmental Mgmt. Proiect 25 Merchant St. 
Cincinnati, OH 45246 

Phone (513) ~ 3 - 8 7 0 0  Fax (513) f348-6892 Former Pit. Area. Geot. Investigation - 
0 

a 

Z 
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E 
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v) 

- 
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E 
I- 
\ 
a, 
m 
0 

- 

c 

- 
7 
iD 
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c 
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3 
0 
0 
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ss 
7 
I I  
I3 
12 

... ... abundant mafics. Clay ... 

.. . 

.. . 
412428 18" 

15" 

9-3 

ss 
I3 
13 
12 

Greenish gray (IOY,5/1) clayey sand, grading 
to  greenish gray sandy clay with gravel. Clay, 
stiff t o  hard, low plasticity. sp a 

l 7  :'i'i'ij ... Greenish gray (IOY,5/1) sand with interbeds of - ... greenish gray silt. Sand, fg. wet, well sorted, - ---- poorly graded. Gravel trace to  some. - ---_ 
. . . a  .... ... n 1 8 .:;L-: 9-9 - .... _. . . . 
--- "-z7 Dark greenish gray (IOY,4/1) sand to  sandy 

and clay throughout. Gravel. trace to  some. 
- silt. Sand, fg. moist to wet, well sorted, mafics .. . .. . . _ _ _ -  

%SI 
n 
9-9 - .... ... 2 1 -::.:.:.* . . . .: ... Dark greenlsh gray (IOY.4/1) sand to  sandy 

silt. Sand, fg, wet, well sorted, mafics and clay 
throughout. Gravel trace. 

.... 

412428 

ss 
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ss 
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21" 

21" 

ss 
14 
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10 
12 

ss 
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12 

ss 
5 
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31 
15 

412431 

412432 

22l 

18" 

18" t sw-SI 
sorted. Clay (3'9, wet, stiff t o  hard, generally 
sandy throughout. Gravel througout to 1". 

412433 

412434 

Greenlsh gray (1OY.5/1) clayey sand, fg-cg, 
wet, poorly sorted. 3-35'' cobble below sand, 
Ordovician bedrock. 16" of very hard greenlsh 
gray (IOY,5/1) clay, molst to  wet, low 
plasticlty. Trace to  some gravel. 

a 
sw-SI 

ss 
33 

65 
70 

48 22" 

- 
Bottom o f  boring at 28 feet. 29 w 
Notes: Samples collected per ASTM D 1588 and 
ASTM 0 1587. Colors Identifled using Munseli 

O( 0277 
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Materials Descr ip t ion 

Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual 
description per ASTM 0 2488 and sol1 
classification per ASTM D 2487. 

SS = Split Spoon, 2" OD. no liner 
ST = Shelby lube, 3" OD 
D = Denison, 2 13/18" I D  
DM = Dames 6 Moore, 2.41" ID, 3" OD 

USCS Symbols: 
Bald = Laboratory 
Normal = Visual 

Boring NAD 1983 Coordinates: 
1348629.6E; 480668.2N 
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FEMP CONTROL NO.: 
5003-- izJ'G-a\ LITHOLOGIC LOG PACE I OF 

PROJECT NAME: PROJECT NO.: 

LOCATIO N/N U MB E R COORDINATES: DATE COMPLETED: 

SURFACE ELEVATION: ' 

GEOLOG I ST: 

WATER USED DURING DRILLING: 

6.e.Lck ~wsk~4Lb t.-Q\-& k Sb,03.S 2 

GROUNDWATER LEVEL ' DATE: TIME: 
6 3 - 0 0 s )  12276 d p t  

>w+ 002.2 )3 17% 
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WATER RECOVE~ED DURING DRIUING: WATER LOST DURING DRILLING 
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I 
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TIME, 

DATE. AND 

DEPTH 

NUMBER 
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DESCRIPTION 

(Colors identified per Munsell Color Chart) 

-1 1 SAMPLING EQUIPMENT: 11- 
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FS-F-368 1 
SAMPLES COLLECTED PER ASTM STANDARD PENETRATION TEST. 

G: / WPSC / 95-0037.DRW (07-10-95) 

0002V3 7 ' t  
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SAMPLES COLLECTED PER ASTM STANDARD PENETRATION TEST. _ _  
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CONTROL NUMBER: FEMP 1 
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to moist, fg, friable. Gravel t o  .25". .... 
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Parsons Infrastructure and 
Technology. Inc. 
25 Merchant St. 

Cincinnati, OH 45246 
Phone (513) 648-6700 Fax (513) 648-6892 

Log of Boring 63-006/12271 
Geotechnical Logging Report. 

Fernald Environmental Mgmt. Proiect 
Former Plt. Area. Geot. Investigation I Elevatlon: 580.7 

,Iller: Alliance, Env.. Inc I Orllllng I Date I Tlme 

,111 Method: 8" Hollow Stem Auger I Started 1 5/7/97 

ample Method: Split Spoon. Shelby Tube, Dames 6 Moore I Flnlshed I 5/9/97 I 
Irehole Olameter: 8 In. [Water Level: N/A ILogged By: J. Erlavec IChecked By: K. Ernst 
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Materials Description 

v / A  FIII. 

Olive brown (2.5Y,4/4) clay with gravel. Dry, 
very hard, low to no plastlclty. Gravel In top 
2" of core and sparadlc throughout. Probably 
fill. 
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Dark greenish gray (1OY,4/1) clay. Moist, stiff, 
low to  medium plasticity. Orange mottling In 
bottom 3" of core. Trace gravel througout. 
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ss 
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15:35 
5/7/97 

15:43 
5/7/97 

10" ST 412309 

412370 

Mottled greenlsh gray and light olive brown 
(IOY.5/1;2.5Y.5/0) clay. Molst. very stiff, low 

plasticity. Trace gravel. I" cobble at  3" from 
top of core, whlte. 

W 

io 

Light ollve brown (2.5Y,5/3) clay In top 18" of 
core. Some greenish gray mottling througout. 
Grades to  I" fg  light ollve brown sand, then 2" 
of silty clay to  silt with sand and gravel. Clay, 
moist, high plastlclty. Trace gravel In clay wlth 
Increase toward bottom of core. i31 , , 

Olive brown (2.5Y,5/4) clay, silt and fg  sand. 
Molst, large amount of gravel to 3" dlameter. 
Clay. stlff, low plastlclty. Sand, fg-cg, poorly .. . sorted wet - 2" recover . 
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15:55 
5/7/97 412371 19" 
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Olive brown (2.5Y.5/4) clayey sand and clay. 
Clay. wet, very stiff, low plasticity. Sand, 
fg-cg, poorly sorted, contains abundant gravel 
t o  .75". sc 

CL 
6" 

18" 

ss 
4 
6 
IO 
12 

ss 
4 
5 
7 
IO 

20- 
3.0 

with depth. 2" f g  brown sand at  top of core. 
Wet, clayey. I" cg  sand at bottom of core, 'MC 21" 

26" 

Greenish gray (IOY,5/1) clay with gravel and 
some sand. Wet, low piastlclty, stiff to very 
stiff. Gravel In clay to  I". subangular- 
subrounded. 2" mg-cg sand at 23-25" In 
core. Sand, wet, poorly sorted, large 
quartzase gralns evldent. Some gravel. 

22 

23 

24 

25 

27 

09:05 
5/8/97 412379 MC 

26" MC 

- 

MC 
GS 
AL 
ucs 

ST 

S T  sand in -clay. 
2 6 4 3  18" 

7zf5 

Notes: Samples collected per ASTM D 1586 and 
ASTM D 1587. Colors identified using Munsell 
Color Chart. Consistency based on Standard 
Penetration Feslstance Value. Solls visual 
descrlptlon per ASTM d 2488 and sol1 
classlficatlon per ASTM 0 2487. 

28  

nfi 

SS = Spilt Spoon, 2" OD, no liner 
S T  = Shelby Tube, 3" 00 
0 = Denlson, 2 13/16" ID 
OM = Dames C Moore. 2.41" ID, 3" OD 
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Materials Description 

USCS Symbols: 
Bold = Laboratory 
Normal = Visual 

Boring NAD 1983  Coordinates: 
1349048.4E; 480833.8N 
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TIME. 
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NUMBER 

i DRILLING: 

ALPHA 

DE SCRIPTION 

(Colors identified per Munsell Color Chart) 

cl I SAMPLING EQUIPMENT: 11- 

GAI 

RE MARKS 

I n A  / GAMMA 

FS-F-368 1 
SAMPLES COLkECTED PER ASTM STANDARD PENmRATION TEST. 
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lrlller: Alliance, Env.. Inc 

IrlII Method: 8" Hollow Stem Auger 

Sample Method: Split Spoon, Shelby Tube, Dames/Moore. Den. 

3orehole Dlameter: 8 in. [water Level: 9" BGS 

412312 

Drllllnq Date The 
Started 4/30/97 

Flnls hed 5/1/97 

Logged BY: J. Erlavec/K. ErnsdChecked BY: K. E rns t  
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_ _  I 
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0 Materials Descript ion a,$! 2= 
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2 

Greenlsh black (IOY.2.5/1) to dark greenish 
gray (IOY,3/1) clay. Moist, very hard, medium 
plastlclty. Trace gravel. Homogenous 
lithology throughout. 

clay, wet. Interbedded wlth llght ollve brown 
clayey silt wlth sand. Sllt, medium stlff t o  stiff, 
no plasticity. Maflc mineral component noted 
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4/3o/g7 18" 

15:12 
4/3o/g7 4" 

15:45 
4/3o/g7 5" 

1E:22 
4/3o/g7 10" 

1E:38 
4130197 15' 

09:05 
5/1/87 13" 

09:28 
5/1/97 17" 

4" 

ST 
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29- 
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12 

ST 

Bottom of boring at 28 feet. 

ASTM 0 1587. Colors Identified using Munseli 
Color Chart. Consistency based on Standard . 
Penetration Resistance Value. Soils visual 
description per ASTM 0 2488 and soil 
classiflcatlon per ASTM 0 2487. 

Notes: Samples collected per ASTM 0 1588 and 
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Materials Descript ion 

G 
- - 1 . .  a wet, stiff, no plasticity. Maflcs througout 

core. .. . . 

. . .  .. . . ... .... ... .. . . . . .  .. . . ... 
Dark greenish gray (iOY.4/1) clayey sand, wet 
to  moist, fg-mg. Some to  trace gravel. 
Interbeds of dark greenish gray (iOY,4/1) 
clay. wet, some to  trace gravel. Sand, poorly 

1 . .  . sorted. 2" cobble In disturbed sample. 18 .... 

24 

25 

gravel t o  1". Sand In .25-1" thick pockets, with 
gravel - flne to  coarse. 26 
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Materials Description 

SS = Split Spoon, 2" OD. no liner 
S l  = Shelby lube, 3" OD 
0 = Oenison. 2 13/18'' ID 
OM = Dames 6 Moore, 2.41" ID, 3" OD 

USCS Symbols: 
Bold = Laboratory 
Normal = Visual 

Boring NAD 1983 Coordinates: 
1348559.9E; 480276.3N 
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DESCRIPTION 
(Cobs identified per Munsell Color Chart) 

/ h  GAL 

. W L E S  COUECTED PER ASlM STANDARD PENETRATION TEST. 
FsF-3881 
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UYPLES COUECTED PER ASTM STANDARD PENElRATlON TEST. 
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(Colors idontlfiod por Munrrll Color Chart) 
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DESCRIPTION 

(Colors ldentlfled per Munsrll Color Chart) 

1 SAMPLING EQUIPMENT: 

BETA/GAUUA - - 
SAMPLES COUECTED PER ASTM STANDARD PENORATION TEST. 
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Elevation: 579.5 

lE:iO 
5/1/97 

lrlller: Alliance, Env., Inc 

lrlll Method: 8" Hollow Stem Auger 

;ample Method: Split Spoon, Shelby Tube 

lorehole Olameter: 8 In. I Water Level: N/A 

18:20 
5/1/97 

Drllllng Date The  

Started 5/1/97 

Flnls hed 5/5/97 

Logged By: K. Ernst/J. E r l a v e d C h e c k e d  By: K. E r n s t  
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(2.5Y,5/8) silty sand.-Clay, wet, very stiff, no 
plastlclty. Sand, vfg, poorly graded, wet. 
Trace gravel to .75". Trace of gray clay In 
core. 

Grayish brown (2.5Y,5/2) clay, wet, very stiff, 
medium plasticity. Trace of sand? 
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ss 
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23" 4 
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Yellowlsh brown (10YR.5/8) and dark gray 
(2.5Y,4/1) clay. Brown clay, molst, medium stiff 

t o  very stiff, low plasticity. With gravel. Gray 
clay. moist. very stlff. medlum plasticity. 

CL 

5 

6 

Brownlsh yellow (10YR,E/8) clay with light gray 
mottling. Moist, low plastlclty, very stiff. 
(Description from bottom of Shelby). 
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SAA with some subangular-subrounded gravel, 
.25-3". Clay. moist. stiff. Light olive brown 
(2.5Y.5/4) clayey sand, molst t o  wet. N 
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. . . .  a... 
. . . a  .... . . . .  . .  . . ... 

Llght olive brown (2.5Y,5/8) silty clay (14") 
with sand and 8" of lioht olive brown 

I cL 

Gray (2.5Y,5/1) clay. wet, low plasticity t o  
none, stlff t o  very stiff. Trace to some silt. 1" 
sllt zone 5" from bottom of core. 
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m e  (513) 648-6700 
Fernald Environmental Mgmt. Proiect 

Fax (513) 648-6892 Former Pit. Area. Geot. Investigation Elevation: 579.5 
Job Number: 50.03.52/p0-177 

Merchant St. 
OH 4 5 2 4 6  
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CI 

none, stiff t o  very stiff. Silt varies from some 
to abundant. 16 

... ... - .' -: : : :. Dark grayish brown (IOYR,4/2) sand with 
gravel. Wet. fg-mg, poorly sorted, well 
graded. 

... .... ...- .... 
ST 

- 
ss 
4 
4 
3 
2 

- 

CL ( 
I" 

gravel, wet. Gravel to .5", 
subangular-subrounded. Could be clayey 
sand. 10:20 

5/5/97 

10:40 
5/5/97 

8" 

20" 

sc 

21 

22 

23 

24 

Dark grayish brown (2.5Y,4/2) clay to gray 
(2.5Y5/1) clay wlth sand and gravel (to .5"). 

Clay, very soft to soft, wet, medium to hlgh 
plasticity. 1-2" of dark grayish brown sand 
near bottom of core, wet, fg, well sorted. 

ss 
I 
2 
3 
4 

L50- 
1.25 

Olive brown (2.5\1,4/33 clayey sand with 
gravel, wet, fg, well sorted, poorly graded. 
Dark greenish gray (IOY,4/1) clay with sand 
and gravel to 9'. Wet, very stiff, low 
plas tlcl t y. 

10:52 
5/5/87 

5/5/97 

LO- 
3.0 

- 

- 

21" 

17" 12348 

I 
Bottom of boring a! 28 feet. 
Nates: Samples collected per ASTM 0 1588 and 
ASTM D 1587. Colors Identified uslng Munsell 
Color Chart. Consistency based on Standard 
Penetration Reslstance Value. Soils visual 
descrlptlon per ASTM 0 2488 and soli 
classlficatlon per ASTM D 2487. 
SS = Spllt Spoon, 2" OD. no llner 
ST = Shelby Tube, 3" OD 
0 = Denlson, 2 13/18'' I D  
OM = Dames C Moore, 2.41" ID. 3" OD 
USCS Symbols: Bald = Lab; Normal = Visual 

28 

29 
Boring NAD 1983 Coordinates: 
134891 1.5E; 480383.7N 
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(Colors identified per Munsell Color Chart) 
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DATE. AND 
NUMBER 
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ETA / CAMMA 

DESCRIPTION 

(Colors Idontlflod por Munsoll Color Chart) 

T I  I SAMPLING EQUIPMENT: I 

REMARKS 

UMPLES COLLECTED PER ASTM STANDARD PENETRATION TEST. 

FS-F-S68 1 -~ 1 7 /  1 1/95 C:\WPsc\SS-O 140.DRW 
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I 
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& -  

2 g g  ,- 36 (Colors ldrntlflrd prr Munsrll Color Chart) 

s-a. 

DESCRIPTION 
& -  

2 g g  ,- 36 (Colors ldrntlflrd prr Munsrll Color Chart) 

s-a. 

-1 SAMPLING EQUIPMENT: 1 
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ALPHA 

SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 
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Drlller: Alliance, Env., Inc 

Drlll Method: 8" Hollow Stem Auger 

Sample Method: Spllt Spoon. Shelby Tube, Dames 6 Moore 

Borehole Olemeter: 8 in. I Water Level: D r y  (Logged By: J. Er javec  IChecked By: K. E r n s t  t 
Drllllng Date Tlme 

Started 5/13/97 

Flnle hed 5/13/97 
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Materials Descr ip t ion i 

0- a m 

1 

2 

3 

4 

5 Llght olive brown (2.5Y.5/3 to  5/61 mottled 
clay. moist. very stiff, low plasticity. Trace 
gravel. Some very dark gray (2.5Y,3/1) clay 
interbedded within the 1.o.b. clay. 

Llght olive brown (2.5Y.5/4) clay wlth some 
gravel. Moist, low plasticity. 

9 

10 

*Light olive brown (2.5Y,5/8) clay to sandy 
clay, grading to 2-3" of light olive brown sand, 
moist. Grading to  greenlsh gray (IOY,5/1) clay 
wlth gravel (to 1.5"). Clays. moist. very hard, 
low plasticity. Sand, lg, poorly graded. 

11 

12 

Llght ollve brown (2.5Y.4/4) sandy clay wlth 
abundant gravel (to 2.5'). Probably a gravelly 
clay due to abundance of gravel. Clay, moist. 
Sand, poorly sorted, clayey. Gravel, mostly 
subrounded. 

b:OA 
Dark greenish gray (IOY,4/1) clay wlth gravel. 
Malst, hard to very hard, low plastlclty. Gravel 
t o  0.5". 
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Materials Descript ion 

Dark greenish gray (IOY,4/1) clay, moist, very 
hard, low to medium plasticity. Trace to  some 
gravel. 2" silt at bottom of core, moist. 

Gray (2.5Y,5/l) clay, moist to  dry, very hard, 
no plasticlty. Appearance Is shale-like. 

Bottom of boring at I8 feet. 
Notes: Samples collected per ASTM D 1588 and 
ASTM 0 1587. Colors identlfied using Munsell 
Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual 
description per ASTM 0 2488 and soil 
classiflcatlon per ASTM D 2487. 

SS = Split Spoon, 2" OD. no llner 
ST = Shelby Tube, 3" OD 
D = Denison, 2 13/18" I D  
OM = Dames 6 Moore, 2.41" ID, 3" OD 

USCS Symbols: Bald = Laboratory 
Normal = Vlsual 

Boring NAD 1983 Coordinates: 
1350356.3E; 480499.6N 
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.coa3a- /&?74/- O/S' LITHOLOGIC LOG 1 PAGE OF '13 
PROJECT NAME: PROJECT NO.: 

LOCATION/NUMBER 

SURFACE a ATION: GROUNDWATER LNfL: 

WATER USED DURKG DRILLING: 

GEOLOGIST: 

_ G e o U n i &  Gw&&u Lv4, P M  k. - 9  &,sa 
COORDINATES: OAT E START ED: DATE COMPLETED: 

5/13 11% 5/13]'?3 
DATE: TIME: GROUNDWATE R LEVEL DATE: TIME: 9 

6 3 - O U 9 /  122% M A  
b e y  - 

51 r/l3/i  3 - - - 
DRILLING EQUIPMENT DRILLER D ILhNG CONTRACTOR: 

UfVq 

" G C  G V J ,  -c, bur 8 - 3  IN\eM\- /&Ad3 I lit I WATER RECOVERED DURING DRILLING: WATER LOST DURING DRILLING 

3 ,  rc3qeC 

131 

u. I u / A  GAL. 

DESCRIPTION 

(Colors identi f ied per  Munsell Color Chart) 

I 'METER I BKGD I DATE 1 TIME 1 1  SAMPLING EQUIPMENT: 1 1  NOTES: 

GAL 

REMARKS 

I I 

I I I I I I I 

SAMPLES COLLECTED PER ASTM STANDARD PENflRATlON TEST. 
FS-F-368 1 00OS;oG . .  

G: / WPSC / 95-0037.DRW (07 10-95) 

$(-*\47 
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I PROJECT NUYBER: LoanoN NUYBER: 

I 
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- -1 I SAMPLING EQUIPMENT: 1 
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SAMPLES,SSECIED PER ,ASTM STANDARD PENORATION TEST. 

FS-F-368 1 -'1 ' 7 /  11/95 
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Parsons In f ras t ruc tu re  and 

Technology, Inc. 
25 Merchant St. 

Cincinnati, OH 45246 

Log of Boring 63-010/12275 
Geotechnical Logging Report 

Fernald Environmental Mgmt. Protect 

Sheet 1 of 2 

Job Number: 50-03.52/p0-177 

Phone (513) 648-8700 Fax (513) ~ 3 - 8 8 9 2  Former Pit. Area. Geot. Investigation Elevation: 577.9 

'Iller: Alliance. Env., Inc Orllllng Date Tlme 

'111 Method: 8" Hollow Stem Auger Started 4/30/97 

smple Method: Split Spoon, Shelby Tube Flnls hed 5/21/97 

)rehole Dlameter: 8 in. (water Level: Dry  I Loaaed By: J. Er javec I Checked By: K. E rns t  - 
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15:51 
5/20/97 412437 CL 
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18" 

12" 15:55 
5/ 20 /9 7 412438 

Llght olive brown (2.5Y.5/8) clay wlth gravel, 
moist. 

MC 
GS 
AL 
ucs 

16:iE 
5/20/97 

1E:25 
5/2o/a7 

a 25" 

13" 

Olive brown (2.5Y,4/3) clay (11") with sand and 
gravel. Clay, moist, stiff. low plasticity. 2" of 
olive brown sand at  bottom 01 care, mg-cg, 
poorly sorted, wet. CL 

sn 

- 

CL 

MC 

- 

MC 

9 

10 

Light olive brown (2.5Y.5/4) silty and sandy 
clay grading to light olive brown clay. Trace 
gravel throughout. Clay, moist, s t i l l  to hard, 
low plastlclty. 1E:28 

5/20/97 

OM5 
5/21/97 

oa:21 
5/21/a7 

412442 

412443 

Light olive brown (2.5Y.5/4) clay with sand, 
molst to wet. 

MC 
GS 
AL 

a 

MC 
GS 
AL - 

Llght ollve brown (2.5Y.5/8) clay to sllty clay - sllt content lncreaslng wlth depth. Clay, 
molst to wet. stll l .  low plastlclty. Gravel t o  
0.5'. subangular-subrounded, decreaslng In 

412444 - 
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Materials Descr ip t ion 

abundance as silt content increases. May be 
silt at bottom of core. 

Light olive brown (2.5Y.5/4) clay interbedded 
wlth silt zones. Clay. silty. wet, stiff t o  hard, 
trace gravel. Silt, wet, clayey, trace gravel. 

Light olive brown (2.5Y.5/4) silty clays 
lnterbedded with clayey sllts. Clays, moist t o  
wet, stiff t o  hard, low plasticity. Silts. wet. 
Trace gravel throughout to 0.25" 

Light olive brown (2.5Y.5/3) sandy clay wlth 
gravel, wet. Gravel t o  0.5' and probably 
scattered throutout. May be silt or sand In 
tube (visual descriptlon from end of Shelby 
tube). 

Bottom of boring at 2/ feet. 
Nates: Samples collected per ASTM D 1588 and 
ASTM D 1587. Colors Identified using Munsell 
Color Chart. Consistency based on Standard 
Penetration Resistance Value. Soils visual 
descriptlon per ASTM D 2488 and soil 
classification per ASTM 0 2487. 

SS = Split Spoon, 2 '  OD, no llner 
ST = Shelby Tube, 3" 00 
D = Denlson, 2 13/18" ID 
DM = Dames 6 Moore, 2.41" ID, 3" OD 

USCS Symbols: 
Bold = Laboratory 
Normal = Visual 

Boring NAD 1983 Coordinates: 
134851 7.2E; 479760.8N 
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VISUAL CLASSIFICATION OF SOILS 
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TABLE D-1 
Summary of Boring Locations and Elevations 

Operable Unit 3 
Former Plant Area 

BoringID 

1350367.2 
I 

12266 I G3-001 
(fi MsL) 

481935.0 588.7 PO-177 

12269 I G3-004 

1348876.8 
1345917.5 

12270 I G3-005 

481728.7 587.8 PO-177 
481488.5 NDl PO-177 

12271 I G3-006 
12272 
12273 

G3-007 
G3-008 

12274 I G3-009 
12275 1 G3-010 

Eating I Northing 1 Elevation 1 
coordinate coorciinate 

Reference 

1348835.9 I 480832.0 1 579.6 IPO-177 
1348629.6 I 480668.2 I 579.1 IPO-177 
1349048.4 I 480833.8 I 580.7 /PO-177 
1348559.9 I 480276.3 I ND2 IPO-177 
1348911.5 I 480383.7 I 579.5 IPO-177 
1350356.3 I 480499.6 I 579.3 ]PO-177 
1348517.2 1 479760.8 I 577.9 [PO-177 

Notes: 

1. Coordinates are NAD83 

2. ND1 No Data - Could not be obtained due to Boiler Plant Demolition 
(coordinates are estimates). 

ND2 No Data - Area was covered with gravel and location could not be 
determined (coordinates are estimates). 

ERAFS 1 YOUDATA/PO 177/GEOT/PO 177.m 1of1 2/27/98 
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0 This appendix presents typical grain-size curves for thesoils encountered in the PO-177 study. Table E-1 
below is a list of the selected typical soil samples representing the various soils encountered. The typical 
soils were selected by visually determining the approximate median sample for a given USCS 
classification. The typical grain-size curves are included in this Appendix. 

Table E-1 - Representative Grain-Size Curves 

USCS Description 

a 
Note: Sample 412392 is a bulk sample and may include several different types of soils mixed together. 

The typical grain-size curves from PO-177 were compared to data from PARSONS 1959, PO-132. The 
soils encountered in PO-177 were generally within the range of grain-size curves for similar soils from the 
area immediately to the east of the FPA (PO-132). The plots of grain-size curve ranges for the Brown and 
Gray Till from PO-132 are also included in this Appendix for reference. 

All the PO-177 grain-size data are presented in SAIC 1997. 
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Typical Grain-Size Curves 

from PO-I 77 Investigation 
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Figure 4-1 - Grain-size Distribution, Fine-grained Brown Till CL Samples 
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Figure 4-2 - Grain-size Distribution, Fine-grained Gray Till CL Samples 
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Figure 4-3 - Grain-size Distribution, Fine-grained Brown Till CH Samples 
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Figure 4-4 - Grain-size Distribution, Finegrained Brown Till ML Samples 
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Figure 4-5 - Grain-size Distribution, Fine-grained Gray Till CL-ML Samples 
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Figure 4 4  - Grain-size Distribution, Coarse-grained Brown Till SC S&&es 
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Figure 4-7 - Grain-size Distribution, Coarsegrained Brown and Gray SM Samples 
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Figure 4-8 - Grain-size Distribution, Coarse-grained Brown and Gray SC-SM Samples 

ERAPSl \VOLl :RSAFTSUZSDATA\ 
OU-2\po-132\9UMDOC 4-13 06129 10:33rm, I Rov. No.: 0 





APPENDIX F 

SUMMARY TABLES - GEOTECHNICAL LABORATORY TEST DATA 
FROM PO-I 77 GEOTECHNICAL INVESTIGATION 
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TABLE F-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

Grain size Top Bottom Cobr (3) General Stratum USCS Name (4) 
Depth hpcb (4) hloisture LL I PL [ PI I G t ~ d  I Sand lSiltandIClay 0.002 

USCssymbol  ample AUerber&imits I Area FEMPID BoringU) TI--- lspecificl Reference 1 SampkNumber Sample 
Type D10 D30 

(@ I D60 Gravity I I Content (5) (5) 

7.0 OliveBrown Brown Clay Lean Clay with Sand CL 25.0 29.2 17.4 
1 1 .O Greenish Gray Lacustrine Lean Clay CL 21.7 22.5 14.2 

Gray Till Lean Clay with Sand CL 26.0 24.6 15.2 

(46) 

C L W  12.0 Grav Till Lean Clav with Sand (V1 
~ 0.044 0.16 

I2463 
12465 
12466 
12469 
12470 
I247 1 
I2474 S T  

0.022 2.78 PO-I77 
0.04 2.74 PO-I77 

NE 112266 IG3-001 0.035 I I 2.78 IPO-177 
E / 1 2 2 6 6  ]E- 
NE 12266 

PO-I77 
0.37 2.79 PO-I77 Silty Sand SM 17.2 NP NP NP 3.3 75.5 21.2 3.0 17.0 19.0 Dark Greenish Gray Muddy Stream 

19.0 21 .O Dark Greenish Gray Lacustrine Well-graded Sand with Clay (V) 
24.0 26.0 Dark Greenish Grav Grav Till Sandv Lean Clav with Gravel CL 16.2 27.9 1 5  7 12.6 19.2 22 n 58.8 20.5 

SW-SC(V) 13.5 NE 12266 G3-001 
NE 12266 (33-001 
NW 12267 (33-002 
NW 12267 G3-002 
NW 12267 G3-002 
NW 12267 G3-002 

- __.- 

- 
-_ 

__ 
NW 12267 G3-002 

~- 
NW 12267 (33-002 
NW 12267 (33-002 
NW 12267 G3-002 
NE 12268 (33-003 
NE 12268 G3-003 
NE 12268 G3-003 
NE 12268 (33-003 
NW 12269 G3-004 
NW 12269 G3-004 
NW 12269 G3-004 
NW 12269 G3-004 
NW 12269 G3-004 

~. - 

- 

NW 12269 (33-004 
NW 12269 (33-004 
NW 12269 G3-004 

-_ 
- _- 

NW 12269 (33-004 
SW 12270 G3-005 
SW 12270 (33-005 
SW 12270 G3-005 
SW 12270 (33-005 
SW 12270 G3-005 

. __._ 

~- 
____ 

SW 12270 (33-005 
SW 12271 G3-006 

- 
-~ - 

SW 12271 G3-006 
SW 12271 G3-006 
SW 12271 (33-006 
SW 12271 G3-006 
SW 12271 G3-006 

- 
-- - 

~- 
._ 
- 

- 

___. - 

- 
-____ ~ -. 

- 

PO-177 
0.1 2.81 PO-I77 

0.025 2.76 PO-I77 
0.025 2.76 PO-I77 

0.0031 12351 1 ss 
12352 I ss 

Brown Clay Lean Clay with Sand CL 23.5 45.9 14.2 31.7 5.7 15.2 79.2 28.5 
Brown Clay Lean Clay with Sand CL 14.1 27.0 15.0 

01 
4.0 16.7 79.3 21.5 

Brown Clav Lean Clav with Sand CL 16.9 25.3 15.2 10 1 7 2 12 3 84.5 2X 2 12353 I ss 0.024 2.81 PO-I77 
0.02 2.78 PO-I77 CL 17.6 1 24.9 1 :::; 1 1 6.8 7.2 9.0 1 I .O Light Olive Brown Brown Clay Lean Clay 

13.0 15.0 DarkGreenish Gray Gray Till Lean Clay with Sand CL 13.7 23.2 7.5 20.4 
15.0 17.0 Dark Greenish Grav Grav Till Sandv Lean Clav CL 15.0 26.3 13.3 13.0 x.2 22.4 

~T 
69.4 

0.008 0.05 2.78 PO-I77 
0.043 2.77 PO-177 
0.12 2.76 PO-I77 

PO-I77 

12358 
12361 
I2362 
12303 
12305 
I2307 

21.0 I 23.0 (Greenish Gray ]Gray Till ISandy Lean Clay I CL I 12.0 1 22.3 I 12.9 I 9.4 I 12.9 I 30.6 
23.0 I 25.0 IGreenishGrav IGrav TN kandv Lean Clav (VI I CI-IVI I 2 0  I I I I I I --, I , --- ---, \ I _ _  - 

14.4 i 26.4 i 14.9 i 11.5 1xrt-z-r a T l L i a h t  Olive Brown KGZF- isandv Lean clav I CL I 0.044 I 2.81 IPO-177 
0.42 I 2.78 /PO-177 19.1 I 11.8 1 7.3 yi I ::.: IGray Till IClayey Sand with Gravel 

IGrav Till kandv Lean Clav 1 CL sc I i:i I 199 I 122 I 7 7  1 
~ ~~ 

Gray Till Sandy Lean Clay CL 6.3 21.7 13.4 8.3 13.7 35.7 
Brown Clay Fat Clay CH 26.1 57.0 18.1 38.9 0.0 1.2 +- Brown ClavlGrav Till Lean Clav CL 20.6 23.8 14.7 9.1 0.2 6.6 

23.0 Dark Greenish Gray 
7.0 Dark Greenish GrayLOB 

13.0 15.0 Light Olive BrownlGreenish Grav 
12385 ST 

0.19 I 2.73 PO-I77 
0.515 I 2.75 PO-I77 

12389 
I239 1 
12392 

93.2 
I NP I NP I NP 15.0 I 17.0 \Dark Yellowish Brown IMuddy Stream )Poorly Graded Sand with Silt I SP-SM I 

13.0 1 29.0 lBrownlGrav IMuddv StreadCrav Till ISiltv. Clavev Sand I SC-SM I I 1 7 5  I 1 1 6  I 5 0  :: 1 z:.: a 2.81 r - I 7 7  
2.74 PO-I77 
2.73 PO-I77 

0.4 83.3 
0.5 85.1 SM 

Sandv Lean Clav CL 9 0  2 5 8  

Silty Sand 
Silty Sand 

0.06 2.76 [Po-177 
0.08 2.75 IPO-177 

12398 
I2400 
12402 DM 3 29.0 Dark Greenish Grav I c1. I i n n  I 2 4 1  I 131 I t i  n I ',';' I i).: 9.8 I 24.3 1 13.7 1 10.6 27.5 /Gray 

0.06 I 2.73 IPO-177 62.5 19.0 
75.7 26.5 

~~~ ~ 

kean Clav with Sand I CL I 18.0 I 35.9 I 18.0 I 17.9 1 4.3 I 20.0 3.0 I 5.0 ILiaht OliveBrown IBrown Clay 0.03 I 2.76 IPO-177 
0.017 I 2.76 /PO-177 

DM 12420 
I2424 ss 

-~ 
19.8 1 26.5 I 15.8 I 10.7 I 0.0 I 4.9 I 95.1 1 22.3 9.0 I 10.5 ILightOliveBrown bcustr ine lLean Clay I CL I 

13.5 I 15.5 IBrownK;rav I M U ~ ~ V  Stream ISiltv Sand I SM I I NP I NP I NP 1 R 7  1 6 3 0  I 3 1 7  I ? 1  I2426 
12429 
12431 ss 

0.32 2.74 PO-177 
0.09 2.56 PO-I77 
0.1 2.78 PO-I77 

0.011 2.73 PO-I77 
0.009 2.72 PO-I77 
0.032 2.75 PO-I77 

PO-I77 

! I *  -. . .. - .  

1 7 . 0 1 1 9 . 0 G r e e n i s h  dray Lacustrine I M L  i 15.6 i NP i NP i NP 1 8 2 +  lSandv Silt 
bcustr ine ISilty Sand 1 SM I 19.7 I NP I NP I 
h u d d v  StreadGrav Till ISandv Lean Clav I CL I 10.3 I 22.0 I 12.4 I 9.6 

23.0 Dark Greenish Gray 

9.0 Greenish Gray IBrown Clay 
1 -  I I I 1 - 1  - - - - -  _-.. .-.- 29.0 Greenish Gray -~ 

lFat Clay I CH I 25.0 1 5 1 . 7  120.6 1 31.1 I 0.0 I 2.4 I 9 7 6  I 390 
I2434 I 3"SS 0.012 
I2369 I S T  
I237 1 I ss 11.0 I 13.0 ILight Olive Brown IBrown Till? ISandy Lean Clay I CL I 20.2 I 30.7 I 15.0 I 15.7 1 12.1 I 19.4 I 68.5 I 23.5 

13.0 I 15.0 loliveBrown I M U ~ ~ V  Stream h a v e v  Sand IV) I S C M  I I I I 4? 0.01 I 
I ss . ,  _ _  I ,  . ,  

%d-i%-lOlive Brown buddy Stream I sc t 11.1 i 20.7 i 12.0 i 8.7 i 13.3 i 40.3 i 46.4 i 16.0 IClavey Sand 0.22 I 2.71 /PO-177 
[PO- I 77 

12375 
12376 

SM 
IMuddy Stream IClayey Sand (V) 
IMuddv Stream lSiltv Sand 

- 
0.065 
0.01 I 
- 
~ 

0.3 t 2.74 /PO-177 1 I2377 I ss 
I -_.- . .- ~- . . ..- -.. ~~ ~ _. . I - ~ , -  ~ 

2 5 . 0 1 G r e e n i s h  Gray b r a y  Till ISandv Lean Clav I CL i 9.5 i 23.2 i 13.0 i 10.2 I Ti i 31.0 i 570 i 1s.2 I 2.77 [PO-177 I238 I 
12315 IBrown Clay ]Lean Clay I CL 1 24.1 I 29.1 I 16.5 I 12.6 I 6.6 I 23.5 

lhcustrine ]Silt with Sand I M1. I 209 I NP I NP I NP 7 5  7 inn I2316 I ss -__ 
0.055 2.75 PO-I77 -- 
0.18 2.68 PO-177 
0.1 2.77 PO-I77 

0.065 2.77 PO-I77 
0.013 2.77 PO-I77 -- 
0.1 2.75 PO-I77 
0.08 2.76 PO-I77 
___- 

0.065 2.80 PO-177 
0.014 2.76 PO-I77 
__ -- -_ 

-___ __-- 
1.0075 2.73 PO-I77 

- 
19.0 1 21.0 IDarkGreenishGray Muddy StreadGray Till Sandy Lean Clay CL 15.7 24.6 12.6 12.0 11.8 31.9 56.3 18.5 

Gray Till .- - Sandy Lean Clay CL 11.0 24.3 14.0 10.3 5.4 31.0 63.6 18.3 23.0 I 25.0 IGrav 
CL 19.4 33.4 17.6 15.8 0.0 1.8 - 98.2 27.0 Brown Clay Lean Clay 
SM NP NP NP 0.0 57.2 42.8 9.0 Muddy Stream Silty Sand 

Muddy Stream Sandy Silt ML 21.4 NP NP NP 2.9 41.6 55.5 7.0 ~~- 
16.5 NP NP 

28.9 16.1 GT7-e' Sandy Silt ML 
Lean Clay CL 

-~ 
uddy Stream 

Brown Clay Lean Clay CL 24.0 41.3 20.1 21.2 97.9 33.5 -___ 
25.5 68.8 21.2 Sandy Lean Clay CL 11.4 30.6 16.7 13.9 

Gravelly Lean  clay wilh Sand CL 12.9 27.0 14.1 12.9 21.7 17.7 60.6 19.0 
CL 23.3 45.4 17.6 27.8 0.0 18.4 81.6 29.5 Lean Clay with Sand 

.~ 

---__- .__- 
Brown Clay 

I Of4 

ST 12324 
I2332 S T  

ss I2334 
ss I2336 
ST I2341 

BULK I2342 
I2409 ST 
12410 ST 

DM 2414 
S T  2439 

. ___ 
~ _ _ _ _ _ -  

- _ _ _  
.___ 

- 
. -- _ _  . - 

-- __________ 
___ .____ - 

__ - 
- i i i i . ~ ~  

0.0075 

0.0014 
0.0055 

5.0 I 7.0 IBrownishYellow 

Olive Brown 
17.0 I 19.0 lDarkGravishBrown 

0.018 I 2.68 b - 1 7 7  
211 9/98 

- 1 

lAFS I :/OUDATA/POI 77lGEoTi 



TABLE F-2 

Area FEMPID // 

I Nw 111112 
Nw 11112 E Nw 11112 

I Nw 111112 
Nw llll5 E Nw 11115 

I SW 11198 

I sw 11210 

I SW 11214 
SW 1214 H SW 1216 

I SW 11230 

" . " / 6 , ,  Sampk Number Sample 

i3-010 412443 

i3-010 
i3-010 412446 
i3-010 412447 
i3-010 412449 BULK 

30920A1 I I12-03,-05 ~- 
. .  -- 

30920A11112-10-11-12-13 SS(M) 
30920Al I 112-14-15-16-17 SS(M) I- ~. - 

_ _ ~  - .  -. - 

30909A11208-15.-16 
30909A 1 1 208-2 1 
30909A11208-9,-10,-11 
309 I SA1 121 1-13,-16.-17-19 SS(M) 

ss 
ss 
ss 

SS(M) 
SS(M) 
SS(M) 

5 1624.5 1625.5 1626.51627 SS(M) 

-- 51420 

-- 
_ _ _  
_.__ 
- .~ 

~- 
15 174 1.5 1742.5 I743 
15 1784.51 785.5 1786.51 787 
5 1800.5 1799 
51847.51848 
5 1935.36.37.38.39 

. . - - . . .  -- 
16900.16901.16902 ss 

ss - 
152037.52038 I ss 
52157,52158.52159 

-- 
117205,17206 I ss 

SS(M) _-__ I 17250,17253,52235 
117298 ss 
152275 I ss 
52276.52277 

. _ _  
52335,52336 
52370 
50803,50804 
50805,50806.50807 
52436,52437 
1758 1.17582 ss 
50724.50725.SQ726 
50727.50728.50729 SS(M) 

__ 
SS(M) .. - 

-. 

- 

. ,  
ss 

. 

__ 
150734.50735 I SS(M) ._ __ - -- 
50736,50737,50738 - .__ _____ I 17713.17714 ss 

Summary of Index Properties 
Operable Unit 3 

Former Plant Area 
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52538,52539 
52540,52541,52542 
52544,52545 
52549.52550 ss 

SW 11236 I 11 7776 I ss 
SW 11236 117776,17777.17779.17780 ss(M) 

SS(M) SW 11236 117777.17779,1n80 -- 
SW 11240 I 150695.50696 I ss 

17889.17890,17892 ZfZ--F-Gl? 
sw 11244 I 150654.50655 I ss 

52598,599,600,601,602 I SS(M) 
18024 I ss 
52699.700.701,702 
52703,04.06.07.08.09 
53036.53038 S S M )  

54426,54427 

54667,54668 

54787.54789 S S M )  . ,  - ___ 
NW 11356 54820 ss 

ss -- NW 11356 5482 1,54822 
NW 11356 I 154827.54826 I ss 

J.)O I u JJ 

,901 IT 
15537.8.51 135.6.7.8 

___ - 
ss 
ss 

- __. ._ 
-_ 

TABLE F-2 
Summary of Index Properties 

Operable Unit 3 
Former Plant Area 

USCS Name (4) General Stratum 

( 4 6 )  

Lean Clay 26.4 13.6 12.8 
Siltv Sand IV) SM Iv)  NP NP NP 

13.5 I 15.0 IBrownishYellow ILacustrine h t v  Sand I SM I I N P p I F I p N P p  
15.5 I 16.5 IBrownish Yellow to Gray bcustr ine ]Clayey Sand/Silty Sand (V) I 20.6 I 12.3 I 8.3 
18.0 I 19.0 h a v  hacustrine IPoorlv-maded Sand with Silt IV) I I I 
7.5 I 8.0 IBrownishYellow hacustrine I GC(W I -1- 34.5 I 16.3 I 18.2 

10.0 Brownish Yellow Lacustrine Sandy Silty Clay (V) CL-ML (V) 
10.0 Brownish Yellow Lacustrine Sandy Silty Clay (V) CL-ML (VI 18.7 12.4 6.3 

I 1 .O 12.0 Yellowish BroWnlGrav Lacustrine Silt IV1 ML (VI 17.8 15.9 1.9 
9.0 1 1 .O Brownish Yellow Lacustrine Silty Clay with Sand 
12.5 13.5 Brownish Yellow Lacustrine Silty Sand (V) 
12.5 13.5 Brownish Yellow Lacustrine Sandv Siltv Clav CL-ML 

ISilty Clay with Sand I 21.9 I 16.0 I 5.9 ]Lacustrine 
hacustrine h t v  Sand (V> I I I 

12.0 14.0 Dark Yellowish Brown Lacustrine Sandy Silty Clay CL-ML 19.5 -14.6- 4 . 9  
21.3 14.9 6.4 

1 1.5 13.0 Grayish BrowdGray Muddy Stream Silt ML NP NP NP 
14.5 15.0 Gray Muddy Stream Silty Sand SM NP NP NP 
7.5 10.0 Brown to Yellowish Brown Muddy Stream Silky Sand (V) SM (V) 

Muddy Stream Clayey Sand with Gravel sc 24.2 12.8 11.4 9.0 9.5 Yellowish Brown 
10.5 Muddy Stream Silty Sand (V) SM (VI NP NP NP 12.5 Brown 
12.5 15.0 Gray and Brown Muddy Stream Silty Sand (V) 
16.5 17.5 Gray Muddy Stream Silty Sand (V) SM (VI NP NP NP 

6.0 10.0 Yellowish Brown to DYB to Brown Muddy Stream Silty Sand with Gravel SM NP NP NP 
17.0 18.0 Light Olive Brown Muddy Stream Sandy Silty Clay CL-ML 16.9 12.1 4.8 
18.0 18.5 Light Olive Brown Muddy Stream Sandy Silty Clay (V) m-ML (V) 19.5 12.9 6.6 
17.5 19.0 Gray Lacustrine Clayey Silt (V) M u c L  (VI 38.7 18.0 20.7 

22.2 12.2 10.0 I 22.8 18.9 3.9 

14.0 17.5 Dark GrayLight Olive Brown Lacustrine Silty Clay with Sand CL-ML 

SM(V) ' 

6.5 8.5 Dark Brown to Brown Muddy Stream Clayey Sand (V) sc (V) 

Muddy Stream 
Lacustrine Silt ML 

Clayey Sand with Gravel 

15.5 19.0 Gray and Brown Muddy Stream Silty Clay CL-ML 20.8 15.6 5.2 
13.0 13.5 Dark Yellowish Brown Muddy Stream Silty Sand SM NP NP NP 
17.0 18.5 Brown and Olive Brown Muddv Stream Siltv Sand with Gravel (V) SM Iv)  
13.5 14.0 Brown Muddy Stream Silty Sand (V) SM (V) NP NP NP 
14.0 15.0 Brown Muddy Stream Silty Sand SM NP NP NP 

11.5 12.0 Yellowish Brown Muddy Stream Clayey Sand (V) sc (VI 26.9 15.2 11.7 
13.5 14.5 Dark Yellowish Brown Muddy Stream Silt with Sand ML NP NP NP 
11.0 14.0 Lieht Olive Brown and OB Muddv Stream Lean Clav CL 31.0 15.1 15.9 

16.5 17.5 Brown Muddy Stream Well-graded Sand with Silt (V) SW-SM (V) 

14.5 I 15.0 lolive IMuddY Stream ISilty. Clayey Sand I SC-SM I I 16.4 I 12.4 I 4.0 
aded Sand with Silt (V) 

8.0 I 20.0 IOliveBrown IMuddv Stream IWell-eraded Sand with ! I 17.5 IGray TIII ISandy Silt (V) 
- 19.5 Brown to Yellow Brown/Dark Brown IStratified Sediiment IPoorly-graded Sand with Silt (V) 1 SP-SM(V) I 

Grain Si 
D30 D60 Gravity 

1 IPO-177 (R I I I I I I I- ,77,n 
VFS Archive) 

1~v-t t I (nUFS Archive) 
, ~ 177(RI/FSArchive) 

I I I I I I I 
I I 

PO-I77 (RVFS Archive) 
0.2 94.5 5.3 1.5 0.16 0.34 0.75 2.76 PO-I77(RVFSArchive) 

PO-I77 (RVFS Archive) 
0.012 0.08 2.76 PO-I77 (RVFS Archive) 11.8 29.0 59.2 13.5 

I I I I I I I ,_ - 177 (RI/FS Archive) 
IPo-177 (RVFS Archive) E I 20.3 I 78.2 0.013 0.034 2.74 PO-177 (RVFS Archive) 1 1::; I PO-I77 (RVFS Archive) 

0.0014 0.01 0.075 2.74 PO-I77 (RVFS Archive) 38.6 60.6 
16.3 83.1 16.0 0.013 0.038 2.65 Po-177 (RVFS Archive) 

L 

1.0 I 79.0 1 20.0 I I 0.014 I 0.27 I 0.6 I 2.74 PO-I77(RVFSArchive) 
2.7 1 46.7 1 50.6 I 7.0 10.0045 I 0.034 I 0.12 I 2.73 Po-l77(RI/FSArchive) 

3.5 
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TABLE F-2 

Notes: 

1. Area: 

-- 
Boring ID 

NE 
Nw 
SE 
sw 

Summary of Index Properties 
Operable Unit 3 

Former Plant Area 

Northeast Quadrant of Former Plant Area 
Northwest Quadrant of Former Plant Area 
Southeast Quadrant of Former Plant Area 
Southwest Quadrant of Former Plant Area 

2. SampleType: BULK Bulk Sample 
D Denison Sampler 
DM Dames and Moore Sampler 
SS Split Spoon Sample 
SS (M) Multiple Split Spoon -Composite Sample 
3" SS 3" O.D. Split Spoon Sample 
ST ShelbyTube 

3. Color: DYB Dark Yellowish Brown 
LOB Light Olive Brown 
OB Olive Brown 

4. 

5. 

6. 

7. 

8. Reference: 

9. General Stratum: Brown ClayIGray Till 

(V) - Partially or completely visually classified (ASTM D2488) 

NP - Reported as non-plastic from laboratory plasticity test (ASTM W318) 

No value for D10 indicates that no extrapolation was performed when D30 and D60 are reported. 

Specific gravity is for minus No. 10 sieve potion of the sample. 

POI 77 Former Plant Area Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS PO177, September 1997 

Sample is a combination of Brown Clay and Gray Till 
Sample is a combination of Muddy Stream and Gray Till 
Sample is a combination of Brown Clay and Lacustrine deposits 

Muddy St redGray  Till 
Brown Clay/Lacuseine 

ERAFSI :\OUDATA/PO177IGEOT/PO177.MD 

f,bQ 3 566' 
21 19\98 



Bottom Color 
Depth 

General Stratum USCS Name USCS 

Brown Clay 
Gray Till 
Grav Till 

Lean Clay with Sand CL 
Lean Clay with Sand CL 
Lean Clav with Sand 6 

113.0 
100.2 
127.2 

94.7 2.76 PO-177 
98.1 2.72 PO-177 
93.4 2.71 PO-177 

17.0 lolive Brown IMuddy Stream IClayey Sand I sc 17.0 
17.0 
17.0 

Olive Brown Muddy Stream Clayey Sand sc 
Olive Brown Muddy Stream Clayey Sand sc 
Olive Brown Muddv Stream Clavev Sand sc 

17.0 lolive Brown IMuddv Stream klavev Sand I sc 
17.0 lolive Brown IMuddv Stream klavev Sand 

~~ 

I sc 

27.0 
25.0 
25.0 

Greenish Gray Gray Till Sandy Lean Clay CL 
Sandy Lean Clay CL 
Sandv Lean Clav CL 

Gray Till 
Grav Till 

Gray 
Grav 126.5 

127.5 
112.8 

95.6 2.77 PO-177 
88.6 2.77 PO-177 
100.0 2.77 PO-177 

19.0 
19.0 
19.0 

Dark Grayish Brown Muddy Stream Sandy Silt ML 
Dark Grayish Brown Muddy Stream Sandy Silt ML 
Dark Gravish Brown Muddv Stream Sandv Silt ML 115.6 

111.5 
114.1 

90.2 2.80 PO-177 
98.5 2.80 PO-177 
100.0 2.80 PO-177 

SW 112273 
SE 12274 
SE 12274 
SE 12274 

-___ 

G3-008 112341 
G3-009 412409 
(33-009 412410 
(33-009 412410 

7.0 
9.0 
9.0 

Light Olive Brown Brown Clay Lean Clay CL 
Light Olive Brown Brown Clay Sandy Lean Clay CL 
Light Olive Brown Brown Clav Sandv Lean Clav a 

Brown Clay 
Brown Clay 
Brown Clay 
Brown Clav 

Lean Clay with Sand CL 
Lean Clay CL 
Lean Clay CL 
Lean Clav CL 

iP L '  1 5 0 7  

' Wet 
Densis 
-(m 

127.4 
144.7 
142.4 

Specimen 
ID 

Moistui 
Conten 
0 

25.0 

1 P;r;t I SG 1 Reference 1 
Density Saturation 

101.9 98.9 2.78 PO-177 

TOP 
Depth 
-0- 

5.0 
11.0 
11.0 

Sample 
Type 

I ucs ST 
ST 128.2 1 :I 1 2.78 I y i l 7  1 123.5 100.0 2.78 PO-177 

101.7 100.0 2.78 PO-177 
121.4 100.0 2.81 PO-177 

2.77 PO-177 123.8 

NE 12266 (33-001 412466 
NE 12266 (33-001 412466 

A 
ST B 

NE (12266 ki3-001 1412466 ST C 11.0 
~~~~ ~ 

13.0 ]Dark Greenish Grav brav Till ILean Clav with Sand I C L  128.2 
NE 112266 b3-001 1412474 ST 24.0 ISandy Lean Clay with Gravel I C L  26.0 IDark Greenish Grav k3rav Till 141.0 

17.0 IDark Greenish Gray bray Till ISandy.Lean Clay I C L  ucs I 15.0 142.3 DM 
ST 
D 

-- 
23.0 IGreenish Gray IGray Till lSandy Lean Clay I C L  130.1 I 100.0 I 2.76 IPO-177 I 145.7 

149.5 
145.3 

IClayey Sand with Gravel I sc Dark Greenish Gray 
Dark Greenish Grav IGrav Till ISandv Lean Clav I C L  

]Gray Till I 140.1 I 78.2 I 2.78 IPO-177 
NE 112268 IG3-003 1412307 D 

D 
___ 2.80 /PO-177 %k I 2.80 h - 1 7 7  

13.0 
13.0 

CUPP 
CUPP 
CUPP 
UCS 6.3 
UCS 26.1 

CUpps 9.8 
ucs 10.0 

NE 112268 (G3-003 1412307 15.0 IDark Greenish Grav lGrav Till ISandv Lean Clay I C L  144.1 
NE 112268 /cl-003 [:4111 
NE 12268 G3-003 412310 
NW 12269 G3-004 

D 15.0 IDark Greenish Gray IGray Till ISandy Lean Clay I C L  145.6 134.6 I 76.8 I 2.80 IPO-177 I 
D 
ST 

-- Sandy Lean Clay ] a  
Fat Clav 1 CH 

23.0 IDark Greenish Gray 
7.0 IDark Greenish GravILOB 

156.0 
124.2 
148.9 

I 5.0 
DM Stage 1 I 26.0 27.5 kiray (Grav Till ISandv Lean Clav I C L  

NW 112269 1412402 
SW 12270 412420 
SW 12271 (33-006 412369 

l a  ]Sandy Lean Clay 29.0 lDark Greenish Gray IGray Till 147.0 DM 
DM 
ST 

~- 133.6 
Lean Clay with Sand I C L  

I CH Fat Clav 
5.0 /Light Olive Brown 
9.0 heenish  Grav 

133.4 
125.3 
141.3 

I 7.0 
sw 112271 IG3-006 1412375 DM I 15.0 klavey Sand I sc IMuddy Stream 17.0 lolive Brown 
SW 112271 /C3-006 I:::::: 
SW 12271 (33-006 

147.9 133.2 I 100.0 I 2.71 ]PO-177 ---I DM 
DM I 130.1 I 100.0 I 2.71 IPO-177 144.6 

146.7 
147.0 

SW 112271 IG3-006 1412375 DM 100.0 I 2.71 IPO-177 3 100.0 I 2.71 /PO-177 SW (12271 IG3-006 1412375 I sc 17.0 lolive Brown IMuddy Stream IClayey Sand DS I 11.1 DM 
ST 
ST 

ucs I 9.5 147.2 134.4 I 92.3 I 2.77 bo-177 ~ -1 25.0 
23.0 129.2 I 89.7 1 2.77 IPO-177 I 143.4 

142.5 
142.1 

SW 112272 IG3-007 1412324 ST B I 23.0 
SW 112272 IG3-007 1412324 ST . 25.0 ]Gray bray Till ISandv Lean Clav I C L  

TXCD 
IBrown Clay l~ean Clay I C L  7.0 IBrownish Yellow 134.7 ST 

ST 
ST 

133.1 112.7 I 92.1 I 2.80 IPO-177 I 
105.6 I 97.1 I 2.80 IPO-177 I 129.5 

134.7 
133.8 
136.1 

SW 112273 b3-008 1412341 ST I 17.0 
SW 112273 IG3-008 1412341 ST A I 17.0 19.0 IDark Gravish Brown IMuddy Stream ISandv Silt 
SW 112273 IG3-008 1412341 ST 19.0 lDark Grayish Brown IMuddy Stream ISandv Silt 

19.0 lDark Grayish Brown ]Muddy Stream /Sandy Silt DS I 21.9 132.7 108.9 I 100.0 I 2.80 IPO-177 1 ST 
ST 
ST 

126.6 102.0 I 97.9 I 2.73 lPO-177 I 
142.7 

:Xy 1 E 1 2.74 177 1 2.77 PO-177 

2.74 PO-177 
100.6 100.0 2.74 PO-177 
125.8 

ST 133.4 
126.4 
141.9 

ST C I 7.0 9.0 ILight Olive Brown IBrown Clay ISandv Lean Clav I C L  CUpp 25.7 
ucs I 13.0 l a  IGravellv Lean Clay with Sand 14.5 ]Dark Greenish Gray IGray Till 

5.0 

A B 1% UCS I 23.3 122.5 99.3 I 91.7 I 2.68 IPO-177 1 _- ___.__. 

(33-010 

-. -- 
(33-010 

._ - _- -- - -- . - 

131.5 107.6 I 100.0 I 2.75 IPO-177 I 
126.4 

i02:: 1 94.7 
2.75 iPO-177 

138.6 100.0 2.76 PO-177 
100.0 2.75 PO-177 --I - c I 11.0 128.8 

152.1 I 19.0 21.0 /Light Olive Brown ILacustrine h t v  Sand with Gravel I SM ucs I 9.7 

ERAFS l:/OUDATA/PO 177/GEOT/PO177.MD l o f 2  211 8/98 



TABLE F-3 
Summary of Unit Weight and Percent Saturation 

Operable Unit 3 
Former Plant Area 

AREA FEMPID OtherID Sample Sample Specimen Top Bottom Color General Stratum 
Number Type ID Depth Depth 

L 
m4- 

Reference USCS Name USCS Test Moisture Wet Dry Percent SG 
Symbol Type Content Density Density Saturation 

1 5 0 7  

Notes: 

1. Area: NE Northeast Quadrant of Former Plant Area 
Northwest Quadrant of Former Plant Area 
Southeast Quadrant of Former Plant Area 
Southwest Quadrant of Former Plant Area 

NW 
SE 
SW 

2. Sample Type: D Denison Sampler 
DM Dames and Moore Sampler 
ST Shelby Tube 

3. Test Type: CD Triaxial Shear, Consolidated Drained (Modified ASTM D4767) 
CUpp Triaxial Shear, Consolidated Undrained with Pore Pressure Measurements (ASTM D4767) 
CUpps Triaxial Shear, Consolidated Undrained with Pore Pressure Measurements, Staged Test (ASTM D4767) 
DS Direct Shear (ASTM D3080 
Pbp Triaxial, Back Pressure Permeability (ASTM D5084) 
UCS Unconfined Compressive Strength (ASTM D2166) 

PO177 Former Plant Area Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS PO177, September 1997 4. Reference: 

ERAFS l:/OUDATAPO 177/GEOTIP0177.MD 2of2 
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TABLE F-4 
Summary of Unconfined Compressive Strength Tests 

Operable Unit 3 
Former Plant Area 

14.95 
15.61 
1.78 

2621 PO-I77 
2740 PO-I77 
18643 PO-177 

i3-004 
i3-005 
i3-006 

412402 DM 
412420 DM 
412369 ST 

19.0 
7.0 
14.5 

Dark Grayish Brown Muddy Stream Sandy Silt ML ucs 
CL ucs 
CL ucs 

Light Olive Brown Brown Clay Lean Clay 
Dark Greenish Grav Grav Till Gravellv Lean Clav with Sand 

2.43 
5.06 
7.09 

541 PO-I77 
4865 PO-I77 
4039 PO-I77 

k. - 1 5 0 1  
- 
Area 

- 
NE 

Bo- Sample Number Isample FEMP ID 

I2266 

Color General Stratum USCS Test USCS Name 
Depth Symbol Type 

Re I e re n ce 

Strength 

___ i3-001 1412463 c I I 
5.0 7.0 (OliveBrown IBrown Clav ]Lean Clav with Sand I n I u c s  7.18 I 1914 /PO-177 

13.94 I 1127 /PO-177 NE 
Nw 
- i3-001 1412474 I ST 

i3-002 1412358 I DM 
I CL Iucs 26.0 [Dark Greenish Gray IGray Till [Sandy Lean Clay with Gravel 

17.0 IDark Greenish Grav IGrav Till ISandv Lean Clav I CL I u c s  

~ 

ASTMD2166 [ 16.2 I 121.4 
ASTMD2166 I 15.0 1 123.8 

I2266 
I2267 

24.0 
15.0 

Nw 
NE 
- i3-002 (412361 I ST 

i3-003 1412305 I D  
23.0 [Greenish Gray /Gray Ti11 [Sandy Lean Clay I CL Iucs 
1 1 .O IDark Greenish Grav IGra" Till klavev Sand with Gravel I sc I ucs 

ASTMD2166 I .:;" 1 130.1 
ASTM D 2166 140.1 

21.0 
9.0 

I2267 
I2268 

NE 
Nw 
- i3-003 1412310 I D  

i3-004 1412385 I ST 
23.0 IDark Greenish Gray [Gray Till [Sandy Lean Clay I CL I u c s  
7.0 IDark Greenish GravLOB IBrown Clav lFat Clay I CH I u c s  

ASTMD2166 I 6.3 I 146.8 
ASTMD2166 I 26.1 I 98.5 

1.72 1 4130 [PO-177 
13.91 I 4293 IPO-177 

21.0 
5.0 

I2268 
I2269 

Nw 29.0 IDark Greenish Gray lGray Till ]Sandy Lean Clay I CL Iucs 
5.0 ]Light Olive Brown IBrown Clay ]Lean Clay with Sand I CL I u c s  

10.81 I 7996 IPO-I77 
13.26 I 4514 IPO-177 

27.5 
3 .O 
7.0 

I2269 
I2270 
I227 1 

sw 
sw 
- ASTM D 2166 

ASTMD2166 25.0 100.2 9.0 kireenish Grav IBrown Clav lFat Clav I CH Iucs 7.82 I 4299 IPO-177 
sw 
sw 
- i3-006 1412381 I ST 

i3-008 1412332 I ST 
[Sandy Lean Clay I CL I u c s  

7.0 IBrownish Yellow ]Brown Clay lkan  Clay I CL I u c s  
27.0 [Greenish Gray IGray Till ASTMD2166 I 9.5 I 134.4 

ASTMD2166 I 19.4 I 112.8 
8.46 I 17803 [PO-177 

4160 IPO-177 7.50 I 
I227 1 
I2273 

25.0 
5.0 

sw i3-008 1412341 I ST 17.0 ASTMD2166 1 i6: 1 :A::: 
ASTM D 2166 
ASTM D 2166 125.8 

I2273 
I2274 
I2274 

SE 
SE 
- i3-009 1412409 I ST 

i3-009 1412414 1 DM 
5.0 
13.0 

sw 
sw 
- i3-010 (412439 I ST 

i3-010 1412447 I ST 
7.0 ILight Olive Brown ]Brown Clay ]Lean Clay with Sand I CL Iucs 
21.0 /Light Olive Brown Lacustrine ISilty Sand with Gravel I SM I UCS 

ASTMD2166 [ 23.3 I 99.3 
ASTMD2166 I 9.7 I 138.6 

3.13 I 1499 IPO-177 
4.67 I 3419 ]PO-177 

I2275 
I2275 

5 .O 
19.0 

Notes: 

1. Area: NE 
Nw 
SE 
SW 

Northeast Quadrant of Former Plant Area 
Northwest Quadrant of Former Plant Area 
Southeast Quadrant of Former Plant Area 
Southwest Quadrant of Former Plant Area 

2. Sample Type: D . Denison Sampler 
DM Dames and Moore Sampler 
ST ShelbyTube 

3. Test Type: UCS Unconfined Compressive Strength (ASTM D2166) 

4. Reference: POI 77 Former Plant Area Geotechnical Investigation. Geotechnical Laboratory Data Rep* PARSONS PO177, September 1997 
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TABLE F-5 
Summary of Consolidated Undrained Traixial Compression Tests 

Area FEMPID 

NE 12266 

k 150'2' Operable Unit 3 
Former Plant Area CL. 

L r i n g I D  Sample Number Sample Top Bottom Color General Stratum USCS Name USCS Test Average Average EffectiveStress TotalStress . Testing Reference 
Type Depth Depth Symbol Type Pre-Test Pre-Test Cohesion Friction Cohesion Friction Condition 

(R) (a) Moisture DryDensity Angle Angle 
(%) (PO W (degrees) M (degrees) 

Gray Till Lean Clay with Sand CL CUpp 18.1 117.8 105 31.0 275 21.0 Saturated PO-I77 G3-001 4 1 2466 ST 11.0 13.0 DarkGreenishGray 
D 

412400 DM 
I2324 ST 

412410 ST 
ST 

Notes: 

I .  Area: 

13.0 15.0 DarkGreenishGray Gray Till Sandy Lean Clay CL CUpp 8.3 133.9 280 32.4 910 30.2 Saturated PO-177 
26.0 27.5 Gray Gray Till Sandy Lean Clay CL CUpps 9.8 135.7 490 30.8 554 29.8 Saturated PO-I77 

CL CUpp 11.7 127.7 338 31.4 760 37.7 Saturated PO-I77 23.0 25.0 Gray Gray Till Sandy Lean Clay 

7.0 9.0 LightOliveBrown Brown Clay Sandy Lean Clay CL CUpp 18.9 113.3 23 35.3 0 34.5 Saturated PO-I77 
Brown Clay Lean Clay CL CUpp 23.0 104.8 210 34.5 357 36.5 Saturated PO-I77 11.0 13.0 LightOliveBrown 

NE 
NW 
SE 
SW 

Northeast Quadrant of Former Plant Area 
Northwest Quadrant of Former Plant Am 
Southeast Quadrant of F o m  Plant Area 
Southwest Quadrant of Former Plant Am 

2. SampleType: D DenisonSampler 
DM Dames and Moore Sampler 
ST ShelbyTute 

CUpp Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D4767). 3 point test 
CUpps Triaxial Shear. Consolidated, Undrained with Pore &sure Measurements (ASTM D4767). staged test 

3. Test Type: 

4. Average pre-test moisture and dry density reported for sample 412400 is for first stage only. 

5. Reference: POI 77 Former Plant A m  Geotechnical Investigation, Geotechnical Labomtory Data Report, PARSONS POl77, September 1997 
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- 
Area USCS TestType TestMethud Average Average 

symbol 
Moisture Pre-Test Dry Pre-Test Density 

sw 
sw 
- 

Cohesion Friction Reference 
Angle 

TABLE F-6 
Summary of Consolidated-Drained Triaxial Compression and Direct Shear Tests 

Operable Unit 3 
Former Plant Area 

FEMPID OtherID 

1227 1 G3-006 
12271 G3-006 

Sample Number Sample Top Bottom General Stratum USCS Name 
Type Depth Depth 

(feet) (feet) 

412374 SS 13.0 15.0 Muddy Stream Clayey Sand (V) 
412375 DM 15.0 17.0 MuddvStream Clavev Sand 

~~ ~~ 

SW 11 2273 IG3-008 1412341 I ST I 17.0 I 19.0 [Muddystream /Sandy Silt 
SW 11 2273 IG3-008 1412341 I ST I 17.0 I 19.0 lMuddvStream ISandv Silt 

SC(V) 
sc 
ML 
ML 

. -  
(Z) (Pd) (PO (degrees) 

CD ASTMD4767 11.6 126.6 0.0 32.0 PO-I77 
29.5 PO-I77 

CD ASTMD4767 18.2 112.7 0.0 38.0 PO-I77 
DS ASTM D 3080 20.4 111.5 . 218.0 31.0 PO-I77 

DS ASTMD3080 11.1 131.5 629.0 

Notes: 

I. Area: NE Northeast Quadrant of Former Plant Area 
Northwest Quadrant of Former Plant Area 
Southeast Quadrant of Former Plant Area 
Southwest Quadrant of Former Plant Area 

NW 
SE 
SW 

2. Sample Type: DM Dames and Moore Sampler 
ST ShelbyTube 
SS Split Spoon (Tested Sample Remolded) 

3. Sample 412374 was remolded with slough obtained from Dames and Moore sample 412376. Target density based on the undisturbed portion of the Dames and Moore sample 412375 used in the direct shear test. 

4. Classification of sample 412374 is a visual classification. 

5. Test Type: DS 
CD 

3 Point Direct Shear - Normal Pressures of 4.86.9.72, and 25 psi - ASTM D3080 
1 Point Consolidated-Drained Triaxial Compression Test - Confining Pressure = 10 psi - Modified ASTM D4767 

6. Data Source: PO177 Former Plant Area Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS PO177. September 1997 
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TABLE F-7 

Top 
Depth 

(feet) 
15.0 

Sample Number I Sample Bottom General Stratum . USCS Name USCS 
Symbol Depth 

(feet) 
17.0 Muddy Stream Poorly Graded Sand with Silt SP-SM N W  12269 G3-00Q 412391 ss 

Summary of Permeability Tests 
Operable Unit 3 

Former Plant Area 

SW 
SW 

1227 1 G3-006 412375 DM 
12273 G3-008 412341 ST 

13.5 I 15.5 IMuddy Stream ISilty Sand I SM 
15.0 
17.0 

17.0 Muddy Stream Clayey Sand sc 
19.0 Muddy Stream Sandy Silt ML 

Target 
Dry 

Density 
(Pd) 
110.0 
1 12.0 

133.2 
105.6 

Test 
Type 

I.18E-07 PO-I77 
2.90E-07 PO-I77 

Pr 
Pr 
- 

Test Method 

ASTM D 5084 
ASTM D 5084 
ASTM D 5084 
ASTM D 5084 

Confining 
Pressure 

@sf) 
2160 
201 6 
720 
720 

- 
Pretest 

Moisture 

18.1 
14.1 

Reference 

Density 

11.1 
22.7 

Notes: 

1. Area: Nw 
sw 

2. SampleType: DM 
ss 
ST 

3. TestType: PbP 
Pr 

4. Avg. Permeability: 

Northwest Quadrant of Former Plant Area 
Southwest Quadrant of Former Plant Area 

Dames and Moore Sampler 
Split Spoon (Remolded) 
Shelby Tube 

Triaxial, Back-Pressure Permeability Test (ASTM D5084) 
Triaxial, Remolded, Back-Pressure Permeability Test (ASTM D5084) 

Average of the last four determinations from the test. 

5. Reference: PO177 Former Plant Area Geotechnical Investigation. Geotechnical Laboratory Data Report, PARSONS PO177, September 1997 
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Test TestMethod 
Type 

SP ASTMD698 
SP ASTMD698 
SP ASTMD698 

Optimum Maximum Reference 
Moisture Dry 
Content Density 
W) (Pcf) 
8.8 131.2 PO-177 
14.3 118.3 PO-177 
14.1 118.6 PO-I77 

TABLE F-8 
Summary of Standard Compaction Tests 

Operable Unit 3 
Former Plant Area 

Area FEMPID OtherID Sample Number Sample 
Type 

USCS Name Top 
Depth 

(feet) 

USCS LL 
Symbol 

Bottom GeneralStratum 
Depth 

(feet) 
13.0 I 29.0 (Muddv StreamlGrav E11 ISiltv. Clavev Sand I SC-SM I 17.5 NW 

SW 
SW 

17.0 I 19.0 IMuddy Seeam 28.9 
13.0 I 19.0 lBrownClayRacustrine ILeanClay I CL I 28.0 

I CL I 
12269 G3-004 412392 BULK 
12273 G3-008 412342 BULK 
12275 G3-010 412449 BULK 

.____ 

Notes: 

1. Area: NE Northeast Quadrant of Former Plant Area 
Northwest Quadrant of Former Plant Area 
Southeast Quadrant of F o m  Plant Area 
Southwest Quadrant of Former Plant Area 

NW 
SE 
SW 

2. SampleType: BULK BulkSample 

3. Test Type: SP Standard Roctor Compactive Effort (ASTM D 698 Meth i A) 

4. Data Source: PO177 Former Plant Area Geotechnical Investigation, Geotechnical Laboratory Data Report, PARSONS POITI, September 1997 

+ 
16.1 12.8 2.4 
17.2 I 10.8 I 0.0 

Silt and 
ChY 

(t) 
47.9 
89.8 
96.1 

27.0 2.16 
26.0 2.80 

1 5 0 7  
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n 
P 

h) 
P a 

u 

F 
0 

I I 

Dry 
Unit 

Weight 
(pcf) 

Axial 
Strain 

Deviator 

(psf) 

Delta 
Pore 

Pressure 
(psf)  

11.0-13.0 

412466A 12.9 11.4 144.7 

4124668 15.3 13.7 142.4 

412466C 26.0 24.1 128.2 

Triaxial Compression Test  Report 
Bor ing No. G3-001/12266 Sample No. 412466 Depth 11.0-13.0 f t  Descr ipt ion -Dark Greenish Gray Lean Clay w i t h  Sand CCLJ 

6000 

5000 

4000 

3000 

2000 

1000 

0 

Cohesion Fr ic t ion 
( p s f )  Angle 

Toto1 2 7 5  20.98 
Ef fec t i ve  105 31.06 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 

Normal S t ress ,  ps f  

11 Type of  Test: Triax CU Failure Criteria: Maximum Deviator Stress Sample Type: In Situ 

Effective 
Major 

Principal 
Stress 

(sigma 1 
(DSf)  

Effectivf 
Minor 

Principal 
Stress 

(sigma, 1 
(psf) 

Moisture Total 

Weight 

Depth 
( feet )  

Boring No. 

G 3  -0011 12266 

Pr incipa, 
Stress 
Ratio 

4781 1 1526 6855 3.31 128.2 12.03 

123.5 11.04 

101.7 14.14 

2074 

1037 2898 I 403 
- 

3935 3.80 

1568 I 158 562 '  I 2129 3.79 

CAD FILE: /USR/REF3/FPA/FPA/DGN/412466MO.DGN 



Type of  Test: 

Boring No. 

23-003/1226€ 

Spec. 
No. 

412307A 

Moisture Total 
Content ( % I  Unit 

Weight 
Initial Final (pc f )  

8.3 9.4 145.3 

' P 1 5 0 7  Triaxial Compression Test  Report 
Borinq No. G3-003/12268 Sample No. 412307 Depth 13.0-15.0 f t  Descr ip t ion - Dark Greenish Gray Sandy Lean Clay ECLI 

6000 

5000 

4000 

3000 

2000 

1000 

0 

Cohesion Fr ic t ion 
( p s f )  Angle 

30.15" 
32.39' 

\ \  
v 
3. 

0- 
;a 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12,000 13000 14000 15000 

Normal S t ress ,  ps f  

Sample Type: In Situ Failure Criteria: Maximum Deviator Stress Limited by 15% Strain Triax CU 

Dry 
Unit 

Weight 
(pcf 1 

Effec tivc 
Major 

Principal 
Stress 

(sigma, ) 

14540 

(psf 1 

Depth 
( feet )  

Axial 
Strain 
(1) 

Deviator 
Stress 
(psf 1 

Principal 
Stress 
Ratio * 4104 134.1 13.84 10436 3.54 

41230781 8.3 1 :",g 1 144.1 

412307C 8.2 145.6 

133.1 13.62 6239 8211 4.16 13.0-15.0 

134.6 14.03 6205 4621 3.92 

CAD FILE: /USR/REF3/FPNFPNDGN/412307MO.DGN 
. ,  



Triaxial Compression Tes t  Report 

Boring No. 

"5-004/1226! 

6000 j j  

Depth 
( feet)  

5000 

4000 

3000 

2000 

1000 

0 

Effective Effective 
Total Dry Axial Deviator Delto Pore Minor Major Principa 

Principal Principal Stress 
Strain Pressure Stress Stress Ratio 

Spec. Moisture 
Unit Content (1) Unit No. 

(psf) Weight Weight 

Initial Final (pcf )  (pcf 1 (psf)  (sigma,) (sigma, 

4 

26.0-27.5 

f t  Descript ion -Dark Greenish Gray Sandy Lean  Clay CCLJ 

( p s f j  (psf 1 
412400-1 9.8 N/A 148.9 N/A 1.40 3121 144 576 3697 6.42 

412400-2 N/A N/A N/A N/A 0.73 5551 -29 1469 7019 4.78 

412400-3 N/A 10.8 N / A  138.2 0.80 8827 302 3298 12124 3.68 

1 5 0 7  

/ 
/ 

A 

Cohesion Fr ic t ion  
( p s f )  Angle 

Total  554 29.84"  
E f fec t i ve  490 30.78' 

I 

\ 
\ 
L 

\ 
I 
I 

nl4ln-r A I 
2000 3000 4000 5000 6 0 0 0  7000 8000 9000 10000 11000 12000 13000 14000 15000 0 1000 

Normal S t ress ,  psf  

Type of  Test: Triax CU Sample Type: In Situ Failure Criteria: Maximum Principal Stress Ratio 

0005'76 
CAD FILE: /USR/REF3/FPA/FPA/DGN/412400MO.DGN 



Total 
Unit 

Weight 
(pcf) 

Delta Dry Axial Deviator Pore 
Unit Strain Stress Pressurt 

(pcf)  (psf) (psf) 
Weight 

412374 
412376 

13.0-15.0 

Initial Final 
~. 

11.6 .- -10.6 

x 

1 5 0 7  
... Triaxial Compression Test  Report 

Depth  13.0-16.5 f t  Descr ipt ion - Olive Brown Clayey Sand CSCI Bor inq  No. G3-006/12271 Sample No. 412374 & 412376 
6000 

5000 

4000 

3000 

2000 

1000 

Cohesion Fr ic t ion 
(ps f )  Angle 

E f fec t i ve  0 32.67O 

/ 
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cn 
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cn 
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U 
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L 
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.. 

L 
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. .  
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. I .  ..... . . 
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, 7 .. 
1 1  I 
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:< ? , ,: 
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. _  
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. : .. 
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. .  . .  
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; ,  . 
: I .  . 

. . .  

. .i ... . .  
. . . . .  

. . . .  
. . . . . . .  

rnl-l-7 A A A I 0 
10 9000 10000 11000 12000 13000 14000 15000 10 7000 8( 1000 2000 3000 4000 5000 ,6( 0 

. .  . . . . . . . . . . . .  . . . . . . . . . .  . . . . . .  

. : : ; .' /' i : .Normal Stress, '  psf 
, . .- . . _*- . i 

.... , 

Type o f  Test: Triax CD Sample Type: In Situ Failure Criteria: Maximum Effective Stress Ratio 

Effec tivc 
Major 

Principal 
Stress 

(sigma, 1 
(psf) 

4817 

Effec tiw 
Minor 

Principa 
Stress 

(sigma, 
(psf) 

1440 

Moisture 
Content (%I No. 

Depth 
( feet)  

Ef fec tivl 
Stress 
Ratio 

3.35 

.- ' 
,. . 15.0-16.5 1 I ___ . I  . 

. .  
. . '* 

... 000577 I I -r 

.. 

.... CAD FILE: /USR/REF3/FPA/FPA/DGN/412374_76.DGN 
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9000 

8000 

7000 

6000 

5000 

4 0 0 0  

3000 

2 0 0 0  

1000 

0 

;3-007/12272 

Triaxial Compression Test Report 

412324A 11.0 11.9 143.4 129.2 15.03 14411 -2462 6062 20473 3.38 

23.0-24.0 412324B 12.6 13.5 142.5 126.5 10.07 3866 2 16 1224 5090 4.16 

412324C 11.4 13.6 142.1 127.5 14.06 5352 -1109 1829 7181 3.93 

k -  1507 
-r . 

0 1000 2000  3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 2 2 0 0 0  23000  

Normal St ress,  ps f  

Type of Test: Triax CU Sample Type: In Situ Failure Criteria: 15% Axial Strain 



76 
;f: 
13 w 
P 

Initial 

Triaxial Compression Test  Report 

Final 

1 5 0 7  
Borina No. G3-008/12273 SamDle No. 412341 Depth  17.0-19.0 f t  Descr ipt ion - Dark Grayish Brown Sandy Silt CMLI 

6000 

5000 

4000 

3000 

2000 

1000 

0 

-3 
0 

Cohesion Friction 
( p s f )  Angle 

E f fec t i ve  0 38.05" 

N 
4 
CI 

o\ 

9 
13 

P 
\d 

Y 

A 
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 

Normal Stress ,  p s f  

Failure Criteria: Maximum Effective Stress Ratio Type of Test: Triax CD Sample Type: -- In Situ 

Moisture 
Content (1) 

Total 
Unit 

Weight 
(pcf 1 

Dry 

(pcf)  

Unit 
Weight 

Delta 
Pore 

Pressur 
(psf)  

Effective 
Major 

Principal 
Stress 

(sigma,) 

Depth Spec. 
( feet)  

Axial 
Strain 
(1) 

Deviator 
Stress 
(psf) 

I f  fec tivl 
Stress 
Ratio 

Minor 
Principal 
Stress 

(sigma 1 

Boring No. 

412341 

17.0-19.0 t 18.2 I 18.4 112.7 4.53 N/A 4.21 133.1 

3-008/1227 

I I 

CAD FILE: /USR/REF3/FPA/FPA/DGN/412341MO.DGN 



;a 
P 
N 
P 

Y 

Delta 
Pore 

Pressure 
(psf) 

Triaxial Compression Test Report 

Effective Effective 
Minor Major 

Principal Principal 
Stress Stress 

(sigma,) (sigma,) 

1507 

1685 
(psf). (psf 1 

1915 7928 4.14 

288 432 1696 3.93 

Bor ing No. G3-009/12274 S a m d e  No. 412410 Depth 7.0-9.0 f t  Descr ipt ion - Light Olive Brown Sandy Lean  Clay CCLI 
6000 

5000 

4000 

3000 

2000 

1000 

0 

Cohesion Fr ic t ion  
( p s f  1 Angle 

Total  77 
Ef fec t ive  23 

24.32" 
35.33' 

9 
. 
\ 
\ 
\ 

A 
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 0 1000 

Normal Stress ,  p s f  

Failure Criteria: Maximum Principal Stress Ratio Sample Type: In Situ Type of  Test: Triax CU 

Moisture 
Content (1) 

Total 
Unit 

Weight 
(pcf 

Dry 
Unit 

Weight 
(pcf 1 

Depth 
( feet )  

Spec. 
No. 

Boring No. Axial 
Strain 
(1) 

Deviator 
Stress 
(psf) 

' Principal 
Stress 
Ratio 

Initial Final & 412410A 128.0 5.52 6013 142.7 

133.4 412410B 19.7 I 18.2 
~ 

111.4 5.52 706 I 7341 2826 I 3.85 83-009/12274 7.0-9.0 2091 

1264 412410C 25.7 I 26.0 126.4 5.01 100.6 

CAD FILE: / U S R / R E F ~ / F P A / F P A / D G N / ~ ~ ~ ~ ~ ~ A - M O . D G N  



;d 
P 
N 
P 

+ 

8 
3 
0 

Boring No. Depth Spec. Moisture 
( feet )  No. Content (1)  

Initial Final 

Y 

Effective Effective 
Total Dry ~ ~ i ~ l  Deviator Pore Minor Major Principal Unit 

(psf) 
(Pcf) (Pcf) (psf) (sigma,) (sigma, 

(psf) (psf) 

Unit Principal Principal Stress 
Pressure Stress Stress Ratio Weight Weight 

Triaxial Compression Test Report 

412443A 

4124438 

412443C 

9000 

8000 

7000 

6 0 0 0  

5000 

4 0 0 0  

3000 

2 0 0 0  

1000 

0 

22.2 21.5 131.5 107.6 12.00 16350 -2376 5976 22326 3.74 

23.2 22.9 126.4 102.7 15.00 5625 -1109 2549 8174 3.21 

23.6 24.1 128.8 104.2 8.01 3509 -331 1051 4560 4.34 

0 1000 2000 3000 4 0 0 0  5000 6000 7000 8000 9000 1OOOC 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000  23000  

Normal S t ress ,  ps f  

11 Type of Test: Triax CU Sample Type: In Situ Failure Criteria: Maximum Deviator Stress I( 

G3 - 0101 12 2 75 11.0 - 13.0 1 
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Compaction Curves from PO-1 77 Tests 
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Compaction Curves from PO- 140 Report 
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Boring: 11468 Somple Number: 403103 Depth: 2.0-6.5 f t  

Description: Brown Lean Clay w i t h  Sand (CL) 

Optimum Moisture Content: 16.7% Moximum Dry Density: 110.5 Ibs/ f  t3 

Specific Grovity: 2.75 Compoction Method: A S T M  D 698 M e t h o d  A 

K403103c.m(2473.~~415) po14O@ws415. Tue Oct 31 13:00:59 CST 1995 
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0 

0 

Boring: 11469 Somple Number: 402824 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay with  Sand (CL)  

Optimum Moisture Content: 13.9% Moximum D r y  Density: 118.5 Ibs / f t3  

Specific Grovity: 2.70 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/14/95 

5 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402824c.m(2472.~~415) po14O@ws415. Tue Oct 31 13:00:32 CST 1995 
e I 



Boring: 11469 Somple Number: 402828 Depth: 7.5-12.0 f t  

Description: Brown Lean  Clay with S a n d  (CL) 

Optimum Moisture Content: 11.3% Moximum Dry Density: 123.7 Ibs / f t3  

Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lob: Advanced  T e r r a  Tes t inq ,  Inc. Dote Tested: 3/15/95 

10 20 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

q c 3  :> Q 0 0 4  

R402828c.m(2474.~~415) p014O@ws415. Tue Oct 31 13:01:27 CST 1995 



e 

Boring: 11470B ' Somple Number: 403169-1 Depth: 3.5-7.5 f t  

Description: Brown Sandy Silt (ML) 

Optimum Moisture Content: 11.1% Moximum Dry Density: 125.0 Ibs/ft3 

Specific Grovity: 2.70 Compoction Method: ASTM D 698 Method A 

R403169c.m(2455.ws415) po14O@ws415. Tue Oct 31 1 2 : ~ : 0 9  CST 1995 



Boring: 11470B Sample Number: 403170-1 Depth: 7.5-12.0 f t  

Description: Brown Sandy Silt (ML) 

Optimum Moisture Content: 11.4% Maximum Dry Density: 124.0 Ibs/ f t3  

Specific Gravity: 2.72 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, lnc. Date Tested: 3/09/95 

goo- 5 10 15 20 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

25 

R403170c.m(2454.ws415) po14O@ws415. Tue Oct 31 12:44:23 CST 1995 
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Boring: 11471 Somple Number: 402966 Depth: 3.0-7.5 f t  

Description: Brown Fat Clay (CHI 

Optimum Moisture Content: 19.3% Maximum Dry Density: 105.6 Ibs/ft’ . 

Specific Grovity: 2.72 Compaction Method: ASTM D 698 Method A 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

e)10059~ R402966c.m(2471.ws415) po140@ws415. Tue Oct 31 13:00:04 CST 1995 



Boring: 11471 Sample Number: 402978 Depth: 7.5-10.5 f t  
Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.4% Moximum Dry Density: 110.6 Ibs/ f t3  

Specific Gravity: 2.71 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3/01/95 
140 

130 

120 

110 

100 

5 10 

Note: Standard Ef fo r t  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402978c.m(2470.ws415) po14O@ws415. Tue Oct 31 12:59:37 CST 1995 
; t  

~ ~ 8 5 3 5  



. . .  

. .  

z c 
C 

U 
U 
7 
C 

Y 
V 

L 

n 

Boring: 11473 Sample Number: 402923 Depth: 3.0-7.5 f t  

Description: Brown L e a n  Clay w i th  Sand (CL)  

Optimum Moisture Content: 15.1% Moximum Dry Density: 116.7 I b s / f t 3  

Specific Grovity: 2.76 Compoction Method: ASTM D 698 M e t h o d  A 

Dote Tested: 3/14/95 

" 0  5 10 15 20 25 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402923c.m(2468.ws415) po14O@ws415. Tue Oct 31 12:58:38 CST 1995 



Boring: 11473 Somple Number: 402925 Depth: 7.5-12.0 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 13.7% Moximum Dry Density: 120.6 Ibs/ft3 

Specific Gravity: 2.76 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/16/95 
- 
\ Note: Standard Effort  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402925c.m(2452.~~415) po14O@ws415. Tue Oct 31 12:42:32 CST 1995 
\ .  ooo..: r c3  rJ 
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Boring: 11472 Somple Number: 402958 Depth: 3.5-7.5 f t  

Description: Brown Lean Cloy w i th  Sand (CL) 

Optimum Moisture Content: 14.4% Moximum Dry Density: 119.0 Ibs/ f t3  

Specific Grovity: 2.74 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Ter ra  Testinq, Inc. Dote Tested: 3/13/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402958c.m(2453.~~415) po14O@ws415. Tue Oct 31 12:42:59 CST 1995 
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Boring: 11472 Sample Number: 402959 Depth: 9.0-12.0 f t  

Description: Brown Sandy Lean Clay (CL) 

Optimum Moisture Content: 12.0% Maximum Dry Density: 124.9 Ibs/ft '  

Specific Grovity: 2.69 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/18/95 

""0 5 10 15 20 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

25 

R402959c.m(2469.ws415) po14O@ws415. Tue Oct 31 12:59:08 CST 1995 
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Boring: 11474 Somple Number: 402896 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 13.7% Maximum Dry Density: 119.2 Ibs/ft3 

Specific Grovity: 2.79 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/14/95 
140 
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Note: Standard E f f o r t  
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

K402896c.m(2467.~~415) po14O@ws415. Tue Oct 31 12:52:18 CST 1995 0 . 
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Boring: 11474 Somple Number: 402901 Depth: 9.7.5-12.0 f t  

Description: Brown Lean Clay w i t h  Sand (CL) 

Optimum Moisture Content: 12.81 Moximum Dry Density: 122.6 Ibs / f t3  

Specific Gravity: 2.76 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/16/95 

Note: Standard Effor t  

4 . ,  
I 20 d 5 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402901c.m(2466.ws415) po14O@ws415. Tue Oct 31 125151 CST 1995 
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Boring: 11475 Somple Number: 403264 Depth: 4.5-8.5 f t  

Description: Brown Lean Clay with Sand (Fill) (CL) 

Optimum Moisture Content: 18.1% Moximum Dry Density: 108.3 Ibs/ft’ . 

Specific Grovity: 2.71 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3 /06 /95  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R403264c.m(2465.~~415) po14O@ws415. Tue Oct 31 12:51:24 CST 1995 
a . 



Boring: 11476 Somple Number: 402993 Depth: 3.5-7.5 f t  

Description: B r o w n  L e a n  C l a y  wi th  S a n d  ( C L )  

Optimum Moisture Content: 14.6% Maximum Dry Density: 117.4 Ibs/ f t3 

Specific Grovity: 2.72 Compoction Method: ASTM D 698 Method A 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

c 
L I 

R402993c.m(244S.ws415) po14O@ws415. Tue Oct 31 12:37:41 CST 1995 
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Boring: 11476 Sample Number: 403010 Depth: 12.0-15.0 f t  
Description: Gray Lean Clav w i t h  Sand ( C L )  

Optimum Moisture Content: 10.5% Maximum Dry Density: 127.3 Ibs/ft3 

Specific Grovi ty:  2.75 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testha. Inc. Date Tested: 3/09/95 

R403010c.m(245l.ws415) po14O@ws415. Tue Oct 31 12:41:43 CST 1995 

10 15 20 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

25 



Boring: 11477 Somple Number: 402866 Depth: 3.5-7.5 f t  
Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.6% Moximum Dry Density: 116.0 Ibs/ f t3  

Specific Grovity: 2.79 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 2 /28/95 

IN PERCENT OF DRY WEIGHT 

R402866c.rn(2449.ws415) po14O@ws415. Tue Oct 3 1 12:38:52 CST 1995 
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k402874c.m(2464.~~415) po14O@ws415. Tue Oct 31 125057 CST 1995 
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Boring: 11477 Sample Number: 402874 Depth: 14.0-18.0 f t  

Description: Gray Sandy Lean Clav (CL) 

Optimum Moisture Content: 10.5% Maximum Dry Density: 128.4 Ibs/ft ’  

Specific Grovity: 2.72 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/14/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



Boring: 11478 Sample Number: 402796 Depth: 3.5-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 14.7% Moximum Dry Density: 116.5 Ibs/ f t ’  

Specific Gravi ty:  2.71 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 3/09/95 

\u\ Note: Standard E f fo r t  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402796c.m(2463.~~415) po14O@ws415. Tue Oct 31 12:50:30 CST 1995 
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Boring: 11478 Sample Number: 402813 Depth: 7.5-10.0 f t  
Description: Brown Sandy Lean  Clay (CL) 

Optimum Moisture Content: 12.7% Maximum Dry Density: 122.6 Ibs/ft3 

Specific Grovity: 2.71 Compaction Method: ASTM D 698 Method A 

- 

K402813c.m(2462.ws415) po14O@ws415. Tue Oct 31 12:50:03 CST 1995 



Boring: 11479 Sample Number: 403048 Depth: 3.5-7.5 f t  

Description: Brown Sandy Lean Clay (CL) 

Optimum Moisture Content: 11.81 Moximum Dry Density: 123.3 Ibs/ f ts 

Specific Grovity: 2.75 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 3 / 0 6 / 9 5  

\\\ Note: Standard Ef for t  

10 15 

MOISTURE CONTENT 

Curves of 100% Saturation \ For Specific Gravity 
Equal To: 

-F 

IN PERCENT OF DRY WEIGHT 

20 

R403048c.m(2461.ws415) po14O@ws415. Tue Oct 31 124936 CST 1995 



Boring: 11479 Sample Number: 403049 Depth: 7.5-10.5 f t  

Description: Brown Sandv Lean Clav (CL) 

Optimum Moisture Content: 13.0% Maximum Dry Density: 119.5 Ibs/f:' 

Specific Grovity:  2.75 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/27/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



2 c 
C 
r 
r 
U 
r 
C 

4 
v 

$ 
C 

L 
I 4  

Id  

- 

Boring: 11480 Somple Number: 402771 Depth: 3.0-7.5 f t  

Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 15.2% Moximum Dry Density: 113.8 Ibs/ f t3  

Specific Grovity: 2.78 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: 3/17/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R402771c.m(2450.ws415) po14O@ws415. Tue Oct 31 12:39:22 CST 1995 
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Boring: 11480 Somple Number: 402774 Depth: 7.5-12.0 f t  
Description: Brown Lean Clay with Sand (CL) 

Optimum Moisture Content: 12.5% Maximum Dry Density: 123.5 Ibs/ f t3  

Specific Gravity: 2.76 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Date Tested: 3/16/95 

R4oz?54c.m(2459.~~415) p014O@ws415. Tue Oct 31 12:48:41 CST 1995 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



~ 

Boring: 11481 Sample Number: 403230 Depth: 3.5-7.5 f t  
Description: Brown Sandy Lean Cloy with Gravel (CL) 

Optimum Moisture Content: 13.4% Moximum Dry Density: 120.2 Ibs / f t3  

Specific Gravity: 2.74 Compaction Method: ASTM D 698 Method A 

Lob: Advanced Ter ra  Testinq, Inc. Date Tested: 3/16/95 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R403230c.m(2458.ws415) po14O@ws415. Tue Oct 31 12:48:12 CST 1995 
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Boring: 11481 Somple Number: 403231 Depth: 13.5-18.5 f t  

Description: Gray Lean Clay with  Sand (CL) 

Optimum Moisture Content: 12.5% Moximum Dry Density: 122.2 Ibs/ft3 . 

Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 3/14/95 

. 



Boring: G2-SB-1 Sample Number: 404608 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.5% Maximum Dry Density: 104.8 Ibs/ f t3  

Specific Gravity: 2.73 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 5/18/95 

rves ol 100% Saturation 
For Specific Gravity 

20 , 
I A 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-2 Somple Number: 404603 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.0% Moximum Dry Density: 107.5 Ibs/ft ’  

Specific Grovity:2-69 Compoction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Dote Tested: 5/23/95 
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\ Note: Standard E f f o r t  

I 15 

es of 100% Saturation 
or Specific Gravity 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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G2-SB-2, 
Boring: 3.4.6 Sample Number: 404617 Depth: 0-1.5 f t  

Description: Top Soil 

Optimum Moisture Content: 17.7% Maximum Dry Density: 105.6 ibs/f t3 

Specific Grovity: 2.61 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 6/02/95 

Note: Standard Effort \u\ 
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-3 Somple Number: 404591 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.8% 

Specific Grovity: 2.67 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq. Inc. Dote Tested: 5/25/95 

Moximum Dry Density: 105.8 !bs / f t3  

140 

130 

12c 

110 

1oc 

90 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



Boring: G2-SB-4 Sample Number: 404615 Depth: 1.5-5.0 f t  
Description: Brown  Lean Clay with Sand (CL) 
Optimum Moisture Content: 17.2% Moximum Dry Density: 107.5 Ibs/ft3 

Specific Gravity: 2.70 Compaction Method: ASTM D 698 Method A 

Lab: Advanced Terra Testinq, Inc. Date Tested: 5/18/95 

\ Note: Standard Effort  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



i Boring: G2-SB-5 Somple Number: 404627 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 18.2% Maximum Dry Density: 106.8 Ibs/ft3 
I 

. 1 
I Specific Gravity: 2.71 Compoction Method: ASTM D 698 Method A \ 
I 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5/28/95 
i 
I 
I I 

1 
I 

5 

! 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

R404627c.m(2476.~~415) po14O@ws415. Tue Oct 31 13:44:38 CST 1995 , .  008622 
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Boring: G2-SB-7 Somple Number: 404632 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 18.5% Maximum Dry Density: 109.6 Ibs / f t3  

Specific Grovity: 2.72 Compoction Method: ASTM 0 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5 /18/95 

T 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



Boring: G2-SB-8 Sample Number: 404621 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 17.5% Moximum Dry Density: 109.7 Ibs/ft3 

Specific Gravity: 2.74 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5/31/95 

T 

10 15 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

25 



G2-SB-8, Boring: 9,10,11 Somple Number: 404644 Depth: 0-1.5 f t  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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oooG25 



Boring: G2-SB-9 Somple Number: 404587 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 19.2% Moximum Dry Density: 107.2 Ibs/ft3 

Specific Grovity: 2.69 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5/31/95 

urves of 100% Saturation 
For Specific Gravity 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-10 Sample Number: 404637 Depth: 1.5-5.0 fi. 

Description: Brown Lean Cloy w i t h  Sand (CL) 

Optimum Moisture Content: 17.1% Moximum Dry Density: 109.9 Ibs/ f t3  

Specific Grovity: 2.77 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 6 /02 /95  

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-11 Somple Number: 404642 Depth: 1.5-5.0 f t  

Description: Brown Lean Cloy with Sand (CL) 

Optimum Moisture Content: 14.3% Moximum Dry Density: 119.0 Ibs/ f t3 

Specific Grovity: 2.77 Compoction Method: ASTM D 698 Method 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 5 /25 /95  

--T 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



- -  1 5 0 7  .. 
Boring: G2-SB-12 Somple Number: 404599 Depth: 1.5-4.2 f t  

Description: Brown Fat  Clay (CHI 

Optimum Moisture Content: 18.1% Moximum Dry Density: 106.1 lbs / f ts  

Specific Grovity: 2.73 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testinq, Inc. Dote Tested: 6/08/95 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-13 Sample Number: 404583 Depth: 1.5-5.0 f t  

Description: Brown Lean Clay (CL) 

Optimum Moisture Content: 16.6% Moximum Dry Density:  112.1 Ibs/ft3 

Specific Grovity: 2.68 Compoction Method: ASTM D 698 Method A 

Lob: Advanced Terra Testina, Inc. Dote Tested: 6/02/95 

1 

\ Note: Standard E f fo r t  

ti 

1 15 20 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



Lob: Advanced Terra Testinq, Inc. Dote Tested: 6 /07 /95  

Boring: G2-SB-14 Somple Number: 404578 Depth: 1.5-5.0 f t  

Description: Brown Fat  Clay (CHI 

Optimum Moisture Content: 18.7% Moximum Dry Density: 107.1 Ibs/ f t3  

Specific Grovity: 2.78 Compoction Method: ASTM D 698 Method A 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 



Boring: G2-SB-15 Somple Number: 404649 Depth: 1.0-2.0 f t  

Description: Brown Lean Clay with t r a c e  Sand (Visual Descr ipt ion) 

Optimum Moisture Content: 21.4% Moximum Dry Density: 101.0 Ibs / f t 3  

Specific Grovity: NM@ Compoction Method: ASTM D 698 Method Ao 

Lob: Advanced Ter ra  Testinq, Inc. Dote Tested: 6130195 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-16 Somple Number: 404650  Depth: 1.0-2.0 f t  

Description: Brown Lean Clay (Visual Description) 

Optimum Moisture Content: 20.9% Maximum Dry Density: 103.9 Ibs/ft' 

Specific Gravity: NM@ 

Lob: Advanced Ter ra  Testinq, Inc. Dote Tested: 6 / 2 9 / 9 5  

Compaction Method: ASTM D 6 9 8  Method A' 

\\\ Notes:@Standard E f f o r t  
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MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 
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Boring: G2-SB-17 Sample Number: 405366 Depth: 1.0-2.0 f t  

Descrip tion: Clayey Silt (Visual Descriotion) 

Optimum Moisture Content: 19.3% Moximum Dry Density: 109.1 Ibs/ f t ’  

Specific Grovity: NMQ 

Lob: Advanced Terra Testinq, Inc. Date Tested: 6 /29 /95  

Compoction Method: ASTM D 698 Method A@ 

I I 
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Soil Composite 201, 202, 203, 204 

Lo at ion Proposed On-Site Disposal CeU (Po-101) 

E.O% Optimum Moisture Content  
122.7 pcf Maximum Dry Dens i ty  

Method of Compact ion ASml D 698, Method A 

MOISTURE CONTENT I N  % OF DRY WElGiiT 

0 5 10 15 20 2 5  
- 

\ 7- f I------ i '  4 ' '. -t' 

COMPACTION TEST DATA 
. .  

ADYAAHCfD TfRRA TtJTMC 

P -. 76 9% 
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0 - 24.5 
Depth Elevat ion G2-205-208 

Sample No. 

Soi l  Composite 205, 206, 207, 208 

Proposed On-Site Disposal Cell (Po-101) Locat ion  
U.38 

Optimum Moisture Content 

Maximum Dry Density 
122.5 pcf 

kjEv1 D 698, Method A 
Method of Compaction 

COMPACTION TEST DATA 

AOYAtlCfD TCARR TCJTIlfC 



1 5  0 - 25 Depth E l e v a t i o n  G2-209 Sample No. 
Brown and Gray Sandy Lean Clay (CL) - 

Soil 
Proposed On-Site Disposal Cell (Po-101) L o c a t i o n  

O p t i m u m  M o i s t u r e  C o n t e n t  121.3% 

122.3 pcf M a x i m u m  Dry D e n s i t y  

Method of C o m p a c t i o n  
ASnl D 698, Method A 

MOISTURE CCNTENT IN % OF DRY WEIGHT 
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COMPACTION TEST DATA 



, 
Sample No. Gx-Jo? Depth C - 2 4 - 2  

Soil 
Elevat ion 

Locat ion 0 9 5 1 ~  r' /,)a37 6 &POS/+Z. e- 
Optimum Moisture Content 183 
Maximum Dry.  Density 133.6 

Method of Compaction . T M  9 I Z 5 +  A 

M O I S T U R E  CCNTENT IN X OF D R Y  WEIGHT 
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COMPACTION TEST DATA 
OQOG38 

ADVAHCtD TtRRR TCJTIHC 
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EXPLANATION FOR APPENDIX I 

Hydraulic conductivity estimates were performed for the PO-177 RIES archive samples and recent granular 
PO-177 samples, which recently had grain-size analyses performed on them. The hydraulic conductivity was 
estimated using grain-& data and an empirical equation recommended in Frink 1995, due to its applicability 
for medium grained sands. According to Vukovic and Soro 1992, the Kriiger formula is: 

Where: 

n = porosity 
d, = effective diameter (mm) 
K = hydraulic conductivity (m/day) at temperature t = 0°C 

The effective grain diameter of the Kriiger formula considers all fractions of the sample. This is different than 
several other commonly used empirical equations that typical use a single value from the grain-size data (i.e., 
dlo). The equation for the Kriiger effective diameter is: 

i-j i-j 

lid, =.&‘ Agi/di = J Agi 2/(d,“ +did) 
I- I- 

Where: 

Agi = weight content of certain fractions of the material 
4 = mean grain diameter of the corresponding fraction 
dig = maximum grain diameter of the corresponding fraction 
d;d = minimum grain diameter of the corresponding fraction 
j = the number of fractions used to determine grain size distribution 

The other factor that effects the Kriiger formula is porosity. Porosity is either measured in the laboratory or 
estimated using other characteristics of the tested material. Since it is commonly accepted that the uniformity 
coefficient (CJ has the greatest effect on the porosity of natural materials this relationship was used to calculate 
an estimated porosity for each grain-size distribution Frink 1995. An equation that estimates the porosity based 
upon C, is: 

n = 0.255(1+0.83c”) (3) 

Where: 

C, = Uniformity Coefficient = & / dIo 

OUDATA\OU-Z\PO177\ 
R E P O R W C  I- I 



For the estimate of hydraulic conductivity using the Kriiger formula, seven points along the grain size 
distribution, &lining the basic shape of the grain size curve, were chosen. These seven points were then used 
to calculate the effective grain diameters using equation (2). The uniformity coefficients were then used to 
estimate the porosity of the samples using equation (3). Finally the estimated hydraulic conductivities were 
calculated using equation (1). The results are reported in Table 1-1. 

For comparison with the estimated hydraulic conductivities, measured hydraulic conductivities from slug tests 
and pump tests are reported in Table 1-1. The slug test and pump test measurements are from FEMP Glacial 
lill/Vadose Zone Hydraulic Investigation Repon. 

The hydraulic conductivity estimates were performed on samples classified as silts and sands. A chart in Frink 
1995 can be used to compare hydraulic conductivity estimates determined by the Kriiger method with other 
methods that use grain-size diameters to estimate hydraulic conductivity. 

.. . . . 
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TABLE I- 1 Hydraulic Conductivity Estimates, Former Plant Area ' L  . 

FEMP ID 

11112 
1 1 1 12 

By Grain Size-Kwger Method Slug Ted Pump T e d  Screened 11 Sample Number lop Bottom USCS Name WCSSymbol D60 D50 D30 ,D10 Gfavel Scmd . Siltand ClOyO.002 U PL Cu 

Depth ((1) Depth ((1) (mm) (mm) (mm) (mm) 6) (sh) c l c r v - ~ c h )  m m 6 )  PmW(%) L a  (cd-1 K J ~  (nlday) Ku (nldcry) k (tt/doy) k (ft/day) top (tt) 
3092OAlll12-Cl3.M 5.5 8 Wellgraded Sand wllh Gravel w 4.6 1.5 18.1 26.4 3.96EM 112.25 171.80 2.9 2 0.7 0.16 27.4 68 

3o92oAl1112-06,-oa,J39 a 10 Wellgraded Sand wllh Gravel sw 3.6 0.5 15.7 26.9 2.68E-02 75.97 116.27 5.5 3.6 1.5 0.35 43.8 52.6 

INal 
bottom mi 

23.0 
15.8 
14.6 
10.6 

24.6 

11.6 

15.1 

12.0 

P: \ENGDATA\GEOT\POl77\GRAINSQE \GSKl .XLS 2/27/98 
000642 



TABLE I- 1 Hydraulic Conductivity Estimates, Former Plant Area 

Dab Sources: SAC. Inc. Former Plant Are0 Geotechnlcal lnvestlgaiion Laboratcry Data Report, September 1997 
P a m .  FEMP Glacial TlllNadose Zone Hydraulic lnvestlgatlns Report, OUS. PO 37, Vol. I and II. Rev. 0, M a y  1994 

Notes: 

1.01) In USCS Name and Symbol Is a vlsual claslflcalion only 
2. Hydraulic Cmducilvlty from gralnshe analyses based on KRiger Method 
3. Slug Test and Pump Test data from PARSONS PO 37 
4. NP reported as non plasiic by the loboratcry 
5. K s  Is hydraullc conductMty at 32 degrees F and K56 Is hydraullc conductMty at 55 degrees F (approxlmote constant subsurface temperature) 

P \ENGDATA\GEOT\ PO1 77 \GRAINSIZE \GSKl .XLS 

000643 
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K- 1 Summary of Geotechnical Parameters by General Stratum and USCS Soil Group (PO-177 
data only) 

K-2 Summary of Geotechnical Parameters by General Stratum and USCS Soil Group (PO-177 and 
prior data) 
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1. 

1 

General USCS Moisture Content Dry Liquid Plasticity Percent Percent Percent Percent Specific Gravity Permeability Strength Parameters Strength Parameters Strength Parameters 
Stratum Group (%dryweight) Density Umlt Index Gravel Sand Silt and Clay (cm/sec) (CU Tests) (DS and CD Tests) (UCS andUU Tests) 

Symbol @c9 Clay Laboratory Total Total Effective Effective Effective Apparent Total Total 
Friction Cohesion Friction Cohesion Friction Cohesion Friction Cohesion 

@s9 
range average range range range range range range range range average range range range range range range range range range 

$9 (degrees) s9 (degrees) 0, s9 (degrees) (p (degrees) (p 

- I - - - I - - -- I - -- -- -_ - - Topsoil 15-27 20 
- 0 2440-4299 

0 92514760 
- 0 800-7400 

- 0 92 1-2580 
- 0 36G13100 

Brown Clay CH 1 a27  24 9&103 50-59 24-39 0 1 - 10 90-99 38-44 2.68-2.75 2.71 - - - - I 

Brown Clay CL 1-34 19 94-128 17-48 7-32 0-22 0-47 50-100 13-45 2.652.83 2.83 3 .8~10 ' -8~10~  34-37 0-357 23-35 0-800 - 
Brown Clay CL-ML 11-27 17 98133 19-23 4-7 0-16 1-50 50-99 10-24 2.72-2.88 2.78 - - 22-32 0-1940 - 

- - - -- - - ai 3 2.75 2.75 Brown Clay ML 20-24 22 107-108 NP-21 0-2 0-1 2527 72-75 ~ 

Fill CL 19-27 23 95105 29-49 a29  0-14 7-18-38 2.64-2.76 2.72- - - - - - - - - - - - -_ - - Fill ML -_ - - - - 4-6 21-25 71-73 - - -_ 
Fill SM - - - 0-34 35-77 23-44 - - 

GMA Varies 1-21 5 - NP 0 0-47 2-94 598 0-1 5 - -_ 
Gray Till CL 2-26 14 gal47 20-38 ai9 0-23 0-46 51-100 10-43 2.61-2.82 2.76 

- - - - - - I -- 
I - - _I - e -- - -- 

~~~~ ~~- 
0 1127-17803 21-38 275-916 31-32 105490 - 2.8~10' 
0 2900-9940 - I -- - - - Gray Till CL-ML a 2 5  12 101-132 18-28 4-7 0-18 537 53-95 a27 2.77-2.82 2.79 I 

Gray Till ML 10-19 14 I 13-18 2-3 0-10 10-35 55-90 12-22 2.73-2.76 2.75 - -- - - - - 
Gray ail SC/SM 7-11 9.5 NP- 16 0-7 0-29 27-95 5-48 10-18 2.782.82 2.79 _- 

-- - -- 
- - -_ - I - - 

Muddy Stream CL 10-23 18 99-125 21-41 a24 0-12 0-42 54-100 1537 2.61-2.84 2.77 -- 28 200 17-34 l e 2 2 0  - - -_ 
Muddy Stream CL-ML 12-1 7 16 113-123 17-22 4-7 0-6 9-41 54-91 9-22 2.67-2.81 2.78 - - I - 
Muddy Stream ML 17-21 18 1M-116 NP-18 0-2 0-8 5-42 56-95 524 2.752.86 2.80 2.9~10' - - - - 
MuddyStream sc a23  14 104-133 16-30 4-17 0-24 36-61 26-50 9-22 2.64-2.76 2.72 29-32 e -- i . 2 ~ 1 0 - ~  
Muddy Stream SM 11-23 18 - NP-12 0-1 0-35 3a87 10-46 0-9 2.64-2.97 2.74 1.3~1 O6 -- - -- - - 
Muddy Stream SP 4-19 12 NP 0 0-42 7-93 4-93 1-7 2.70-2.75 2.72 I 

Muddy Stream sw 9 9 - NP 0 0-44 5 1 -94 4-12 0-3 2.68-2.78 2.75 4.4~10' - I - - 

- 0 1280-3906 
0 541 

- 29-32 0-629 0 88 1 
31-38 0-218 

- - I 

- - - - - - - - 
- - - 
- 0 2240-8400 

0 3800-4440 
- I - - Lacustrine CL 12-24 21 103124 B34 7-1 5 0-4 2-43 53-97 13-31 2.72-2.79 2.76 _- - 

Lacustrine CL-ML 14-20 17 117-122 19-22 4-6 0-1 2 13-47 51-84 7-16 2.65-2.80 2.74 - - - 
Lacustrine ML 13-21 16 119 NP-18 0-4 0-8 1-49 50-99 513 2.56-2.89 2.73 -- 
Lacustrine SM 1 0-20 15 1 39 NP-16 0-8 0-23 3595 5-47 1-9 2.67-2.79 2.75 -- - I - - - 

- - -- 
I - I - -- - - - 
-_ 0 3419 

Notes: 
1. Percent Clay defined as those particles finer than 0.002 mm 
2. NP Is non plastic 

Table K-1 - Summary of Geotechnical Parameters by General Stratum and USCS Soil Group 
(PO-177 data only) 

OUD AT A\OU-Z\PO I77\ 
REPORTWEVC K-2 
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a 

General USCS Moisture Content 
Stratum Group (%dry weight) 

Symbol 

range average 
Brown Clay CH 2526 26 
Brown Clay CL 1 1-25 19 
Brown Clay CL-ML - 23 

Gray Till CL 2-26 13 
Gray Till ML - - 
Gray Till sc - 7 

Muddy Stream CL - - 
Muddy Stream CL-ML - I 

Muddy Stream ML 1 7-21 17 
Muddy Stream sc - 11 
Muddy Stream SM 1 1-23 18 
Muddy Stream SP-SM - I 

Muddy Stream W-SM - - 
Lacustrine CL B 2 4  22 
Lacustrine CL-ML I -_ 
Lacustrine ML 16-21 18 
Lacustrine SM 10-20 15 

Strength Parameters Strength ParameterdStrength Parameters Dry Liquid Plastichy Percent Percent Percent Percent Specific Gravity Permeability 
(CU Tests) (DS and CD Tests) (UCS andUU Tests) 

@c9 Clay ASTM D 5084 Total Total Effective Effective Effective Apparent Total Total 
Density Limit Index Gravel Sand Silt and Clay (cm/sec) 

Friction Cohesion Friction Cohesion Friction Coheslon Friction Cohesion 
(degrees) @I s9 (degrees) (p s9 (degreeS) (p s9 (degrees) (ps9 

range range range range range range range range average range range range range range range range range range 
99-100 52-57 31-39 0 1 -2 98-99 39-42 2.72-2.75 2.74 - 
94-128 24-46 7-32 0-12 2-26 69-98 13-34 2.68-2.81 2.76 - 34.536.5 0-357 34-35 23-210 - - 
- 17 5 1 4 95 16 - 277 - 

102-147 2028 8-13 4-22 18-46 51-74 13-22 2.73-2.82 2.77 - 
- - 5 29 66 22 -- 2.73 - 
140 19 7 16 44 40 12 I 2.78 - 
- 29-3 1 13-16 0-2 3-8 90-98 27-32 2.61-2.76 2.69 - - - - - 

- - 0 4293-4299 
0 92514760 

- -- - -- 

- - - - -_ - - I 

21-38 275910 31-32 IO5490 - - 0 1127-17803 
- - - - - - - - 

I 0 18643 I - - - I 

I - - - 
- I I - _- - -_ - - 113-123 17-21 5-7 0-6 9-41 54-91 9-15 2.67-2.72 2.70 

- - 31-38 0-218 0 541 l(M116 NP 0 0-3 7-42 56-93 5-9 2.76-2.86 2.80 2.9x10' - - 
104-133 16-27 4-1 2 8 2 4  Xj-58 26-50 9-16 2.64-2.76 2.71 -- -- -- - 29-32 0-629 - - 1.2~10' 

- - - - - NP-12 0-1 0-22 52-85 13-43 1.3~10~ - - - - 1-9 2.64-2.97 2.74 
NP 0 17-33 58-73 10-11 1-3 2.70-2.75 2.72 

4.4~10' - - - - 2-44 51-88 4-1 2 1-3 2.68-2.78 2.75 
103-124 2029 7-13 0-4 2-43 53-97 13-31 2.72-2.79 2.76 
117-122 19-22 4-6 0-12 13-47 51-84 7-16 2.65-2.80 2.74 

- - - - - - - - - - 
- - - I 

- -- 
- -_ - I -- - -_ -_ - 
- I - I _- -- -_ - -- 
- - - I - - I - - NP-18 0-4 0-8 1-49 5(1W 513 2.56-2.89 2.73 ~ 

- - ~ - -  .______ - 0 3419 - - - -- -_ I 1 39 NP-16 0-8 0-23 35-95 5-47 1-9 2.67-2.79 2.75 

Notes: 
1. Percent Clay defined as those particles finer than 0.002 mm 
2. NP Is non plastic 

Table K-2 - Summary of Geatechnical Parameters by General Stratum and USCS Soil Group 
(PO-177 and prior data) 

OUDATA\OU-Z\PO 177\ 
R E P O R W C  K-3 - -  - -67'7 







Summary of Hydrogeologic Parameters, FPA 
-. 

Hydraulic Conductivity 
(ftlday) 

Estimated from 
Grain Size 

General 
Stratum 

USCS 
Group 
Symbol 

Porosity 
Laboratory Tests 

(%I 

Porosity 
Estimated from 

Grain Size 
(%I 

Hydraulic Conductivity 

Laboratory 
(ft/day) 

Hydraulic Conductivity 
(ft/day) 
Slug Test 

Storativity 
(unitless) 

.Pump Test 

Hydraulic Conductivity 
(ftlday) 

Pump Test 

ran e avera e & ran e avera e "+" range 
3 5 x 1  0%.24 

range 

7.9~1 O-' 

8.2~10" 
3.4~1 Od 

1 .1 ~ 1 0 "  - 2 . 3 ~  1 0" 

6.8~10" - 54x1 0' 

range range range 
Brown Clav CI: --- 

2.1 xl0%28 
1.3~10~4.62 

Gray Till 
Muddv Stream 

CL 
CL-ML 0.45 

1.3~1 03-4.86 
0.16-3.61 

Muddy Stream 
Muddv Stream 

26.0-36.1 
25.5 25.5 

ML 
sc 

33.8-39.6 
21.2-39.2 

0.22-1.20 
0.44-2.12 
0.72-43.1 7 
4.86-43.17 
0.27-1 71.80 

--- 
3.7x10-' Muddy Stream 

Muddv Stream 
SM 

SP-SM 
0.26-67 -20 1 1.7-33.4 

25.5-33.8 f 28.7 Muddy Stream 
Muddy Stream 

Lacustrine 

SW/SW-SM 
GM 

30.20-41 -90 
45.6-21 6 

0.2754.81 CL 0.50 

9.2~1 0-24.30 
0.54-1.07 

Lacustrine 
Lacustrine 

CL-ML 
ML 

0.13-1.28 
0.10-1.70 --- 

-- -I 

~~ 

0.72-1 1.02 
41.13-318.00 

Lacustrine 
Lacustrine 
Lacustrine 

SM 

GM 
SP-SM 

19.5 19.5 25.5-36.0 28.7 
--- -- 34.0-36.1 35.1 

0.49-41.9 
59.8 18.2-27.5 3.7x103-8.5x103 

--- 66.8 --- 

Notes: 1 .  Laboratory porosities based on undisturbed laboratory tests performed on samples from PO-1 77, various SM&E reports, H.C. Nutting report, ATEC report,. 

2. Porosity estimated from grain-size is based on equation from Vucovic and Soro 1992 and grain-size data is from PO-1 77 testing. 
3. Hydraulic conductivity based on grain-size is based upon equations in Vukovic and Soro 1992. Grain-size data is from PO 177 testing. 
4. Slug test data from PARSONS ERA Project, May 1994, FEMP Glacial TillIVadose Zone Hydraulic Investigations Report, Operable Unit 5, PO 37, PARSONS ERA Project: 

Fairfield, Ohio and United States Department of Energy, March 1995, Remedial Investigation Report for Operable Unit 5, DOE Fernald Area Office: Fernald, Ohio 

(See Appendices A and F) and FEMP Glacial Till Vadose Zone Report (Appendix B). 
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