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1.0 INTRODUCTION 

Per the Consent Agreement between the U.S. Department of Energy (DOE) and the U.S. 
Environmental Protection Agency (EPA), the Fernald Environmental Management Project (FEMP) 
divided its Remedial Investigation/Feasibility Study (RIPS) into five operable units (OU). While 
effective in implementing the RIPS under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCIA), the OU concept does not address the siting, design, or 
construction of a site-wide disposal facility. Therefore, the concept of On-Site Disposal Cells (OSDC), 
formerly designated as the Engineered Waste Management Facility, was developed to address the , 

option of on-site disposal/storage of wastes at the FEMP in Ross, Ohio. The proposed OSDC area is 
located within the FEMP property boundary, north and east of the former production area (Figure 1-1). 
The OSDC siting area encompasses a total of approximately 330 acres of undeveloped area, except for 
the plant access roads and the sewage treatment plant. 

\ 

This Engineering Evaluation Report was prepared to fulfill the requirements for Technical Report 5.1A 
for engineering analysis of on-site disposal. The OSDC will provide the capability for on-site storage 
and/or disposal of low-level mixed waste (LLMW) which contains radioactive and hazardous 
substances in various waste forms generated as a result of the FEMP remediation. 

In accordance with the meeting between Femald Environmental Restoration Management Corporation 
(FERMCO) and IT Corporation 0, on January 26,1993, the OSDC evaluation will be presented in a 
series of reports addressing geotechnical, geochemical, and geologic/hydrogeologic data to support the 
siting of the OSDC including site suitability, design criteria, and potential risks. The following series 
of reports were requested in the "Statement of Work for Technical Support for the Evaluation of the 
CRU-1, On-Site Disposal Cell Reports" (February 3, 1993): 

\ 

"Technical Report 5.1A, Engineering Evaluation Report for On-Site Disposal" - 
Geotechnical Engineering Analysis for an On-Site Disposal Cell: This report will 
contain the engineering analysis prepared for the OSDC structure. This will include an 
analysis of the barrier and cap design, drainage system, erosion analysis, slope stability 
analysis and an estimated cost of construction for an on-site tumulus. 

"Technical Report 5.1B, Site Characterization/Geological Report for On-Site Disposal" - 
Site Characterization Report: This report will include the investigation and evaluation of 
the site geology, radiation measurements, well installation diagrams, boring logs, and 
analytical data. 

"Technical Report 5.1C, Material Source Survey for On-Site Disposal" - Material Source 
S w e y :  This report will discuss the availability and cost of materials in the local area 
required to construct the OSDC. 

1-1 
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Demonstration that the performance objectives and the minimum technical requirements 
for on-site suitability will be met 

Evaluation of the ability of the site characteristics to contribute to isolation of the low- 
level radioactive wastes 

Analysis of the physical properties of the site and the control system and projection of 
the effects of natural processes over time - . 

Design of the near-surface waste management facility 

Identification of interactions between the low-level radioactive waste, waste containers, 
and physical environment 

Establishment of data collection points and a baseline of data for some portions of the 
site monitoring program 

Identification of potential environmental impacts resulting from construction, operation, 
and closure of the near-surface waste management facility . 

The above-mentioned objectives for a waste management unit such as the OSDC are cited in 
regulations administered by the M C  (10 Code of Federal Regulations [CFR] 61) and the EPA (40 
CFR 192 and 40 CFR 264). 

1.2 ENGINEERING EVALUATION 
In order to determine the suitability of the OSDC siting area for waste management, the geotechnical 
properties of the study area require characterization in sufficient detail. A subsurface exploration 
program, including field sampling and laboratory testing, was performed to collect geologic and 
geotechnical data in the OSDC study area. Based on data from the subsurface exploration program, 
the engineering evaluation focused on the following: 

< 

Design requirements and features for the OSDC 
Geotechnical properties of the study area 
Seismicity and design earthquake 
Erosion potential 
Slope stability 
Long-term load-induced foundation settlement 
Bearing capacity 
Infiltration of water 
Liquefaction potential 

, 

Results from this engineering evaluation were utilized to analyze the feasibility study (FS) criteria for 
short- and long-term effectiveness and permanence, as well as implementability of the OSDC concept. 

I3 
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e -1 General approaches for the engineering evaluation are described in the following sections. The results 
of the analyses are presented in subsequent sections of this document. 

. ,.. 

1.2.1 Design Requirements and Features 
Design features for the OSDC were evaluated by searching the relevant literature and regulatory 
requirements. Size and quantity of the OSDC and related construction materials were estimated to 
evaluate the adequacy of the siting area for the anticipated waste volume, to identlfy the construction 
requirements, and to provide a conceptual configuration of the OSDC. Based on the topography of the 
study area, a total of seven typical operational cross-sections and a final grading plan were provided to 
illustrate the OSDC. In addition, two longitudinal profiles of the OSDC were prepared to show the 
relationships of the OSDC and the northern and eastern portions of the proposed OSDC siting area. 

- 

As a result of the study of design requirements and features, recommendations were provided to 
address the performance requirements and implementability of the OSDC. 

1.2.2 Geotechnical Properties of Study Area 
A previous search of available geotechnical data for the siting area indicated that an insufficient data 
base existed for engineering evaluation (Sampling and Analysis Plan [ S A P ]  1992). To achieve the 
objectives for characterization of the siting area, a subsurface exploration program including field 
sampling and laboratory testing was implemented to collect geotechnical data in the area. The 
program consisted of sampling and analysis of disturbed (split spoon) and undisturbed (Shelby tube) 
materials from a total of 24 boreholes in the study area. Geotechnical tests were performed in the 
field and laboratoly, including standard penetration tests, moisture content, specific gravity, Atterberg 
limits, grain size distribution, soil classification by Unified Soil Classification System (USCS), triaxial 
test (consolidated-undrained [CUJ), one-dimensional consolidation, and permeability. 

b 

A literature search of the geotechnical characteristics of the siting area was also performed. The 
summary and discussion of the'geotechnical data gathered are presented in Chapter 5.0 of this report. 

1.2.3 Seismicitv and Design Earthquake 
Seismic data were collected through literature searches of tectonic geologic data at the FEMP and in 
the region surrounding the site. A design earthquake for the OSDC was developed and evaluated to 
test the feasibility and stability of this structure. The seismic and earthquake evaluation included the 
following activities: 

Review of geologic and hydrogeologic data at the FEW and its surrounding area 

Performance of site data search including geotechnical and seismic data 
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, 

Evaluation of nuclear power plant siting reports near the OSDC siting area 

Identification and evaluation of tectonic structures underlying the site and the region 
surrounding the site 

Evaluation of physical evidence concerning the behavior of the surficial geologic 
materials and the substrata underlying the site during prior earthquakes 

Evaluation of the effect on the underlying site engineering material properties caused by 
transmission of earthquake induced motions 

A listing of 911 historically reported earthquakes which have affected or which could 
reasonably be expected to have affected the site, including the date of occwence and 
the magnitude or highest intensity 

Correlation of epicenters or locations of highest intensity of a reported earthquake with 
tectonic structures where any part of the tectonic structure was located within 200 miles 
of the site. (Epicenters or locations of highest intensity which could not be reasonably 
correlated with tectonic structures were identified with tectonic provinces where any part 
of the province is located within 200 miles of the site) 

Evaluation of a site design earthquake based on the above information and 
considerations 

L' 1.2.4 Erosion Control and Surface Water Management 
As part of performance requirements, the OSDC must be designed, constructed, and operated to 
minimize erosion potential. Soil erosion can be minimized by surface water diversion, limiting 
exposed areas, surface water velocity control, and stabilization of soil surface. The following site 
criteria must be considered to prevent accelerated erosion and resulting sedimentation: 

Topographical features must divert surface water drainage away from disposal units at 
velocities and gradients which will not result in erosion that would require ongoing 
active maintenance in the future. 

Upstream drainage areas must be re-routed to decrease the amount of runoff which 
could erode or inundate waste disposal units. 

The OSDC operation area must be well drained and free of areas of flooding, and must 
not be in a wetland area. 

The disposal facility must be designed and closed to achieve long-term stability of the 
side slope and surface slope. 

The OSDC must be designed so that seismic activity may not signficantly affect the 
slope stability of the facility with resultant soil erosion or sliding. 

1-6 
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The hydrogeologic unit used for disposal shall not discharge groundwater to the surface 
within the OSDC areas. 

Calculations were performed to estimate the soil erosion rate in accordance with the materials and the 
conceptual design to be employed for the construction of the OSDC. The Universal Soil Loss 
Equation (USE) ,  originally developed by the Agricultural Research Service and adopted by other 
agencies, i.e., U.S. Department of Agriculture (USDA) Soil Conservation Service (SCS) and EPA, was 
utilized to estimate soil losses. Based on the results of erosion potential analysis, recommendations 
were developed for soil loss reduction measures. 

I_ .. 

Analysis for management for surface water, including run-on and runoff, was performed to minimize 
the potential impact by surface water and to promote long-term stabilization of the OSDC. Conceptual 
design of the perimeter ditches, retention basins, and discharge routes were developed and evaluated 
according to the peak discharges calculated by the SCS method. Results and discussion for surface 
water management are presented in Chapter 5.0. 

1.2.5 Slope Stabiliw 
Upon completion of the OSDC, slopes must be capable of withstanding anticipated static and dynamic 
(seismic) loadings with the generally accepted safety factors of 1.5 and 1.0, respectively. Slope 
stability analysis was performed using a computer program, PCSTABLS, developed at Purdue 
University. The program uses the Modified Bishop Method to analyze trial failure surfaces and to 
generate corresponding safety factors. The search routine of the program was utilized to determine the 
critical failure surface and minimum factor of safety. Results from the slope stability analysis were 
used to develop conclusions and recommendations for the slopes of the OSDC. 

b 

1.2.6 Long-term Load-induced Foundation Settlement 
Foundation settlement that may be induced by long-term loading of the waste forms could affect the 
stability and integrity of the OSDC. The data collected from subsurface exploration were utilized to 
determine the foundation settlement. The existing data base for the subsurface materials in the vicinity 
of the OSDC was searched to supplement the geotechnical data needed for the settlement analysis. 
These geotechnical parameters were used in the calculations of one-dimensional consolidation settle- 
ment, differential settlement, and time rate settlement. In addition to hand calculations, a computer 
program was utilized to perform the calculations of settlements which takes into consideration the 
timedependent structural loading rate. In conjunction with the estimated waste load placement 
volumes, recommendations for foundation design were developed. 

1-7 
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1.2.7 Bearing Capacity ' 
1 

Parallel to foundation settlemen analysis, the bearing capacity of th site materials was determined for 
the stability of the OSDC under loading conditions. The geotechnical data collected from the subsur- 
face exploration program and the existing data base for the on-site natural materials were utilized to 
analyze the bearing capacity. In the area that engineered materials are to be used, bearing capacity 
analysis was performed using the strength parameters of the engineered materials. Recommendations 
for foundation design were developed as a result of the bearing capacity evaluation. 

-. . . 

1.2.8 Water Infiltration 
Performance requirements for the OSDC cover system include minimization of water infiltration and 
elimination of long-term maintenance activities, i.e., leachate collection. Surface water that may 
infiltrate the cover of the OSDC was quantifkd based on the concep.tual design of the cover system 
and the anticipated topogqaphy in the area upon completion of the OSDC. The calculation of water 
infiltration was conducted using the Hydrologic Evaluation of Landfill Performance (HELP) model, a 
computer software program developed by the EPA and the U.S. Army Corps of Engineers (USACE). 
Using a quasi-two-dimensional approach, this model prohdes an evaluation of hydrologic processes, 
including precipitation, surface storage, runoff, infitration, percolation, evapotranspiration, soil 
moisture storage, and lateral drainage within the OSDC. Based on the HELP model results, 
recommendations for the cover system pekormance were developed. 

\ 

1.2.9 Liquefaction Potential 
A liquefaction analysis for the proposed OSDC siting area was performed to evaluate the stability of 
the area under postulated future seismic conditions. The liquefaction potential analysis was based on a 

design basis earthquake which was developed from the seismic study. With consideration of the site 
~ stratigraphy, the simplifed techniques utilized standard penetration test results and grain size 

distribution of the cohesionless soils for liquefaction potential analysis. Conclusions and 
recommendations were developed from the liquefaction analysis. 

1.3 REPORT ORGANIZATION 
This chapter (Chapter 1.0) presents the objectives, overviews of engineering evaluation, and 
organization of the report. Chapter 2.0 provides an evaluation of OSDC design, material requirements, 
and cost estimate. The results of the site characterization including site geology and hydrogeology, 
geotechnical sampling and analysis, and summaries of geotechnical testing of on-site materials are 
given in Chapter 3.0. Study of the regional and local seismicity, as well as the design basis 
earthquake, are presented in Chapter 4.0. Chapter 5.0 presents the results and summaries of 
engineering analyses as stated in Section 1.2 for the OSDC design. Chapter 6.0 presents conclusions 
of the engineering evaluation regarding the suitabihty for siting the OSDC and, based on the results 3 

b . .  
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and conclusions, provides recommendations for future detailed analysis of the siting, design, 
construction, and/or operation of the OSDC. 

1-9 
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2.0 EVALUATION OF DESIGN REQUIREMENTS AND COST ESTIMATION 

On-site disposal of hazardous, radioactive, and/or mixed wastes in the OSDC is regulated by federal 
agencies, including but not limited to NRC and EPA, as well as the State of Ohio. Regulatory 
requirements for the design of the OSDC are identified and evaluated in the following sections. In 

._ ~ . accordance with the design features and size and quantity estimates, this chapter provides a budgetary 
cost estimate for the OSDC. 

2.1 REGULATORY REQUIREMENTS 
The OSDC is to be utilized for disposal of hazardous, radioactive, and/or mixed wastes. Pertinent 
regulations which must be considered in designing the OSDC include: 

10 CFR Part 61 Subpart D (10 CFR 61.50 through 59) - Technical Requirements for 
Land Disposal Facilities, Licensing Requirements for Land Disposal of Radioactive 
Waste 

40 CFR Part 192 Subparts A and C (40 CFR 192.00 to 192.02 and 192.20 to 192.23) - 
Standards for the Control of Residual Radioactive Materials from Inactive Uranium 
Processing Sites and Implementation 

. 40 CFR Part 264 Subpart N (40 CFR 264.300 through 317) - Standards for Owners and 
Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities. 

In addition, hazardous waste management regulations in the Ohio Administrative Code (OAC), 
Title 3745, Chapters 50 through 69 (OAC 3745-50 through 69) must be considered in the OSDC 
design. Due to the characteristics of wastes to be disposed at the OSDC, regulatory requirements for a 
disposal facility for radioactive waste as described in 10 CFR 61 are emphasized. 

Pursuant to the performance objectives stated in 10 CFR 61.41 through 44, land disposal facilities for 
radioactive wastes (Le., OSDC) must be sited, designed, operated, closed, and controlled after closure 
so that reasonable assurance exists that exposures to humans are within the limits established in the 
performance objectives. These objectives include: 

Protection of the general population from release of radioactivity . Protection of individuals from inadvertent intrusion 
Protection of individuals during operations 
Stability of the disposal site after closure. 

As stated in 10 CFR 61.44, the OSDC must be sited, designed, used, operated, and closed to achieve 
long-term stability of the disposal site and to eliminate, to the extent practicable, the need for ongoing 
active maintenance of the disposal site following closure so that only surveillance, monitoring, or 

-. 
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a 7: minor custodial care is required. Specific requirements for the design of the OSDC are identified 
below: 

0 

\ 0 

0 

0 

In choosing a disposal site, site characteristics should be considered in terms of the 
indefinite future and evaluated for at least a 500 year time frame. [lo CFR 61.7(a)(2)] 

Design features must be directed toward long-term isolation and avoidance of the need 
for continuing active maintenance after site closure. [lo CFR 61.51(a)(l)] 

Design and operation must be compatible with the disposal site closure and stabilization 
plan and lead to disposal site closure that provides reasonable assurance that the 
performance objectives in 10 CFR 61 Subpart C will be met. [lo CFR 61.51(a)(2)] 

The site must be designed to complement and improve, where appropriate. the ability of 
the disposal site's natural characteristics to assure that the performance objectives in 
10 CFR 61 Subpart C will be met. [lo CFR 61.51(a)(3)] 

Covers must be designed to minimize to the extent practicable water infiltration, to 
direct percolating or surface water away from the disposed waste, and to resist 
degradation by surface geologic processes and biotic activity. [lo CFR 61.51(a)(4)] 

Surface features must direct surface water drainage away from disposal units at 
velocities and gradients which will not result in erosion that will require ongoing active 
maintenance in the future. [lo CFR 61.51(a)(5)] 

The site must be designed to minimize to the extent practicable the contact of water 
with waste during storage, the contact of standing water with waste during disposal, and 
the contact of percolating or standing water with wastes after disposal. 
[lo CFR 61.51(a)(6)] 

Wastes designated as Class C pursuant to 10 CFR 61.55, must be disposed of so that the 
top of the waste is a minimum of five meters below the top surface of the cover or must 
be disposed of with intruder barriers that are designed to protect against an inadvertent 
intrusion for at least 500 years. [lo CFR 61.52(a)(2)] 

A buffer zone of land must be maintained between any buried waste and the disposal 
site boundary and beneath the disposed waste. The buffer zone shall be of adequate 
dimensions to cany out environmental monitoring activities specified in 
10 CFR 61.53(d) and take mitigative measures, if needed. [lo CFR 61.52(a)(8)] 

Analyses of the long-term stability of the disposal site and the need for ongoing active 
maintenance after closure must be based upon analyses of active natural processes such 
as erosion, mass wasting, slope failure, settlement of wastes and backfill, infiltration 
through covers over dqosal  areas and adjacent soils, and surface drainage of the 
disposal site. [lo CFX 61.13(d)] 

Control of residual radioactive materials from inactive uranium processing sites shall be 
designed to be effective for up to 1000 years, to the extent reasonably achievable, and,. 
in any case, for at least 200 years. [40 CFR 192.02(a)] 

Pl'/WP/409 1 %.OSDc5ERN-EF4GRcpU-93 2-2 
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Reasonable assurance must be provided that releases of radon-222 from residual 
radioactive material to the atmosphere will not exceed an average release rate of 20 
picocuries per square meter per second, or increase the annual average concentration of 
radoq-222 in air at or above any location outside the disposal site by more than 0.5 
picocuries per liter. [40 CFR 192.02@)] 

. 

Events and processes that could sigmficantly affect the average radon release rate from 
the entire disposal site should be considered. Phenomena that are localized or 
temporary, such as local cracking or burrowing of rodents, need to be taken into account 
only if their cumulative effect would be si@icant in determining compliance with the 
standard in 40 CFR 192.02. Computational models, theories, and prevalent expert 
judgment may be used to decide that a control system design will satisfy the standard in 
40 CFR 192.02. [40 CFR 192.20 (a)(l)] 

- 

A liner must be designed, constructed, and installed to prevent any migration of wastes 
out of the landfill to the adjacent subsurface soil or groundwater or surface water at any 
time during the active life and closure period of the landfill. The liner must be 
constructed of materials that prevent wastes from passing into the liner during the active 
life of the landfill. [40 CFR 264.301(a)(l)] 

1 

The liner system of a landfill unit must include a top liner designed and constructed of 
materials (e.g., a geomembrane) to prevent the migration of hazardous constituents into 
such liner during the active life and postclosure care period, and a composite bottom 
liner consisting of an upper component (e.g., geomembrane) and a lower component 
(compacted soil material). The soil component shall be at least a three-foot-thick layer 
of recompacted clay or other natural material with a permeability of no more than 
1 x centimeter per second (Wsec). [40 CFR 264.301(c)(l)(i)@)] 

The top liner of a landf-  unit shall be designed and constructed to prevent the 
migration of hazardous constituents into such liner during the active life and post- 
closure care period of the landfill. [40 CFR 264.301(c)(l)(i)(A)] 

The.minimum thickness for a synthetic liner is 30 mils with a soil liner or 45 mils 
without a soil liner. (EPA Minimum Technology Requirements -1, codified in 
Federal Register 50 FR 28702, July 1985) 

The leachate collection and removal systems include a primary system immediately 
above the top liner for leachate collection and a secondary system between the liners 
(immediately above the bottom composite liner) for leak detection. Both systems shall 
be designed, constructed, operated, and maintained to collect and remove leachate during 
the active life and post-closure care period. [40 CFR 264.301(~)(2) and (3)] 

The leak detection system shall be constructed with a bottom slope of 1 percent or 
more, a hydraulic conductivity of 1 x lo-’ cm/sec for p u l a r  drainage materials or a 
transmissivity of 3 x square meters per second (m’/sec) or more for synthetic or 
geonet drainage materials. [40 CFR 264.301(c)(3)(i) and (ii)] 

Atif& closure of the landfill or upon closure of any cell, a f d  cover must be 
designed and constructed to (1) provide long-term minimization of migration of liquids . 
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through the closed landfill; (2) function with minimum maintenance; (3) promote 
drainage and minimize erosion or abrasion of the cover, (4) accommodate settling and 
subsidence so that the cover's integrity is maintained; and (5) have a permeability less 
than or equal to the permeability of any bottom liner system or natural subsoils present. 
E40 CFR 264.310(a)] 

The final cover should consist of the following as a minimum (draft EPA guidance on 
- -  Resource Conservation and Recovery Act (RCRA) landfill design - f d  cover): ~ -- - .-. 

- A vegetated top soil cover of at least 24 inches thick with final upper slopes between 
three and five percent 

. -  

a 
@ 

- A middle drainage layer of at least 12 inches thick with a saturated hydraulic 
conductivity not less than 1 x 
greater 

cm/sec and a bottom slope of two percent or 

- A low-permeability bottom layer which has two components: 

a. Upper component should consist of at least 20 mil synthetic membrane and be 
protected from damage below and above the membrane by at least six inches of 
bedding material 

b. Lower component should include at least 24 inches of soil recompacted to a 
saturated hydraulic conductivity of not more than 1 x cm/sec. 

The owner or operator of a new landfill must install two or more liners and a leachate 
collection system above and between the liners. A lower liner shall be constructed of at 
least a three-foot-thick layer of recompacted clay or other natural material with a 
permeability of no more than 1 x cdsec. [OAC 3745-57-O3(C)] 

The requirements for liner and leachate collection and removal systems may be 
exempted provided that alternative design and operating practices, together with location 
characteristics, will prevent the migration of any hazardous constihents into the 
groundwater or surface water at any future time. [40 CFR 264.301(b) and 
OAC 3745-57-03@)] 

2.2 DESIGNFEATURES 
The OSDC is designed for temporary or permanent waste disposal and to restrict contaminant 
movement or migration. A tumulus concept has been developed for disposal of waste material, which 
consists of mounded soil over cement stabilized blocks ur vitrified waste on an impermeable and 
structurally rigid foundation. For reasons of structural inteety (waste subsidence) and concern for 
surface water infiltration (leaching), the OSDC will mainly accept encapsulated and highly stabilized 
waste forms. Some unencapsulated wastes, such as building rubble, may also be placed. The design 
life adopted for the OSDC, designated as a "moderately hazardous facility," is 1000 years in 
accordance with the DOE Order 6430.1A (DOE 1988) and DOE'S design and evaluation guidelines @ 

3 
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(University of California Research Laboratory IIJCRL]-15910, 1990). This extraordinarily long design 
1 

life is to prepare the OSDC in the event of a 1000-year return period earthquake. 

The OSDC will receive low-level radioactive waste (NRC Classes A, B, and C), hazardous waste, and 
mixed waste. Only two forms of treated waste materials, solidified grout slurry extracted from the 
aquifer, or discrete disposal packages will be handled and stored in the OSDC. The OSDC will utilize 
approximately 317 acres of available land in order to accommodate the estimated 6,700,000 cubic 
yards (cy) or 5,123,000 cubic meters of waste. 

\ 

The major components of the OSDC include a multi-layered cap, stabilized waste which is contained 
in noncorrosive concrete blocks, and the multi-layered liner and leachate collection/detection system. 
The detailed configuration of the OSDC is illustrated by a typical cross-section of the 1anF1.U facility 
in Figure 2-1. Description of the waste stabilization and containerization is considered under the 
feasibility study for k c h  operable unit; The multi-layered cap and liner systems are presented below. 

' 

2.2.1 Multi-Layered Cap 
A multi-layered cap will be placed to provide containment for the landfll contents. The cap consists 
of elements and layers which are listed in descending order of construction as follows: 

3-foot-thick vegetative layer / 

Geotextile 
2-foot-thick drainage layer 
5-foot-thick intruder barrier (roller compacted concrete P C q )  
4-foot-thick low permeability clay liner 
2.5-foot-thick compacted common fill. 

I 

Cap thickness is based on the five meters (165 feet) criterion, as required in 10 CFR 61. All cap 
elements and layers will be contoured to grades that promote drainage while minimizing the effects of 
waste subsidence and surface water erosion. Runoff/run-on control would be accomplished ushg one 
or more of the following: site contour grading; vegetation; diversion; collection; and ditches. Terraces 
and benches will be placed as necessary to prevent erosion. The final slope at the top portion will be 
uniform and between three and five percent to prevent ponding of rainwater. The side slope of the 
landfill cap will be 10 percent to ensure structural stability and minimize gully development and cover 
maintenance. 

~ 

i 

Vegetative Layer 
The three-foot-thick layer of vegetative soil will prevent freezing and thawing from damaging th; 
underlying drainage and low-permeability clay layers. It will also provide adequate, water-holding 
capacity to attenuate rainwater infiltration to the underlying drainage layer and to sustain vegetation 3 
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"Technical Report 5.4, ARARS for On-Site Disposal Cell Concept" - ARARs Report: 
This report will idenrlfy and discuss the Applicahe or Relevant and Appropriate 
Requirements (ARAR) that will be applicable to the construction of an OSDC. 

"Technical Report 5.3A, Geological Report for Off-Site Disposal" - Survey of Local 
Geology in the Alternate Siting Areas: This report will cover the investigation of two 
alternative sites for the OSDC adjacent or near the FEMP situated on bedrock highs. 
The two sites to be evaluated are the Girl Scout Camp and another located west of the 
FEW. 

"Technical Report 5.3B, Ecological Characterization of the Off-Property Disposal Cell 
Study Area" - Ecological Characterization: This report will discuss the ecological 
characterization of a 1000-foot perimeter around the OSDC. 

The following sections present the objectives of this study, the primary components of the engineering 
evaluation, and the organization of this report. 

1.1 OBJECTIVES 
' The primary objective of this engineering evaluation is to determine the suitability of the OSDC siting 
area, as shown in Figure 1-1, for a LLMW on-site storage and/or disposal facility based on site 
characterization information collected at the proposed location of the OSDC. The information 
collected for this purpose is to support the evaluation of the on-site disposal alternative according to 
the methodology provided in "Guidance for Conducting Remedial Investigations and Feasibility 
Studies Under CERCLA" (EPA 1988), including: 

:$.< b 
The overall protection of human health and the environment 

Long-term effectiveness and permanence 

Short-term effectiveness 

Implementability 

ARARs and To Be Considered (TBC) materials. 

The site characterization objectives, as indicated by the document entitled Site Suitability, Selection 
and Characterization (Nuclear Regulatory Commission [NRC] 1982), are to investigate the 
characteristics of the proposed disposal site to the extent needed to (1) support a license application 
and environmental report, and (2) permit an independent evaluation of the proposed near-surface 
disposal facility by the NRC. Specific objectives of the site characterization are to develop the 
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through dry periods. The vegetative soils will be medium-textured soils such as loam soils to 
accommodate the shallow root system and the seed germination. 

Drainage Layer 
To prevent clogging, and to allow infiltration, a layer of geotextile will be placed between the 
vegetative layer and the drainage layer. The drainage layer will be composed of two components. 
The upper one foot will be a graded natural aggregate filter layer; while the lower one foot will be a 
washed pea gravel or equivalent m o w  graded ~ t u r a l  aggregate drainage layer, with a permeability 
of 1 x cm/sec or higher as required. 

RCC Intruder Barrier 
Beneath the drainage layer will be a five-foot-thick intruder barrier. Materials used in the inmder 
barrier will be RCC. RCC is a paste concrete material which has been consolidated by external 
vibration utilizing vibratory rollers. It differs from conventional concrete principally in its required 
consistency. The consistency requirements have a direct effect on the mix proportioning requirements. 
RCC must be dry enough to support the weight of the vibratory equipment but wet enough to permit 
adequate distribution of the paste binder throughout the mass during the mixing and vibration process. 
When there is sufficient paste to minimize the air void system and compaction equipment is capable of 
fully consolidating the mass, the RCC should be relatively impervious. However, cracking and cold 
joints represent the greatest potential for water passage through all types of concrete. To prevent 
leakage, it is necessary to seal the construction joints with cement-rich mix. Properties of hardened 
RCC have been found to be the same as conventional concrete of the same watercement ratio 
(American Concrete Institute 1989, "Materials and General Properties of Concrete"). Therefore, with 
proper care and handling of RCC, protection against vertical leakage of rainwater will be facilitated. 

@ 
1 

Low Permeability Clay Liner 
Beneath the RCC layer, the OSDC will be further secured from vertical infiltration by a four-foot-thick 
clay liner. The liner will have a permeability of 1 x lo-' cdsec  or less. Compaction will be 
performed on individual lifts to achieve the specified compaction throughout the clay liner. Each lift 
will be properly interfaced by scarification between lifts. Compaction will be vesied by field soil 
density tests to a Standard Proctor density of at least 95 percent. . . -- 

The clay soil will be free of particles greater than two inches in any dimension. Clods and other 
oversized materials will be broken up or removed to facilitate moisture control, maximize compaction, 
reduce heterogeneity, and minimize permeability of the compacted clay liner. 

. 2-7 
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0 3  Common Compacted Fill __ 
The common fill material will be placed over the encapsulated waste and will be prepared as the 
subgrade to receive the closure cap over the OSDC. The fill material will have a low organic content 
and relatively low permeability, be readily compactable, and have a relatively uniform texture. In 
addition, the soil will not contain objects large enough to damage the waste forms, or the cap system. 
Materials from the stockpile initially removed from the site, or from the local borrow sources that are 
not suitable for the clay liner or cap construction, may be used as common fill. 

- --- __ - 

.. 

2.22 Multi-Layered Liner and Leachate Collectio4Detection System 
The stabilized waste will be formed into noncorrosive concrete blocks or vitrified blocks prior to being 
stacked over the multi-layered liner and leachate collection/detection system at the bottom of the 
l a n m .  This system will be composed of elements and layers that are listed in descending order as 
follows: 

Two-foot-thick drainage layer 
Three-foot-thick low permeability clay layer 
Geotextile 
Two-foot-thick drainage layer 
Three-foot-thick low permeability clay layer. 

Material properties and placement procedures for the drainage layers, the low permeability clay layers, 
and the geotextile will be similar to those used in the multi-layered cap system. 

The leachate detection zone that is situated between the two low-permeability clay barriers will be 
made of a two-foot-thick drainage layer similar to that in the leachate collection zone. A layer of 
geotextile will be placed immediately above the leachate?detection zone and serves for drainage, 
filtration, and separation functions. The leachate detection system is designed with a bottom slope of 
two percent to facilitate the lateral drainage of leachate entering the manholes. 

i 

/ i  
I 

The leachate exiting from the leachate collection zone in the upper drainage layer will be transported 
through a network of four-inchdiameter perforated high density polyethylene (HDPE) pipes into 
manholes at the landfill toe areas. The leachate collection/detection manholes will be further protected 
from the migration of contaminated leachate by a layer of HDPE liner at the bottom of the manholes. 
To prevent the possibility that the finer fill materials may be washed into the pipes, a filter material, 
such as granular fill, will be placed around the perforated pipes. From the manholes, the leachate will 
be gravity fed to a leachate storage/treatment facility for further treatment. 

The average elevation of groundwater in the Great Miami Aquifer is reported to be approximately 
75 feet below the ground surface. The vertical distance from the seasonal high groundwater level to . L ] 

-i 
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the bottom of the clay liner system will meet the minimum buffer zone requirements in current 
regulations to prevent the groundwater from being discharged into the OSDC. The localized perched 
groundwater zones that have been identified at or near the OSDC siting area usually occurred at much 
shallower depth than the Great Miami Aquifer groundwater. However, the perched groundwater zones 

\ 

can be isolated and dewatered, and therefore are not considered to be discharged to the OSDC. ,, 

I 

2.3 SIZE AND QUANTITY ESTIMATE 
This section describes estimated waste quantities, the designed size and volume of OSDC, and the 
estimated quantities of cut and fill for site preparation. The final grading plan and typical cross- 
sections are developed to illustrate the OSDC and its relationship with surrounding areas. 

2.3.1 Waste Inventories and Schedule 
As defined in the Amended Consent Agreement (effective December 19, 1991), the FEMP currently 
consists of Operable Units (OU) 1 through 5 and a comprehensive site-wide OU. The quantity of 
cumulative wastes that are to be generated from the remediation of these OUs has been estimated to be 
approximately 6,700,000 cy (5,123,000 cubic meters). The waste volumes from these OUs were 
addressed in, a document entitled "Femald Environmental Management Project, Strategic Plan, May 26, 
1992" (DOE'1992a). The Strategic Plan indicates that a storage/disposal facility, e.g., OSDC, is 
currently needed for Operable Unit 3 remedial action. This facility is required beyond year 2020 for 
most of the OUs. 

Presented below are brief descriptions of each OU, the specific inventories, schedules for initiation of 
remediation or treatment, and the estimated- treated waste volumes that require on-site or off-site 
disposal or storage. 

I 

Operable Unit No. 1 
Operable Unit No. 1 consists of the waste pit area that includes Waste Pits one through six, the 
clearwell, bumpit, berms, liners and soil within the OU boundary. The current preferred altemtive for 
remediation of Operable Unit 1 is contaminant removal and vitrification. The estimated volume of 
treated waste alone from the remediation of Operable Unit 1 is 102,500 cubic yards per year (cy/yr) or 
78,400 cubic meters per year, beginning in 1999. It is estimated that the total waste volume for 
Operable Unit 1 remediation, including waste streams of soil/clay, cap material, water, sludge, and 
remediation structure/equipment, is 2,394,000 cy (1,830,MO cubic meters). 

- _ _  - 

Operable Unit No. 2 
Operable Unit No. 2 is made up of other waste management units that include flyash piles, other south 
field disposal areas, lime sludge ponds, solid waste landfill, berms, liners and soil within the OU 
boundary. Operable Unit 2 has completed its initial analysis of validated sampling results. The 'L' 
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current preferred alternative for Operable Unit 2 is in situ stabilization. Remediation of Operable 
Unit 2 is not anticipated to impact the schedule or capacity requirements of the disposal/storage 
facility. It is estimated that the total waste volume from Operable Unit 2 remediation, including waste 
streams of soil/clay, lime sludge, fly ash, construction debris, solid waste, asbestos, and in situ 
remediation equipment, is 993,400 cy (759,500 cubic meters). 

Operable Unit No. 3 
Operable Unit No. 3 is focused on the former production area and production-associated facilities and 
equipment, Le., al l  structures, equipment, utilities, drums, tanks, solid waste, waste product thorium, 
effluent lines, K-65 m f e r  line, waste water treatment facilities, fue training facilities, scrap metal 
piles, feedstocks, and coal pile. Characterization of Operable Unit 3 is not scheduled to be initiated 
until fiscal year (FY) 1993. An interim disposal/storage facility will be needed in 1994 for wastes 
generated by Operable Unit 3 soil washing demonstration project and Plant 7 removal action. It is 
estimated that the total waste volume from Operable Unit 3 remediation, including waste streams of 
soil/clay, water, structures/equipment/asbestos, metal scrap, construction debris, and remediation 
structure/equipment, is 478,500 cy (365,800 cubic meters). 

Operable Unit No. 4 
Operable Unit No. 4 covers the Silos one through four, berms, decant sump systems, and soil within 
the OU boundary. The preferred treatment for Operable Unit 4 waste is vitrification, which is 
scheduled to be operational in the year of 1997. A disposal/storage facility will be needed, whether on 
site or off site, in 1997 for the remedial action waste from Operable Unit 4. However, material from 
Operable Unit 4 is high level radioactive waste and will most likely be sent off-site for disposal. The 

: %  <;-,I 

! 

estimated annual output from the Operable Unit 4 treatment facilities is 3,150 cy& (2,410 cubic 
meters/year), based on 300 days per year operation. It is estimated that the total waste volume from 
Operable Unit 4 remediation, including waste streams of soil/clay, silo residue, water, existing 
structures, and remediation smcture/equipment, is 83,500 cy (63,800 cubic meters). 

Owrable Unit No. 5 
Operable Unit No. 5 consists of all environmental media, which include the groundwater, surface 
water, soils which are not included in the definitions of Operable Units 1 through 4, sediments, flora, 
and fauna. The preferred alternatives for Operable Unit 5 remediation are soil washing and water 
treatment. An interim dispoWstorage facility will be needed in 1994 for wastes generated by the 
Operable Unit 5 soil washing demonstration project. It is estimated that the total waste volume from 
Operable Unit 5 remediation, including waste streams of soil/clay, sludge, water, structures, and 

- - - - - . 

remediation structure/equipment, is 2,740,000 cy (2,095,000 cubic meters). e-.. 
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0 7 Comprehensive ite-Wide Operable - 
A comprehensive site-wide OU is assigned to evaluate remedies for Operable Unit 1 throqh Operable 
Unit 5. No waste generation has been anticipated for this OU. 

L 

2.3.2 OSDC Desirmed Size and Volume 
The potential area for the OSDC is located north and east of the former production area, within the 
FEMP property boundary. This area encompasses approximately 330 acres of undeveloped area, 
except for the plant access roads and the sewage treatment plant. A buffer zone 50-feet wide around 
the OSDC is resenred for the purposes of access roads, environmental monitoring, and mitigative 
actions. 

- -  

The subgrade of the OSDC is designed to slope towards the former production area at a slope of two 
percent to accommodate the topography in the area, except in the southeast comer where steeper 
slopes exist. This practice will minimize the requirements of fill and cut for the construction. The 

systems, a curbed concrete pad, stacked concrete tumulus with internal liners for individual waste 
containment, and a final cover designed to meet the applicable design/construction requirements. The 
f d  grade of the OSDC cover system is predetermined to maintain a slope of three to five percent on 
the crest of the cover and 10 percent on the side slopes. Final grading and operational cross-sections 
of the OSDC are illustrated in Figures 2-2,2-3, and 2-4. 

aboveground tumulus design consists of a bottom double liner with leachate collection/detection I 

J 

The on-site OSDC is intended to accommodate 6,700,000 cy (5,123,000 cubic meters) of waste 
material from the remediation of Operable Unit 1 through Operable Unit 5 in an area of approximately 
317 acres. As shown in volume and quantity calculations in Appendix A, the OSDC has the capacity 
for over 6,900,000 cy (5,275,000 cubic meters) for materials including the raw waste, stabilization 
materials, and concrete tumulus blocks. Although the available space is only slightly more than the 
estimated waste quantity (6,700,000 cy or 5,123,000 cubic meters), the volume requirements for 
stabilization and containerization must be calculated prior to the determination of adequacy of the 
storage space. Consideration should be given to the progress of disposal activities and final volumes 
of waste materials fiom the OUs. 

2.3.3 OSDC Material Requirements 
This section summarizes the volume and quantities required for the OSDC based on the tumulus 
design concept. As shown in Figures 2-3 and 2 4 ,  the asymmetrical dimension of the OSDC is 
represented by seven cross-sections that were used to facilitate the calculations of available volume for 
disposal as well as material quantities for the construction of cover and liner systems. Calculatiops 
were performed by first taking the average of end areas in a section and multiplying it by the distance 0 

3 
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01 between the particular sections. The total available waste volume of required materials of these 
sections was then determined as the sum of individual sectional volumes. 

The total available waste volume of the OSDC was determined to be approximately 6,900,000 cy 
(5,275,000 cubic meters). The calculations are presented in Appendix A. The total available landfill 
volume provides space for the estimated waste volume of 6,700,000 cy (5,123,000 cubic meters) from 
the Operable Unit s, as well as the volume requirements for the tumulus and waste stabilization. 

- -.- 

Through application of the same end area approach, calculations for the quantities of required 
materials for consauction of the cover and liner systems were also performed. The end area of each 
component in the cover or liner system was assumed to be proportional to the total end area based on 
its thickness. 

The cover system (Le., the multi-layered cap and compacted common fill on top of the solidified waste 
forms) consists of five layers of materials for a minimum total thickness of 16.5 feet or 5 meters 
(Figure 2-1). In descending order, the cover system has the following components: 

3-foot-thick vegetative soil layer 
/ 

_. . layer of geotextile 

2-foot-thick drainage layer which consists of: 

- upper one foot of washed pea gravel or equivalent narrow graded ~ N r a l  aggregate 
(i.e., coarse sand gravel) 

- lower one foot of graded natural aggregate (Le., sand gravel) 

5-foot-thick intruder barrier made of RCC 

4-foot-thick low permeability clay layer 

2.5-foot-thick (minimum) compacted common fill layer. 

The quantities of required materials for construction of the cover system are presented in Table 2-1. 
The space between the clay liner in the cover system and the waste tumulus increases from the crest 
areas to the toes of the OSDC. This space is assumed to be filed with common fill materials. 

The liner system (Le., the multi-layered liner and leachate collection/detection system and the 
reinforced concrete mat) of the OSDC has a total thickness of 11 feet and consists of the following , 0-, components, in descending order: 

2-1 8 
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1-foot-thick (minimum) reinforced concrete mat 

2-foot-thick drainage layer which consists of: 

- upper one foot of washed pea gravel or equivalent narrow graded natural aggregate 
(Le.. coarse sand) 

- lower one foot of graded natural aggregate (Le., gravel) 

3-foot-thick low permeability clay layer 

layer of geotextile 

2-foot-thick drainage layer same as above which consists of: 

- upper one foot of washed pea gravel or equivalent m o w  graded natural aggregate 
(Le., coarse sand) 

- lower one foot of graded natural aggregate @e., gravel) 

3-foot-thick low permeability clay layer. 

In addition, the leachate collection/detection piping network in the liner system is assumed to consist 
of a four-inchdiameter main along the center line of the base and lateral pipes at 200-foot centers 
throughout the drainage layers. Corresponding manholes are installed at 200 feet apart along the lower 
side of the OSDC. The estimated volumes and quantities of required materials for the liner and 
leachate collection/detection system are also presented in Table 2-1. 

oJ 

2.4 COSTESTIMATE 
This section presents the estimated capital and operation and maintenance (0 & M) costs to construct 
and maintain the designed OSDC as described in Sections 2 2  and 2.3. The estimated capital cost to 
construct the OSDC is based on the required material quantities as presented in Table 2-1 and 
Appendix A. The unit rates used in this cost estimate include costs for material, equipment, labor, and 
markup for indirect costs that consist of costs for site staff, mobilization, home office support, small 
tools, permits, engineering, analytical, taxes, insurance, bonds, overhead, general and administration, 
fee, and escalation. However, no markup cost was included for contingency. I 

The total capital for construction of the 317-acre OSDC as currently designed is estimated to be 
$516,865,000. Annual 0 & M cost for regular maintenance activities for the OSDC is estimated to be 
$61,000. AU costs in this estimate are based on 1993 dollars. The capital and 0 & M costs are 
presented in Table 2-2. The following sections present details of the cost estimate. 
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0) 2.4.1 Site Grading . 
The quantities of cut and fill materials required during the site preparation were calculated to be 
approximately 3,740,000 cy and 2,076,000 cy, respectively (Appendix A). The estimated cost unit rate 
includes the labor, equipment, and indirect costs required to excavate and place the specified material. 
The subtotals for cut and fill were estimated to be $13,838,000 and $7,683,000, respectively, as shown 
in Table 2-2. 

--._ . 

The Finished Site includes the following cost items: clear andrgrub without disposal, construction of a 
gravel perimeter road, gravel service road, asphalt access road, administration building, security 
fencing, security lighting, monitoring wells, a USGS monument, and final site frne grading, seeding, 
fertilizing, and mulching. The estimated cost unit rate includes the labor, material, equipment, 
subcontracts, and indirect costs required to construct the specified items. The Finished Site is 
considered a lump sum (LS) cost and is estimated to be $6,900,000. 

The total for site grading activities as described above is estimated to be $28,421,000. 

An excess of approximately 1,664,000 cy soil material from the cut can be utilized as clay and 
common fill in the construction of the OSDC's liner and cap systems. It was assumed that 90 percent 
of the excess cut material can be utilized as clay and 10 percent of that can be utilized as common fill. 
The excess material is presented under Common Fill (On-Site) in the Cap System and Two Clay 
Liners (On-Site) in the Liner and Leachate CollectionDetection System in Table 2-2. 

2.4.2 Cap System 
The estimated quantities of various items'required for construction of the designed cap system are 
presented in Table 2-1. Except for the specified quantity of common fill from the site preparation cut, 
all materials for the cap system are assumed to be obtained from off-site sources. Each of the 
estimated cost unit rates includes the labor, material, equipment and subcontracts required to purchase, 
transport, place, and install the various items in the cap system. 

The total for construction of the cap system as currently designed is estimated to be $327,559,000. 
Individual items and subtotals for components in the cap system are presented in Table 2-2. 

I 

2.4.3 Liner and Leachate Collection/Detection System 
The estimated quantities of various items required for construction of the designed liner system are 
also presented in Table 2-1. All materials are obtained from off-site sources, except for the specified 
quantity of clay from the site preparation cut as described above. Each of the estimated cost unit rates 
includes the labor, material, equipment and subconmcts required to purchase, transport, place, and 
install the various items in the liner and leachate collection/detection system. 

pTIwp/4091 %.OSDC~-ENGR+-93 2-22 
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01 The total for construction of the liner and leachate collection/detection system as currently designed is 
estimated to be $160,885,000. Individual items and subtotals for components in the liner and leachate 
collection/detection system are presented in Table 2-2. 

2.4.4 Annual Operation and Maintenance Cost 
The annual 0 & M cost is estimated to be $61,000, based on the required maintenance duration of 
100 years. The estimated cost consists of the subcontracts required to perform annual inspection, 
regular grass mowing, fertilization, drainage maintenance, freez/thaw damage repair, monitoring well 

1 replacement and abandonment as required. The estimated cost also includes a markup for indirect 
costs such as taxes, insurance, bonds, escalation, overhead, general and administration, and fee. 
However, the estimated annual cost does not include costs for analytical work that may be needed for 
long-term monitoring. No contingency was considered in the annual 0 & M cost. 

-__--_ - 

2.5 SUMMARY 
The summary from the evaluation of the OSDC design requirements and quanti6 estimation is 
presented MOW: , 

Applicable requirements in Federal and State regulations and DOE Orders that must be 
considered in designing the OSDC include: 

- 10 CFR Part 61 Subpart D (10 CFR 61.50 through 59): Technical Requirements 
for Land Disposal Facilities, Licensing Requirements for Land Disposal of 
Radioactive Waste 

- 40 CFR Part 264 Subpart N (40 CFR 264.300 through 317): Standards for Owners 
and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities 

- OAC, Title 3745, Chapters 50 through 69 (OAC 3745-50 through 69): Hazardous 
Waste Management Regulations 

- DOE Orders, e.g., DOE 5400.3, DOE 5480.1B, DOE 582024, and DOE 6430.1A. 

Since the OSDC will accept hazardous and radioactive waste (mixed-waste) streams, 
regulatory requirements for a disposal facility for radioactive waste as specified in 
10 CFR 61 must be emphasized for radiation protection. 

It is estimated that the cumulative waste volume from the remediation of Operable Unit 
1 through Operable Unit 5 is 6,700,000 cy (5,123,000 cubic meters). The waste volume 
is made up of 2,394,000 cy, 993,400 cy, 478,500 cy, 83,500 cy, and 2,740,000 cy from 
Operable Unit 1, Operable Unit 2, Operable Unit 3, Operable Unit 4, and Operable Unit 
5, respectively. 
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The OSDC siting area encompasses a total of approximately 330 acres of undeveloped 
area in the FEW property. Based on the design currently employed, the OSDC will 
utilize approximately 317 acres and provide a disposal capacity of over 6,900,000 cy. 

Based on the current design, the total cost for construction of the OSDC, including site 
grading, cap system, liner and leachate collection/detection system, is estimated to be 
$516,865,000. Annual operation and maintenance cost is estimated to be $61,000 after 

- - .  - closure of the OSDC. 
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This section presents the site geology, geotechnical analyses of foundation material, and data 
interpretation. Foundation material analysis was performed in accordance with the Sampling and 
Analysis Plan (DOE 1992b) for on-site disposal of waste materials resulting from FEW remedial 
actions. Geotechnicd laboratory analyses of foundation material included natural moisture content, 
Atterberg limits, specific gravity, grain size distribution, permeability, CU hiaxial compression, and 
one-dimensional consolidation. The results from laboratory testing were used to support long-term 
stability analysis for the OSDC, including bearing capacity and settlement analysis, liquefaction 
analysis, erosion and sedimentation analysis, and landfidl infiltration analysis. Test samples were 
collected from soil borings located within the proposed OSDC site. Where appropriate, a literature 
search was performed to iden* the geotechnical paramet& of the foundation material of interest. 

3.1 GEOTECHNICAL BORINGS 
Two investigative programs were performed in the proposed OSDC areas: initial geotechnical soil 
boring and well installation, and secondary laboratory testing of the soil materials collected from the 
borings and monitoring wells. The geotechnical brings were utilized to visually classify the soils 
immediately beneath the surface. This information was needed for the evaluation of the stability of 
the OSDC under static and postulated future seismic conditions, the layout of the tumulus 

design parameters. The calculations required for design are as follows: bearing capacity, long-term 

I configuration, and the design of the site grading plan. The laboratory testing was performed 6 acquire 

? 

load-induced foundation settlement, structural slope stability, erosion and sedimentation control, 
surface water management, water infiltration, and seismic liquefaction potential. 

i 

i 

The detailed subsurface soil and bedrock conditions in the OSDC siting area were investigated by a 
subsurface exploration program consisting of a total of thirty-five geotechnical borings. Locations of 
these boring are shown in Figure 3-1, and the geotechnical boring summary appears in Table 3-1. 
Twenty-four shallow brings were drilled to a depth of approximately 30 feet to characterize the entire 
study area. Eleven deep borings were drilled into bedrock to acquire data from the northeast comer of 
the proposed site. Drilling was conducted using standard cable tool drilling techniques for deep 
borings and hollow stem auger techniques for shallow borings. The soils in each of the borings were 
visually described and documented on a visual classification of soils log. The logs for geotechnical 

- -  

. borings are presented in Appendix B. \ 

3.2 sm GEOLOGY 
The proposed OSDC site, covering approximately 330 acres, is located north and east of the former 
production area in the FEMP property boundary. The OSDC configuration with the required cap and 

L. 
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Boring 

No. 

1729 
1730 
1732 

Table 3-1 
Geotechnical Boring Summary 

On-Site Disposal Cell Study - FEMP 
~ 

Bottom of Weathering Ground Surface (G.S.) 
Boring ., -Depth Below,G. Base Of Ti" S. 1 Elevation (MSL) 

(fi) (fi) (ft) I (fi) 
30 9-13 34 I 591 

30.5 I 11.5 34 I 586.5 
21 21 -24 36 I 592 

1734 
1735 
1736 
1737 
.1738 
1739 
1740 
1741 

, 

26 13 37 I 592 

16 7.75 40 I 605 
15 ' 16-21 38 I 606.5 
30 16 37 I 616.5 
30 6.5 50 I 617 
24 13.3 43 I 603 

13 14-17 40 I 594 

30 14 34 I 595.5 

W. TAB3-1 
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0.) liner systems will occupy a surface area of nearly 317 acres for an estimated total waste volume over 
6,700,000 cy. Geology of the OSDC siting area is descrikd below. 

3.2.1 Surface Feature and Surface Drainage 
The FEMP site lies just north of the boundary between the southernmost extent of continental glaciers 
(Pleistocene glaciation) and the ancient unglaciated upland. Approximately 1,200,000 to 1 1,000 years 
ago, three major continental glaciers advanced as far south as Cincinnati. The advance and retreat of 
continental glaciers not only modified the topography by the erosional and deposition action of ice 
sheets, but also determined the hydrogeologic environment for the site. 

In late Ordovician time (approximately 450 million years ago), sediments which would become 
predominantly flat-lying shale with thin interbedded limestone were deposited in a shallow sea. This 
shale and interbedded limestone f o m  the relatively impermeable bedrock underlying the FEMP site. 
The sand and gravel aquifer underlying the glacial till was formed by the advance and retreat of the 
Illinoisan and Wisconsin glaciers (about-250,000 years and 100,000 years ago, respectively) during 
Pleistocene Glaciation. The last of the glaciers in the FEMP area deposited a relatively impermeable 
glacial till which overlies d e  200-foot-thick sand and gravel aquifer. 

Maximum elevation along the northern boundary of the FEMP property is approximately 698 feet 
above mean sea level (MSL). The natural ground slope on the northwest portion of the OSDC siting 
area varies from three percent to one percent. The plain slopes from 600 feet above MSL along the 
eastern boundary of the FEMP property to 585 feet MSL at the western border of the OSDC siting 
area, with a slope of less than two percent. It then slopes westward to 570 feet MSL at the K-65 silos, 
and drops off toward Paddys Run at an elevation of 550 feet MSL. The former production area and 
Waste Storage Area rest on a relatively level plain at an approximate elevation of 580 feet MSL. 
While the land rises gently to about 600 feet east of the FEMP site, the elevation of the Great Miami 
River which is located east of the FEMP is about 540 feet MSL. 

3 

Although the OSDC site is located within the Great River Miami Basin drainage, it is above the 
river's present day flood plain. The Great Miami River represents the main surface water in the 
vicinity of the FEMP. The river flows generally to the southw&t and has a drainage area of 
approximately 3360 square miles at this reach. Directly east of the OSDC study site, the river passes 
through a 180-degree curve hown as the "Big Bend." A 90degree bend in the river also occurs near 
New Baltimore, which is located to the southeast of the FEMP. \ 

All natural drainage on the FEMP and the OSDC siting area is from east to west into Paddys Run, 
with the exception of the extreme northeast comer which drains east toward the Great Miami River. 
The Storm Sewer Outfall Ditch, located at the southern portion of the former production area, is a 3 
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0, mbutary to Paddys Run. The Storm Sewer Outfall Ditch historically conveyed surface water runoff 
from the former production area directly to Paddys Run. Storm water retention basins were 
constructed in 1986 and 1989 at the head of the Storm Sewer Oudall Ditch. Storm water runoff from 
the former production area is now conveyed to these retention basins. The b a s h  are designed to 
retain the runoff from a 10-year, 24-hour rainfall event; only in the event of an overflow would storm 
water from the former production area enter the outfall ditch. 

During the construction or operation of the OSDC facility, the storm water from the waste disposal 
operation areas may be controlled and retained by the use of sedimentation and retention basins and 
drainage ditches prior to being treated at the Waste Water Treatment plant. Storm water runoff from 
non-regulated areas will be designed to flow off site by man-made and natural drainage courses. 

3.2.2 Subsurface Profile 
Based on the geotechnical investigations, the subsurface soil profile consists of five layers. The top 
layer that immediately underlies the OSDC siting area and FEMP site is clayey till. The till, a mix of 
clay, silt, sand, gravel, and boulders, is unevenly deposited throughout the area and makes up the local 
overburden. Prior investigations in similar geologic settings indicate that till deposits can be divided 
into a brown weathered zone and a gray unweathered zone. As indicated in Table 3-1, the average 
thickness of the till layer ranges from 33 feet to 40 feet. Permeability values of the till layer are 
1.0 x lo-’ cm/sec or lower. The weathering depth within the till layer ranges from 10 to 15 feet. 

Underlying the till is a sand and gravel aquifer (Great Miami Aquifer) which fills the bedrock valley 
to a depth of approximately 120 to 200 feet below grade. The groundwater table occurs in the sand 
and gravel aquifer at an approximate elevation of 520 feet MSL. The thickness of the unsaturated 
zone above the water table is about 65 feet. Within the sand and gravel aquifer lies an interbedded 
clay layer that underlies most of the FEMP area and portions of the surrounding areas. The top of the 
clay interbed lies about 100 to 125 feet below the ground surface. It ranges from five to 25 feet in 
thickness and consists of a low permeability homogeneous clay that acts as an aquitard within the 
Great Miami Aquifer. 

The bedrock beneath the sand and gravel aqmfer consists of Ordovician shale with thin, interbedded 
layers of limestone. The top of the bedrock extends from elevation 370 MSL feet to elevation 
540 feet MSL. 

3.2.3 Groundwater System 
The main groundwater aquifer underlying the FEMP (including the OSDC siting area) is the Great 
Miami Aquifer. The aquifer lies within the bedrock valley but has only minor interconnection with 
the valley walls. Overlying the Great Miami Aquifer is the Wisconsin Age glacial overburden, which -J 
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'-1 provides a localized pathway into the aquifer in some areas. Both of these units are discussed in the 
Site Characterization/Geological Report for on-site disposal (DOE 1993a). 

The portion of the Great Miami Aquifer which underlies the OSDC siting area varies in thickness 
depending on its proximity to the bedrock valley walls. In the eastern half of the OSDC siting area, 
the aquifer varies between 100 and 150 feet in thickness, with the majority of the areas underlain by 
150 feet or more of aquifer material. The northern half of the OSDC is sited adjacent to a bedrock 

valley wall and is underlain by a thinning portion of the aquifer. The Great Miami Aquifer ranges 
from 0 to 100 feet in thickness in this region, reaching 0 feet in thickness in the central and eastern 
portions of the northern half of the OSDC siting area In these regions, the Great Miami Aquifer is 
absent along the valley walls and glacial overburden lies directly in contact with the bedrock. 
Approximately 10 percent of the OSDC siting area has this condition. 

T 

Within the OSDC s i h g  area, groundwater flow in the Great Miami Aquifer is primarily to the east, 
toward the two large capacity collection wells operated by the Southern Ohio Water Company 
(SOWC). Groundwater elevation varies between 513 and 520 feet MSL, with the highest gradients 
OcCuning in the northwest portion of the OSDC. Groundwater gradients vary between 0.15 percent in 
the northern half of the OSDC siting area to 0.05 percent in the eastern half. Assuming an average 
hydraulic conductivity value of 450 feet per day (ft/day) for the Great Miami Aquifer, this translates to 

a groundwater velocity range to 0.2 to 0.7 ft/day in the OSDC area. 

The perched groundwaters in the glacial overburden at the FEMP occur under both confined and 
unconfined conditions. General groundwater movement in the perched system in the vicinity of the 
FEW is toward Paddys Run and the Stonn Sewer Outfall Ditch. However, because the shallow 
perched zones are not interconnected across the facility, the movement of fluids is likely to be 
discontinuous with different areas affected by different influences. The flow patterns within these 
zones vary seasonally due to variations in recharge. Shallow groundwater flow may also be influenced 
by the widespread presence of drain tiles installed by the previous owners of the property in support of 
agricultural activities. 

In the OSDC siting area, perched water was encountered in five borings (Borings 1732, 1734, 1735, 
1736, and 1737) in the northern portion of the siting area and one boring (Boring 1740) in the eastern 
portion of the siting area. The perched water in the northern portion of the OSDC occurs between 12 
and 21 feet below ground surface (BGS), while in the eastern portion (Boring 1740) it occurs at 
24 feet BGS. In most of the borings where perched water was encountered, it occurred in a yellowish- 
brown to gray sandy clay or clayey sand. The occurrence of the perched water zones appear to be 
limited to areas of relatively coarse sediment/high porosity in the generally fine-grained sediments. 
Dense, fine-grained glacial till and glaciolacustrine deposits of silt and clay classify the overburden as 

0 3 
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an aquitard in most locations. However, small-scale fluvial and beach deposits (lacustrine shore 
deposits) of coarser sediments interbedded within the till form layers of relatively high hydraulic 
conductivity. Hydraulic conductivities in the perched zones at the site range from 8 x 
fr/day (2.8 x lo6 to 3.0 x 10" cm/s), based on falling head tests in 1000-series wells. The 
hydrogeologic characteristics of the overburden vary with the season and specific locations. In other 
portions of the FEMP, depth to perched groundwater in the glacial overburden ranges from 0 to 
15 feet BGS. The southwest portion of the FEMP site is where perched water occurs at the surface, as 
evidenced by seeps. A perched water table can seasonally fluctuate by up to 10 feet at a single 
location, with the highest water levels occurring during the early spring and the lowest during the late 
fall. In the OSDC siting area the perched water elevation varies from 12 to 24 feet BGS. A limited 
number of water elevation measurements have been made in these (OSDC) perched-water wells and it 
is not known how much seasonal variation in elevation occurs. 

to 0.85 

3.3 STANDARD PENETRATION TEST RESULTS 
The consistency of cohesive soils is defined by results from the Standard Penetration Tests (SPT), the 
unconfined compression strength, and the unit weight. For the purpose of conceptual design, the 
consistency of clay materials will be assumed based on the subsurface boring program and laboratory 
tests of representative samples. The arithmetic average of the SPT results at each boring location and 
in different soil strata, (where the split barrel sampler did not encounter refusal), are summarized in 
Tables 3-2 and 3-3. The foundation of the landfill will be approximately 0 to 30 feet below the 
origrnal ground surface, or 10 feet below the initial grading surface. 

Based on the SPT results from the soil borings, the foundation materials in the northern portion of the 
OSDC operation areas were determined as st i f f  clay, with the blow counts ranging from 12 to 48. The 
foundation materials on the eastern portion of the OSDC operation areas were classified as very stiff 
clay, with the blow counts ranging from 14 to 61. 

The SIT results in the sand and gravel layer, approximately 35 feet below the original ground surface 
with average thickness of 180 feet, ranged from 25 to 69 blows per foot, with an average count of 44. 

The SPT results of the clay and silt within the sand and gravel layer ranged from 27 to 95. Two 
geologic profrles along the eastern and northern portions of the OSDC siting areas were developed 
from the soil logs. These profiles, which also show the borings and SPT results, are presented in 
Figures 3-2 and 3-3. The approximate total depth, weathering depth, base of till, and approximate 
ground surface elevation of the geotechnical bonhgs are presented in Table 3-1. 

3-7 
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3.4 FOUNDATION MATERIAL SAMPLING AND ANALYSIS 
_. 

This section provides a discussion of sample collection performed as part of the OSDC siting study. 
Objectives, methodologies, and analytical parameters for foundation material sampling and analysis are 
presented below. 

3.4.1 Geotechnical Sample Collection 
Disturbed soil samples were collected using collection procedures presented in the S A P  (DOE 1990b). 
These 18-inch-long split-spoon samples followed the collection protocol according to the American 
Society for Testing and Materials (ASTM) Method D1586. These soil samples were collected from 
four distinctly different soil types in each boring. 

A three-inch-outside-ciiameter thin-walled Shelby tube (ASTM D1587) was hydraulically driven in 
advance of the bit to collect undisturbed samples when cohesive material was encountered. Two 
Shelby tube samples were collected from each boring at approximate one-third and two-thirds of the 
borehole depth. Twenty-four Shelby tube samples were collected during the field sampling program. 
Rock coring was conducted with an NWT-size core barrel, or equivalent, in accordance with ASTM 
D2113. Appropriate core samples were selected for laboratory testing by the field engineer. 

The selected soil samples from the geotechnical drilling operation were shipped to the H. C. Nutting 
Company (Nutting) for analysis. The remaining soil samples and rock cores were archived at the 
FEMP for future reference and examination, if needed. 

00 

3.4.2 Geotechnical Testing P r o m  
Test samples were collected by IT personnel during the period of December 9, 1991 to February 6, 
1992, and were hand delivered to Nutting in Cincinnati, Ohio for analysis. The laboratory tests were 
performed by Nutting from March 10, 1992 through May 29, 1992. Analytical testing for 
geotechnical properties was conducted under the appropriate ASTM standards and laboratory 
procedures using properly calibrated apparatus which met the intent of ASTM D3740-80, "Evaluation 
of Agencies Engaged in the Testing and/or Inspection of Soil and Rock as Used in Engineering Design 
And Construction." The laboratory testing program was performed on both disturbed samples (split 
spoon) and undisturbed (Shelby tube) samples as described below. 

Disturbed (Split Spoon) Samples 
Disturbed soil samples collected in split spoon samplers from 24 boring locations were subjected to 
material characterization for the OSDC study. The analytical testing program performed for the 
disturbed samples and their corresponding test designations are presented as follows: 

. 
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Natural moisture content (ASTM D2216) 
Specific gravity (ASTM D854) 
Atterberg limits (ASTM D4318) 
Grain size distribution (ASTM D422) 
USCS classification (ASTM D487). 

A soil sample was collected at each depth interval using the split spoon sampling technique. This 
sample was then broken into multiple soil samples. A total of 89 disturbed soil samples (including 
multiple soil samples) was selected to undergo analyses of moisture content, Atterberg Limits, specific 

Table 34.  
gravity, and grain size distribution. The testing program for disturbed samples is S- ' i n  

Undisturbed (Shelby Tube) Samples 
Undisturbed soil samples collected in Shelby tube samplers from ten boring locations were used to 
characterize the ~ t ~ r a l  soil materials and determine geotechnical properties. The analytical testing 
program performed was categorized into two groups, and is presented below: 

Material Characterization 

- Natural moisture content (ASTM D2216) 
- Specific gravity (ASTM D854) 
- Atterberg limits (ASTM D4318) 
- Grain size distribution (ASTM D422) 
- USCS classifcation (ASTM D487) 

Geotechnical Property Testing 

- Triaxial CU (CU test) (EM 11 10-2-1906) 
- Consolidation (ASTM D2435) 
- Permeability test at various moisture contents (EM-1 1 10-2-1906). 

One or two Shelby tube samples were collected from each boring at depths of approximately one-third 
or two-thirds of the total boring depth. A total of 10 selected Shelby tube samples was analyzed in 
the laboratory. The testing program for undisturbed samples is summarized in Table 3-5. 

3.5 GEOTECHNICAL TEST RESULTS 
Results from the geotechnical sampling and analysis program are presented below. 

3.5.1 Disturbed Samples 
Disturbed samples were collected from the glacial till, with the sampling intervals varying from 2 to 
29 feet below the ground surface. 

..3 
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oT Moisture Content 
The natural moisture contents of the on-site clayey material varied from 9.2 to 26.7 percent. The test 
results for moisture content were generally within the range of 13 to 18 percent, except for samples 
B-1747, B-1735, B-1752, B-2731, and B-2754 which had extreme water contents. The test results 
showed a relatively small variation in the natural moisture contents for the most of the boring samples 
at different depths. 

Atterberg Limits 
Atterberg limits are based on the concept that soil can exist in any of four states, depending on its 
water content. The water contents between adjacent states are called the shrinkage limit, plastic limit 
(PL), and liquid limit (LL). Plasticity index (PI) is the numerical difference between the LL and the 
PL and represents the range of moisture within which the soil remains plastic. 'The LL of the clayey 
materials ranged from 20 to 43, while the PI ranged from 5 to 21. 

Grain Size Distribution 
The grain size dismbution analysis required a set of sieves for'measurement of the weight percent 
finer than certain sizes in a sample. The size dismbution of particles smaller than the No. 200 sieve 
was determined by the hydrometer method. Except for samples B-1747, B-1741, B-1738, and B-1679, 
percentages of gravel (passing No. 4 or 4.75 millimeter [mm] sieve) in the samples were either zero or 
very low. Percentages of sand, which has particle sizes between No. 4 and No. 200 sieves, varied 
from 2 to 28 percent in the tested samples. A few samples showed higher values, these samples 
ranged from 29 to 38 percent. Total percentage of silt and clay contents in the samples (particles 
passing through a No. 200 sieve) ranged from 50 to 99 percent. Clay contents (soil particles less than 

0.005 mm) in the tested samples, as determined by the hydrometer method, varied from 21 to 59 
percent, except for B-1747 and B-1070, which had lower clay and higher silt contents. 

9-J 

USCS Soil Classification 
Using the above characterization results, the on-site soil samples were classified in accordance with the 
USCS. With the exception of B-1070 and B-1747, the soil samples were classified as "inorganic clay 
of low to medium plasticity" or "sandy lean clay," which is denoted as CL.' Because higher 
plasticity or excessive sand particles were observed by the laboratory, the soil samples from borings 
B-1747 and B-1070 were classified as sandy silt aith gravel (ML2) or sandy silty clay (CGML). 

'According to USCS (Unified Soil Classification System) for silts and clays with LL 40, typical 
names are inorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty clays, lean 
clays. 

2According to USCS, for silts and clays with LL 40, typical names are inorganic silts and very fine 
sands, rock flour, silty or clayey fine sands, or clayey silts with slight plasticity. 

e 
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OF) Results of the above material characterization tests for the disturbed soil samples are summarized in 
Table 3-6. Laboratory data for the disturbed soil samples are presented in Appendix C. 

3.5.2 Undisturbed Samples 
Undisturbed samples were also collected from the glacial till formation, with the sampling intervals 
varying from 6 to 25.5 feet below the ground surface. 

Material Characterization 
As shown in Table 3-7, the specific gravity ranged from 2.73 to 2.83, with a variation of 0 to 0.1, 
among ten soil samples. 

The grain size distribution of the soil samples indicated that the sand content of the soil samples 
ranged from 15 to 37 percent with an exception for sample B-1729. Sample B-1729 contained 
78 percent sand and 15 percent silt and clay. Gravel-size material of 25 to 43 percent was exhibited 
in samples B-1747, B-1748, B-1751, and B-2731. The grain size distribution was used to classify the 
soil by the USCS. Based on the test results, the above four soil samples were classified as GC? 
SC-SM; and GC-GM: respectively. The four samples, which were classifed as CL or CL-ML, 
were from borings B-1741, B-1742, B-1745, and B-2728. Two soil samples which had a high content 
of sand were classified as SM and ML. They represented samples from borings B-1729 and B-1735, 
respectively. 

Laboratory data for characterization tests of the undisturbed soil samples are presented in Appendix D. 

Geotecbnical Prowrty Testing 
The tests performed for determining the geotechnical engineering design parameters included triaxial 
compression, consolidation, and permeability. 

Triaxial CU Test 
Triaxial compression tests under CU conditions with pore pressure measurements were perfomed on 
the undisturbed sample from each of the ten test borings. In a triaxial CU test, the shear strength is 
determined in terms of the total stress and the effective stress. During the test, complete consolidation 

3According to USCS, gravels with fines, typical names are clayey gravels, gravel-sandclay mixtures. 

4According to USCS, sands with fines, typical names are silty sands or clayey sands, sand-silt mixtures 
or sandclay mixtures. 

sAccording to USCS, gravels with fines, typical names are silty gravels or clayey gravels, gravel-sand- 
silt mixtures or gravel-sand-clay mixtures. 

a 3 
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of the test specimen is permitted under the confining pressure. Then, with no drainage of the sample, 
the specimen is loaded to failure by increasing the applied axial stress. Before the application of the 
axial stress, the soil specimen must be completely saturated. 

Each sample was tested at confining pressures of 15, 30, and 60 pounds per square inch (psi). Results 
of triaxial compression tests on undisturbed samples showed a range of cohesion (c) and friction 
angles (4) both in effective and total stress parameters. The effective slxess cohesion ranged from 0.16 
to 1.14 tons per square foot (tsf); and the effective stress internal angle of internal friction ranged from 
28.5 to 55.6 degrees ("). The total stress c and 0 ranged from 0.38 to 3.79 tsf and from -16.7" to 
23.9", respectively. 

- - - - . . - - 

Results of hiaxial tests for the foundation materials are summarized in Table 3-8 and are also included 
in Appendix D. 

Consolidation 
Consolidation tests are performed to obtain parameters for estimating the amount of soil consolidation. 
Coefficient of consolidation (C,) is obtained from the consolidation tests. C, values at tS, (time 
corresponding to 50 percent consolidation) under predetermined loading conditions for undisturbed 
samples were reported by Nutting. Results of C, indicated order-of magnitude differences among the 
tested materials within each loading condition. For example, C, at a loading of two tsf varied from 
0.0062 to 0.0179 square inches per minute (in2/min). The compression index, C,, was also determined 
from the consolidation results. The compression index is the slope of the straight line portion of the 
curve generated when plotting the void ratio versus logarithm of pressure. Compression index, C,, , 

values ranged from a low of 0.09 for samples from borings B-1742 and B-2731 to a high of 0.21 for a 
sample from boring B-1751. A third parameter, C,, is the swell index which represents the slope of 
the unloading portion of the void ratio versus logarithm of pressure curve. If the clay is subjected to 
many cycles of load and unload, C, for recompression will approximately equal C,. Swell index 
values ranged from a low of 0.02 for samples from borings B-1742 and B-2731 to a high of 0.04 for 
samples from borings B-1741 and B-1751. 

i 

\ 

Results of the consolidation tests for undisturbed samples are summarized in Table 3-9. Laboratory 
data for consolidation tests are included in Appendix D. 

Permeability 
Permeability tests were performed for undisturbed samples collected from the on-site clay layer. 
Almost all of the test results showed that the permeability of the tested materials were in the range of 
1.0 x lo-' cm/sec. A few of the samples that were taken from deeper zones (e.g.. 12 feet to 14.5 feet, 
18 feet to 21 feet, and 20 feet to 23 feet) showed permeability in the range of 1.0 x lo-' cm/sec. '!!!! 
pTIWp/4091 %.O.!XX5ERK-ENG.R+-93 3-24 
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Results of the permeability tests for undisturbed samples are summaflzed . in Table 3-10.. Laboratory 
data for the permeability tests are included in Appendix D. / 

3.6 SUMMARY 
The results from the soil testing are summarized in the following sections. In addition, comparison of 
the geology in the eastern and northern portions of the OSDC siting area is presented. - - I - . . . 

3.6.1 Moisture Contents and Perched Water 
The geotechnical \boring program has identified the elevation of the water table to be approximately 

.65 feet below the existing ground surface. Therefore, this land disposal site has sufficient depth to the 
water table, and groundwater intrusion into the waste will not occur. 

I 

Samples from borings B-1752, B-2754, B-2731, and B-1679 revealed higher natural moisture contents 
than other tested samples. These four borings are located to the north of the FEW, and are on a hill. 
The soils from the above four boring logs are described as "slightly moist with low plasticity," within 
the clayey till layer. The soil eventually becomes wet at a depth approximately just below the till 
layer. The fact that the gravel content in these four clay samples is relatively high may indicate the 
existence of a localized perched groundwater layer. The highest natural moisture content from boring 
B-1752, at a depth interval of 25.3 to 27.5 feet below the ground surface, was from a saturated soil 
sample obtained below the groundwater table. The relatively high moisture content for samples from - 0  
borings B-2754, B-2731, and B-1679 are due to moist conditions in the upper perched groundwater 
layer. 

Perched water occurs when water percolating through the soil from the surface is trapped above very 
dense zones such as clay or bedrock. At the FEW, perched water is generally found between one to 
10 feet below the ground surface. Perched water in @e glacial till occurs sporadically and is usually 
not utilized as a source of industrial and domestic water supply. In addition, groundwater flow 
direction in the till is not uniform as seen in the sand and gravel aquifer because most perched water 
in the OSDC siting area occurs in isolated pockets. 

The moisture content at a depth corresponding to the proposed foundation of the OSDC ranged from 
12 to 18 percent, with the exception of samples collected in the localized perched water zone which 
showed a higher moisture content. 

3.6.2 Till DeDosits 
In the vicinity of the OSDC siting area, the deposits of glacial silt and clay tills are near-surface, and 
are both jointemractured and weathered. At the OSDC, the till deposits represent the dominant 
control on water and contaminant movement. Dense, fme-grained glacial tills are the most common 
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‘1. aquitards in most of the northern part of the United States. These deposits have generally a 
permeability that is very low, with values ranging from 1.0 x lo-’ to 1.0 x lo-’ cm/sec (DOE 1990). 

The jointing pattern in the Wisconsin tills has also been noted in the area surrounding the FEW. 
Within the OSDC siting area, fractures have also been noted in the till during the RI/FS drilling 
program and field reconnaissance. Fractures enhanced the bulk hydraulic conductivity of till by about 
one to three times. 

As a result of the increased lateral stresses caused by overburden loading as well as the decrease of 
fractures due to less weathered till, the permeability of the fractured till and clay decreases with depth. 
While precipitation enters the upper zone, it does not act as a significant source of recharge to deeper 
aquifer zones. The majority of the water lost from till deposits is from evapotranspiration, and 
possibly by lateral discharge to drainage tiles. 

3.6.3 Soil Properties 
It is assumed that the soil properties obtained from the laboratory samples collected in the glacial till 
are representative of the entire soil strata. The recommended parameters to be used in engineering 

i 

evaluations of the OSDC study are presented in Table 3-1 1. * ‘L’ 3.6.4 Comparison of Site Geolom in the Eastern Portion and Northern Portion of OSDC 
Options for partial off-site disposal of FEMP waste materials have been considered. Assumptions 
were made that larger qh t i t i es  of waste would be disposed of off-site and smaller waste volumes 
would be disposed of on-site at the OSDC. Ultimately, construction of the OSDC may only require 
either the eastern portion or the northern portion of the currently proposed OSDC siting area. The 
disposal cell site selection will be based in part on the site geology and hydrogeology, the results of 
engineering evaluation of settlements due to mechanical loading and liquefaction, the surface water 
drainage analysis, and the OSDC risk assessment. 

In terms of stability, an unfractured bedrock is the preferable foundation material for a landfill. As 
shown in the longitudinal profiles in Figure 3-2 and Figure 3-3, the top of the bedrock is close to the 
ground surface in the northern portion of the FEW site. This bedrock topographic high extends to 
nearly half of the northern portion of the OSDC site and is close to the elevation of the water table. 
Therefore, the sand and gravel layer overlying the bedrock is relatively thin in the northeast area of the 
FEW site. In addition, the longitudinal profile along the northern portion of the OSDC indicates a 
more uniform thickness of the top layer of glacial till than in the eastern portion. This will be 
discussed further with regard to engineering analyses in later sections of this report. 
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TABLE 3-11 
RECOMMENDED SOIL PARAMETERS, OSDC SITING STUDY 

Specific Gravity 

Moisture Content 

- - MoistDensity(pcf) 

Dry Density @cf) 

Permeability (cm/sec) 

2.80 

0.15 

130 

117 

1.0 x loe8 (in clay stratum only) 

Effective Stress Cohesion c (pounds per square feet ( p s f l )  750 

35 

1070 

Effective Stress Intemal Friction Angle $ e> 
Total Stress Cohesion c @sf) 

Total Stress Internal $ 0  21 

Coefficient of consolidation <in*/rni.u) 0.025 @ 4 tsp 

Compression Index C, 

Swell Index C, 

Initial Void Ratio 

0.12 

0.03 

0.45 - 0.63 

PlT/KWMF/WP/313327.OsDCTAELES:T.b*311~93 3-31 



TECH REPORT 5.1 64.2 2 
June 18. 1993 

4.0 SEISMIC STUDY 

The following discussion presents a broad overview of the lithologic, stratigraphic, and structural 
geologic conditions of the FEMP site in Fernald. Ohio and the surrounding region for the purpose of 
evaluating local seismic activity, stability, and the likelihood of si@icant earthquake occurrences. 

4.1 REGIONAL GEOLOGY 

4.1.1 Phvsiomuhic Province 
The FEW site consists of approximately 1060 acres located approximately at coordinates 
latitude N 39" 18' and longitude W 84" 41' (Beavers et al. 1982). The plant is located in the Great 
Miami River Valley, approximately 15 miles north-northwest of Cincinnati, Ohio. The FEW site is 
located at the eastern edge of the Central Stable physiographic province. The Central Stable region is 
mostly low, rolling landscape and nearly level plains. The Central Stable physiographic province (also 
known as the Central Lowland physiographic province) is characterized by structural and sedimentary 
basins and domes. Among these features, the Cincinnati Geoanticline or "Cincinnati Arch" is 
structurally si@icant in the region. The FEMP is located near the axis of this structural arch, and 
this area displays exposures of some of the oldest bedrock in the state of Ohio. The underlying 
bedrock in the region is nearly horizontal, thin-bedded shale and fossiliferous limestone, of Middle and 
Late Ordovician age (Fenneman 1916). The main physiographic features in the area are gently rolling 
uplands, steep hillsides along the major streams, and the Great Miami River Valley, which is a 
relatively broad, flat-bottomed valley flanked on either side by bluffs that rise to a maximum of 
300 feet above the general level of the valley floor. 

The Central Stable region is bounded on the far west by the Great Plains region, on the south by the 
Atlantic Coastal Plain region, to the east by'the Appalachian Plateau, and to the north by the Canadian 
Shield. Along these boundaries, the most complex intersection occurs at the Mississippi Embayment 
which is approximately 450 kilometers (km) (280 miles) southwest of the Fernald site. From just 
north of the Mississippi Embayment, the Rough Creek fault zone trends eastward 175 km (109 miles) 

other distinct geologic features also exist in the Central Stable region near the Femald site: (1) the 
Cincinnati Arch extends northward from Tennessee to the western border of Ohio and Kentucky and 
(2) the Findlay Arch extends northeastward in the northwest comer of Ohio and intersects the Bowling 
Green fault zone (Beavers et al. 1982). 

i 

south of the Fernald site across Kentucky and into the Appalachian Plateau of West Virginia. Two I 

4.1.2 Regional Bedrock Geology 
The bedrock in the FEW region consists of indurated shales and limestones of Upper Ordovician 
Age. Authors of the published investigation reports for the geology in the FEMP area that have been 3 
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reviewed include FeMeman (Ferneman 1916). Durrell (Durrell 1961). and Spieker (Spieker 1968). A 

comprehensive geologic history has been developed for the FEW and surrounding area based on 
these published studies, with modifications and extensions resulting from data collected during the 
RI/FS. This geologic history is described in detail in the Groundwater Repon (DOE 1990) and is 
summarized below in relation to those aspects of principal importance to the seismic evaluation. 

. - -.. - 
In Late Ordovician time (approximately 450 million years ago), sediments which would become 
predominantly flat-lying shale with thin interbedded limestone were deposited in a shallow sea. These 
fine-grained, interbedded clayey and silt-rich shales and limestone, were at one time reduced IO an 
almost level peneplain, which was then uplifted to an elevation of approximately 900 feet above sea 
level, and subsequently dissected some 400 or more feet by several large through flowing rivers and 
their dendritic tributaries (Ferneman 1916). This shale forms the relatively impermeable bedrock 
which now underlies the FEMP site and forms the highlands to the north. 

\ 

Several of the formations observed in this area have been described by Swinford (1990 and in 
preparation). These formations are (in descending order) the Point Pleasant formation [approximately 
75 meters (250 feet) thick], the Kope Formation [approximately 85 meters (280 feet) thick], and the 
Fairview Formation [approximately 15 meters (50 feet) thick]. The Kope Formation is approximately 
70 percent shale and 30 percent limestone, with individual shale beds ranging up to one meter (three 
feet) thick and limestone beds generally less than 0.2 meters (0.5 feet) thick, whereas strata 
immediately above and below the Kope are about evenly divided betkeen shale and limestone. 
Immediately underlying the above strata is Trenton Limestone, which is approximately 12 meters 
(approximately 39 feet) thick. Massive carbo~tes  of the Black River Group (several undifferentiated 
formations lumped together) are approximately 150 meters (490 feet) thick and lie beneath the Trenton 
Limestone; These bedrock units reach a total thickness of approximately 800 feet. 

/ 

4.1.3 Reeional Glacial Geolom 
The FEMP lies just north of the boundary between the southernmost extent of Pleistocene glaciation 
and the ancient unglaciated upland. During the Pleistocene Epoch, the bedrock topography of 
southwestern Ohio was modified several times by the erosional and depositional action of continental 
ice sheets. Three major continental glaciers advanced as far south as Cincinnati. These were the 
Kansan or pre-Illinoisan (approximately more than 1,200,000 years ago), Illinoisan (approximately 
400,000 to 125,000 years ago) and Wisconsinan (approximately 70,000 to 11,000 years ago) glacial 
episodes (Durrell 1982). During the Kansan-Illinoisan interglacial period, a large watercour- de cut a 
valley into this shale bedrock along the southern margins of the ice sheet. Par& of the entrenched 
bedrock drainage system located in the vicinity of the FEMP was much larger than the present-day 

'Great Miami River system and cut to a level more than 200 feet below the present-day Great Miami 

\ 
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waterways in the glaciated parts of the midwest. 

During continental glaciation, most of the earth's water was stored as ice on the continents causing a 
si@icant depression of the earth's crust and a significant drop in sea level. The earth's crust 
rebounds between glacial events when the weight is removed. This crustal rebounding, coupled with 
lower sea levels, allowed the rivers in the Deep Stage Drainage System to carve deep bedrock valleys 
in the Cincinnati area. These valleys are roughly 200 feet deep in the vicinity of the FEW. 

As the Illinoisan glacier advanced further into the Cincinnati area, the'ancesaal Ohio River flowing in 
the bedrock Deep Stage Valley was dammed by the glacier. The lake that formed behind the dam 

overflowed at the low divide in the vicinity of present day Anderson's Ferry. As the divide eroded, 
the present course of the Ohio River was established. A subsequent ice advance forced the ancestral 
Great Miami River out of the Deep Stage Valley'and carved a new narrow deep valley from just north 
of New Baltimore to about one mile west of Cleves, where it returned to the o r i w  Deep Stage 
Valley. Because only water from the Great Miami River and its tributaries drainage basin carved this 
valley, it is much smaller than the ancestral Ohio River Valley. The FEMP is located within this two- 

mile-wide valley, termed the New Haven Trough by Ferneman (Ferneman 1916). 

During the Illinoisan glacial retreat, about 125,000 years ago, the Deep Stage Valley,'dcluding the 
New Haven Trough, was filled with about 200 feet of glaciofluvial sediments. These sediments were 
deposited by water running from the margins of the glaciers and consisted mainly of well-sorted sand 
and gravel. This formed the Great Miami Aquifer. A blanket of poorly-sorted, clay-rich glacial 
overburden was then deposited on top of these sediments during the Wisconsin ice advance (about 
70,000 years ago). 

b 

When the Wisconsinan ice sheet advanced to its southern limit, it deposited a terminal moraine, the 
Shelbynlle End Moraine, south of the present-day FEW. The ice and terminal moraine again 
blocked the course of the ancestral Great Miami River and forced it to abandon its channel under the 
valley of the present-day Paddys Run and cut a new valley southeast of New Baltimore where the 
Great Miami River Valley is presently located. The ice also blocked the ancestral Dry Fork of the 
Whitewater River, causing the Dry Fork of the Whitewater River to be forced out of the valley from 
Shandon and cut its present valley to the west. A lake formed behind the end moraine and when the 
end moraine was breached, the lake drained and created Paddys Run, which now occupies the 
ancestral Dry Fork Valley. Loess deposits formed as an accumulation of wind-borne dust, origrnally 
derived from vegetation-free areas around the ice sheet. Postglacial erosion by the Great Miami River 
and its tributaries removed significant portions of the glacial overburden and left terrace remnants 
which stand topographically higher than surrounding bottom lands. 

I 
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O-) The Pleistocene glacial activity deeply eroded the larger river valleys and subsequently deposited 
glaciallyderived till and outwash sands and gravels in suftlcient quantities to fill these valleys and 
displace and redirect master streams in the area. The veneer of glacial material in the area is such that 
bedrock exposures typically occur along the numerous waterfalls and steep valley walls of the mbutary 
streams that drain into the Great Miami River. In some of the deeply eroded bedrock valley areas, the 
glacial deposits may range in thickness to as much as 200 feet of glaciofluvial sand and gravel, which 
today is the Great Miami Aquifer. 

4.1.4 Local Geology and T O P O ~ D  hv 
The FEMP site is located on glacial overburden above the terrace remnants left after the establishment 
of the present-day Great Miami River channel. In the FEMP area, the Great Miami River Flows south 
from Middleton to just north of New Baltimore in the former Deep Stage Valley. There is no surface 
stream currently occupying the Deep Stage Valley between the Great Miami River east of the FEMP 
and the Whitewater River west of the FEMP. 

The bedrock in the vicinity of the FEMP consists predominantly of flat-lying Ordovician shales with 
thin, interbedded layers% of limestone. This shale forms the relatively flat floor and steep valley walls 
of the New Haven Trough. The buried channel is eroded into this shale. The ancestral Ohio River 
eroded a valley in the bedrock between 60 and more than 200 feet below the preerosional land 
surface in the vicinity of the FEW. 

During the retreat of the glacial ice sheets, the valley was filled with approximately 150 feet of 
regionally extensive Pleistocene glacial valley fill deposits. The buried valley is about one-half to two 
miles wide and is U-shaped, having a broad, relatively flat bottom and steep valley walls. Interbedded 
glacial till deposits occur within the outwash deposits, but in most cases are of limited lateral extent. 
The till deposits are composed primarily of poorly sorted pebbles, cobbles, and boulders in a 
predominately clay matrix. 

In some areas, glacial overburden deposits overlie the bedrock uplands and portions of the outwash 
materials where these materials form the thick, unconsolidated sediment layers beneath the soil zone. 
This glacial till is composed of dense, silty clay that varies in composition vertically and laterally. 
The glacial overburden contains lenses of poorly sorted fine- to medium-grained sand and gravel, silty 
sand, and silt with layers of silty clay. The postglacial erosion of the overburden has resulted in the 
Great Miami River and the lower reaches of Paddys Run being in direct contact and hydraulic 
communication with the sands and gravels of the Great Miami Aquifer. 

. 
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Watkins and Spieker (Watkins and Spieker 1971) performed extensive seismic refraction surveys to 
determine the ~ c k n e s s  and extent of the sand and gravel deposits filling the bedrock valley. Test 
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0;) drilling was used in conjunction with the refraction surveys to verify the accuracy of the seismic. 
determinations of the depth of the valley floor. A map of the top of bedrock was derived from the 
bedrock map produced by Watkins and Spieker (Watkins and Spieker 1971), with additional 
information provided by Leow (Leow 1985) and Vormelker (Vormelker 1985), and wells constructed 
for the RI. 

The maximum ground surface elevation along the northern boundary of the FEMP property is a little 
more than 700 feet above MSL. The former production area and waste storaze area rest on a 
relatively level plain at about 580 feet elevation. The plain slopes from 600 feet along the eastern 
boundary of the FEMP to 570 feet at the K-65 silos, and then drops off towards Paddys Run at an 
elevation of 550 feet. AU drainage on the FEMP is from east to west into Paddys Run, with the 
exception of the extreme northeast comer which drains east toward the Great Miami River. 

4.2 SEISMICITY EVALUATION 
Major earthquakes have the potential for causing accidental releases of contaminants to the 
environment by damaging containment and waste management structures. All such facilities must be 
designed and constructed to shut down safely in the event of intense ground shaking or soil 
liquefaction induced by major (strong-motion) earthquakes; These facilities must be sited away from 
areas where there is a risk of surface rupture along an active fault. The evaluation of the seismicity in 
the FEMP area is based upon the historical seismic activity of the region and the location of regional 
and local faults that could potentially have an impact on the FEMP area. 

For the purposes of this seismic evaluation, the,area of interest consists of a circular area that extends 
a distance of approximately 200 miles from the FEW. Epicenters or locations of recorded historical 
earthquakes within this area were reviewed, and correlated with responsible tectonic structures in the 
area. Those epicenters or locations with earthquakes that could not be reasonably correlated with 
tectonic structures were identifed within general tectonic provinces that occur within the 200 miles of 
the site. The intensities of the historical earthquakes were expressed using the Modified Mercalli 
Intensity Scale of 1931 (MMI) (Wood and Neumann 1931). The reported intensities were considered 
subjective evaluations of the effects of an earthquake on people and the affected environment. 
Through the evaluation of historical earthquake events and intensities for the FEMP region, the 
potential for future seismic activities at the site can be adequately characterized. 

/ 

4.2.1 Historical Earthquakes Affectinn the FEMP Area 

The National Geophysical Data Center in Boulder, Colorado maintains the Earthquake Data Base for 
the National Oceanic and Atmospheric Administration (NOM). The Earthquake Data Base contains 
information on more than 500,000 earthquakes and can provide data on the seismicity of a selected 
region, prepare an edited list of earthquakes chronologically, geographically, or by radial distance from 
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'3 a center point. These types of information for the FEMP vicinity are,presented here as Appendix E, 
and serve as the basis for the following discussion. 

The origins of earthquakes in the Central Stable physiographic region, as with earthquakes throughout 
the eastern United States, are not thoroughly understood at this time. The earthquakes in this region 
appear to be associated with ancient zones of weakness in the Earth's crust that formed during 
continental collision and mountain-building events that took place about a billion years ago. These 
zones are characterized by deeply buried and poorly known faults, some of which serve as the sites for 
periodic release of strain that is constantly building up in the North American continental plate due to 
continuous movement of the plates. When compared to other DOE facilities in Paducah, Kentucky, 
and Oak Ridge, Tennessee, very little seismic activity has occurred near the Fernald site. The 
following discussion reviews the historical earthquake activity in Ohio and the surrounding regions. 

4.2.1.1 Historical Earthquake Activity in Ohio 
Three areas of Ohio appear to have susceptibility to seismic activity. Shelby County and surrounding 
counties in western Ohio have experienced more earthquakes than any other area of the state 
(Figure 4-1). The most frequent and damaging earthquakes in Ohio have originated near the Bowling 
Green Fault zone and the Findlay Arch in the vicinity of the western Ohio town of Anna, Shelby 
County. This area has often been referred to as the "Anna, Ohio," seismic source zone (Figure 4-2). 
During the last 100 years, the Anna area has experienced more that 30 earthquakes; the decade of the 
1930s was the seismically most active period During this time, 23 earthquakes were recorded, 
including the most severe shock ever reported from Ohio. This earthquake, which occurred on 
March 9, 1937, had a reported intensity of WI on the MMI scale and was felt in an area of 
150,000 square miles. A shock of intensity VII preceded the March 9 earthquake by seven days. 
Considerable damage-breaking of dishes and windows, cracking of plaster on ceilings and walls, and 
extensive cracking of masonry in several large buildings, including the school, the firehouse, and two 
churches, was done to buildings in Anna and nearby communities by these quakes. Since the 
considerable activity of the 1930s, only three minor earthquakes have been centered in the Anna area. 

The Anna earthquakes occurred approximately 150 km (93 miles) from the Fernald site. Assuming an 
attenuation of one h4MI per 64 km (40 miles), the site h4MI would have been IV to V at Fernald. 
Zimmer (1970) states an estimated MMI of III at the site of the Zimmer Nuclear Power Plant 
(Figure 4-2). There have been four earthquakes in the Anna, Ohio, area having MMIs of VII. These 
occurred on June 18, 1875; September 30,1930; September 20, 1931; and March 2,1937, a d  would 
probably have resulted in intensities of IV to V at Fernald. The March 2, 1937, earthquake may have 
been a foreshock to the March 9, 1937, earthquake; however, their epicentral locations have been 
listed as being eight km (five miles) apart (Beavers et al. 1982). 

, 
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Figure 4-1 
Epicenters of Historical Earthquakes 

Northeastern Ohio has experienced at least 20 felt earthquakes since 1836 (Hansen 1988). Most of 
these events were small and caused little or no damage. However, an earthquake on January 31, 1986, 
strongly shook Ohio and was felt in 10 other states and southern Canada. This event had a Richter 
magnitude of 5.0 and caused minor to moderate damages, including broken windows and cracked 
plaster, in the epicentral area of Lake and Geauga Counties. 0- 

d 

4-7 



, 

i 64.2 2 
TECH REPORT 5.1A 

June 16. 1993 

40 

35' 

Note: 1. 
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Showing the locatioas of the FEMP and the Zimma and Mahle Hill Nuclear Power plants. 
Dashed line indicates the extent of evaluated area 
Zones idcntifiad above axe listed as follows: 
Zone55 , New Madrid/Reclfoot Rift 
Zone 56 
&ne 57 St. Franc& Mountains 
Zone 58 
Zone 59 

Zone 61 Northem Illinois/Southem Wisconsin 
Zone 62 
Zone 63 Background Zone 
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South Central Illinois Basin 
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Figure 4-2 
Seismic Source Zones of the Central Interior 

(MCKeown et al. 1983) 
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O-) Southeastern Ohio has been the site of at least 10 felt earthquakes with epicenters in the state since 
1776. The 1776 event, recorded by a Moravian missionary, has a very uncertain location. 
Earthquakes in 1901 near Portsmouth, in 1926 near Pomeroy, and in 1952 near Crooksville caused 
minor to moderate damage (Hansen 1988). 

The precise cause or causes of earthquakes in Ohio have not been thoroughly characterized. Data 
from recent tremors indicate focal depths of 12 to 18 miles (20 to 30 km) or less (Hansen 1988). 
These shallow-focus earthquakes suggest minor crustal adjustments like those which occur 
continuously in many parts of the world. The specific nature of these adjustments in Ohio is 
unknown. One factor partially responsible for the lack of precise data on the location of active faults 
or other bedrock structures responsible for Ohio’s earthquakes is the relative infrequency of signifkant 
seismic activity within the state. Collection of defintive data on these bedrock structures is partially 
dependent upon the occurrence of earthquakes that are strong enough to be recorded simultaneously by 
a number of standardized seismograph stations. However, no earthquakes of sufficient magnitude have 
occurred within the state since an adequate distribution of standardized seismographs became available 
in the late 1960s. Future research is expected to provide data from which more precise conclusions 
can be drawn as to the cause of Ohio’s earthquakes. 

~ . _  

4.2.1.2 Historical Earthquake Activitv in Surrounding k e a s  
Based on historical seismic activity, the New Madrid seismic zone and the Appalachian seismic zone 
can be greater threats to the Fernald sites than the Anna, Ohio, seismic zone. The New Madrid 
seismic zone is located in an area of southeastern Missouri and was the site of the largest earthquake 
to occur in historical times in the continental United States (Figure 4-2). Four great earthquakes were 
part of a series at New Madrid in 1811 and 1812. The distance to the December 16, 1811, earthquake 
epicenter from Fernald was 512 lan (320 miles). These events were felt throughout the eastern United 
States and were of sufficient intensity to topple chimneys in Cinchmati (Hansen 1988). Some 
estimates suggest that these earthquakes were in the range of 8.0 on the Richter scale. The estimated 
MMIs for the 181 1 and the 1812 series ranged between VII and WII (Sterns and Wilson 1972). 
These earthquakes resulted in higher intensities at the Fernald sites than earthquakes occurring at other 
locations in Ohio. 

The Appalachian seismic zone has also been an area of recorded seismic activity, although the 
intensities are lower than those observed for the New Madrid seismic zone. An earthquake with a 
Richter maatude  of 5.3 centered at Sharpsburg, Kentucky, on July 27, 1980, was strongly felt 
throughout Ohio and caused minor to moderate damage in communities near the Ohio River and 
southwestern Ohio (Reinbold 1981). This earthquake was felt as far north as Cleveland Ohio, and into 
Canada and as far south as Atlanta, Georgia. The epicentral intensity has been estimated as an MMI 

\* of VII. The earthquake epicenter was approximately 100 km (60 miles) from the Fernald site. 



642 2 
TECH REPORT 5.1A 

June 18,1993 

'*-) Although isoseismal maps for this earthquake had not been completed prior to the report by Beavers et 
al. (Beavers et al. 1982), they estimated that the intensities at both sites were probably in the range of 
MMIs of V to VI. They also pointed out that this earthquake occurred in a very low seismicity area 
and should be considered an isolated event with an approxdate recurrence interval in the 1000- to 
2000-year range'(Reinbo1d 1981). 

Another major historical earthquake from the Appalachian seismic zone that may have had some 
impact on the FEW area took place in Giles County, Virginia on May 31,1897. This earthquake has 
been estimated to have had an epicentral MMI from VII to WI. However, according to Bollinger 
(Bollinger 1981), the impact in the FEMP vicinity was probably insignificant since the estimated 
intensity ranged from an MMI of II to N. It has been proposed that the Giles County area has a 
potential of producing an earthquake of epicentral MMI of IX (Bollinger 1981); however, the resulting 
intensity of this event in the Fernald area would be an MMI of less than VI (Beavers et al. 1982). 

L 

4.2.2 Seismic Risk 
Seismic risk in the eastern United States in general, is difficult to evaluate because earthquakes are 
generally infrequent in comparison to plate-margin areas such as California and because active faults 
do not reach the surface and therefore cannot be mapped without the aid of expensive subsurface 
techniques. The FEMP lies in an area of moderate seismic risk activity (seismic zone two of 
Algermissen 1969). Figure 4-1 is a map of the region displaying the epicenters of strong and 
moderately strong earthquakes that have occurred within 320 km (200 miles) of FEMP (NOM, 1992) 
during the past 200 years. Thenhaus' (1983) seismic source zones of the central interior United States 
as described by McKeown and others (McKeown 1983) are displayed in Figure 4-2, and denoted by 
the two-digit numbers (55-63). The maximum expected earthquakes would occur at the closest 
approach of seismic zones 55-56 to FEMP (Figure 4-2). However, there is also the potential for an 
earthquake of a more localized nature within 10 lan (6.2 miles) of the FEMP in seismic zone 63. 

A great difficulty in predicting large earthquakes in the eastern United States is that the recurrence 
interval (i.e., the time between large earthquakes) is commonly very long, on the order of hundreds or 
even thousands of years. As the historic record in most areas, including Ohio, is only for about 200 
years-an instant, geologically speaking-it is nearly impossible to estimate either the maximum 
magnitude or the frequency of earthquakes at a particular site. Earthquake risk in the eastern United 
States is further compounded by the fact that seismic waves tend to travel for very long distances. 
The relatively flat lying sedimentary rocks of this region tend to cany these waves throughcut an area 

of thousands of square miles for even a moderate-size earthquake. Dama'gig ground motion would 
occur in an area about 10 times larger than for a California earthquake of comparable size. a J 
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An additional factor in earthquake risk is the nature of the geologic materials upon which a structure is 0 
built. Ground motion from seismic waves tends to be magndied by unconsolidated sediments such as 
thick deposits of clay or sand and gravel. Such deposits are extensive in Ohio. Geologic maps, such 
as those prepared by the Ohio Division of Geological Survey, delineate and characterize these deposits. 
Geologic mapping programs in the state geological surveys and the U.S. Geological Survey are 
therefore critical to public health and safety. Liquefaction and intensity of ground shaking depend on 
foundation conditions as well as the size of an earthquake. Buildings constructed on bedrock tend to 
experience much less Found motion, and therefore less damage. The following discussion identifies 
the safe shutdown earthquakes (SSE) and associated peak ground acceleration (PGA] a measure of the 
intensity of ground shaking) for moderately hazardous facilities located on rock or f m  soil. The 
Uniform Building Code seismic risk zone for the Cincinnati area is one on a scale of zero to four. 
This indicates that a slight earthquake could occur in the region of the FEW. Local geologic 
structures and historical seismicity are used to analyze the potential for seismic events and structuk 

m s e .  

The brief historic record of Ohio earthquakes suggests a risk of moderately damaging earthquakes in 
the western, northeastern, and southeastern parts of the state. Whether these areas might produce a 
larger, more damaging earthquake is currently unknown, but detailed geologic mapping and subsurface 
investigations will greatly help in assessing the risk. The risk of surface rupture can be considered 
extremely unlikely for the FEW area. Nuttli states that strong-motion earthquakes are seldom, if 
ever, accompanied by surface rupture in the eastern United States (Nuttli 1981). Furthermore, there 
are apparently no sigrdlcant Paleozoic faults in the region surrounding FEMP (Swinford 1990 and in 
preparation; Brockman 1988). Local faulting appears to be insignificant, and although no geologic 
maps have been published for the Shandon 7.5' quadrangle (where the FEMP is located), the 
Cincinnati West 75 '  quadrangle (immediately to the southeast) has been mapped in considerable detail 
(Ford 1974). In the northwestern suburbs of Cincinnati, no faults have been identified and strata dip 
only a few meters per kilometer (less than 10 feevmile). The Paleozoic stratigraphy of these two 
quadrangles is similar, suggesting that no major faults exist near the FEMP. However, the presence of 
minor faults cannot be completely dismissed. Paleozoic strata are largely covered by Pleistocene 
sediments in the Femaid area, obscuring any fault traces that are older than Pleistocene. 

. 

The apparent absence of local faults in Pleistocene strata is highly sigxufkant. According to Cook 
(Cook 1971). Richter magnitude six or greater (MMI Vm or greater) earthquakes are required to 
produce surface rupture. The fact that no surface ruptures have been found suggests that nc local 
earthquakes of MMI greater than VII have occurred since late (Wisconsinan) Pleistocene time (about 
the last 100,OOO years). Moderate to extensive damage generally accompanies surface rupture, but 
only minor damage occurs without surface rupture. Figure 4-1 is a computer-generated map of 
historically and instrumentally recorded earthquakes within 320 km (199 miles) of the FEMP ( N O M  
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1992). Only one MMI Vm earthquake (at Anna, Ohio in 1937) and no MMI IX or greater 
earthquakes were identified in this computer scan. The nearest MMI VI earthquake occurred in 
northern Kentucky [SO h (50 miles) south of the FEMP]. Ten s igdkant  earthquakes (nine MMI 
VI1 and one MMI VIII) were recorded near Anna, Ohio [115 to 165 km (71 to 102 miles) north of the 
FEW] and in the Wabash Valley along the southern Illinois-Indiana border [210 to 275 km (130 to 
171 miles) west of the FEMP]. No earthquakes larger than MMI III were recorded within 60 km (37 
miles) of the FEW (Beavers et al. 1982). 

In summary, the historical record of seismicity and the absence of Wisconsinan faults show that 
significant damage from local earthquakes at the FEMP is highly unlikely. Based on published 
regional geologic maps of southwestern Ohio, there are no major faults, active or inactive, in the 
vicinity of the FEW. However, the presence of minor faults cannot be completely dismissed, since 
Paleozoic rocks in the Femald area are largely covered by Pleistocene sediments and fault traces older 
than Pleistocene could be obscured. The historical record of seismicity and the absence of post- 
Wisconsinan faults show that siflicant damage from local earthquakes at the FEMP is highly 
unlikely. Throughout the 19th and 20th centuries, no damaging earthquakes have been recorded 
within 71 miles of the FEW. A total of nine earthquakes caused minor damage between 115 and 320 
km (71 and 199 miles) of the FEMP, and one earthquake caused localized moderate damage at Anna, 
Ohio about 130 km (81 miles) north of the FEMP. There appears to be little geological evidence to 
support the hypothesis that potentially damaging earthquakes have occurred in the immediate vicinity 
of the FEMP in the last 100,000 years. 

4.2.3 Pertinent Seismic Evaluations for the FEW and Viciniw 
A' study was conducted by the "ERA Corporation specifically for determining the seismic hazard at 
the Fernald site (TERA Corporation 1981). This study was published in 1981 along with similar 
studies for DOE facilities in Oak Ridge, Tennessee; Paducah, Kentucky; and Portsmouth, Ohio. The 
TERA report states: "The geological features described for Portsmouth apply to the FEMP [Fernald] 
site," and "The FEMP site is close enough to Portsmouth so that events which have been felt at. 
Portsmouth can be inferred to have been felt at the EMP location. 

As a result of its studies, TER4 recommended "best estimate" seismic hazard curves for both 
Portsmouth and Fernald. The recommended PGA levels for Portsmouth and Fernald for the loo-, 
500-, and 1000-year return periods are 0.05 gravitational acceleration (g) and O M g ,  0.09g and O.lOg, 
and 0.l lg and 0.12g, respectively. The larger PGA levels for each of the r e m  periods represents the 
Femald site values. The one standard deviation PGA values at the 1000-year return period range from 
0.1Og to 0.13g for Portsmouth and 0.l lg to 0.14g for Fernald. a. 
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Other studies have been conducted to evaluate the seismic hazard of this same vicinity of the Easrern 
United States and may be applied to the FEMP site. One study was conducted for the Zimmer 
_Nuclear Power Planr near Moscow, Ohio; a second at Marble Hill Nuclear Power Plant, approximately 
121 km (75 miles) southwest of Fernald (Figure 4-2). The Zimmer Nuclear Plant is located 38 km 
(24 miles) southwest of Cincinnati and 328 km (330 miles) from epicenters of the New Madrid 
earthquakes of 1811 and 1812. The Preliminary Safety Analysis Report (PSAR) released in 1970 
(Zimmer 1970) stated: "On the basis of the seismic history of the area, it does not appear likely that 
the site will be subjected to any ground motion of significant levels during the life of the nuclear 
power station." The resulting operating basis earthquake (OBE) and SSE acceleration levels were 
specified as 0.05g and O.lOg, respectively. In 1975, when the Final Safety Analysis Report ( F S A R )  

was published, the OBE and the SSE design accelerations levels had been raised to 0.1Og and 0.20g, 
respectively (Zimmer 1975). The FSAR states: "The greatest ground motion due to an earthquake felt 
at the site in historic time was intensity VI . . . . This was a result of the 1811 through 1812 series of 
earthquakes . . . . The safe shutdown earthquake of intensity VII (Modified Mercalli [MMI) and the 
operating basis earthquake intensity VI (MM) were selected for design." If Nuttli's beliefs about the 
1811 and 1812 events being the largest events that might occur in the New Madrid seismic zone are 
correct, designing the Zimmer Nuclear Plant for an SSE of intensity VII should represent a safe design 

i 

level (Beavers et al. 1982). 

The Marble Hill Nuclear Plant is located approximately 121 km (75 miles) southwest of the Fernald 
site on the Ohio River. In the PSAR (Sinder 1982), it is stat& "the safe shutdown earthquake is 
defined as either a recurrence of a New Madrid-type event at the nearest approach of the Reelfoot 
Seismogenic Region, some 180 miles from the site, or a random intensity VII event occurring near the 
site in the Illinois Basin Region. Using conservative attenuation relationships for the distant event, the 
ground motion at the site from the Reelfoot Region would not exceed intensity VII." It is report$ 
that NRC staff on January 30, 1976, agreed to use an SSE acceleration of 0.20g at the foundation for 
the design of the Marble Hill Station (Beavers et al. 1982). The OBE for the plant was'based on a 
probabilistic approach and was recorhmended as having an acceleration of 0.06g (free field) for 
horizontal ground motion. However, additional conservatism was applied and the OBE was selected 
as 0.08g at the foundation (Beavers et al. 1982). 

4.2.4 Projected Seismic Recurrence Intervals for the FEMP and Vicinity 
Table 4-1 provides PGAs as decimal fractions of the earth's gravitational excelleration for various 
return periods at the FEIvlP. The return period is a measure of the likelihood of an earthqwke 
exceeding a given PGA [e.g., Coats and Murray (1984) estimate that earthquake ground motion will 

exceed a PGA of 0.06g at least once in 100 years]. All DOE general purpose facilities may be 
designed to withstand a 500-year return period PGA of O.lOg, but all new or renovated moderately 
hazardous facilities at the FEMP are required by DOE Order 6430.1A (DOE 1988) to be shut down 
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07 safely in the event of a l w - y e a r  return period PGA of 0.12g at the Em. m e  PGAs at the FEW 

for the maximum expected regional and local earthquakes are 0.20g and 0.18g. respectively. The 
return periods for these ground motions are highly uncertain (approximately 10.000 2 5000 years). 

\ 

TABLE 4-1 
PEAK GROUND ACCELERATIONS FOR GIVEN RETURN PERIODS 

-- .- 

Peak Ground Accelerations . 

(g) 

100 
500 
1000 (SSE)b 
MEEC (regional) 
MEE (local) 

0.06" 
0.10" 
0.1 2" 
0.2od 
0.18 

"Sources: Coats and Murray (1984); Beavers and others (1982). 
bSafe shutdown earthquake (SSE) for facilities (DOE 1988). 
CMEE is the maximum expected earthquake. The return period for these ground motion are 
highly uncertain (approximately 10,000 & 5,000 years). 

%ased on Campbell (1981). 

The PGA estimates in Table 4-1 are based on the assumption that the facilities are built on firm or 
cohesive ground. Facilities built on relatively cohesionless soils may experience more severe ground 
accelerations or may fail by liquefaction (a physical state wherein the soil behaves as though it were a 
liquid and thus fails to support a load placed upon it). FEMP former production area facilities are 
generally sited on glacial till, which has no liquefaction po!ential. Outside the former prduction area, 
however, several of the waste pits constructed along a tributary to Paddys Run may be underlain by 
soft Holocene alluvium. Liquefaction potential of the alluvium is uncertain. Standard penetration tests 
and grain-size distribution analyses would be needed to determine whether these sediments are 
sensitive to liquefaction. 

- 

Ground motion amplification may also k a concern at FEW. All facilities at FEMP are sited above 
thick glacial outwash sand and gravel of the New Haven Trough. This may cause the amplification of 
PGAs above the estimates provided in Table 4-1. DOE Order 6430.1A require that all of the 
previously discussed unusual foundation conditions be taken into consideration in designing and 
renovating facilities. The following sections will evaluate these types of concerns for the FEMP area. 
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'-') 4.3 DESIGN BASIS EARTHOUAKE 
Based upon the above considerations, an evaluation of a site design earthquake was made considering 
a combination of both the deterministic approach and the probabilistic approach. The deterministic 
approach is based upon the physical properties of the source, e.g., where are the potential faults, what 
are their lengths and depths, and are the faults geologically active or inactive. In addition, in order to 
use the deterministic approach to estimate earthquake motions, the magnitude or intensity at the 
epicenter and appropriate attenuation relationships must be known. The probabilistic approach is 
based upon estimating the possibilities of the occurrence of various levels of earthquake that might 
occur at a particular site. It should be noted that a major uncertainty with the probabilistic approach is 
the lack of historical data of earthquake occurrences to make confident estimates about the future. 
This is especially me in the eastern United States since very few earthquakes, relative to the west, 
have occurred during the 300-year historical record. Regardless of the uncertainties when using the 
probabilistic approach, the probabilistic approach for evaluating the seismic hazard at a particular site 
is beneficial, especially when one is concerned about less than "maximum credible" events. However, 
the use of the probabilistic approach for estimating earthquake events for r e m  periods greater than 

lo00 years is subject to question since only 200 to 300 years of useful historical earthquake data exist 
in the United States. 

,- 

- 

For the deterministic approach, the geology of the surrounding area indicates that local faulting in the 
area of the Fernald site is limited and no major faults exist near Femald. The Bowling Green fault, 
which lies approximately 120 miles to the north of the site, is th,e closest fault system within the site 
area. In addition, there is no geologic evidence that potentially damaging earthquakes have occurred 
near Fernald in the last 100,OOO years. The local geology consists of 40 to 60 feet of clay which is 
underlain by 150 to 200 feet of sand and gravel with clay and silt seams. Below the sand and gravel 
layer is the shale and limestone bedrock formation. 

Historically, the largest earthquake to occur within a 200-mile radius of the site was a MMI of VII to 
Vm due to the March 9,1937 earthquake near Anna, Ohio (81 miles from site). This earthquake 
effect produced a MMI of V at the Femald site. The largest MMI VII to occur within the 200 mile 
radius was 71 miles from the site, which produces a MMI IV to V intensity earthquake at the site. 
The nearest MMI VI earthquake occurred 50 miles from the site, and produced a MMI lV to V 
intensity earthquake at the site. No earthquakes larger than MMI III have been recorded within 

37 miles of the site. However, the greatest earthquake at the site in historic times was due to the New 
Madrid earthquake of 1811 to 1812. Although this epicenter is 300 miles,from the site, the intensity 
level at the site was MMI VII. Therefore, the largest earthquake to occur at the Fernald site in historic 
times was that due to the New Madrid 1811 to 1812 destructive earthquake. Using the Trifunic-Brady 
attenuation relationship (Trifunic and Brady 1976), the corresponding peak horizontal ground 0 

_i 
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e 
/-) acceleration at the Fernald site due to the New Madrid earthquake is 0.14g and that due to the Anna, .__ - 

Ohio earthquake is 0.04g (Appendix E). 

For the probabilistic approach, seismic risk based upon an acceptable return period of the earthquake 
forms the basis for design ground acceleration evaluation. Seismic risk is the probability of 
Occurrence of an earthquake with a given return period during the specified design life of the facility. 
Therefore, the return period is a measure of the likelihood of an earthquake exceeding a given PGA. 

.. - 

A report (Beavers et al. 1982) entitled "Recommended Seismic Hazard Levels for the Oak Ridge, 
Tennessee; Paducah, Kentucky; Femald, Ohio; and Portsmouth, Ohio, Department of Energy Sites" 
recommends seismic hazard levels for various DOE sites. A seismic hazard evaluation of the FEMP 
site was conducted by TERA in 1981 and included as part of the above report (TEFL4 1981). As a 
result of its studies, TERA has recommended "best estimate" seismic hazard curves for the FEMP site. 
The recommended PGA levels for the 100-year, 500-year, and 1000-year return periods are 0.06g. 
O.fOg, and 0.12g, respectively. The authors of the report recommend effective PGA (EPGA) values 
corresponding to the 100-year, 500-year, and 1000-year return periods of O.O3g, O.O8g, and O.lOg, 
respectively. The definition of EPGA is that acceleration which is most closely related to structural 
response and to damage potential of an earthquake; it differs from and is less than the peak free-field 0 ground acceleration. 

In addition to the above, DOE Order 6430.1A (DOE 1989) references UCRL-15910 (UCRL 1990) 
which defines the various categories of hazards in terms of annual exceedance probabilities of an 
earthquake. The exceedance probabilities are given in terms of general use facility, important or low 
hazard facility, moderate hazard facility, and high hazard facility. A summary of the seismic hazard 
probabilities is given in Table 4-2. 

TABLE 4-2 
SEISMIC HAZARD PROBABILITIES 

Category EarthquakeHazardhual 
Exceedance Probability 

General Use 2 

Important or Low Hazard 1 

Moderate Hazard 1 

High Hazards 2 x  10' 

. ' Liquefaction and intensity of ground shaking depend on subsurface conditions as well as the size of an 
earthquake. Facilities built on relatively cohesionless soils may experience more severe ground 

J 
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O-3 accelerations or may fail by liquefaction (a physical state wherein the soil behaves as though it were a 
liquid and thus fails to support a load placed upon it). Ground motion amplification may also be a 
consideration at the FEMP site. AU facilities at the FEW site are located above thick glacial outwash 
sand and gravel which may cause amplification of the PGA’s discussed above. Based upon the above 
considerations, the design basis earthquake to be used for liquefaction analysis of the FEMP site is 
0.13g PGA. This value is representative of the expected maximum ground acceleration based upon 
both historical seismic activity and probabilistic evaluations for a return period of 1000 years. 

_- - - 

4.4 SUMMARY 

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

The Cincinnati Arch which extends northward from Tennessee to the westem border of 
Ohio and Kentucky 

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

The largest known earthquake to have occurred in Ohio occurred in the Anna, Ohio area on March 9, 
1937 and has been listed as MMI of VII to WI. The corresponding h4MI at the FEW site would 
have been IV to V. There have been four earthquakes in the h a ,  Ohio area having MMIS of VII, 
and would probably have resulted in intensities of IV to V at Fernald. However, it appears that based 
on historical activity, the New Madrid seismic zone can be a greater seismic threat to the FEW site 
than the Anna, Ohio seismic zone. The MMI at the FEMP site for the 1811 to 1812 New Madrid 
series earthquake is VII based upon an isoseismal map of the December 16, 1811 earthquake 
(Algemissen 1983). 

For new facilities, there are usually two earthquake levels to be considered in design. The design or 
operating level earthquake corresponds to a 100-year return period for a 50-year design life facility. 
The maximum or most credible earthquake corresponds to a return period in the range of 500 years to 
1000 years. When safety is a consideration for new facilities, the facility should be designed to 
approximately a 500-year return period earthquake level. For the FEMP site, the 100-year return 
period design basis earthquake corresponds to 0.06g PGA. Similarly, the 500-year to 1OOO-year most 
credible earthquake corresponds to a PGA of 0.1Og to 0.12g. In addition to the above, all new or ’ 

.J 
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renovated moderately hazardous facilities at the FEMP Site are required by DOE Order 6430.1A (DOE 
1988) to be shut down safely in the event of a 1000-year renun period PGA of 0.12g. 

However, the revised DOE Order 6430.1A (DOE 1989) references UCRL-15910 "Design and 
Evaluation Guidelines for Department of Energy Facilities Subjected to Natural Phenomena Hazards" 
as an acceptable approach for design evaluation of DOE facilities for the effects of natural phenomena 
hazards. For the FEh&, UCRL-15910 recommends maximum horizontal ground surface accelerations 
of O.lOg, 0.13g, and 02Og for earthquake hazard annual exceedance probabilities of 2 x 1 x lo", 
and 2 x l@, respectively; that is, return periods of 500-year, 1OOO-year, and 5000-year, respectively. 

- -_ - -----I-_--_- 
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5.0 ENGINEERING ANALYSIS 

7 

This section presents and discusses the parameters and results of the geotechnical evaluation. Aspects 
of this evaluation include erosion and sedimentation control calculations, surface water management, 
slope stability analysis, settlement and bearing capacity calculations, water infiltration estimates, and 
liquefaction analysis. -__ -- . 

5.1 EROSION CONTROL AND SURFACE WATER MANAGEMENT 
As discussed in Section 2.1, the OSDC must be designed, constructed, and operated to control erosion 
and to provide surface water management for long-term stability. This section evaluates the potential 
of erosion on the OSDC, addresses erosion control measures, and analyzes surface water management 
practices. 

5.1.1 Erosion Control 
The first step in assessing erosion potential was to compare the existing surface and subsurface 
features of the site with design criteria discussed in Section 1.2.4. The existing site features met most 
of the technical requirements for a land disposal facility. One favorable feature of the site is the 
topography along the western border of the OSDC siting area which functions as a diversion terrace or 
ridge. The terrace hverts storm water generated to the east and north away from the future waste 
disposal areas, and drains the storm water to the east toward the Great Miami River. Terraces and 
benches will be designed into the multi-layered cap, as necessary, to prevent erosion. 

, b 
5.1.1.1 Erosion and Sedimentation Control Calculations 
Calculations were performed to verify that soil erosion rates associated with the final design met the 
erosion control standards, as well as the requirements set by the Bureau of Soil and Water 
Conservation (Bureau of Soil and Water Conservation 1990). These calculations used the USLE as 
presented in Appendix F. The USLE computes the dry weight of the soil loss in tons by multiplying 
the rainfall erosion index by the slope length factor, the slope gradient factor, the cropping 
management (vegetation factor), and the erosion control practice factor. The annual soil loss from the 
OSDC siting areas was predicted to be 0.15 tons per acre per year (tons/acre/year). The results 
indicate that the total soil erosion rate will be less than the maximum allowable erosion rate of 
2.0 tons/acre/year, mhimking gully development and cover maintenance. 

. 

I 

5.1.1.2 Erosion Control Measures and Facilities 
The following control measures and facilities will help to minimize erosion and sedimentation in the 
OSDC siting area: e.., 
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Storm water diversion - All surface water will be diverted away from the OSDC siting 
area through perimeter ditches around the landfill. For permanent diversion, the ditches 
will have a capacity to convey 2.75 cubic feet per second per acre of land mbutary. 
The man-made ditches will be grassed or lined with erosion resistant material to prevent 
accelerated erosion within the ditches. Additional erosion control measures and conuol 
facilities as presented below may be employed to further reduce potentials of erosion. 

e -  
Limiting exposed areas - All earthmoving activities will be conducted in such a manner 
as to minimize the areal extent of disturbed land. 

Velocity control - All permanent ditches for the conveyance of water around, through or 
from the operation areas will be designed to limit the velocity of flow to less than the 
maximum permissible velocity. - 

Stabilization - All slopes, channels, ditches, or any disturbed area will be stabilized with 
vegetation and/or erosion resistant material as soon as possible after the final grade or 
final earthmoving has been completed. At the closure, a three-foot-thick soil cover will 

capable of indefinitely sustaining plant species that will minimize erosion @PA, 
Technical Guidance Document 1989). The side slope of the landfidl cap will be sloped 
at 10 percent [lo (horizontal) to 1 (vertical)] to minimize possible erosion and sliding. 

be established as the top layer in the landfill cap. The soil used in the top layer will be J 

Storm water retention basins - The storm water from the waste disposal operation areas 
will be controlled and retained by the use of retention basins and ditches prior to being 
treated at the Waste Water Treatment Plant. Storm water retention basins were con- 
structed in 1986 and 1989 at the head of the Stom Sewer Outfall Ditch. The basins are 
designed to retain the runoff from a lO-y&r, %hour rainfall event. 

Fences - Additional fencing (Le., silt fence and wind fence) will be able to minimize 
wind erosion and soil loss from the OSDC area. The integrity of the fences will be 
inspected on a regular basis. 

5.1.2 Surface Water Management Analysis 
As presented in Section 3.1.1 in regard to the surface topography, the FEW area (including the 
OSDC siting area) generally slopes in the east-to-west direction. The surface drainage in this area is 
expected to flow west towards Paddys Run, except that surface water from the areas at the northeast 
comer and to the east of the OSDC siting area apparently flows east toward the Great Miami River. 

The objective of this analysis is to develop a storm water management approach which minimizes the 
potential impacts €tom surface run-on and runoff and promotes long-term stabilization of the OSDC. 
The surface run-on and runoff will be collected in perimeter ditches and flow by gravity thnugh 
manmade channels into retention basins for sedimentation to occur prior to discharging into natural 
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0) 5.1.2.1 Current Design Considerations 
The design considerations currently employed for surface water management include erosion control 
measures (Le., terraces and benches on side slopes, perimeter ditches, and erosion-resistant slopes) and 
grades of the OSDC at completion. The final slope at the crest of the completed portion of the OSDC 
is designed to be three and five percent. The side slopes of the final cover of the OSDC are 
10 percent. These measures will minimize the effects of surface water erosion and promote structure 
stability. 

Surface run-on and runoff generated at or surrounding the OSDC area will be collected in the 
perimeter ditches. Surface water collected from the eastern pomon of the OSDC will be directed to a 
low elevation outfall point near the southeast comer of the former production area as shown in 
Figure G-1 (Appendix G). It is assumed that the surface water will be conveyed into the existing 
retention basins via manmade ditches. The existing retention basins were used to receive the 
stormwater runoff from the former production area and some of its adjacent areas, only during heavy 
rainfall or in the event of an overflow. The retention basins will also collect the storm water from the 
FEMP parking lot. Collected water retained in the retention basins is currently pumped into 
Manhole-175 located at the south boundary of the Sewage Treatment Plant (DOE 1992~). In addition, 
approximately 177 cfs of storm water collected from the east portion of the OSDC area is also directed . 
into this retention basin. The retention basins were constructed in 1986 and 1989 at the head of the 
storm sewer outfall ditch, and were designed to retain the runoff from a 10-year, %-hour rainfall event 

. 

0) 
’ (DOE 1990). 

Surface water collected from the northern portion of the OSDC will be conveyed via perimeter ditches 
to a new outfall point near the northwest comer of the former production area. The discharge will 
then be regulated through a new retention basin located between the outfall point and Paddys Run, to 
the north of the former production area. The outflow from this retention basin will travel through the 
existing waterway of Paddys Run and be combined at the confluence point where the designated storm 
sewer outfall ditch joints Paddys Run near the southern border of the FEMP site. The combined 
surface water will flow southward into the Great Miami River near New Baltimore. 

5.1.2.2 Methodology 
The analysis of surface water management utilizes information and methods described in the 
documents from the Soil Conservation Service (SCS 1986) and U.S. Weather Bureau (US. Weather 
Bureau 1961). 

The SCS method, generally referred as the TR-55 method, was developed to provide practical 
solutions for a wide variety of small watershed hydrology problems kluding computation of peak dis- 
charge, generation of hydrographs, reach routing, and estimation of detention storage. TR-55 was . -’ 
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originally developed by the SCS in the 1970s. and was revised in June of 1986. The Tabular 
Hydrograph method was selected for calculating the hydrogTaph for small watersheds, using time of 
concentration (Tc) and travel time (TJ from a subarea as inputs. The Tabular Hydrograph method can 
develop partial composite flood hydrographs at any point in a watershed by dividing the watershed 
into homogeneous subareas. Therefore, with subdividing and adding of subareas, the method can 
estimate runoff from nonhomogeneous watersheds. As a general rule, the Tabular Hydrograph method 
is applicable to watersheds with Subarea T, between 0.1 and 2.0 hours, and Subarea Tt from 0.0 to 
3.0 hours. 

- .. 

5.12.3 Peak Discharge Calculations 
The surface water management measures are described in previous sections and depicted in Figure G-1 

in Appendix G. The design storm utilized for calculations of peak discharge in perimeter ditches and 
retention basins is a 25-year return period and 24-hour duration storm, as generally accepted by 
regulatory agencies. 

A computer program, named Quick TR-55 (Haestad 1986), which uses SCS TR-55 computational 
procedures, was developed by Haestad Methods, Inc. In addition to those functions of SCS TR-55, 
Quick TR-55 can compute hydrographs using the Rational Method, Modified Rational, and other 
methods. The program computes time of concentration, weighs roughness coefficients, generates 
hydrographs, and computes peak discharges. 

Quick TR-55 was utilized to estimate the peak flow in each section of the perimeter ditches. The 
calculations of peak discharge were individually performed for the eastern and northern portions of the 
OSDC, based on the hydrologic independence of the watershed. The detailed computations are 
presented in Appendix G, and the subareas and typical perimeter ditch are shown in Figure G-1. 

The eastern portion of the OSDC area was subdivided into six subareas. Surface water from 
Subareas 1.2.3, and 4 of the eastern portion of the siting area are discharged into the southern outfall 
point from the south. Surface water from Subareas 5 and 6 within the eastern portion of the siting 
area are conveyed into the same outfall point from the north. 

The western portion of the OSDC area was subdivided into three subareas. The northern outfall point 
(at the northwest comer of the former production area) will receive the flow from Subareas 1’ and 2’ 
of the western portion of the OSDC. The water discharging into the same outfall point from the east 
is the surface water generated from Subarea 3’. In generating the final composite hydrograph, the lag 
time to reach the peak discharge from each subarea was taken into consideration. The subareas, 
acreages, and the peak discharges generated from the composite hydrographs are presented in 

3 Table 5-1. 
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TABLE 5-1 

PEAK DISCHARGES FROM SUBAREAS OF OSDC 

Subarea Area (acres) Peak Discharge (cfs) 

Eastern Portion of OSDC 

Western Portion of OSDC 

24.9 
90.0 
10.0 
31.6 
62.9 
13.0 

31.1 
8.3 

74.0 

29 
109 
112 
1 20 
69 
78 

47 
53 
87 

5.1.2.4 Sizing of Perimeter Ditches 
Sizing of the perimeter ditches was accomplished by using the computer software FlowMaster, 
developed by Haestad Methods, Inc. (Haestad 1990). The sizing calculations are also presented in 
Appendix G. The input parameters, including dimension, flow capacity, flow velocity, flow depth, and 
Manning's coefficient of roughness, of the perimeter ditches are S- in Table 5-2. 

In order to protect the perimeter ditches from erosion, sections of the channels where steep slopes exist 
will be vegetated, or be protected with riprap or other erosion resistant materials. The flow velocities 
in sections of the perimeter ditches as shown in Table 5-2 are within the maximum permissible velo- 
city as recommended in soil conservation literature. Where a higher Manning's coefficient (Le., 0.060 
as indicated in Table 5-2) exists for sections of the perimeter ditches, the recommended specification 
for riprap is that 50 percent of the riprap have diameters equal to or greater than six inches. 

5.1.2.5 Sizing of the Retention Basins 
The retention basins serve to attenuate and store the inflow, deposit the sediment, and regulate the 
outflow. The existing retention basin, which is located near the southeast corner of the former 
production area, was designed to retain the runoff from a 10-year, %-hour rainfall event. Surface 
water collected from the northern portion of the OSDC will be treated by the proposed new retention 
basin which is located near the northwest comer of the former production area. 
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TABLE 5-2 
DIMENSION AND HYDRAULIC PARAMETERS OF PERIMETER DITCIfES 

Bottom Flow Flow Flow Manning's 

(ft) (cfs) (4)s) (ft) (n) 
Subarea Width Side Slope Capacity Velocity Depth Coefficient 

~ 

Eastern Portion of OSDC 

1 5 1.5H:lV 
2 5 1.5H:lV 
3 5 1.5HlV 
4 5 1.5H:lV 
5 5 1.5H:lV 
6 5 1.5HlV 

Western Portion of OSDC 

1' 3 1.5HlV 
2' 3 1.5HlV 
3' 5 1.5HlV 

29.3 
110.0 
112.7 
120.5 
71.2 
79.8 

55.5 
58.5 
89.3 

2.7 
2.5 
3.1 
3.2 
2.0 
2.1 

3.3 
3.1 
2.3 

1.5 
4.0 
3.5 
3.7 
3.5 
3.7 

2.5 
2.7 
3.7 

0.060 
0.034 
0.034 
0.060 
0.034 
0.034 

0.060 
0.060 
0.034 

Quick TR-55 was used to estimate the storage volume of the retention basins required for surface 
water management. The estimation was based on retaining runoff from a 25-yearY =-hour rainfall 
event. The required inputs include peak inflow, inflow runoff, drainage area, rainfall distribution type, 
and designed peak outflow. The storage volumes of these retention basins as estimated by Quick 
TR-55, along with the peak inflow, inflow runoff, and outflow, are summarized in Table 5-3. 

TABLE 5-3 
SUMMARY OF RETENTION BASINS CALCULATIONS 

Retention Peak M o w  Peak Storage 

Basin Inflow Runoff Outflow Volume 

(cfs) (in) (cfs) (acre-feet) 

Existing Basins 177 2.01 90 10.6 
(south of former 
production area) 

New Basin (north 126 1.93 50 
of former 
production area) 

5 -6 
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e-) 5.2 Slope Stabilitv Analysis 
Slope stability analyses were performed to assess the stability of the OSDC under various conditions 
and load combinations, including seismic forces, as follows: 

: 

Case Conditions/Load Combinations 

Minimum 
Factor of 
Safety* . .. . 

1. Construction condition/total stress analysis 1.5 

2. Long-term steady state condition/effective stress analysis 1.5 

3. Long-term steady state condition with seismic loading/effective stress 
analysis 

*USACE 1970 

1 .o 

5.2.1 Method of Analysis 

The stabilities of the slopes considered were analyzed for the cases stated above using the 
"PCSTABLS" computer p&gram developed by Purdue University @due 1986). Soil parameters 
including moist unit weight, saturated unit weight, cohesion and friction angle were entered into the 
data base for each layer in the cap and base of the tumulus. The OSDC geometry was also inputted. 
The 'TCSTABL5" computer program utilized the Modified Bishop Method with these data to generate 
trial failure surfaces and corresponding factors or safety. A search routine was used to determine the 
failure surface having the minimum factor of safety (i.e., the most critical). The curves representing 
these failure surfaces along with the corresponding results of the analysis are shown on Figures 5-1 
and 5-2. L 

5.2.2 Slope Geomem 
Two slopes were considered in the stability analysis. The base case utilizes a slope of 1OH:lV. 
Analysis indicates that 6H:lV side slopes will significantly increase the volume of waste that can be 
stored in the facility, therefore, this case was evaluated for slope stability to provide comparison to the 
base case. The OSDC geometries used in the analysis of both cases are as shown below. 

- 

The sides are sloped at 1OH:lV or 6H:lV. 

The top of the cap has a five percent slope. 

. The cap is 16.5-feet thick and is composed of the following five layers: 

- Vegetative soil (3-feet thick) 
- Drainage layer, sand, and gravel (2-feet thick) 
- Roller compacted concrete (5-feet thick) 

5-7 000093 
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June 18.1993 ., - Compacted clay (4-feet thick) 
- Common fill (thickness varies). 

The waste material at the center line of the tumulus is 40-feet (10H:lV) or 48-feet thick 
(6H: 1 V). 

The base of the tumulus (directly beneath the waste material) is sloped at two percent 
and is composed of the following five layers: 

- Reinforced concrete mat (one-foot thick) 
- Leachate collection, sand, and gravel (two-feet thick) 
- Compacted clay (three-feet thick) 
- Leachate detection, sand, and gravel (two-feet thick) 
- Compacted clay (three-feet thick) 

5.2.3 Soil Parameters 
Soil parameters were selected based on either laboratory testing results or available literature (Hoek 
1975, Hsu 1992, IT Corporation 1992, and Teng 1978) for similar material. These parameters are 
considered to be conservative. Appendix H of this report details how the soil parameters were 
obtained. A summary of the soil parameters is shown on Figures 5-1 and 5-2, and in Table 5-4. 

5.2.4 Seismic Analysis 
The seismic coefficient at the FMPC was selected as 0.13g. This seismic coefficient (see Section 4.0) 

\ 

is based on a DOE design guideline (Kennedy 1990). During the computer calculations, the seismic 
coefficient is multiplied by the soil mass, resulting in a horizontal force that is applied to the potential 
failure mass. 

5.25 Results of Slope Stability Analysis 
Through use of the search routine of the PCSTABLS program, the most critical failure surface was 
generated for each case using the data stated above. The critical failure surfaces are shown on 
Figure 5-1 for the 1OH:lV slope and on Figure 5-2 for the 6H:lV slope. Results for each case are 
tabulated on the figures and are shown below in Table 5-5. The computer printout for the PCSTABLS 
program is included in Appendix H. 

I 

5.2.6 Comparison of Slope Stability Results for 1OH:lV Side Slopes Versus 6H:lV Side Slows 
A comparison of the factors of safety for a tumulus with 1OH.lV side slopes versus 6H:lV side slopes 
is shown in Table 5-5. The comparison shows that the factors of safety for the tumulus with 6H:lV 
side slopes are lower than the factors of safety for the tumulus with 10H:lV sidewalls. In all cases the 
factors of safety are acceptable against failure under the assumptions stated above. 

0, 
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TABLE 5-4 
SOIL PARAMETERS FOR SLOPE STABILITY ANALYSIS 

soil Moist Saturated 

No. Weight Weight 
Layer Soil Type Unit Unit Total Stress Effective Stress 

(PCF) (PCF) Cohesion Friction Cohesion Friction 
(PSF) Angle (Psm Angle 

P E G )  P E G )  
1 

2 

3 

9 

10 

11 

12 

13 

14 

Vegetative 

Drainage layer, 
sand and gravel 

Roller compacted 
concrete layer 

Clay Liner 

Common Fill 

Waste 

Reinforced 
Concrete Mat 

Leachate 
collection, sand 
and gravel 

Clay Liner 

Leachate detection, 
sand and gravel 

Clay liner 

clayey till 

Sand and gravel 
layer 

Bedrock 

Brown, gray, 

110 

125 

150 

125 

110 

130 

150 

125 

125 

125 

125 

120 

130 

150 

1 20 

130 

150. 

127 

115 

140 

150 

130 

127 

130 

1 27 

123 

135 

150 

0 

240 

0 

360 

0 

0 

0 .  

240 

360 

240 

360 

780 

0 

0 

33 

35 

40 

13 

33 

35 

40 

35 

13 

35 

13 

21 

39 

40 

0 

240 

0 

375 

0 

0 

0 

240 

375 

240 

375 

500 

0 

0 

33 

35 

40 

24 

33 

35 

40 

35 

24 

35 

24 

32 

39 

40 

, 

\ 
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TABLE 5-5 
MINIMUM FACTOR OF SAFETY 

1OH:lV SIDE SLOPES VS. 6H:lV SIDE SLOPES 

10H:lV Side Slows 6H:lV Side Slopes 

Case Number W/O the Seismic W/ Seismic W/O the Seismic W/ Seismic 
Coefficient Coefficient of Coefficient Coefficient of 

0.13g 0.13g 
1 - Immediately 5.8 I -- 3.7 -- 

after construction 

2 - Long-term, 7.1 
steady state, w/o 
' seismic 

3 - Long-term, 
steady state, w/ 

seismic 

3.0 2.6 

A comparison in storage capacity between the tumulus with 10HlV side slopes and the tumulus with 
6H:lV side slopes reveals that the 6H:lV tumulus can store a considerably greater quantity of 
radioactive waste material than a tumulus with 10HlV side slopes. 

An acceptable factor of safety found in the literature (USACE 1970)'for soil structures is 1.5 
(nonseismic condition) and 1.0 when an earthquake condition (seismic loading) is assumed. The 
results of the slope stability analysis indicate that the tumulus with 6H:lV sidewalls has acceptable 
factors of safety against failure under the assumed conditions. 

5.3 SETTLEMENT AND BEARING CAPACITY 
This section provides an analysis of the results of the consolidation settlement and bearing capacity 
calculations required to design the foundation of the OSDC facility. 

5.3.1 One-Dimensional Consolidation Settlements 
In order to evaluate the suitability of the tumulus, it was necessary to estimate the settlements of the 
foundation as a result of the static loads transmitted from the OSDC to the underlying soil. When 
foundation loads are transmitted to a cohesive subsoil (such as the material found in the siting area) 
there is a tendency for volumemc strains to occur which, in the case of a saturated soil, are 
accompanied by an increase in pore water pressure. Consolidation settlement refers to settlement 
resulting from primary consolidation where the time rate of settlement is dictated by the rate at which 
water can be expelled from the void spaces in the soil. ) I 

5-12 O G 0 0 9 8  



- -  

a] Consolidation settlement is simplified in Terzaghi’s theory by assuming that volumemc strains occur 
only vertically. Hence, this analysis is referred to as one-dimensional consolidation settlement. 

Classification of Overconsolidated clay 
Prior to a prediction of settlement behavior in the field, it is necessary to determine whether the 
deposit is normally consolidated or overconsolidated. A soil deposit that has been subjected to a 
pressure greater than that of the present overburden is called overconsolidated. If the present effective 
overburden pressure is the maximum pressure to which the soil has ever been subjected at any time in 
its history, the deposit is referred to as normally consolidated. 

I 

The FEMP site lies just north of the boundary between the southernmost extent of continental glaciers 
(Pleistocene glaciation) and the ancient unglaciated upland. Three major continental glaciers advanced 
as far south as Cincinnati. These were the Kansan or PIL-Illinoisan (approximately more than 

1,200,000 years ago), Illinoisan (approximately 400,000 to 125,000 years ago), and Wisconsinan 
(approximately 70,000 to 11,OOO years ago) glacial episodes. The glacial till, a mix of clay, sand, and 
gravel, is unevenly deposited throughout the area and makes up the local overburden. During 
continental glaciation, most of the earth’s water was stored as ice on the continents causing a 

si@icant overburden pressure. This overburden pressure, induced by the glaciers deposition, resulted 
in the overconsolidation of the glacial till. 

The verification of an overconsolidated clay stratum underlying the OSDC siting areas may also be 
demonstrated through reconstruction of a field virgin compression curve using the laboratory 
compression curve. The preconsolidation pressure (dP) from the field compression curve was found 
to be 3.2 tsf at the depth where the sample was collected, while the present effective overburden 
pressure (do) from the same field virgin curve showed 1.5 tsf. Since do is less than dp, the soil is 
classified as overconsolidated. The computation is presented in Appendix I. Thus, calculations for the 
long-term induced consolidation settlements were performed for the case of overconsolidated clay. 

Vertical Soil Pressure Due to Structural Loads 
It is usually convenient to determine the vertical soil pressures due to applied structural loads’by use 
of an influence diagram prepared by Newmark (Newmark 1942). Because the spatial extent of the 
sfrip foundation is very large, compared to the depth where the pressure is calculated (width and depth 
of the tumulus’s landfill foundation are typically 1200 feet and 24 feet, respectively), the vertical 
pressure calculations will be made by counting all squares, partial squares, and pie-shaped areas. As 
such, it can be assumed that the vertical pressures beneath the landfill at any shallow to medium depth 
are uniform, and have the same magnitude as at the bottom of the tumulus. 
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O) Method of Analyses 
Settlement calculations were performed by the computer software entitled "One Dimensional 
Consolidation Analyses," developed by Dr. J. S. Lin of the University of Pittsburgh. The program is 
applicable to both normally consolidated soil and overconsolidated soil. The void ratio vs. log 
pressure curve can be entered as the input to reproduce the laboratory curve. The user can select as 
many material types and layers as desired. Each layer can be further subdivided into many 
intermediate layers. The applied loadings can be entered as either uniform loading or time-dependent 
loading. Manual calculations were also performed to verify the computer results. 

In the computer analysis, the structural loading rate was timedependent, also, a gradually increased 
rate was assumed for the waste placement. Total simulation time for consolidation settlements was 
15 years. 

Total Settlements 
The construction sequence of placing the concrete blocks which contain the stabilized low level waste 
is another factor in considering the total settlements and the time rate of settlements. The time 
required to complete the placement of waste ranges from five to fifteen years. Therefore, one would 
expect that the majority of settlements will be gradually induced during the construction period. When 
the waste placement rates are considered instantaneous, it is also implied that the rate of application of 
waste is very fast when compared with the rate of dissipation of excess pore-water pressure in the 
soils. In this case, the settlements induced in the glacial till were estimated to be 4.4 inches and 
5.7 inches by manual calculations and computer analyses respectively. Manual calculations were 
performed with the assumption of one layer of till, while computer analysis subdivided the till into 
10 layers and provided more detailed calculations. Settlements induced within the clay and silt layer 
(at depth of 108 to 133 feet below ground surface) were manually calculated as 1.3 inches; while 2.5 
inches of settlements were predicted by the computer. Calculations and results appear in Appendix I. 

If the waste placement rates are gradual enough such that no excess pore-water pressures are 
introduced in the foundation soils, it will generally require more time to reach the same amount of 
consolidation settlement than if instantaneous loading is assumed. However, it makes no difference in 
the magnitude of f d  settlements between the two conditions. Immediate settlement occurs in the 
sand and gravel layer underlying the glacial till. This type of settlement is primarily a consequence of 
distortion within the foundation soils, which are relatively small and can be considered negligible. 
Ultimately, the final settlements experienced by the foundation are predicted to be about 8.2 inches, as 
estimated by computer. Figures 5-3 and 5-4 show the comparison of rates of settlements and rates of 
consolidation in the glacial till between gradual loading rates and instantaneous loading rates. 
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Differential Settlements 
The geologic condition of the OSDC shows uniform clayey till in the northern portion, and fairly 
uniform clayey till in the eastern portion. Differential settlements are generally not likely to occur 
within a uniform soil stratum (i.e., the clayey till). 

The approximate stress distribution from the waste and tumulus cap overlying the surface is assumed 
to be unifom over an area of the same shape as the loaded area on both the surface and at any depth 
below the ground surface. This assumption is reasonable and valid only if the width of the foundation 
is very large when compared to the vertical distance to the middepth of clay stratum. In this case, the 
ratio of landfii width to mid-depth of glacial till is approximately 50, which is much greater than one. 
Therefore, differential settlements are not likely to occur. 

The results found in Appendix I indicate that the time to reach 50 percent of consolidation is 
approximately 2 1/2 years. Within the fust few years of the construction period, the majority of 
consolidation settlements will be reached. With gradual application of waste, the computer analyses 
indicated that the rates of consolidation in the glacial till will reach approximately 67 percent at the 
end of five years. However, the rates of consolidation experienced in the same soil stratum under the 
instantaneous loading rates are faster than that under gradual application of waste. This will cause the 
clayey til l to reach nearly 80 percent of its consolidation at the end of the fifth year of simulation. 
The detailed calculations are presented in Appendix I. 

Pore-Water Pressure and Rate of Settlement 
The computer analyses indicated that the time required for the excess pore-water pressure to be 
expelled from the voids ranged from 12 to 15 years. 

v 

5.32 Bearing Capacity 
The'bearing capacity in the strip foundation must be large enough to ensure that the foundation is safe 
against shear failure in the soil that supports it. The bearing capacity for a continuous strip 
foundation is influenced by five factors according to Tenaghi's theory: 

Cohesion of a compressible soil 
Friction between soil grains - '  

Surcharge of soil above the bottom of the foundation 
. Unit weight of soil 
Width of strip load being considered. 

~n the analysis of bearing capacity, three other factors were also taken into account: shape factor, 
depth factor, and ground slope factor (Winterkorn 1976). However, it was found that these facto& 
have insigmfkant effects on the ultimate b e g  capacity. 3 
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The dimensionless factors N,, N,, and Ny that are associated with the t$ (angle in degrees) in the 
bearing capacity analysis can be evaluated only numerically. In spite of the available literature and 
intensified experimental work on the subject of bearing capacity factors, the correct value for bearing 
capacity factors is difficult to determine considering the difficulties in selecting a representative value 
of $I for the bearing capacity computations (Winterkorn 1976). The average $I under the total stress 
condition, based on the laboratory testing program, was selected as 21.4O 

Due to the signtficant amount of soil cohesion (approximately 1000 psf) as obtained from the 
geotechnical laboratory testing and the width of the tumulus foundation, the bearing capacity of the 
continuous strip foundation is more than enough to prevent shear failure in the supporting soil. The 
ultimate bearing capacity was calculated as 167,280 psf (Appendix J). The choice of safety factors 
will depend on the character and design life of the structure as well as on the consequences of failure. 
Thus, a higher safety factor is recommended for structures where the maximum design load will 
regularly occur and where the consequences of failure would be serious. Since the tumulus is 
considered as a new moderately hazardous facility, and is designed for a 1000-year return period level 
earthquake, the safety factor for the determination of the allowable bearing pressure was selected as 
5.0. The allowable bearing pressure is, therefore, determined as 33,456 psf. The calculations for 
bearing capacity are presented in Appendix J. 

5.4 INFILTRATION OF WATER WET2 MODEL) 
This section evaluates the potential surface water infiltration across, into, through, and out of the 
OSDC siting area using a computer model as described below. 

5.4.1 HELP Model 
Performance evaluation of the landfii cap, the drainagebarrier system, and the leachate collection and 
detection system was accomplished by use of a computer model, entitled "The Hydrologic Evaluation 
of the Landfill Performance (HELP)" (Schroeder 1984). The HELP model also was used to estimate 
the leachate quantities under various field conditions. Analysis of landfii systems, including various 
combinations of vegetation, cover soils, special drainage layers, low permeability barrier soils, waste 
cells, as well as synthetic liners, may be modeled by this program. 

The computer program simulates the effects of the hydrologic processes including evapotranspiration, 
soil moisture storage, surface storage, runoff infiltration, and lateral drainage using a quasi two- 
dimensional approach. Version 1.0 of the HELP model uses default and manually assigned methods 
of entering climatologic and soil data. Utilizing a water budget equation that accounts for the effects 
of the above mentioned factors, the model is applicable to open or partially closed landfills as well as 
fully closed landfils. 

5-18 
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Version 2.05 of the HEW model also offers a synthetic method to generate the data for rainfall, 
temperature, and solar radiation. Use of synthetically derived weather and soil data base greatly 
improves snow accumulation, runoff, and infiltration estimations during the winter months for colder 
regions. 

In the HELP model, a layer of moderate to high permeability material that does not have drainage 
collection systems is classified as a vertical percolation layer. A layer permitting lateral drainage to a 
collection system or perimeter drains is classified as a lateral drainage layer. Vertical flow and lateral 
outflow both occur in a lateral drainage layer. A layer of material designed to inhibit percolation is 
classified as a barrier soil liner. 

Within the HELP model, the vertical flow submodel simulates the rate of flow downward out of each 
segment by following Darcy's Law. The lateral drainage submodel is based on the Boussinesq 
equation. This equation was simplified by assuming a steady-state flow rate, and is justified by a 
sufficiently short time step so that there is little change in head. By using a sufficiently short time 
step (i.e., less than one day), problems associated with nonlinearties are minimized. 

Barrier soil layers or impermeable liners usually have a permeability substantially lower than other 
layers, and serve the purpose of restricting vertical flow from the overlying layers. The model limits 
the direction of flow in barrier soil layers to downward. Therefore, any water moving into a barrier 
layer will eventually percolate through. The model does not account for surface run-on and lateral 
inflow, and it does not model aging of the synthetic membrane. 

The HELP model provides a set of default soil types and characteristics for unvegetated, uncompacted 
conditions. For climatological input, the user enters the data from the synthetic, manual, and default 
options. 

5.4.2 Water Infiltration Estimates 
The case of a fully closed landfill was selected to evaluate the long-term disposal condition. A total 

of ten layers, which represent the elements that compose the multi-layered cap, the stabilized/encapsu- 
lated waste, and the multi-layered leachate collection/detection system, were used to simulate the 
vertical infiltration of rainwater percolated through the tumulus. The configuration of the OSDC is 
presented in Figure 2-1; and, the layers that are utilized in the HELP model analysis are presented in 
Appendix K. 

PT/WP/409 1 %.OSDC=-ENGl+-93 5-19 
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Assumvtions: 
The assumptions made in the simulation of the nunulus’s infiltration are summarized as follows: 

The SCS runoff c w e  number and the initial soil water content were computed by the 
“HELP” model. 

Rainfall amounts were generated by a synthetic weather generator with the monthly 
average precipitation data as reported in the Soil Survey of Butler County, Ohio (US. 
Depamnent of Agriculture 1973). 

- -. --. _. _ _  - - - 

Default soil characteristics were selected for most of the components in the tumulus, 
with the exception of the reinforced concrete mat, the waste layer, and the RCC. User 
specified values were utilized since appropriate values could not be found from the table 
of default soil characteristics provided in the program. 

The two geotextile layers were not introduced in the simulation since they only serve the 
purpose of separation and were not used for percolation or lateral drainage purposes. 

The 60-inch thick RCC could not be simulated, because it conflicted with the rules set 
by the HELP Model. The model does not allow a vertical percolation layer to be placed 
below a lateral drainage layer. Also, the model prohibits a barrier soil liner to be placed 
adjacent to an underlying clay liner. Eventually, if the RCC was modeled as a lateral 
drainage layer, then the overlying lateral drainage layer (sand & gravel) would be 
ignored and be treated as a minor component for the purpose of lateral drainage in the 
landfill cap. Therefore, the 60-inch-thick RCC layer was combined with the 48-inch- 
thick clay barrier, and was assigned the properties of one soil barrier layer with a total 
thickness of 108 inches. 

The soil texture of solidified containerized waste was assigned manually. The 
permeability of waste was adjusted to 2.0 x lo5 cm/sec to accommodate the lower 
permeability of concrete. The porosity, field capacity, and the wilting point were 
selected from the literature as 0.3, 0.05, and 0.02 respectively. 

The permeability of the lateral drainage layer was selected to be 1 x 10” cm/sec, as 
described in Chapter 2.0. 

Slopes of drainage layers in the cap system and the liner and leachate 
collectiosldetection system were selected to be eight percent (weighed average) and 
two percent, respectively. 

Length of drainage in the cap system and the liner and leachate collection/detection 
system were selected to be 600 feet and 1200 feet, respectively. 
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Table 5-6 summarizes the input parameters for each layer considered, and the estimates of leachate 
quantities in the multi-layered leachate collection/detection system at the bottom of the landfill as well 

-, 

as rainwater infiltration at the base of the cap. The results from the HELP model analysis indicate 
that, based on a one acre area, the average annual total amount of liquid generated at the base of the 
multi-layered cap is 5450 cubic feet per year (ft3/yr) or 0.08 gallons per minute (gpm) per acre. 
Therefore, hfiitration through the cap is expected to discharge at a fairly low or negligible rate. This 
verifies that the multi-layered cap is capable of protecting the landfill from infiltration by surface 

( . ._ _ .  _ _  

water. 

The estimated average annual lateral leachate flow into the leachate collection and detection zones is 
negligible. In the same zone, the theoretical maximum amount of drainage, generated from peak daily 
precipitation, is also negligible. The amount of water that could percolate through the 3-foot-thick 
clay barrier underlying the leachate detection zone is 7.6 ft3& or 1.0 x lo4 gpm per acre, while the 
peak daily value is 0.03 cubic feet per day (ft3/day) per acre. Since the relatively low permeability 
(1 x 
the gravitational head on the underlying clay barrier (directly beneath the RCC layer) increased 
substantially to approximately 50 inches. For a test run in which the permeability of the sand and 
gravel was increased to 1 x cm/sec, the head on the clay barrier was reduced to less than 10 
inches. Nevertheless, the head on the base of the 3-foot-thick clay barrier in the liner system is 
reported as 0.0 inches by the HELP Model. The computer printouts are included in Appendix K 

cm/sec) of the sand and gravel layer in the cap will offer some resistance to the lateral flow, 

b 
5.5 LIQUEFACTION ANALYSIS I 

This section describes an analysis of liquefaction potential at the site of the proposed OSDC structure 
which is located along the northern and eastern boundaries of the FEMP Site. The objective of this 
analysis is to determine the suitability of constructing the OSDC on natural site soils and its ability to 
withstand the design basis earthquake (0.13g) without failure. 

The analysis described herein includes an evaluation of field and laboratory test data compiled by IT 
and Nutting, respectively. A complete description of the test data is given in Section 3.0 of this 
report. The pertinent information in Appendices C and D includes: 

Field test data, including descriptions of borings, SPT data, and groundwater levels 

Conventional laboratory test data, including soil cla+fications, gain-size distribution, 
and density determination 

The phenomenon of liquefaction may be classified as "initial liquefaction" or "complete liquefaction." 
When a strong vibratory motion, such as exprienced during an earthquake, exerts cyclic shear stresses 
on a mass of loose to medium dense sand, it tends to induce a decrease in the volume of the soil in .J 
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-') saturated sands. The volume decrease leads to an increase in pore water pressure, the magnitude of 
which depends on void ratio and grain-size distribution. A state of "initial liquefaction" is said to exist 
if the build-up of pore pressure equals or exceeds the effective confining stress. Following initial 
liquefaction, the magnitude and rate of change of the cyclic shear s m h  depend on the original relative 
density as indicated by the SPT blowcounts. For loose and medium dense sands, the cyclic shear 
strains tend to increase under stress cycles of constant amplitude after initial liquefaction, often leading 
to a flow condition referred to as complete liquefaction. However, dense sands seldom reach initial 
liquefaction and exhibit a very slow increase in cyclic shear strain following initial pore pressure 
changes, thereby retaining their shear strength. 

- .  

\ 

The methods used to evaluate the liquefaction potential of the OSDC site consist of techniques which 
consider the site stratigraphy, SPT results, and grain size distribution of the cohesionless soils. Two 
simplifed techniques were considered: (1) a method based upon empirical field data (SF'" results), 
and (2) a method based upon an empirical laboratory determination of the stress conditions causing 
cyclic liquefaction of soils. Both methods determine the cyclic stress ratio causing liquefaction and 
compare this value with the average cyclic stress ratio induced by the design basis earthquake. The 
factor of safety against liquefaction is then determined as the ratio of the stress causing liquefaction 
divided by the stress induced by the earthquake. 0 n '& The method based on empirical field data utilizes the SPT results as obtained in the field. Since 
liquefaction can only occur in saturated sand deposits, the SPT results below an elevation of 520 feet 
(groundwater elevation) were considered in the analysis. The minimum blowcounts below an 
elevation of 520 feet varied from 25 to 62 blows per foot @lows/ft) for the various layers. The 
blowcounts were then normalized to an effective overburden pressure of one TSF by means of a 
correction factor which is a function of the effective overburden pressure at the depth of the 
penetration tests. Based upon the normalized blowcounts, the cyclic stress ratio causing liquefaction 
was determined from the charts in Appendix L which are based on the effects of past earthquakes. 
Since the design basis earthquake is 0.13g, the equivalent earthquake magnitudes for use with the 
charts is M=6. 

The method based on empirical laboratory testing obtains data from triaxial compression tests for 
sands with a relative density of 50 percent subjected to either 10 stress cycles or 30 stress cycles. 
Since an earthquake with a magnitude of six corresponds to approximately five sigmficant stress 
cycles, the use of the chart from Appendix L for 10 stress cycles is considered conservative. The 
stress ratio causing liquefaction from the chart is then modified to account for the actual in situ 
relative density of the soil. The in situ relative density is obtained from the Gibbs and Hole 
relationship between blowcounts and relative density. However, the above method is based upon 
typical sand samples, not actual samples from the field: In addition, a correction factor must be 

0 
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.-) applied to the laboratory maxial test data to obtain the stress conditions causing liquefaction in the 
field. 

a 
. , _. 

The stress ratio causing liquefaction based upon the above two methods is then compared with the 
average stress ratio induced by the earthquake. The average stress ratio was computed by means of a 
simplified method (Seed and Idriss 1971) which is based upon the maximum horizontal ground 
acceleration and a shear stress reduction factor. The shear stress reduction factor varied from 1.0 at 
ground surface to approximately 0.5 at a depth of 100 feet. For the empirical field data method, the 
corresponding factors of safety for the soil layers analyzed varied from 3.4 to 7.2. For the empirical 
laboratory data method, the corresponding factors of safety for the soil layers analyzed varied from 
2.3 to 3.6. It should be noted that the factors of safety for the empirical laboratory data method are 
based upon conservative assumptions and, therefore, the actual factor of safety would be higher. 

The factors of safety discussed above pertain to sand layers located at depths of 75 feet to 185 feet 
below the ground surface, and these sands are overlain by more resistive soils. In addition, the annual 

probability of seismic-induced liquefaction is acceptably low, that is, the design basis earthquake of 
0.13g is based upon an annual probability of occurrence 1 x Therefore, the OSDC site is 
considered to provide adequate resistance against ground failure due to cyclic liquefaction for a 
seismic event associated with a peak horizontal ground acceleration of 0.13g. '3 

x-. 

5.6 SUMMARY 
The following section presents summaries of the above analyses: 

Erosion Control and Surface Water Management 

- The existing topography of the area is in favor of the construction and operation of 
the OSDC. A ~ t u r a l  diversion terrace exists along the eastern border of the OSDC 
siting area. The terrace will divert surface runoff that is generated in the east and 
north of the terrace away from the OSDC. The surface runoff is believed to drain 
eastward to the Great Miami River. 

- Results of erosion potential calculations indicated that the total soil erosion is 
anticipated to be 0.15 tons/acre/year which is less than the maximum allowed erosion 
rate of 2.0 tons/acre/year by the Bureau of Soil and Water Conservation. The 
anticipated erosion will minimize gully development and cover maintenance. With the 
erosion control measures in the current design, the potential soil erosion at the OSDC 
facility will meet the performance requirements for erosion in 10 CFR 61, as well as 
the generally accepted erosion standards for RCRA facilities set forth by the EPA. 

/) 
a 

._ 

Slow Stability 

- Using the PCSTABLS computer program developed by Purdue University, the slope 
stability was analyzed for the following conditions: immediately after construction, 
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long-term static, and long-term seismic. The parameters for slope stability analysis 
were conservatively selected based on either laboratory testing results or available 
literature. The side slopes of the OSDC were determined to be ten (horizontal) to one 
(vertical). A coefficient of 0.13 for PGA was selected based on DOE'S design 
guidelines for seismic consideration. The safety factors, as calculated based on the 
Modified Bishop Method, were calculated to be 5.8,7.1, and 3.0 for immediately after 
construction, long-term static, and long-term seismic conditions, respectively. These 
safety factors exceed the acceptable safety factors of 1.5 for soil structures in non- .- 

seismic condition and 1.0 under seismic conditions. 
- - - - - - - 

- A disposal facility with 6H:lV side slopes also has acceptable minimum factors of 
safety, while providing a greater space for disposal of radioactive waste than that of a 
10HlV side slope facility. 

Settlement and Bearing Capacity 

- During continental glaciation, most of the earth's water was stored as ice on the 
continents causing a si@icant overburden. This overburden pressure, induced by the 
glacial deposition, has made the glacial till fully consolidated. The glacial tills 
underlying the OSDC area were considered fully consolidated due to the deposits 
from the Wisconsinan glaciation. 

The d, from the field compression curve was found to be 3.2 tsf at the depth where 
the sample was collected, while the present effective do from the same field virgin 
curve showed 1.5 tsf. Since do is less than d,, the soil is classified as being 
overconsolidated. Thus, calculations for the long-tern induced consolidation 
settlements were performed for the case of overconsolidated clay. 

- It was assumed that the vertical pressures are uniform at any depth beneath the 
OSDC, and have the same magnitude as at the bottom of OSDC. This assumption is 
valid since the magnitude of the width of the foundation is very large when compared 
to the vertical distance from the ground surface to the mid-depth of clay stratum. 
Differential settlement of the foundation therefore is not likely to occur. 

- The total settlement was estimated to be 5.7 inches at the bottom of the clayey till 
(46 feet below the ground surface); while 2.5 inches of settlement was calculated at 
the bottom of the clay interbed located at depths of 108 to 133 feet below the ground 
surface. The results indicated that the time to reach 50 percent consolidation is 
approximately 2% years. Within the first three years of the construction period, the 
majority of consolidation settlements will occur. If the rate of waste loading is time- 
dependent and gradual, (i.e., slow enough so that no excess pore-water pressures are 
introduced in the foundation soil), the rate of consolidation experienced by the 
foundation will be reduced to 80 percent of the instantaneous loading case at the same 
depth. 

- According to Terzaghi's equation, the bearing capacity for a continuous long ship 
foundation is influenced by several factors: degree of plasticity and cohesion; friction 
between soil grains; surcharge of soil above the bottom of the foundation; unit weight 
of soil; width of ship load being considered; and other factors, such as, shape, depth, 
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and ground slope of the OSDC. The allowable soil stress was calculated to be 
33,456 pounds per square foot (lb/f?), using a safety factor of 5. The vertical 
pressure at the bottom of the OSDC was calculated to be 4,418 lb/ft2 only. 

Miltration of Water (HELP Model) 

a 0 

The HELP Model was utilized to evaluate the hydrologic performance of OSDC after 
closure. A total number of ten layers, including the major functional components of 
the multi-layered cap, the stabilized/encapsulated waste, and the multi-layered liner 
and leachate collection/detection system, were used to simulate the surface water 
percolating through the landfill. The results from the HELP model analysis indicated 
that the total amount of liquid on an annual average basis at the base of the multi- 
layered cap was 5450 ft3/yr or 0.08 gpm (based on one acre area). The average 
annual leachate flows and the theoretically maximum amounts of drainage in the 
leachate collection and detection zones, generated from peak daily precipitation, were 
negligible. The amount of water percolating through the three-foot-thick clay barrier 
underlying the leachate collection zone was estimated to be 7.6 cubic feet per year 
(ft3/yr) or 0.0001 gpm per acre, while the peak daily value is 0.03 cubic feet per day 
(ft3/day). No gravitational head was present on the base of the three-foot-thick clay 
barrier in the leachate collection and detection zone as estimated by the HELP Model. 

- - . - 

The HELP Model predicted that lateral drainage flows in the sand and gravel layers in 
the leachate collection/de_tection system are zero. Small quantities of leachate are 
predicted to percolate through the clay barriers. This occurs to the drainage layers 
that have permeability of either 1 x c d s e c  or 1 x cm/sec. However, the 
higher permeability in the sand and gravel layer in the cap system promoted the 
lateral drainage in the sand and gravel layer and reduces the hydraulic head in the 
waste layer from approximately 50 inches to 10 inches. 

Liquefaction Analysis 

Liquefaction analysis was performed to evaluate the suitability of the OSDC siting 
area and its ability to withstand a design basis earthquake of 0.13 g. Using the site 
stratigraphy, standard penetration test results, and grain size distribution of the 
cohesionless soils, the stress conditions which cause cyclic liquefaction of soils were 
determined. The cyclic stress ratio causing liquefaction was compared to the average 
cyclic stress ratio induced by the design basis earthquake. The factors of safety 
against liquefaction were calculated as the ratios of the stress causing liquefaction to 
the stress induced by the earthquake. The corresponding factors of safety for the soil 
layers analyzed varied from 3.4 to 7.2. These safety factors are considerably higher 
than the generally acceptable safety factor of 1.0. The safety factors by the empirical 
laboratory data method were based upon conservative assumptions and, therefore, the 
actual factors of safety would be higher. 

The factors of safety against liquefaction were obtained from the liquefaction analysis 
for the sand layers located at depths of 75 to 185 feet below the ground surface at a 
design basis earthquake which will generate a peak horizontal ground acceleration of 
0.13 g. Not only are the sand layers overlain by more resistive soils, but also the 
annual probability of occurrence of the design earthquake event is 1 x lo”. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the geotechnical engineering evaluation of the OSDC, it can be concluded that 
the current design for the OSDC will satisfy the regulatory requirements in design and performance 
objectives for on-site disposal of radioactive, hazardous, and/or mixed waste materials. The 
evaluation, as performed based on the current design, indicates that implementability and effectiveness, 
particularly the long-te? stability, of the OSDC can be achieved. This evaluation focused on the 
geotechnical perspectives of the OSDC as follows: 

. .  

- 

Design requirements 
Foundation material analyses 
Seismicity and design basis earthquake 
Erosion control and surface water management ' 
Slope stability analysis \ 

Settlement and bearing capacity 
Water infiltration 
Liquefaction analysis. 

The following sections address specific conclusions and recommendations. 

6.1 DESIGNREQUIREMENTS , 
'& As stipulated by the state and federal regulations, the design of the OSDC includes the following 

features: 

The subgrade of the OSDC slopes towards the former production area at a slope of 
two percent, except the southeast comer where steeper slopes exist. 

The aboveground waste disposal cell design includes a bottom double liner with leachate 
collection/detection systems, a curbed concrete pad, stacked concrete tumulus with 
internal liners for'individual waste containment, and a final cover system with a 
5-foot-thick concrete intruder barrier designed to meet the applicable regulatory 
requirements. 

< 

A buffer zone 50 feet in width around the OSDC is reserved for \the purposes of access 
roads, surface water management, environmental monitoring, andLptential mitigative 
actions. 

Final grade of the OSDC cover system predetermined to maintain a slope of three to 
five percent on the crest of the cover and 10 percent (10 horizontal to 1 vertical) on the 
side slopes. 

Compared to the requirements for design and performance standards, the OSDC design meets or 
exceeds the regulatory requirements except that the hydraulic conductivity for granular drainage 

..J 
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O-) materials should be 1 x 
appropriate gradation aggregates in the drainage layers or other means. 

cm/sec. 'This hydraulic conductivity can be satisfied by selection of 

The OSDC has been sized to provide a total disposal capacity of 6,700,000 cubic yards 
(5,123,000 cubic meters) utilizing an area of approximately 317 acres. Under current design concepts, 
the entire area is capable of disposing of over 6,900,000 cubic yards (5,275,000 cubic meters) of 
materials. Additional studies are needed to determine the requirements of waste stabilization. 
Depending on the required spaces for waste stabilization, the available space may or may not be 
sufficient for waste disposal. Consideration should be given to f d  volumes of waste for disposal 
from the OUs. 

L 

- _- _. - 

Alternative designs for the OSDC should be developed and evaluated for cost-effectiveness, in addition 
to compliance and long-term stability. For instance, an alternative design may include modifications 
ib areal space, locations, components in liner and cover systems, and initial and final grading. 

6.2 REOUZREMENTS OF CONSTRUCTION MATERIAL, 
Based on current design as presented in this report, materials required for construction of the OSDC 
were estimated as follows: rn 

;s' Multilayered cap system 

- Vegetative soil - 915,100 cy 
- Geotextile - 915,100 square yards (sy) 

I - Graded ~ h ~ d  aggregate (gravel) - 305,000 cy 
- Narrow graded ~tura l  aggregate (pea graveysand) - 305,000 cy 
- RCC (intruder barrier) - 1,525,000 cy 
- Recompacted clay - 1,220,000 cy 
- Common compacted fill - 3,966,000 cy 

Multilayered liner and leachate collectioddetection system: 

- Graded natural aggregate (gravel) - 651,000 cy 
- Narrow graded natural aggregate (sand) - 651,000 cy 
- Recompacted clay - 1,954,000 cy 
- Geotextile - 976,900 sy 
- Pipes for leachate collectioddetection - 99,100 linear feet (LF) 
- Manholes for leachate collectioddetection - 112 units 
- .  Reinforced concrete - 326,000 cy. 

The requirements for construction materials are enormous, according to the current design. Difficulties 
in implementing such a large construction activity are expected. It will be necessary to construct the 
facility in phases, i.e., manageable sections. Total capital cost for construction of this facility is - 1 
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O-) estimated to be $516,865,000, while h e  annual O&M cost is estimated to be $61,000. This study 
primarily evaluated the concept of the OSDC. During the detailed analysis of the OSDC, material 
requirements, construction phases, and costs should be reevaluated. 

6.3 FOUNDATION MATERIAL EVALUATION 
Geotechnical laboratory tests of the foundation materials were performed to quantify the design 
parameters that were utilized in the engineering evaluation. Results of the geotecbnical analyses did 
not indicate any unfavorable characteristics for foundation materials. 

The SPT results of the clayey till that immediately underlies the OSDC siting area indicate that stiff 
’ clayey till exists in the northern portion, while very stiff clayey till exists in the eastern portion of the 
siting area. Typical thickness of the clayey till ranges from 33 feet to 40 feet in the OSDC siting area. 
The water table within the area is approximately 75 feet below the existing ground surface. Due to its 
low permeabilities (4.1 x lo-’ to 3.9 x lo-’ cm/sec), the clayey till will restrict the vertical percolation 
of leachate. From the review of foundation material analytical results, it appears that the underlying 
materials are suitable for foundation of the OSDC. 

Moisture and gravels in some of the geotecbnical boring samples indicated the existence of localized 
perched groundwater zones. The perched groundwater zones in the siting area should be investigated 
thoroughly as they may impact the engineering properties and, hence, the selection of potential areas 
or sites for disposal. 

6.4 SEISMIC EVALUATION 
Based on published regional geologic maps of southwestern Ohio, there are no major faults, active or 
inactive, in the vicinity of the FEW. It is possible that minor faults exist since Paleozoic rocks in the 
Fernald area are largely covered by Pleistocene sediments and fault traces older than the Pleistocene 
could be obscured. However, the historical record of seismicity and the absence of post-Wisconsinan 
faults show that signifkant damage from local earthquakes at the FEW is highly unlikely. 

For a return period of 1000 years, the design basis earthquake to be used at the FEW is 0.13g peak 
ground acceleration. This design basis earthquake corresponds to 1 x seismic hazard probability 
for moderate hazard facilities, e.g., the OSDC, as defined by DOE. 

6.5 GEOTECHNICAL ENGINEERING ANALYSIS 
Engineering analyses for the OSDC are concluded in the following section. Recommendations are 
provided, as appropriate: 

@\ 
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.--) Erosion Conuol 
The annual soil loss by erosion at the OSDC was predicted to be 0.15 tons/acre/year, which is 
signdicantly less than the maximum allowed erosion rate of 2.0 tons/acre/year. In order to minimize 
the long-term maintenance requirements, it is recommended to utilize the following erosion control 
measures and facilities to prevent excessive erosion at the OSDC: 

Storm water diversion and velocity control by perixheter ditches with vegetative cover, 
riprap, or other erosion resistant materials, such as energy dissipators, synthetic matting, 
etc. 

.- - ._  . 

I 

Stabilize exposed areas and slopes by temporary/pement covers and diversion 
channels, terraces, and benches 

Erosion and sedimentation control by retention basins 

Control of water and wind erosion by silt barriers and wind fences. 

Surface Water Management 
Surface run-on and runoff generated at or surrounding the OSDC area will be collected in the 
perimeter ditches and be directed to outfall points as shown in Figure G-1 (Appendix G). The existing % retention basins are used to receive the storm water runoff from the former production area and some 
of its adjacent area during heavy rainfall or in the event of an overflow. All collected water retained 
in ;he retention basins is currently pumped into Manhole-175 located at the south boundary of the 
Sewage Treatment Plant prior to discharge under NPDES. 

a 
--_ 

Approximately 177 cfs and 126 cfs of storm water at peak are calculated to be collected from the 
eastern and northern portions, respectively, of the OSDC area. Existing and new retention basins will 
be needed to provide sedimentation for the flows. The outflows from these retention basins are 
assumed to travel through the existing waterway of Paddys Run and be combined at the confluence 
point where the designated storm sewer outfall ditch joints Paddys Run near the southern border of the 
FEMP site. The combined surface water flows southward into the Great Miami River near New 
Baltimore, Ohio. 

Recommendations pertaining to the surface water management are presented as follows: 

Based on the current effluent flow system, all collected water fiom sanitary sewage, 
waste pit area, former production area, and water treatment plant is eventually pumped 
into Manhole-175. However, Manhole-175 is presently in the designated OSDC area, 
and will be eliminated prior to the construction of the OSDC. Hence, modifications in 
the current effluent flow system are necessary. 
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The flow capacity of Paddys Run and the outfarditch need to be examined to 
accommodate the large discharge conveyed from the retention basins. 

The storage volume of the existing retention basins must be evaluated. 

To take into consideration the long-term effectiveness of the surface water management 
system, a 100-year return period rainfall or a probable maximum precipitation (PMP) 
should also be utilized in the analysis. 

Due to the large top width of perimeter ditches, a wider buffer zone around the OSDC 
may be needed for a l l  of the intended uses, Le., the access road, surface water 
management, environment monitoring, and mitigative actions. 

Slope Stabilitv Analvsis 
The stability of the slopes for the OSDC with 10 horizontal : 1 vertical and 6 horizontal : 1 vertical 
side slopes was analyzed using the PCSTABLS computer program. The resulting factors of safety for 
the OSDC with 6:l side slopes are lower than those for the OSDC with 1O:l side slopes. In all cases 
the OSDCs have acceptable factors of safety against failure under the assumed conditions. The main 
advantage of a land disposal facility with 6:l side slopes, as compared to a facility with 1O:l side 
slopes, is that the 6:1-side-slope facility can store a considerably greater quantity of waste material in a 
comparable area, or could use less area to store a similar quantity of waste. It is recommended that a 
facility with 4:l side slopes be analyzed for slope stability to determine whether it has acceptable 
factors of safety, and thereby further reduce the total area required to construct the facility, if other 
evaluation also shows acceptable. 

(3 

Settlement and Bearing Capacitv 
As a result of the sigrdkant amount of cohesion in the representative soils (approximately 1000 psf) 
and the large ratio of width to depth of the foundation, bearing capacity of the strip foundation is 
considered adequate to prevent shear failure in foundation soil. The factor of safety was selected as 5,  
based on the consideration of the tumulus as a new moderately hazardous facility and a 1000-year 
return period. The allowable bearing capacity is, therefore, determined as 33,456 psf. 

Gradual loading and instantaneous loading rates were utilized for settlement analyses. Settlements 
induced in the glacial till were estimated to be 5.7 inches. This vertical displacement is fairly low and 
equal to approximately one percent of the clay stratum thickness. The computer anaiyses indicated 
that the time to reach 50 percent consolidation is approximately 30 months. The time required for the 
excess pore-water pressure to be totally expelled from the voids ranged from 12 to 15 years. 
Differential settlement is unlikely due to the presence of unfractured bedrock and st i f f  clayey till in the 

6-5 
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oT In order to support the expected static and dynamic loadings and improve the bearing capacity, the 
foundation materials should be compacted to 95 percent of the Standard Proctor density. Also, to 
achieve a uniform density and moisture content for the subgrade layer, a dewatering or pumping 
procedure may be necessary in the perched water zones. Relocation of the base elevation of the 
landtill foundation to an elevation below the perched groundwater zones or in a st i f f  formation can 
also be considered. 

._ - 

Infiltration of Water (HELP Model) 
Infiltration potential was evaluated by the HELP model for the major functional components of the 
OSDC, including the multilayered cap system, the stabilized/encapsulated waste, and the multilayered 
liner and leachate collection/detection system. The average annual total amouut of liquid generated at 
the base of the multilayered cap is 5,450 ft3/yr or 0.08 gpm for a one-acre area. The amount of 
leachate percolated through the 3-foot-thick clay barrier underlying the leachate collection zone is 
7.6 ft3/yr or 0.0001 gpm, while the peak daily value is 0.03 ft3/day. The gravitational head on the 
3-foot-thick clay barrier in the liner system is negligible. However, a head of approximately 50 inches 
was reported on the clay banier layer in the cap system. This substantially high head may be caused 
by the relatively low permeability (1 x 10” cm/sec) of the overlying sand and gravel layer. 

This analysis verified that the multilayered cap is capable of mixhizing the infiltration of surface 
water. The rate of surface water infiltrating through the cap system was expected to be fairly low. 
Leachate that is estimated to appear in the leachate collection zone is considered negligible, on either 
an average annual or peak daily basis. 

The following recommendations are based on the HELP model analysis: 

As most of the leachate is percolating through the clay barrier, use of a synthetic liner 
installed below the first sand and gravel layer in the multi-layered leachate 
collection/detection system will si@icantly increase the amount of leachate drained 
laterally through the sand and gravel layer to the collection manholes. 

Increasing the slope of the sand and gravel layer in the leachate collection/detection 
system will also enhance the performance of the lateral drainage system. However, it is 
less significant than placing a synthetic liner, as recommended above. 

A higher permeability (1 x 
collection/detection zone will result in a higher quantity of leachate collected through the 
sand and gravel layer. 

cm/sec) for the sand and gravel layer m the leachate 

Generally, to replace the sand and gravel layer with drainage net would greatly increase 
the lateral outflow to the leachate collection manhole. The drainage net is an integrally 
formed polyethylene net stxucture with a high permeability (about 22 cm/sec). 
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.? Regardless, a higher permeability in the sand and gravel layer will substantially reduce 
the gravitational head on the underlying soil barrier layer in the landfill cap. 

Reducing the distance between the leachate collection manholes can also be considered 
to ensure a more efficient leachate collection system. 

A shorter lateral drainage distance will generally increase the lateral drainage rate of 
water. This can be accomplished by placing a herringbone pipe network at the bottom 
of the first sand and gravel layer in the leachate collection/detection zone. The distance 
between the two lateral pipes should be designed to be approximately 100 feet. 

_ _  ... . 

I 

Liquefaction Analysis 
Based on the available data for SPT and depth, the OSDC siting area appears to have adequate seismic 
resistance against foundation failure due to cyclic liquefaction by the design basis earthquake of 0.13g 
horizontal ground acceleration. The corresponding factors of safety for the saturated sand layers below 
elevation 520 feet varied from 3.4 to 7.2. The saturated sand layers are located at a depth of 75 to 
185 feet below the ground surface and are overlain by more resistive soils. 

Recommendations pertaining to the liquefaction analysis are presented as follows: 

For the geologic profile along the northern portion, the bedrock extends up to the 
groundwater elevation thereby reducing the possibility of liquefaction potential in this 
area. However, there are not sufficient numbers of deep borings in this area to venfy 
the bedrock elevations and depth of the sand and gravel deposit. It is recommended, 
therefore, that additional deep borings be taken m this area such that bedrock elevations 
can be determined, blowcounts of the sand and gravel layer obtained, and groundwater 
levels can be measured. 

Localized perched groundwater zones above impermeable layer(s) appear to exist in the 
OSDC siting area. The areal extent,$onnectivity, and amount of the perched 
groundwater should be investigated further. The area and depth of the layer(s) should 
be determined along with the elevation of the perched groundwater. In addition, SPT 
results for this water-bearing material within the seams should be obtained for a detailed 
liquefaction analysis. 

6.6 OPTIONS FOR WASTE DISPOSAL AT ElTHER THE NORTHERN OR EASTERN PORTION 
OF THE OSDC 

As discussed in Section 3.2.3, the potential sites for the OSDC include either the northern or eastern 
portions of the OSDC siting area. Considerations have been given to using a portion of the OSDC 
siting area for disposal of a smaller quantity of waste material. According to the geologic conditions 
and site characteristics of these areas, the northern portion appears to be the preferable site for the 
OSDC. The geologic condition of uniform clayey till in the northern portion will ultimately have 
uniform settlement. Differential settlement is not likely to occur within a uniform soil smtum. 

J 

3 
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O-1 Another factor that must be considered is the thickness of the soil horizons. The sand and gravel 
horizons are thinner in the northern portion than in the eastern portion, thus the risk of cyclic 
liquefaction due to earthquake loads is minimal. In addition, the existing sewage treatment plant and 
effluenfmanhole will have to be relocated should the eastern portion be utilized. With these factors 
considered, economic and stability issues will be optimized should the northern portion be chosen as 
the site of the OSDC. 

. . -. . __  - . .. . .. . . .. . ~. . . .... . ..~ - . 

J 
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m u  i UT 

CI 

- 

NA 

01 

N A  

- 

REHARKB 

HNU - o ppm 
DY - 40 spm 

HNU - 0 p p r n  - 50 opm -. ' - 

HNU - 0 p p m  
p Y  - 40 o p m  

HNU - 0 p p m  
p Y  - 40 epm 

HNU - NCI 

pT - Ne 

HNU - NA 
p T  - Ne 

HNU - 0 ppm 
0Y - 40 o p m  

HNU - 0 p p m  
p Y  - 40 opm 

UNU - 0 p p m  
pY - 40 c p m  

N O T E  : 
ALL GAMPLE NUMBER6 ARE 
XNCREMENTEO BY 100.000 
IO. '100 IS 100'100 

-6HCLEY ATTEMPTED, 
Recovmw NOT nmPLe TO 
USE FOR snmPLE 
--NO aLou COWTS ON 
6UELBY TUBE 



PCrm L W  
PROJECT NO8 3l3327 BORINQ NO1 1729 
MTE BEBANl 1-13-92 DATE FIMWEDt 1-13-92 E N O P J e R I  0 O'BRIEN 
DRILLER I E. GARONER. K MYERS N: 983300 00' E I 137B500.00' 
QROUNO BURFhCE CLEV .-I 591.0' QUL D A T V T I m s  M 
DRILLINB HETHODl 9 114- IO H a l  

I 

t: 
I- 

: 

QUL DEPTH1 N& 
-0U 8 T D l  AUGER coummT I BmenoEER MOBILE ORIU 

RhCTOR I KNII  O R I U I f f i  CHECKED BY1 0 MBR08E 
0 0 

REMARKS O E S C R I P T I O N  

I 
6 .  - -  I 15 I 

TOP 0.5- snnPLEo 
B Y  HAND 
HNU - 0 p p r n  
p Y  - 0 c p m  

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

Very F i r m ,  ( 2 . 5 1  6/31 I i Q h T  
ye I I o m  i eh-broun. grove I I y. 
sandy CLAY. no pl  Oeti  c i ty. m o  i at 

2.23 
GI - HNU - 0 p p r n  

p Y  - 0 c p m  
1 3  b . 5  2 . 2 5  

3.0' 
, 5  NA 15 0 . . . . .  broun, clayey SAND, m o o e t  

.:.:.:.' Hord. C 2 . 5 Y  6/31 l i g h t ~ y e l l o m i e h -  
. . _ .  . . . .  . _ . ,  

. . .  

, 5  _:_:.:: 11 D . . . . .  gravel ly. toaree SAND. m o i e t  NA 

0 .  5 :.:.:.:. NA 0 

L o o e e ,  C10YR 5/61 ye1 louieh-broun, 
. . . .  . . . .  e m  - . . . .  
. . .  9 0- 

. . .  

, 5  _:_:.:: 11 D . . . . .  gravel ly. toaree SAND. m o i e t  NA 

0 5 : . : . :_:.  NA 0 

L o o e e ,  C10YR 5/61 ye1 louieh-broun, 
. . . .  . . . .  e m  - . . . .  

5 . 0 '  . . . ,  . . . .  

N A  
No recovery 1 3  0 

HNU - 0 p p m  
pY - 0 c p m  

12 0 N A  

:.:.:.: N A  5 . . .  : grave I I ey. cooroe ~ N D .  m o i  

6.0' 
Loose. ( 1 0 Y R  5/61 el l o u i e h - b r o w n ,  

. . . .  . . _ .  . . . .  
HNU - 0 p p r n  
p Y  - 0 c p m  

I . . . .  
. _:.:. 1 . '  Pled i urn donee. C10YR 5 / 6  I ye I I o m  i eh- broun. rine, clayey SAND. m o i e t  . . . . .  12 . . . .  . . . .  . .  - OC S H E L B Y  P U S H E D  

FROM 8'-10' 
. .  . . . .  . . .  . . .  NA 

8 . 5 '  . . . .  .: 
. . . .  

NA 
N o  recovery 

HNU - 0 p p r n  
p Y  - 0 c p m  

HNU - 0 p p r n  

p Y  - 0 c p m  

I I I I  I 

N A  

P I  NA 
16.0' 

9 



642 2 
PABL L OF P 

PRocEct NAHEi FERNALO PROJECT N O S  z3327 BORINQ N O S  $729 
MTE BEBClNi 
DRILLER I F GAROHER. K nYtRS NI  ¶XU0 00' 
ORWND BURFACE ELCV. I 591 0' O r '  O A T V T I m l  m BUL OEPTHi NA 
DRILLZNB HETWOD, 4 114- IO H[LLOU STEYl AUGER EOUIR(ENT1 BmBAOEER MOBILE ORIU 

DATE ==WEDS 1-13-92 ENBXNEERi 0 O'BRIEN 
E l  lRe500 00' 

- -  

\ 

RACTOR 

D E S C R I P T I O N  

I 

16.5 
2 0 . 5  

0 0 N o  recovery 

.- 

F i r m .  t S Y  5 / 1 1  r a v e  I I y. 

m o  I et 
N o  recovery 

iHELB e o n d y  CLAY, hieRrg?ae?' I C ' I ty. 

Tj . z :::_ j. j . j. j 
. . .  I I 

BOTTOM O F  BORING A T  30 .0 '  

CHECKED BY8 0 .  ANBROSE 
1 0  I 

REMARKS 

Q - 
c I  3 . 9 5  HNU - 0 p p m  

p Y  - 0 c p m  
NA - 

NA NA . . - .-__.I__- - - 
- 
NA 

cl 1 . 0  HNU - 0 PPm 
pY - 0 c p m  

NA SHELBY PUSHED - FROM LB'-21'  
NA / - 
NA - 
NA 
- 

NA NA - 
NA - 
N A  

Cl 

HNU - 0 p p m  
01 - 0 o p m  

HNU - 0 pprn 
pY - 0 c p m  

HNU - 0 p p m  
pY - 0 c p m  

HNU - 0 pprn 
pY - 0 c p m  

ALL SAMPLE NUMBERS ARE 
INCREMENTEO EY 100. 000 
l e .  1411 I S  101411 



D E S C R I P T I O N  E 
'COO 

I 0 0 L. 

I: REMARKS -- 
c - tFY 

2 

2 

- 
55.0 

W.0 

) 

575.0 

~ - 
C I  0 . 2 :  V e r y  eoft. (10 2/21 very  d o r k  

broun- s j 1 f y  CLAY u i t h  FOOT I eteo . 5 .  
no p l a s t i c i t y .  r o o t l e t e -  m o i s t  

No recovery N A  NA 

0 . 5 .  

0 
\ 

I- 

* 

I.m 

n. m 

Ls.m 

- 

I I I I L I  I I- I 

. -  I 

G I  4 . 5  Hard, ( 1 0 Y R  5/61. sandy. si  I t y  
CLAY. [sand f ine] ,  y s l l o u i s h -  
broun. no p last i c i t y .  d r y  . 

No recovery 
4.f5'. G I  3 . Y  - 

- 
T R I P  F I E L D  B L A N K  
S A t l P L E  , - 100866 
HNU - 0 p p m  
p Y  - 0 c p m  ABOVE 
BACKGROUND . - .  

HNU - 0 pprn 
p Y  - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 pprn 
pY - 0 c p m  ABOVE 
BACKGROUND 

6 . 0 '  l*l 
HNU - 0 p p m  
p Y  - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 p p m  ' 

p Y  - 0 c p m  ABOVE 
BACKGROUND 

R I G  DOUN - BROKEN NIPPLE 
ON PUMP 

COULD ONLY PUSH SHELBY 
2 .5 '  FROM B .0'-10.5' 

HNU - 0 p p m  
pY - 0 c p m  ABOVE 
BACKGROUND 

E N 0  OF U E A T H E R I N G  
ZONE 

HNU - 0 pprn 
p Y  - 0 c p m  ABOVE 
BACKGROUND 

1 4 . 5 '  
HNU - 0 p p m  
pY - 0 c p m  ABOVE 
BACKGROUND 
A R C H I V E  1 500 m l  - lOOBC 
n N 0  SEND 1 SO0 m l  T O  RSL 
L A B  FOR T O T A L  U/GAtlMA 
SPEC SAMPLE - 100879 



PAOL 7 OP P 
PROJECT N D s  p3327 BORINO NO8 $730 P-CECT NAHEt rERNAI.0 

DRILLER 8 9 STRhPPOII  K RYERG 

DRLLXNB HETWOD t MIGER EOmPnPJTt HDBIL D R I U I f f i  R I G  80 

m h  BEBnNt $-9-92 DATE ,l-9-92 rem E~OINEZXS G t nARSMLL 

BRWND BURfhCE ELCV..: 586 5' OLL D A T O T I h l  m QNL DEPTHl NA 

Nt 483130 00' Et 1379000 00' 

m.0 

585.0 

560.0 

- 

5 5 . 0  

O C S C R I P T I O N  R E  MARKS 

H N U  - 0 p p m  
DY - 0 c p m  ABOVE 

H N U  - 0 p p m  
l)Y - 0 c p m  ABOVE 
BACKGROUND 

2o.m 

am 

a.m 

2e 0 NA NA 
2 4 . 5 '  

ec < . 2 z  . . . .  V e r y  eoFt, ( S Y  4 / 1 1  d a r k  gray, 24 0 .s :.:.:.:. c l o y e y  SAND., (very kine eandl.  
:::: e11 I ght  I y m o t e t  . . . .  

at= c.2d 
2 5 . 5 '  

NA N A  N o  recovery 

v a r y  moiet 

I 

1 
I I I le 

H N U  - 0 ppm 
DY - 0 c p m  ABOVE 
BACKGROUND 

PUT COBBLES IN un 
ORUtl 

H N U  - 0 pprn 
pY - 0 c p m  ABOVE 
BClCKGROUNO 

H N U  - 0 pprn 
pY - 0 c p m  ABOVE 
BACKGROUND 

H N U  - 0 p p m  
131 - 0 c p m  ABOVE 
BACKGROUND 

8STC 

NOTE : 
BOTTOM OF BORING AT 3 0 . 5 '  I I I A L L  SAPlPLE NUMBERS hRC 

INCREMENTEO BY 100. 000 
COMPOSITE ORUPI SAPIPLE 1 X 500 m l  TO i .e. 602 I S  100602 
RSI L n B  SAMPLE - 100893 



PnBB 1 U P  P 
PROJECT NO1 a3327 BORINO NOI 1732 PRUCECT NAHEi FERNALO 
MTE eEBnN1 1-8-92 DATE FT198HEDI 1-9-92 FIELO E N O P I e R l  0 O'BRIEN 
DRXLLER E GARONER. 0 JARISDN N I  483300 00' E l  ~ ~ o s o o  00' 

.-=LINE HETHODI 4 A M -  IO HaLou s m  A U t m  

z! 
BUL DEPTHi NA 
EouzmmT~ BmBnoEm n o m E  ORIL 

DESCRIPTION REMARKS 

HNU - 0 p p m  
p Y  - 0 c p m  

c l  > 4 . 5  

No recovery 45 0 

I 1 9 . 5 '  I 
No recovery 

N A  N A  

P I  N A  N A  No recovery 6 
16.0' 

HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p m  

p Y  - 0 c p m  

H N Y  - 0 p p m  

pY - 0 c p m  

HNU - 0 p p m  
p l  - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  



PnoL P 
PROJECT NAHEI PROJECT NO* psm BORINQ NO1 1732 

Mh BEBAN: 1-8-92 DATE FIMWEDI 1-9-92 PZELD ENDPlDERi 

OROUND BURPACC ELCV. I 592 0' Q L L  D A T O T I h :  M QUL DEPTH1 
D R I L L I N 6  HETHODi DOUIPnDJTi  4 l t 4 -  IO HCLLOY 6TDl AUGER 

DRILLCR 8 6 W  NER. o J n n x w  N: 983300 00' El  

, 

7 

27 
- 

37 

50 
- 

24 

M 

DESCRIPTION 

\ '  '17.5 
. -. . . _. - . . . . . . - -. . . - 

No r e c o v e r y  
10.0 

sort. ( 2 .  SY 7/31. PO I e y e  I I ow. 
rondy CLAY. very uet 

BOTTOM O F  BORING A T  21.0' 

FERNALO 
0 .  D'BRIEN 
1~80500.00' 
NA 

BmBnoEtR HOBILE DRIU 
;KED BY I 0 ' AHBROSE 

REMARKS 

HNU - 0 ppm 
p Y  - 0 cpm 

REFUSnL 

HNU - 0 ppm 
n Y  - 0 cpm 

HNU - 0 ppm 
pY - 40 =pm 

H I T  PERCHED UATER A T  
21.0'. STOPPED D R I L L I N G  

NOTE : 
n u  snm=LE NUMBERS A R E  
INCREMENTED BY 100. 000 
i o .  1387 IS 101387 



64.2 2 
- 

J 
PnaE I or 7 

-ILLER* J STRAPZZON K MYERS NI SB3aO 00' E1 2380000 00' 

PROJECT NO1 3l3327 BORINQ NO1 1734 PROXCT NAME* FERNALO 
MTE BEBANI 1-8-92 DATE FX198nEDs 1-8-92 FIELO E N X N O E R I  G tlARSHAU 

BRWND BURVACE ELCV. i 590 0' OLL O C l T O T I l E s  m OUL DEPTH1 N A  
,OR? METHOD: 4 114" I O  H a L O U  STER AUGER 

RCICTOR PENN ORILLIN? 

D E S C R I P T I O N  

C I  

I 

I ?  b I  I 

- 
4 . 5  H N U  - 0 p p m  
- p Y  - 0 c p m  

ABOVE BACKGROUND 
D U E  T O  RECOVERY- 
ARCHIVE SAMPLE 4 . 5  

H N U  - 0 p p m  - pY - 0 c p m  
4 . 5  ABOVE BACKGROUND 

E N D  OF UEATHERING ZONE 

I I I 

4 . 5  

4 5 
- 
- 
3 . 5  
- 
2 . 2 5  

s.m 

TOTAL V SAMPLE 
CHANGE SAMPLE N O .  
TO iooesg - RS 
HNU - o p p m  
pY - 0 c p m  
ABOVE BACKGROUND 

.o.m 

5.m 

1 4  
16.0 

CHECKED BYI D APWROSE 

REMARKS 
-F- .  

c - 
0 T 

p Y  - 0 c p m  
ABOVE BACKGROUND 

pY - 0 c p m  

p Y  - 0 c p m  

p Y  - 0 c p m  

+-I N A  NA , 

HNU - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

SAMPLE LIAS ARCHIVED 
D U E  T O  LOU RECOVERY 



PAOE P UF 1 
PROJECT NO: U3327 BORINB NO: 1734 PROSCT NAHE: FERNALO 
MTE: BEBAN: 1-8-92 onTE FTNIEHED~ 1-8-92 PQLD ENOTNEER: G N A R S M A U  
DRILLER I J GTRAPZOH K HYERS N i  ¶3f)O 00' 
QRaUND BURFACE ELEV. 1 590 0' BLL O A T V F t € *  M 
DRILLINB HETHODi 4 1/4" IO HaLOU S T D l  AUGER 

E I 1380000.00' 
BUL DEPTH: NA 

WLRRlDJT: n m m  o R x u  RIG 80 

pclc 

tR, 1 TI 

t 
P I  

I(= BY I 0. AMBROSE 

REMARKS D E S C R I P T I O N  . $&] I .  

- 
23 

47 - 
34 

29 

39 

45 

50 

- 

- 

NA 

17 

11 

10 

6 

13  

- 
- 

_ _ _ _ _ _ _ _ ~ ~  ~ 

HNU - 0 p p m  
p Y  - 0 cpm 
ABOVE BACKGROUND 

V e r y  hord. CSY 4 / 1 1  dork gray, 
e i I t y  C L A Y  ni t h  t r o c e e  OF eand 
ond rovel .  Ion p l o e t i c i t y ,  
0 1  i g g t l y  mo ie t  

I 

18.0 
Hord. (57 4 / 1 1  dork gray. s i  I t y  
CLAY u i t h , t r o c e e  or oond and rave l  
l o w  p i a e t : c : t y ,  el i g h t ~ y  mois? 18.5 

\ V e r y  hord. (51  4 / 1 1  dork groy. 
e i I t y  C L A Y ,  n i th eond ond grove Il9. 
no p l o e t i c i t y ,  e l i n h t l y  mois t  
No recovery  

REFUSAL OF SPLIT SPOON 

20 0 
V e r y  eoFt. ( 5 Y  4 / 1 1  dork 
c l o y e y  SAND u i t h  trocee oer:?ovel 

. . .. no p ~ ~ e t i c i t y ,  wery mois t  . ZO'.S 

CLAY u i t h  eome eond and grovel, 
medium p l o e t i c i t y .  very  m o i e t  21.0 
No recovery 

. . . .  . . .  . . . ,  . . .  . . .  

\ Firm, ( 5 Y  4 / 1 1  dork gray. a i  I t y  

2 2 . 0  

m.m 

Ea, 

HNU - 0 p p m  
pY - 0 cpm 
ABOVE BACKGROUNO 
COBBLE STUCK AT THE 
E N 0  OF THE S P L I T  SPOON 
T O T A L  V 6AMPLE N O .  
100859 A T  14-16 FT. 

HNU - 0 pprn 
p Y  - 40 cpm 
ABOVE BACKGROUND 
STRAP HOLE FOUND 
6" UATER I N  HOLE 

Hord, (57 4 / 1 1 ,  dork Qroy. e i  I t y  
CLAY u i t h  some eond and grove1.22.s 
mod i u m  p I oet i c i ty. very  m o  i et 

HNU - 0 p p m  
p Y  - 0 cpm 
ABOVE BACKGROUNO 15 Firm, f !  h\y CLAY u l t h  eo 

5Y 4 / 1 1  dark gray. s i  I t y  
me eond and grave I, 

medium p l o e t i c i t y .  very  mois t  

19  
HNU - 0 pprn 
pY - 0 cpm 
ABOVE BACKGROUND 

UATER A N 0  SLUDGE 
uns SENT TO L A B  
SAMPLE -1ooa62 
AUGER ROO HAD n UATER 

STOP BORING BECAUSE OF 

MARK B '  UP, UATER UAS 
RUNNING OUT OF SPOON 

PERCHEO WATER SENOING 
S O I L  TO L A B  SAMPLE 

FF N 

1 6  \\U 2 4 . 0  

5 V e r y  mort. ( 5 Y  9 / 1 1  dork groy 
e i l t y  C L A Y  n i th  eome sand and' 
grovel, medium p l o e t i c i t y .  n e t  
o very moie t  

2 5 . 0  
6 

5 No recovery  

BOTTOM O F  B O R I N G  AT 26 0'  

7 - 
B O R I N G  U A S  HALTED DUE 
T O  H I T T I N G  PERCHED 
GROUNOUATER A T  APPROX 
20 .0  F T .  

, 560.0 I). m 

- 

NOTE : 
A L L  .SAMPLE NUMBERS ARE 
INCREMENTEO BY 100.000 
i d .  841 IS iooe-u -L 



64.2 2 
PABL I 0, I 

PROJECT NO1 U3327 BORXNQ NO: 1735 PRDXCT NnnEt FERNALO 
MTE B E B A N I  1-E-92 ontE FINZBWEDI 14-92 FIELD EMINEERI 0 O'ERXEN 

E .  GARONER 0. J A M I S O N  NI 983330.00' E I 1380500.00' 
OUL OEPTHI NA 
EOUIRlENTi BCHEAOEER nOBILE ORIU 

RILLIff i  

. . .  . . . .  
I .  5 :::. 

1.5 :::. 

1.5 ~::: 

1.5 ;::. 

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

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

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

C E O  BIB 0 .  MEROSE 

REMARKS O E S C R I P T I O N  

V e r y  F i r m ,  C10YR 3/31 dark brorn, 
e i I t y  CLAY. I ou p las t  i e i ty, moi e t  HAND AUGER 6" 

T R I P / f  I f  L O  BLANK 

HNU - 0 pprn 
p Y  - 0 c p m  

SAMPLE - 101372 
! . S  

1 .O' 

7 1  
No recovery 

e 
2 . 0 '  

V e r y  F i rm. C10YR 3/31 , dork broun. 
e i l t y  CLAY. lou p l a s t i c i t y .  m o i e t  4 HNU - 0 p p m  

n Y  - 0 c p m  
e 

3 . 5 -  

4 0 '  

4 . 5 '  

No recovery 

Hard. C10YR 3/31 dark broun- 0 1  I t y  
CLAY. IOU p l o e t l ~ i t y .  m o i s t  . 
V e r y  F i r m .  C10YR 3/31 dark bronn 
e I I t y  CLAY, I ou p I ae t  I c I ty. 
mo i et 

No recovery 
5 0' 

12 

4 3.0 HNU - 0 p p m  
n Y  - 0 c p m  

10 

11 

6 

B 

- 
- 
- 
9 

11 
- 
- 
IHELB' 
TUBE 

- 
3 

5 
- 

7 

11 

6 . 0 '  
f i r m .  C10YR 4/61 dark ye1 loui eh- 
broun m o t t  I ed u i th  sray. 0 1  I t y  
CLAY, IOU p ~ o e t i c i t y ,  m o i s t  6 . 5 '  
V e r  F i r m .  C10YR 4/61 dark y e 1  lou- 
i eh6-broun mott led ui t h  gray. e i I t y  
CLAY, I ou p I oat I c i ty, m o  I e t  

HNU - 0 pprn 
p Y  - 0 e p m  

!.O 

7 . 5 '  
No recovery 

f i r m ,  C 1 O Y R  5/6 1 ye I I on i ah-bronn. 
e i  I t y  CLAY, IOU p l a s t i c i  ty. vary  
MOT 

e .o-  
HNU - 0 pprn 
Q Y  - 0 c p m  

SHELBY PUSHEO FROM 
e .0'-11 .os  

11.0 
V e r y  eoFt, ( 1 0 Y R  5/41 y e 1  l o u i a h -  
broun, c layey SAND, very  u e t  HNU - 0 pprn 

n Y  - 0 c p m  

BOTTOM OF BORING nT 13.0- 

H I T  PERCHED UATER 
ZONE. ABANDONED HOLE 

N O T E :  
A L L  SAMPLE NUMBERS ARE 

i o .  1374 I S  101374 
INCREMENTEO ey 1oo.000 



HNU - D p p m  

ZZDYC EACWSRDUNO 
- 0 c p m  

- .  

pY - 0 c p m  
A B 0 VE 8 ACKG ROUND 

UNU - 0 p p m  

p Y  - 0 c p m  
ABOVE BACKGROUNO 

HNU - 0 pprn 

B Y  - 0 epm 
ABOVE BACKOROUNO 

-NU - 0 p p m  
p T  - 0 cpm 
ABOVE BACKGROUND 

END OF UEATHERXNO 

UN.U - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

FROPl TUBE ARCUXVE I N  
5 0 0 m l  J A R  
AUOER DOUN TO L0.0' 
T O  BYPASS LXMESTONE 

UNU - 0 p p m  
pY - 0 e p m  
ABOVE BACKOROUND 

UNU - 0 p p m  
pY - 0 o p m  

ABOVE BACKOROUNO 

HNU - 0 p p m  
BY - 0 s p m  
ABOVE BACKGROUND 
6TOP BORING; PERCHED 
u n T f u  ENCOUNTERED 

P L U O  HOLE USE0 1 L/Z 
OF VOL CLAY AND .30 
GALS OF UATER 

N O T E  : 
A L L  SAMPLE NUMBER6 ARE 
XNCREMENTEO BY 100,000 
i o .  0820 IS 100820 

080176 



64.2 2 
PABE I OF 1 

PROJECT N O  1 u3327 BORINO NO1 A737 PROCECT NAHEI FERNALO 

MTE BEBANI 1-6-92 DATE F I ~ W E D I  1-6-32 FeLO ENOINEERs P 
DRILLER I E GhRONDI. 0 JARISON 

OLL D A T V T X X I  OUL DCPTUs NA OAOUND OURrACC CLCV. I 605 5' h(* 

DRILL INB HETHOOi 4 114" I O  HCLLOU STm AUGER EDUPHENTI BI3lBAOEER HOBILE DRILL 

O'BRIEN 
NI 483306 00' EI  1381957 00' 

MCTOR 1 R N N  D R I U I M  CHI 

D E S C R I P T I O N  

L 

I. I 
Very O t i r F  t1OYR 3/61 dark 
p 1 a i t  I O  I ty, 

\ Very etiFF t1OYR 3/61 dark 

P I O O T I C I ~ Y .  moieT 
No recovery 

6 0 . 5  ye I I oy i ah-broun. e i I t> CLAY, I O H ,  5 .  

7 0 . 5  yellouieh-broun. o i l y >  CLAY. l o j d 0 ,  

9 

\ \ CI 2 . 3  m o  I -t 

\ 
0 

4 .Os I NA IN* 

13.0' 

o . 5  .:.:.:.' Very sort ,  t 5 Y  5 / 1 1  o l ive .  Fine . . . . '  grained SAND, met 2 1-1: . 5 :::_ j: j :: : 1 
14.0' I OU I"? I N A  INA 

_.I 

BOTTOM OF BORING n T  1 s . o -  

6" HAND AUGER 
SAMPLE 101358 
101359 T R I P  BLANK 

HNU - 0 ppm 
p Y  - 0 cpm 

-. . .  

H N U  - 0 pprn 
p T  - 0 cpm 

HNU - 0 ppm 
p Y  - 0 cpm 

HNU - 0 pprn 
pY - 0 cpm 

HNU - 0 pprn 
p Y  - 0 o p m  

F U L L  RAD OF 
CONTENTS OF 
s n E L e r  TUBE 

HNU - 0 p p m  
p Y  - 0 cpm 

PERCHED UATER 
Z O N E .  ABANDONED H O L E  

N O T E  : 
A L L  SAMPLE NUMBERS ARE 
XNCREnENTED BY 100. 000 
i o .  1440 IS 101440 
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PADL I OP L 
PROJECT NO1 313327 BORINO NOS 1738 PROJECT NAHEi fERNAL0 
Mh BEBAN: 1-2-92 DATE FXKLWEDI 1-4-92 FIELD EMINEERI G MARSHALL 

EI 1382635 00' DRILLER 1 J STRhPZZON K MYERS NI  483539 00' 
ORWNO SURFACE ELEV. I 616 5' BLL D A T V T I t € ~  BUL DEPTHr NA 

muxmmn~ MWILE o R n L  RIG eo . DRRLTNB HETHOD I 4 1/4" IO HCLLDU S T m  AUGER 
\ CHECKED BY8 0 AMBROSE 

PEHN O R I U I H j  

D E S C R I P T I O N  REMARKS 

OVE BACKGROUND 
I I I h \ \ Y  19'1 I I 

I I I \  \ \ I  
_ _  I 

\ 
N A  NA No recovery 

2 0' 5 
I 

_ _  
c I  1 . T  \ F i r m .  [ l O Y R  5/61 ye I I o w  i a h - b r o w n .  

\ q Y  2 . 5 '  2 0 . 5  ~ ~ ? d ~ t ~ L A ; o i ; ~ u  p l a s t i c i t y ,  

No recovery e 0 

HNU - 0 pprn 
p Y  - 0 c p m  
ABOVE BACKGROUND 

\ 

H N U  - 0 p p m  

2;OVE BACKGROUND 
- 0 c p m  

HNU - 0 p p m  - 0 c p m  1 ABOVE BACKGROUND 

L I n E S T O N E  COBBLE UAS 
AT THE E N D  OF SPOON 

COULD ONLY P U S H . S H E L B Y  
TUBE TO 10.5' 
HNU - 0 p p m  
pl - 0 c p m  
ABOVE BACKGROUND 
A R C H I V E  S A M P L E  I N  
1000 m l  JAR 

H N U  - 0 p p m  
pT - 0 c p m  
neovE BACKGROUND 
PUSHED 3" SPLIT 
SPOON U/lB*'  O F  
RE COVE R Y  

H N U  - 0 p p m  
p Y  - 0 c p m  

ABOVE BACKGROUND 

H N U  - 0 pprn 
p Y  - 0 c p m  



64.2 2 
PnaL 7 0, z 

PROJECT NO 1 U3327 BORTNB NO* 1738 PROXCT NCIUEi FERNALO 
MTE BEenNl 1-2-92 DClTE FIm8wEDi 1-4-92 V I E L O  EWDdEERi G MARSWAU 
DRILLER ' J STRAPZZON K HYERS Nt 983539 00' Ei  1Z%2635 00' 
DROUNO BURVACE ELEV . -I 616.5' OLL DCITVTTt€i Iy4 OUL DEPTHi NA 

?hCTOR 1 PENN ORIUIffi 
P 

O E S C R I P T I O N  

I I 3  P . s N  

I I k3kW 

F i r m .  ( 51  4/11 dork groy CLAY Y I th 

TlCity. moiet 
5 eome eond ond grovel,  h i g h  plae-  

17 0 
Sort. ( 5 1  4/11 dork gray CLAY u i t h  
eome eond ond gravel.  h i g h  ploe- 
ticity. moiet 

l e  0 I b 1 [ NO recovery 1 

n m  

21.0 
I I I 

V e r y  eoFt. [ S Y  5/11 gray CLAY uith 
3 . 5  eome eond and grovel,  h i g h  ploe- 

T i C l t y .  m o i e t  

3 0 . 5  

9 

\ 

\ 2 2 . 0  
3 N o  recovery 

2 3 . 0  
, (51 5/11 groy, gravel l y  CLAY 

t 
eome eond h i gh p I oat i c i ty.. 

a.m 

27 5 

I I I I 

EOLCTRlENTi MOBILE DRILL RIG BO 
CHECKED BYI o nfieRosE 
0 

1 6  0 FT EN0 OF 
U E A T H E R I N G  ZONE 

HNU - 0 p p m  
p7 - 0 cpm 
ABOVE BACKGROUND 
A R C H I V E  SAMPLE 
1-500 m i  

HNU - 0 p p m  
a7 - 0 c p m  
ABOVE BACKGROUND 
A R C H I V E  1-500 m i  
SAMPLE -100~03 

H N U  - 0 p p m  
p l  - 4 0  c p m  
ABOVE BACKGROUND 

DY - 0 o p m  

H N U  - 0 p p m  
pY - 0 cpm 

c . 2  ABOVE BACKGROUND A 
HNU - 0 pprn 
p l  - 0 cpm 
ABOVE BACKGROUND 

p Y  - 0 cpm 

NOTE : 
A L L  SAMPLE NUMBERS ARE 
INCREMENTEO BY 100. 000 
i o .  782 I S  100782 



PROJECT NO: 313327 BORING NO* 
M h  BEBAN: 1-2-92 DATE FIraBHED' 
DRILLER I E GARONER. 0 JAHXSON N I  
WOUND BURFACE ELEV. 8 617 0' QLL D A T V n h l  
DRILLING HETHOU: 4 i /q- IO HaLou  ST^ AUGER 

,? 

PAdE 1 OF 7 
1739 PROJECT NnnEI FERNALO 

48240 00' El 1383000 00' 
1-9-92 T Z L D  EmDJEERi 0 O'BRIEN 

QUL DEPTH: NA 
EOLRPnENT : BmBAOEER nOBILE ORIU 

M 

CHECKED B I I  0 ARBROSE lClCTOR PENN DRILLIN3 

O E S C R I P T I O N  

No recovery 

I I 7  b I  I 1.5' 
I 

~~ 

V e r y  Firm, t 1 0 Y R  5/41 ye1 louieh- 
10 0 broun, ei Ity C L A Y  , u  i fh eond on 

7 0 No recovery 

3 . 0 '  
18 o . 5  V e r y  f i r m .  ( 1 0 Y R  5/41 y e 1  louish- 

broun mottled u/groy, e I I t y  CLAY. 
eome y o v e  I, 
e l i g h  l y  moist 

25 0 . 5  

3 

no p I oet i c I fy. 

4 . 0 '  

3 No recovery 

a.m 

1 7  P I  I 

8 0 . 5  

10 0 . 5  
9.0' 

\ 9 . 5 '  
\ Firm. C5Y 5/11 g r a y  C L A Y  uith 

11 0 . 5  SrOvb I, I ou p I O e t  i c i ty. no i e t  

I 13 p I I No recovery .I 

0 
I 13 0 

17 0 5 

13 3.7 

15 0 
\' 

v 
1 4  0 

No recovery 

,. -\\I uet 

I 1 I 

I Po P I I 1 5 . 0  
Firm, (51 5/11 g r o y  mottled u/ 
ye I I o u  i ah-broun. grove I I y CLAY. 
I O U  ploeticity, uet 1 5 . 5  

REflARKS 

H N U  - 0 pprn 
p Y  - 0 cpm 

ROCK U A S  F O U N D  I N  
BOTTOn O F  SPOON 

H N U  - 0 pprn 
B Y  - 0 cpm 

HNU - 0 pprn 
p Y  - 0 cpm 

AUGERED OOUN TO 12' 
A F T E R  C R U S H I N G  SHELBY 

PUSHED SHELBY A T  12'. 
C R U S H E D  THE TUBE A T  13' 

HNU = 0 pprn 
p Y  - 0 cpm 

HNU - 0 ppm 
p Y  - 0 cpm 

H N U  - 0 p p m  



64.2 2 
PABE 7 u r  P 

PROJECT NO1 U3327 BORZNQ Not 1739 P-ZCT NAME: FERNALO 
MTE BEBAN* 1-2-92 DATE FTpQWEDt 1-4-92 ENOINEERi 0 O'BRIEN 

E l  1%3000 00' DRILLER I E GARONER. 0 JAII IGON' N I  482-0 00' 

ORWND EURrACC CLCV.'I 61'7 0' OLL D A T V T X r ( E 1  c14 OYL DEPTH: N A  
D R I L L I N B  METHODl 4 114. IO HaLOU STEn AUGER EOUIMENT~ BmenoEm ROBILE ORIL 

I I 0 
PCNN O R I L L I M  CHLCKW BY1 D ClnBROSE 

a 
( 
\ 

4 

n.m 

5. m 

t 

D E S C R I P T I O N  

ze . o 
F l r m ,  t3 - r  5 / 1 1  gray, gravelly l e  o . 5  CLAY. I o w  p I oet I c i ty, m o  i et 

72 0 . 5  

26 D .s ~~ 

\' 2 9 . 5  
No recovery 30 0 

BOTTOM OF BORING n T  30.0' 

HNU - ' 0 PPm 
0 c p m  

ROCK .mmtzo IN SPOON 

HNU - 0 pprn 
DY - 0 c p m  

H N U  - 0 pprn 
B Y  - 0 cpm 
SHELBY TUBE PUSHED 
FROM 19.0 F T .  TO 
2 2 . 0  F T .  

~ HNU - o ppm 
BY - 0 c p m  

ROCK I N  BASE OF SPOON 

NOTE 
A L L  SAMPLE NUMBERS nRE 
INCREMENTEO BY 100. 000 
io. 1336 I S  101336 



64.2 2 
PneL I 0, L 

PRWECT NO a 3 3 2 7  BORINQ N O *  17qO PRUJECT NAtlEa TERNALO 
MTE BESnNI 12-21-91 DATE FXNIWHEDI 12-21-91 FIELD ENOINEERi G MARSHALL 
DRILLER 1 8 .  YOSl. K .  MYERS ' Ni  481800.00' 
OAWND SURFACE ELCV. 603.0' OLL D A T V T I h i  En 
DRILLLNS RETHODi 4 114' I D  HCLLOU S T D l  AUGER 

30H 

E t 1378300.00' 
OUL DEPTH: NA 
WUTFHPJTI HlBIL O R I U  R I G  80 

<HED BY8 0.  AMBROSE 

REHARKS 

T R I P l F I E L D  B L A N K  
SAMPLE - 100754 
HNU - 0 p p m  
0 Y  - 0 cpm 
ABOVE BACKGROUNO . . _ _  

r4.  ! 
- 
r4 . !  

HNU - 0 pprn 
0Y - 0 cpm 
ABOVE BACKGROUND 

HNU - 0 p p m  ' 

B Y  - 0 cpm 
ABOVE BACKGROUND 3 .  71 

5 . S '  I 
N o  recovery 

11.0' I 
" - Hord. (2 .51  5/41. I ight 0 1  i v e  

broun. grave I l y  CLAY, I o w  
p I aet i c I ty, mo I et 

12.0' 
Hard, (2.57 5/41 I i  h t  o l i v e  broun. 
grave I I y any,, 
moiet, u i th  I imeetone rock i n  t h e  
l o o t  2" OF t h e  spoon 13.0' 
Hord. (2 .51  5/41 I i h t  o I i ve broun, 
grave I I y mny. 

I ~u psoet i c i ty. 

23 .17 
I ~ H  psaet i ci  ty. 

I 

HNU - 0 pprn 
n Y  - 0 cpm 
ABOVE BACKGROUNO 

1 . 7' - 

2 . 0  

HNU - 0 p p m  
nY - 0 cpm 
ABOVE BACKGROUND 

3 . 0  HNU - 0 pprn 
BY - 0 cpm 
ABOVE BACKGROUND 2 . 5  I I".'hW 

2 . 7  

2 . 7  

2 . 0  
- 13.3' U E A T H E R I N G  

ZONE 
15 mo i et 1 3 . 2 5  

F i r m  to h a r d  t S Y  4/11, dark gray. 
gravel  l y  CLAY u l th  some e o n e  LOU 

2 . 2  I aet i ci  ty, mo i e t  
13.5' 20 0 . 5  

23 3 . 5  
Hard, [5Y 4/11, dark gray. 
g r a v e l l y  CLAY u i th  some eond. l a w  
p 1 aet i c i ty, mo i st 

HNU - 0 pprn 
0'1 - 0 cpm 
ABOVE BACKGROUND 3 . 2  

2 . 0  20 0 . 5  15.0' 

25 0 . 5  

25 r) . 5  \ \\\ eond eand. high p l a e t i c i t y .  m o i s t  

f F i r m .  ( 51  4/11 dark g ~ o y  CLAY n i th 
eond eand, high p l o e t i c i t y .  m o ~ e t  

'Sof t .  t5Y 4/11 d a r k  . g r o y  CLAY w i t h  
15.5' 1 . 0  HNU - 0 p p m  

n Y  - 0 cpm 
ABOVE BACKGROUND 0 . 5  

ffl 



PnuL 7 oc 7 
PROJECT Nom 327327 BORXNQ NO1 1740 PROSCT NAME* FERNALO 
MTE BEBAN* ,l2-21-91 OhTE FX198wm1 12-21-91 F e I D  E N D J E E R 1  G r(ARSHAU 
DRILLER 1 p. YOSI. 1 

BROUND BURThCE ELLV.', 

lClCfOR 1 

0.m - 

2 3  

27 

21 

23 

32 

37 

IlY'tRS NI 981WO.W' 

LLOU STEn AUGER 

F i r m ,  (51 4/11, dark gray CLAY i u i th  e o m e  eand high ~ l o o t i c i t ~ .  

O I I  O A T V R r € I  * 

D E S C R I P T I O N  

- .  SI m o i e t  
\\U 17.0 

\ F i r m .  (57 4/11. dark groy CLAY 
u i t h  e o m e  eand high p l a s t i c i t y ,  
v e r y  m o i e t  

18.0 

18.5 
S o f t  to f irn (51  4/11 dark gray 
CLAY u i t h  e o m e  eond., h'igh 
p l o e t i c i t y ,  very m o i a t  
Hord. (51 4/11. dark groy CLAY 
u i th  ?ofpe~ eond.and grovel. IOU 

.:: Hord, (51 4 / 1 1  dark gray. c l a y e y  
19.0 P I Oat I C I ty, m o  I et 

::: SAND u i t h  lorgb cobbles. u e t  . . .  . . .  . . .  . . .  . . .  . . .  
2 0 . 0  . . .  

No recovery  

2 2 . 0  

2 2 . 5  
. .  . . . '  V e r y  eoFt. t 5 Y  4/11 .  d a r k  gray. 

C I O Y S Y  snm. uet 

F i r m ,  (51 4 / 1 1  dark groy CLAY 
w i t h  e o m e  eond',and grovel, 

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

m e d i u m  p l o e t i c i t y .  ve ry  m o i e t  

2 3 . 5  
\ Hard. ( 5 Y  4 / 1 1 .  dark groy CLAY 

u i t h  e o m e  eand,and grovel. 
m e d i u m  p l o e t i c i t y ,  m o i s t  

I BOTTOM O F  B O R I N G  A T  2 4 . 0 '  

NA 

- 
ec 

E I lTr0300.00' 
OUL DEPTH* NA 
EOUIFWENTI nmn ORIU RIG eo 

CUI 
r 

c -  .- I.- 

e 

- 
: . o  

. . 2  

. . o  

- 
- 
- 
1.7 

1.5 

1.0 

- 
- 
- 
! . 7  

in 

- 
: . z  - 
. . 5  

- 
1.0 - 

CEO B Y  I 0. ARBROSE 

REMARKS 

HNU - o p p m  . 
p Y  - 0 c p m  
ABOVE BACKGROUND 

HNU - 0 p p r n  
p Y  - 40 c p m  
ABOVE BACKGROUND 

PUSHED TUBE 36" U I T H  
1 3 ' .  OF RECOVERY 
A R C H I V E D  SAMPLE 100779 

HNU - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

H I T  PERCHED UATER ZONE 
PLUGGED HOLE A T  24 0' 

NOTE : 
A L L  SAMPLE NUMBERS ARE 
INCREMENTEO B Y  100, 000 
i o .  753 IS 100753 



64.2 2 
PAOL I OF 7 

PROJECT NO1 a 3 3 2 7  BORXNQ Nos 1741 PCIOJECT NAHEi FERNALD 
MTE BEBAN: 12-20-91 DATE FIKZBHDD: 12-a)-92 F e L O  ENOXNEER: 0 O'BRIEN 
DRILLER E GARDNER. 0 JAH1S)N Ni  ¶Om0 00' E i  1%3000 00' 

.-J 

O E S C R I P T I O N  REMARKS 

HNU - 0 pprn 
DY - 0 c p m  

. . . __ . - . . . .. 

HNU - 0 pprn 
01 - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 pprn 
p Y  - 0 c p m  

HNU - 0 pprn 

HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

StiFF, [ 5 Y  5 / 1 1 .  Q r O V O l  I y 
CLAY. 10u plastic?;;? moist 

! 



E I 183000.00' 
QUL DEPTH: NA 

EOUXPnENTi BUIBAOEER MOBILE ORIL 
I R  I 

3%. 
KED BYi  0 ARBROSE 

REMARKS DESCRIPTION 

\ S t i F F .  (57 5/11* gray, g r o v e l  l y  
CLAY. I ou p I oat i c I t y ,  m o  I et & 9 HNU - 0 p p m  

p Y  - 0 c p m  
6 

17.0 
No recovery .. . _ _  9 . . .. 

1 4  - 
4 - 
6 

6 
- 

un 

S t i F F ,  (5'1 5 / 1 1  
CLAY. 

No recovery 

I ou p I o e i i  c?F;? m o  I at C l  1.0 HNU - 0 p p m  
pY - 0 c p m  

f 
NA un 

1 2  4 

20.0 
S t i F f ,  ( 5 1  5 / 1 1 .  Qrove I I y 
CLAY. I o w  p I O a t  i ,OF;? m o  8 e t  

~. 

\ 

23.0 
S t i F F .  C5Y 5 / 1 1  ~ r o y .  g r o v e l  i y  
CLAY. I ou p I oet'i c i t y ,  w e t  

2 4 . 0 '  
No recovery 

24.5' 

:HE LB' 
TUBE 

HNU - 0 p p m  
p Y  - 40 c p m  

SHELBY TUBE PUSHED 
FROM 2 0 . 0 - 2 3 . 0 '  

5 

7 
- 
- 
11 

7 
- 

HNU - 0 p p m  
pY - 0 opm 

HNU - 0 p p m  

p Y  - 0 c p m  
1 2  

15 

6 

9 

1 2  

- 
- 
- 

C l  1 . 5  

e l  

C I  
- 
- 
NA 
- 
NA 

- 
c l  
- 
C l  

3 . 5  

? . 5  
- 
- 
w 

rln 
- 
- 
1 . 5  

1 . 5  
- 

HNU - 0 p p m  

p Y  - 0 c p m  

12 
2 B . O '  

S t i f F ' .  (5'1 5 / 1 1  QrOVOl  I y 
CLAY,  I ou p I Oet' i  c?;;? m o  I e t  

2 9 . 0 '  
No recovery 

1 2  HNU - 0 p p m  
p Y  - 0 c p m  

NA 

NA 

/ 

00: 

NOTE : /, 

ALL snmPLE NURBERS ARE 
INCRERENTEO BY 100. 000 

l i e .  1312 IS 101312 L 



ORWND 

'COI - 
itCY 
- 

590.0 

I 

S . 0  

P . 0  

- 

DRILLER I B YOST. K HYERS N: 980213 00' E: $33000  00' 
BURFACE ELEV. I EST 594 0' QLL D A T V T I I E i  FH QUL DEPTH1 Nh 

DRILLIN8 nETHODi H X L O U  STEM AUGER EOLRPHENTI nmm o R n L  eo 
RACTORt FfNN O R I L L I h t  

I I 1 

5 .m 

1 
cl  

N A  

CI 

N A  

cl 

NA 

c l  

NA 

C I  

NA 

c l  

D E S C R I P T I O N  

CHI 
0 0 N 

i: 
-d 0 - 
1 0  

3 0  
- 

NA 

>4 - 
4 0  

NA - 
NA - 
NA - 
NA 

4 2  

3 2  

3 2  

>4 

- 
- 
- 
- 
4 0  

4 0  
- 

NA 

3 5  

3 5  

NA 

4 0  

>4 i 
- 
- 
>4 ! 

3 5  
- 

NA - 
NA - 
NA 

3 2: 

3 21 
- 

I I l4 P I I ' N ~  rocovorv 

- 4 5 '  

A s  

ur.m 

1 4 . 5  
V e r y  F i r m ,  C5Y 5 / 1 1 .  gray, 
grove I I y CLAY, modi um p I oat i c i ty. 
m o  I e- 

1 3  0 . 5  

15 0 . 5  

zr 0 . 5  

5.m 

16.0 

KED BY I 0 .  AneRosE 

REMARKS 

HNU - 0 pprn 
p Y  - 240 cpm 

HNU - 0 pprn 
p Y  - 0 cpm 

HNU - 0 pprn 
pY - 0 cpm 

HNU - 0 ppm 
p Y  - 0 cpm 

HNU - 0 pprn 
p Y  - 0 cpm ' 

HNU - 0 ppm 
pY - 0 cpm 

NOT ENOUGH RECOVERY 
SAPlPLE UAS A R C H I V E D  

HNU - 0 pprn 
p Y  - 0 cpm 

HNU - 0 ppm 
p Y  - 0 cpm 

HNU - N A  

p Y  - 0 cpm 

HNU - 0 pprn 
p Y  - 0 cpm 



PnoE . 7 OF 7 
PROJECT NO0 U3327 BORINO NO: 1742 
M E  BEBANS 12-18-91 DATE FIp(TgC(ED1 12-aD-91 
DRXLLER E. YOST. K .  MYERS NI  sB02L3.00' 
OROUND BURPACE ELEV. i EST. 594.0' BLL D A T V T X I ' E t  M 
DRXLLINB HETHDO: MLL( 

Ea 1383000 00' 
QUL DEPTH: NA 

EO~PHENTi HDBILE ORILL 80 STEH AUGER 
IIUIH; 

DESCRIPTION 

IACTOR I K E D  8 1 :  0 .  AnBROSE 

REMARKS 

HNU - 0 p p m  
p Y  - 0 c p m  
HNU - 0 p p r n  
p Y  - 0 c p m  

29 

IHELB' 
r u B E  

HNU - 0 p p r n  
p Y  - 0 s p m  

HNU - 0 p p m  

p Y  - 0 c p m  

9 

15 

19 

50 HNU - 0 p p r n  
p Y  - 0 c p m  

26 

s.m E 21 HNU - 0 p p m  
0'1 - 0 c p m  

10 

24 

1 4  

19  
- 

HNU - 0 p p r n  
n Y  - 0 c p m  

Fr i m, ( 5 1 , 4 / 1 1 ,  dork  sroy srove I I y 
C L A Y ,  m e d i u m  I o e t i c i t y .  uet 
u i t h  s o m e  rocr I I i m e s t o n s l  
F i r m ,  ( 5 1  4 / 1 1 -  dork  sroy. 

0 I i ght I y m o  i at 
QrOVel  l y  CLAY. I O U  p l O O t l c i t y ,  

2 7 . 0  

22 

28 
I \  \ \ I  ~~ 

F i r m  (51  4/11, sroy, grovel I y 5\91; I O Y  plasticity. s l i g h t l y  27 ~ 

. 5  HNU - 0 p p m  
p Y  - 0 c p m  

60 

100 
I \ \ \  - . -  .I." I - s 

H o r d .  C5Y 5/LI. g r a y ,  g ~ o v o  I I y 

2 0 . 0  
. 5  C L A Y  IOU I o e t i c i t y ,  uith r o c k  

. 5  u i t h  grovel. no p l o e t i c i t y .  d r y  

t I i mbstone?. mo l e t  ' Hard, (51 5/11, groy, sandy CLhY 
50 

42 

BOTTOM OF BORING n i  2 9 . 0 '  

NOTE : 
n u  SAMPLE NUMBERS ARE 
INCREMENTEO BY 100.000 
i s .  715 I S  100715 



PAQE L OF E L -  
PROJECT NO: 313327 BORINO NO: 1743 PROZCT NAHE : FERNALO 
MTE BESANl 12 - 1 e - 9 I DATE FIFosnEo: 12-19-91 FZEW ENQINEERi 0 O'BRIEN 
DRILLER : E GARONER. 0 JAMEsON NI 479100 00' Ea 1383000 00' 
GROUND BURFACC ELEV. I 589 45'  ObL DATVnr(E1 m OUL DEPTH: NA 

- DRXLLINS RETHOD: m L L O U  STEH AUGER 

im 
- 

585.0 

W.0 

m.0 

LFpr:' 

m- 

i.m 

o.m 

5.m 

- 

R N N  O R I U I f f i  
I s 

D E S C R I P T I O N  

I 

Firm, C10YR 5/41 ye1 l o u i e h -  
broun, ei I t y  CLAY. IOU p l a s t i c i t y a  2 0 . 5  

4 0 . 5  
01 l g h t l y  mo ie t  

5 0 . 0  . .  . .  
1 . 5 '  

n No r e c o v e r y  6 - - 
2 0' 

Firm. t l 0 Y R  5/41. y e l l o u ~ e h  broun, o s  e : I t y  C L A Y  n: t h  r o v e  I ond TP'QCeO 

m o  I et 

4 

7 0 5  

OF Foe0 I I, IOU p?aet  I C I ty, el I ght I y 
3 0' 

/Hord. C lOYR 5/41. ye1 l o u i e h  broun, 
e : I t y  C L A Y  ulth g r o v e l  ond Fossil. 
m o  I ot 

No recovery  
3 5'  

9 D 5  t P Q C I 0 ,  I Ou p I Oat : c : ty, 0 I : ght I 

1 4  0 
4 0' 

Very Firm. ClOYR 5/41. ye1 l o u i o h  

grovel ,  IOU p l o e t i c i t y .  s l i g h t l y  
m o  i et 

6 0 . 5  broun, e i l t y  CLAY u i t h  eond ond 

e 0 . 5  
5 :o* 

No, r e c o v e r y  

14.0 
1 4  . 5  Very F i r m .  C5Y 5/31. 0 1  ive. si I t y .  

g r o v e  I I y CLAY, I OY p I aet i c i ty. 
e I i Qht I y mo i st 

18 0 . s  

el 0 

15.5 
No r e c o v e r y  

I l l  16.0 

CHECKED BY: o nneRosE 
I I  I 

REMARKS 

-4 - " 
1 0 HNU - 0 p p m  

p Y  - 0 cpm 

C I  1.75 - 
1.0 

N A  INA 3 > 4 .  

HNU - 0 p p m  
p Y  - 0 cpm :# 

N A  

NA 

HNU - 0 p p m  
DY - 0 cpm 



PnuL 7 OF P 
P-JEcT NAHEI FERNALD PROJECT NO8 a3327 BORINO N O ,  1743 

mTE BEEhNs 12-18-91 OCITE FzraWEo: E - 1 9 - 9 1  F e L D  ENDINEERi 0 .  O’BRIEN 

ikFY 

m.0 

565.0 

560.0 

IhCTOR I 

IfiY 

n m  - 

5.00 - 

a.w - 

i H E L B  
TUBE 

0 .  JAtlESUN NI  419100.00’ 
5 ’  OLL DClTOTTr€I rn 
AUGER 
G 
D 

I BOTTOM O F  BORING A T  2 4 . 0 ’  

KED BY I 0 .  ARBROSE 

REMARKS 

HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 pprn 
p Y  - 0 c p m  

HNU - 0 pprn 
DY - 0 c p m  

NOTE : 
ALL SAMPLE NUMBERS ARE 
INCREMENTED BY 100.000 
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a 

-r 

IACTOR I PENN O R I L L I M  
I 

O E S C R I P T I O N  

1 I I 
Firm. C l O l R  5/43 yrllowirh-brown, 
e i ~ t y  CLAY. IOU p ~ ~ s t i c i t y ,  moiet  

0 . 4 2  

5 

\ 

\ 1.0- 
5 

7 N O  recovery  

. . .  
7 2 0' 8 

5 O S  aronn, e I I t y  C L m ,  IOU p I oat I - V e r y  Firm. t1OYR 5/41, ye1 louieh- 

c l t y .  mois t  

11 D . 5  
\ 

\ 3 : O s  
H a r d  t 1 0 Y R  5/41. ye1 louish-broun 

3 . S .  1- 0 -08 si I t y  CLAY, Ion p l o e t l c  I ty. 

17 0 

m o  i at 
No rreovrry 

t I I 

8 1 . 1  I 
i.00 

a.m 

1 4 . 0  

s.m 

I 
V i r  F i r m  (51  5/31. 0 1  ivo.  e i  Ity a n +  u i t h  eond ond grove I. 
p I oat i 0 i ty, 

9 I on 
m O  i 0 T  

17 0 08 

5 

\ 

\' 15.0 
0 No reeovory  

16.0 
Firm. t 5 Y  5/31, 01 ive, e i  Ity 

\ h o r d ,  [ 5 Y  5/71. 0 1  IVO,  s i  I t y  CLAY 
16.5 1 4  0 . 5  Y I tk  rand ond sravr I. I ow 

17 D .s w i t h  sond and grovol. l o r  p l o o t  
\' i f .  0 City. moist  

N A  

cl 

N h  

- 

C I  

- 

N A  . 

C I  

- 
N A  

HNU - 0 ppm 
DY - 0 c p m  

HNU - 0 pprn 
gl - 0 cpm 



PnOL 2 OF 2 
PROJECT N O 1  3 3 3 2 7  BORINO N O S  1745 P R O J E ~  unmt FD)NMI 
mTE BEBhNt 12-16-91 DniE FIMWDDI E-17-91 FELD E N D I N E R , .  0 O'BRIEN 
DRILLER I E GhRONDI. 0 JhnESON NI  418500 00' E: 1382000 00' 

BUL DEPTH: Nh 
wmmmi: MCQILE o R n L  80 

C O D  BY1 0 ARBROSE 

QRWND BURFACE ELEV. : 586 00' B c l  D A T V T I - :  
DRILL IN6  IIETHOD: COLLOU STER AUGER 

D E S C R I P T I O N  

V e r  F i r m ,  f5Y 5/31 olive. eilty 
C L A Y  u i th  eond ond grove I. 
p I oat i c i ty. 

I o w  
m o  i e t  

E R E  HARKS 

HNU - 0 p p m  
DY - 0 c p m .  

2 0 . 0  
N o  recovery 6 

1 4  
- 

1 4  

19 

9 

LB 

21 

24 

3 

L4 

3 

2 5 . 0  
V e r  F i r m ,  t 5 Y  5/31, 0 1  i ve, si I t y  
C L A Y  u i t h  eond ond grovel. 
D 1067 i c i ty. 

\ Hard. ( 5 1  5/31, 0 1  ive. s i  1 ty CLeY 
u j t h  eond and grovel. l o w  p l o e t  
city, m o i e t  
V e r  F i r m .  1 5 Y  5/31, 0 1  i v c ,  s i  Ity 
C L A Y  u i t h  s a d  and grovel. 
p I oat i c i ty. 

> 2 5 . 5  IOU 
m o  i 6t 

Pb. 0 
IOU 

m o  i et 

HNU - 0 p p m  
pY - 0 c p m  

I BOTTOM O F  BORING A T  2 7 . 0 '  

5 8 . 0  
1 

- 

NOTE : 
A L L  SnPIPLE NUMEE RS ARE 
INCREMENTEO BY 100.000 
i e .  1253 I S  101253 
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qn - 
q~ - 
qA - 
qA - 
qfi 

A 
qA - 
1.5 

3 . 7 1  

1.75  

1.75 

I.?= 

1 . 5  

- 
- 
- 
- 
- - 

DRXLLER I E. GARDNER. 0 .  JAflISDN NI  fl7W0.00' 
QRDUND BURFCICE ELEV. I N A  B I C  D A T V T I E i  rUr 
DRXLLLNB RETHODl W L L W  STEM AUGER 

HNU - o - p p m  
20 cpm gY--o c p m  

HNU - 0 p p r n  
20 c p m  6'--0 c p m  

H N U  - 20 0 p p m  c p m  
gY--o c p m  - 
H N U  - 0 p p r n  
gy-- 0 2o c p m  cpm 

H N U  - 20 0 p p r n  c p m  
gy--o c p m  
H N U  - 20 0 p p r n  c p m  
O,'--O c p m  

20 c p m  gY--o c p m  
HNU - 20 0 PPm c p m  
gy--o c p m  
HNU - 20 0 PPm c p m  
gY--o c p m  
H N U  - 20 0 P P m  c p m  
gy--o opm 

gy--o c p m  

HNU - 0 PPm 

n N U  - 0 PPm 
LO c p m  

= o h  - 

iW 
-H 

5 . 0  

-10.0 

I 

-15.0 

3 . 5  - 
rln 

- 
w 

- 
1.21 

- 
1.0 

- 
1 . 5  

RACTOR : R N N  O R I U I H ;  

HNU - 0 p p r n  

gy-- 0 2o c o m  cpm 

Me- 

5.m 

u).m 

5.m 

O E S C R I P T I O N  

M e d  F i r m  t 1 0 Y R  4/61 dark yet lou- 
ish-broun, ei ~ t y  CLAY, abundant 
r o o t e  and orgon i c , m a t e r  I o I .  
e l  i q h t l y  m o i e t  0 . 5 '  
V e r y  F i r m .  ( 1 0 Y R  4/61 d a r k  ye1 lou-  
i eh-broun, e i l t y  CLAY: I ees o r  on i c 
m a f e r  i a I. 
m d  I et n. 

I ou p I Oat i c i ty. e I i g E t  I y 
& . Y  - - .  

Hord. C10YR 4/61 dark y e l l o w i e h  
broun, ei  ~ t y  CLAY. ~ e s e  organ ic  
m o f o r  i a I. 1 oy p I ant i c i ty. e I i gh? ly. _ A  
rnP I -T ~ . a  
No recovery -. 

L . U ~  

Donee. t Z . 5 7  6/61 o I i ve ye I I on. 
c l a y e y  SILT u i th  kinor eand. IOU 
p I ant i c I ty, t race grave I. d r y  ~ ". 

e.- 

O e n e e .  t 2 . 5 1  6/61 0 1  i v e  ye1 I O U .  
c l a y e y  S I L T  u i t h  kinor eand ond 
e o m e  grovel, dry 

5.5' 
F i rm. ( 1 0 Y R  5/41 y e  I I ou i eh broun. 
e i l t y  C L A Y  u i th  iroce OF sand, p I Oat i 0, mO i et . 6 .0 '  
M e d i u m  F i r m ,  t 1 0 Y R  5/41 ye1 l o u t o h  
broun. e i l t y  CLAY t race*  sand, eome 
i n t e r m i t t O n t  ravel, e i l g h t l y  
p I aet i c, m o  i e? 

7 . 5 .  
M e d i u m  F i r m ,  t 1 0 Y R  5/41. ye1 l o n i e h  
broun, s i  I t y  CLAY. t r ace  eand. e o m e  
i n t e r m i t t e n t  grovel. e i  l g h t l y  
p loet ic.  e o m e  la rger  chunke OF 
Qrave I ,  m o  I et 

V e r y  F i r m ,  t 1 0 Y R  5/41, ye I I on i eh  
broun, e i  I t y  CLAY, t P O c b  sand. e o m e  
I n t e r m  i t t e n t  grove I .  
p loe t i c ,  e o m e  larger chunks or 
grove I. m o  I st 4 n- 

8 . 5 '  

e i I ght I y 

M e d i u m  F i r m ,  t 1 0 Y R  4/41 d a r k  
ye I I o u  i oh broun. c 1 ayey' S I L T .  
e o m e  e m a l l  grovel, e l i g h t l y  m o i e t .  

11.0' 
F i r m ,  t 1OYR 5/61 y e  I I oui oh broun. 
e i l t y  C L A Y  u i th  b o m e  grovel. and 
p I Oet i c. m o  i st 

1 2 . 0 '  
M e d i u m  F i r m ,  t1OYR 5/61 ye1 I ou ieh  
broun, e i  ~ t y  CLAY u i t h  b o m e  gra.ve~. 
p I aet i e. m o  i et 

F i r m ,  ( 5 Y  5/11. groy CLAY u i t h  e o m e  
I orge grave I. p I Oat i c. m o  i et 

14.5' 
No recovery 

F j r m ,  t S Y  5/11. groy C L A Y  n i t h  
m i n o r  e ~ l t  and eome grovel. 
p I aet i c. 
No recovery 

15. 0' 

1 5 . 5 '  m o  i et 

N A  

I 

m l  

c 

- 

m l  

C 

N A  - 
c l  - 
N A  

E I 1382500.00' 
BUL DEPTH8 N A  
EaUIPnENTi N A  

CHECKED BY1 0 AMBROSE 

v - .  REMARKS .. I I? 

H N U  - 20 0 p p m  c p m  

0 c a m  

H N U  - 0 p p m  
20 c p m  gy--o c p m  

H N U  - 20 0 p p r n  c p m  

$'--o c p m  

HNU - 0 p p m  
p Y  - 20 c p m  
o - 0 c p m  

HNU - 0 p p m  
pY - 20 c p m  
u - 0 c p m  

GNU - - 20 o ' p p m  c p m  

- 0 c o m  

20 c p m  
0 c p m  



E. GARONER. 0 .  JAMISON Ns 417WO.00' 

_ _  
/- 

S.0 

3.0 

I PTH 
hl 

JR * 

I 1 

O E S C R I P T I O N  

1 7 . 0 '  
V e r y  F i r m .  t 5 Y  5 / 1 1  r a y  CLAY. s o m i  
s i I t and grove I, p lbe? i s. m o l  e t  

l e .  o' 
V e r y  F i r m ,  (51 5/11 .  groy CLAY. 
grading into  o c layey  0 1  I t  
w i t h  grovel. m o i s t  
V e r y  F i r m .  (5'1 5 / 1 1 .  groy CLAY. 
grading i n t o  o cloyey s i  I t  
u i t h  grovel. m o i s t  

vet- r i r m .  I ~ Y  SAL), gray. eaney SILY. some  grove^. very  r e t  

1 9 . 0  

eorron OF BORING n r  z 1 . s -  

! E t 1~2500.00' 
QUL DEPTH* NA 

EOUIPr(ENT8 N A  j CHECKED B Y *  0 MBROSE 
0 
D i 

REHARKS 

- 
dn 

2 . 5  

3 . 0  

3 . 0  

3 . 0  

- 
- 
- 
- 
- 

3 . 0  

HNU - 0 p p m  
oY-- 20 c p m  
a 0 c p m  
HNU BY-- - 20 o ' p p m  c p m  

a 0 c p m  
HNU - 0 p p m  

20 cpm gY--0 c p m  
HNU - 0 p p m  

20 c p m  $'--o c p m  
HNU - 0 p p m  
BY-- 20 c p m  
a 0 c p m  

N O T E :  
hLL SAMPLE NUMBERS ARE 
INCREMENTEO BY 100.000 
i o .  1226 I S  101226 



7 

--L 

'CON 

j- 

MY - 
.. 

5 . 0  

-10.0 

-U.O 

\ 

E * 138e500.00' 
OWL DEPTU* N A  

COUXWCNT. W W I L C  DRILL INO RIB eC 
CHECKED BY: D .  nnBROSc 
D 0 

s .m 

m.m 

u.m 

V e r  F i rm. ( 1 0 Y R  5/31. broun. - C L A Y -  
u i t z  ?and and gravel, h l g h  
p I n o t  I c I ty. 
F i r m .  C10YR 5/31. broun, C L A Y  u i t h  
eond and gravel. high p l o e t i c i t y .  
m o  i et 
V o r y  F i r m ,  CLOYR 5 / 3 1 .  broun. C L A Y  ' 
u i t h  eand and  rave I. h i gh p l  aet i - 
c i t y .  m o i e t  

C i rm .  CLOYR 5/31. broun. C L A Y  u i t h  
eond and ~ o v e l .  high p l o e t i c i t y .  
m o  i et 
V o r y  F i r m ,  CLOYR 5/31, broun. C L A Y  
u i t h  eond and grovel. h i o h  p l a e t i -  
C i t y .  m o i e t  

H a r d  ( 1 O Y R  5/31. bpoun C L A Y  w i t h  
eond ond gravel, hi Qh p I oat i c i ty. 
m o  i et 

m n  I mi- 

F i r m ,  C10YR 5/11, s'oy C L A Y  uith 
eond ond gravel, no p l o e t i c i t y .  
d ry  12.0 
nore. C ~ Y R  3/81 y e  I I o u  i en--red, 
r i l T y  C L A Y  u i i - h ' r o m r  rond and 
grave I. I ou p I aet i c i ty,  m o  i st 

C l  

I ou I sh- 
d and O r a v e I .  IOU 

I on p I or- I c I i-y. m o  a -t 

I 

S I  
F i rm .  C10YR ¶ / l . I ,  QrOy, grO\(C# I I y 
C L A Y  u i t h  sand IOU p l o s t i c i t y .  
mO i et - 
V o r y  F i r m ,  CLOYR 5 / 1 1 ,  s'ay. C l  

p loet i c  i t y .  m o i  et C I  

gravel  l y  CLAY u i th  sand l o w  - 
17.0' 

REMARKS 

~~ 

T R I P / F X E L O  BLhNK 
N O .  10052 3 HNU--Ooc;r z i  O V  E Bh CKGROUNO ' 

p Y  - 0 e p m  
A B O V E  8ACKGROUNO 

UNU - 0 p p r n  

p Y  - 0 c p m  
h B O V E  BACKOROUNO 

HNU - 0 p p r n  

Z i O V f  BACKGROUND 
- 0 c p m  

- p Y  - 0 s p m  

1.7- ABOVE BACKGROUND - 
2 . 7 1  H N U  - 0 p p r n  - p Y  - 0 c p m  
1.0 h B O V E  BhCKOROUND 

2 . 0  

4 . 0  

1.5 H N U  - 0 p p m  

- 
- 
- 

pY - 0 o p m  
ABOVE BACKGROUND 

H N U  - 0 p p m  

ABOVE BACKGROUND 
>4 C pY - 0 c p m  

- 
3 . 0  H N U  - 0 p p m  

0-f - 0 c p r n  
ABOVE BACKGROUND 

>4. HNU - 0 p p m  

~ 

Z : f r " t f f R O U N O  D 7  - 0 c p m  

2 . 5  h B O V E  9hCKOROUND 

2 . 7  ABOVE BACKGROUND 

1 .5  HNU - 0 P P m  
p Y  - 0 c p m  

- I  
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. .  .-a. 0 .,-- 

. . -30.0 

- 

I 

J 

n 

ZZ 

27 

RIUIM 

O E S C R I P T I O N  

LOI.Urr(DIT* MOBILE DRILLDJO R I B  K 
CHLCKW by. D AMBROSE 

I O  I 

I O  I 

REnhRKS 

p Y  - 0 c p m  

e m P L E  INTERVAL UGED 

HNU - 0 p p m  
p Y  - 0 s p m  

HNU - 0 ppm 

h B O V E  BhCKOROUNO 
p Y  - 0 cpm 

0 1  

ll DRXLLED hN EXTRA 
6" TO TRY TO GET 
Pnsi  COBBLE 

HNU - 0 ppm 
BY - 0 c p m  
h B O V E  BCICKOROUNO 

TUBE CRUSHEP L O U  
c l  3 . 0  RECOVERY. ARCHIVE 

snr-wLE 4, 01 > 4 .  
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..I 

i.W 

a.m 

~ 

F i r m ,  C t O Y R  5/41, y o l l o m ~ o h - b ~ o ~ n ,  
0 1  I t CLAY. no p l a s t i c ~ t y ,  
et ~ & t t y  m o l e t  

E 

3 0 5  G I  1.2z 
t . 0 -  - 

2 5  v e r y  r t r m ,  t i o Y ~  S N ~ J ,  y e i  I O Y I O ~ -  

\ 0 NA NA 

4 0 2s broun. o i  I t y  C L A Y ,  n~ plor*ioity. 

6 

e l i g h t l y  m o i e t  
t .¶ .  

N O  recovery  2.0 '  
F i r m .  C10YR 5/41 ye l lou ieh-  
broun e I I r y  cLny: no p I OUT I C I  TY, 
e l i q h t l y  m o ~ e t  

~ 

2 . 0  4 0 5  W I T ~  pockets OF p o o r l y  graded. 

9 D 2s 2 0  

11 3 

V c r  F t r m .  CSY 5/tI. st-oy C L A Y  

m o t ,  

..- 
coores eand. IOU p l a e t i c i t y .  c l  - 

16.0' 

NA No recovery  

HNU - 0 ppm 
pY - 30 cpm 
HNU - 0 ppm 
pY - 60 c p m  
HNU - 0 p p m  
DY - 60 c p m  

HNU - 0 p p m  
p Y  - 40 c p m  
WNU - 0 ppm 
pY - 40 o p m  
HNU - 0 ppm 

1 p Y  - 60 spm 

HNU - 0 p p m  
pY - 50 c p m  
HNU - 0 p p m  

HNU - 0 p p m  
p Y  - 40 cpm 
HNU - 0 ppm 
pY - 40 cpm 
HNU - 0 ppm 
pY - 40 rpm 

-0-f - 50 cpm 

HNU - 0 p p m  
pY - 60 cpm 

HNU - 0 ppm 
p T  - 60 cpm 
HNU - 0 p p m  
pY - 40 cpm 
HNU - 0 ppm 
pY - 40 cpm 

,HNU - 0 ppm 
pY - 40 cpm 
HNU - 0 ppm 
p Y  - 60 cpm 
HNU - 0 ppm 
p Y  - 60 cpm 
WNU - 0 ppm 
pY - 60 opm 

HNU - 0 ppn 
pY - 60  cpm 
HNU - 0 p p m  
pY - 50 cpm 

I I I 
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PAUL 7 OF z 

PROJECT NO1 a3321 BORINQ N O S  1749 PROJECT NAtlEs FERNALD 

WTE BEBhNi 310-92 DATE F I ~ U ~ H E O I  311-92 F Q U  ENOTNEER: P O'BRIEN 
mnLf R * J BARILF C COULTER N: m m o  00' E l  ,lB29OO 00' 
ORWND SURFACE LLLV. : NA 0+ D A T O T I r Z :  Fn 0% DEPTH: Nh 
DRILLIN6 HETHOD: COLLOU STEN AUGER 

5.00 u 

Ma- 

- 

5 0 . 5  

7 0 . 3 :  

9 0 

11 3 . 5  

1 4  0 . 5  

27 0 . s  

31 0 

D E S C R I P T I O N  

V e r y  F i r m -  t S Y  5/11, q r o y  CLAY. 
eome grave I, I o w .  p I ae I c i t y ,  
wet 

1 8 . 5  

1 9 . 0  
M e d i u m  f i r m ,  ( S Y  5 /11 .  gray CLAY, 
e o m e  grovel, l o w  p l a e t i c i t y .  
wet 
F i rm.  t 5 Y  5/11, gray CLAT. 
s o m e  grovel. l o w  p las t i c i t y .  
wet 

2 2 . 0  
ned i u m  ri rm. ( 5 7  5/11. Qroy , CLAY. 

, 22 .5  IOU p las t i c i t y ,  s l i g h t l y  m o i e t  

F i r m ,  ( 5 Y  5 / 1 1 .  gray CLAY. 
l o w  p las t i c i t y ,  s l i g h t l y  m o i e t  

No recovery 

23.0 

2 4 . 0  
F i r m .  ( 5 Y  5/11. gray, CLAY. e o m e  
gravel  h igh ,p lae t ic i t y .  
e I I ght'l y m o  I et 

25.0  
M e d i u m  F i r m ,  ( 5 Y  5/11, g r o y  CLAY, 
eome ravel  high p l a s t i c i t y .  
6 I i gh? I y m d i s t  

27.0 
Sof t ,  ( S Y  5 / 1 1 .  groy CLAY. high 
p I oet i c i ty, 27 5 m o  i et 

- .  . -  

No recovery 

2e.o 
Soft, ( S Y  5/11,. ray  CLAY. m e d i u m  
p I oet i c  i ty, m o l  e? ze.5 
M e d i u m  F i r m ,  ( 5 Y  5/11, sroy CLAY, 
m e d i u m  p l a e t i c i t y .  m o i e t  

29.5 
No recovery 

BOTTOM OF BORING AT 30 .0 '  

H N U  - 0 p p m  
p Y  - 50 c p m  
H N U  - 0 p p r n  
p Y  - 60 c p m  
H N U  - 0 p p m  
p l  - 60 c p m  
H N U  - 0 p p m  

. p Y  - 60 c p m  

H N U  - 0 p p m  
p Y  - 40  c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  

t 

H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - 0 p p m  
pY .- 40 c p m  
H N U  - 0 p p r n  
p Y  - 40 c p m  
HNU - 0 p p m  
pY - 40 c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - 0 p p m  
0 Y  - 40 c p m '  
H N U  - 0 p p m  
p Y  - 50 c p m  

H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - 0 p p m  

p Y  - SO c p m  
H N U  - 0 p p r n  
pY - 40 c p m  

INCRERENTEO B Y  100.000 
i o  1501 IS 101501 



0 

a c I  

N A  

0 1  

PAOE I 0. 3 
PROJECT Not U3727 DORSNO N O S  1750 P R D X ~  Nnnc: FERNALO 

ORTC bLbhN. 3 1 2 - 9 2  DhTC r'TF(lmLDa 3-13-92 rem cNorntzn0 o O'BRIEN 

IhCTOR I PENN D R I U I K ,  

c s  

2 21 

3 0  

3 0  

2 0  

2 0  

- 
- 
- 
- 
- 
- 
2 3  

2 5  

3 s  

- 
- 
- 

NA 
- 
NA 
- 
NA - 
N h  

0 7  

2 2  

1.5 

0 .? 

2 2  

2 s  

- 
- 
- 
- 
- 

CDN 

im 
J 

-ee 

-5.0 

-10.0 

-U.O 

D E S C R I P T I O N  

L 

4 0 . 5  
~ \ 

5 .m 

m.m 

u.m 

6 0 . 3 3  
1.5' 

2.0' 0 No recovery e 

yellouieh-brown, eilty CLAY. low 
p l a e t i c i t y .  s l i g h t l y  m o i e t  

4 . 0 '  

c 
L. 
0 " 

0 .  7 :  

C I  t 1 . 0  

1.7! & 
cl 

Nh INh 

W N U  - 0 pprn  
p~ - 10 c p m  
HNU - 0 p p r n  , 
p Y  - 40 c p m  
HNU - 0 pprn  
DY - 40 c p r n  - . 
W N U  - N A  pprn  
p Y  - NA o p m  

HNU - 0 p p m  
p Y  - 50 c p m  
HNU - 0 pprn  
p Y  - 50 c p m  / 
HNU - 0 p p m  
DY - SO c p m  
WNU - NA pprn 

p Y  - N h  c p m  
HNU - 0 pprn  
p Y  - 40 c p m  
HNU - 0 p p m  
B Y  - 40 c p m  
HNU - 0 p p m  
p Y  - 40 o p m  
HNU - 0 p p m  
pr - 40 c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
HNU - 0 p p m  
Q Y  - SO cprn  
W N U  - 0 pprn  
DY - 50 s p m  
HNU - 0 pprn  
p Y  - 50 c p m  
HNU - 0 pprn  
BY - 50 c p m  
HNU - NA p p m  
p Y  - NA o p m  , 
HNU - N A  pprn  
p~ - N h  c p m  
HNU - NA pprn  
p Y  - NA c p m  

J 

HNU 7 0 pprn  
p~ - o c p m  
HNU - N A  pprn  
p Y  - NA c p m  
HNU - NA p p m  
QY - NA c p r n  
HNU - N A  p p m  
p Y  - Nh c p m  

HNU - 0 pprn  
p Y  - SO. c p m  
HNU - 0 p p m  
B Y  - 50 c p m  
HNU - 0 pprn  
p Y  - 50 o p m  
HNU - 0 p p m  
pT - 50 c p m  
HNU - 0 p p m  
p'I - 60 c p m  
HNU - 0 p p m  
DY - 60 c p m  
HNU - NA p p m  
p Y  - NA o p m  
HNU - Nh p p m  
p~ - NA c p m  



PAUL OF 2 
PROJECT NO1 313327 BORINQ NO: 1750 PROSCT NAMES FERNALO 

KMTE BEBAN: 3-12-92 DhTE FINIBHEot 3-13-92 FEU) ENOPIEERi 0 O'ERIEN 
El 1382500 00' 

~ 

ORILLER' J BFIRILE. C COULTER NI 41850U.UU' 

DRILLING METHOD: COLLOU SKtl AUGER 

30h ?ACTOR I . R X  

Bee- 

- 

D E S C R I P T I O N  

18.0' 
No recovery  i 19.0' 

2 6 . 0  
F i r m ,  [ 5 Y  5/11. gray, grove 1 I y 
CLAY. I ou p I 0 e t  I C  l ty ,  u e t  

2 7 . 0  
No recovery 

- 
28.0 

B O T T m  O F  BORING A T  30.0 '  

1 %  I 

R E  f l  A R K 6 

HNU - 0 p p m  

p Y  - 50 c p m  
HNU - NA p p m  
p Y  - NA c p m  
HNU - NA p p m  
p Y  - N A  c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
HNU - 0 p p m  

137 - 50 c p m  
HNU - N A  p p m  
p Y  - NA c p m  
HNU - N A  p p m  
p Y  - NA c p m  
HNU - NA p p m  
p Y  - N A  c p m  

HNU - 0 p p m  
p Y  - 60 c p m  

HNU - 0 p p m  
p Y  - 60 c p m  
HNU - 0 p p m  
p Y  - 60 c p m  
HNU - 0 p p m  

p Y  - 60 c p m  
HNU - 0 p p m  
c)Y - 40 c p m  

HNU - 0 p p m  
p Y  - 4 0  c p m  
HNU - NA p p m  
g Y  - N A  c p m  

BY - NA c p m  
HNU - 0 p p m  
pY - 4 0  c p m  
HNU - 0 p p m  
p Y  - 40 c p m  

p Y  - NA c p m  

HNU - NA p p m  
p Y  - NA c p m  
HNU - 0 p p m  
DY - 60 c p m  
HNU - 0 p p m  

c)Y - 60 c p m  
HNU - 0 p p m  
p Y  - 60 c p m  

- 

ALL SAMPLE NUMBERS ARE 
INCREMENTEO B Y  100. 000 
i m  1534 I S  101534 



64.2 2 

0 . 5  

0 
\' 

\ 3 

4 

_ _ ~  

DRfLLER J BARILEl C COULTER N o  482140 00' 

O R W N D  OURFAOC ELEV.9 NA o k  onTvTI=*  F(* 

mnLxNe METHOD, IQLLOU STEM ClUOER 

1- 
.CON 

1.0- 
NO recovery 

0 

= I  

V A  

D I  

Nn 

C I  

N A  

c l  

;cFY 

-e?e 

5 . 0  

-10.0 

-U.O 

0 " 
2 - 2: 

3 . 0  

NA 

- 

- 
NA 

2.2: - 
2 . 5  

N h  - 
NA 

2 . 0  

1.7:  

2 . 5  

2 .  7 !  

- 
- 
- 
- 
3 . 7 !  - 
q . 0  

3 . 7 !  

3 . 7 :  

> 4 .  I 

- 
- 
- 
- 

NA 

- 
NA 

- 
NA - 
NA - 
NA - 
NA - 
N h  
- 
NA 

1 . 7  

1 . 5  

1 . 7  

- 
- 
NA 

1 1 
V I r y  F i r m .  C I O I R  5 / 8 1 .  brpunirh- 

C I Ty, 
ye I IOU, e i I t y  CLAY. 1 OY p I OOT I - 

e 1 I Qkt I y m o  I e t  

u.OO 

R E U A R K S  
! 

HNU - 0 pprn  
p Y  - SO c p m  

I 

I 

HNU - 0 p p m  
p Y  - 60 c p m  

I 

p Y  - 60 c p m  
HNU - 0 pprn  

I 

J 
HNU - 0 pprn  
p Y  - 40 c p m  

I 

! 

HNU - 0 pprn  
p Y  - 5 0  c p m  

HNU - 0 pprn 
0 Y  - 40 c p m  

! 



64.2 2 

3RILLER I J EhRILE. C COULTER NI 982790 00' 

JRRLIN6  METHOD: WOLLOU S K U  AUGER 
3RWND BURFACE ELEV.: NcI OCL D A T V T I m E :  M 

LACTOR * 

n m  - 

3 - 
14 - 
11 

-If L B '  
UBE 

- 
7 

I 

- 
10 

1 2  
- 

N A  

D E S C R I P T I O N  

.. . . . 

19.0' 
- .  . i r m ,  151 5 / 1 1 ,  gray. gravel l y  
:LAY. I on p I aet i c I ty. m a  I st 

22.0' 
7edium rirrn, ( 5 Y  5/11 r a y ,  
Srovsl l y  CLAY. Iou p l ~ e 9 i c i t y ,  
o I I ght I y mo i of 
F i r m  ( 5 Y  5 / 1 1 .  gray. Qrove I I y 
CLAY: I o w  p Iaet i c I fy ,  e I I ghf I y 
m o  I e f  

2 2 . 5 ,  

2 5 . 5  

No recovery 

Firm, 151 5/1Ia gray. gravel i y  
CLAY. IOU p l o e ~ i c i t y .  m o i s t  

2 6 . 0  

2 6 . 5  
No recovery 

~~ ~ 

BOTTOPI OF B O R I N G  hT 2 8 . 0 '  

N A  

DUL DEPTH: NA 

WECKED BY I 0 .  AHBROSE 
mummi: nmnE o R n L  80 

REMARKS 

HNU - 0 p p m  
p Y  - 60 c p m  

HNU - 0 p p m  
p Y  - 50 c p m  

HNU - 0 p p m  
p Y  - 60 c p m  

HNU - 0 p p m  
pY - 60 c p m  

I N C R E M E N T E O  BY 100. 000 
1603 IS 101603 



64.2 2 
PROJECT NO1 3l3327 BORINO NO1 1152 PROCECT NAME * TRNALO 
DATE BE6ANl 3-16-92 DATE F I M B C ( E D r  317-92 FIELD ENDINEER: 0 O'BRIEN 
DRILLER J BARILEl C COULTER NI 483eO 00' E: 1381480 00' 
ORWND SURFACE fLEV. I Nh OLL DATVTIPEI  m OUL DEPTHS Nn 

DRILLINB HETHODi H X L W  STEM AUGER wurmmTs nmnc o R n L  eo 

tm 
-€?e 

5 . 0  

I 

40.0 

I 
-IS.O 

- 

D E S C R I P T I O N  REMARKS 

p Y  - 50 c p m  

HNU - N A  pprn - - . -. .- 
p Y  - NA c p m  
W N U  - N A  ppm 
p Y  - NA c p m  
HNU - 0 pprn 
p Y  - 40 c p m  
HNU - N A  pprn 
p Y  - NA c p m  
HNU - N A  pprn 
DY - N A  c p m  

HNU - 0 Ppm 
pY - 60 c p m  
HNU - 0 pprn 
p Y  - 60 c p m  
HNU - 0 o p m  
p Y  - 60 c p m  
HNU - N A  pprn 
p Y  - NA c p m  

p Y  - 60 c p m  
HNU - N A  p p m  
p Y  - NA c p m  
HNU - N A  pprn 
p Y  - NA c p m  
HNU - N A  pprn 
pY - NA c p m  

HNU - O ' p p m  
p Y  - 40 c p m  

HNU - 0 pprn 
p Y  - 40 c p m  
.HNU - 0 pprn 
p Y  - 40 c p m  
HNU - NA pprn 
p Y  - NA c p m  

HNU - NA p p m  
p Y  - NA cpm, 
HNU - NA pprn 
p Y  - NA c p m  

HNU - 0 pprn 
p Y  - 50 c p m '  
HNU - N A  pprn 
p Y  - NA c p m  
HNU - N A  pprn 
pY - N A  c p m  
HNU - NA pprn 
p Y  - NA c p m  

HNU - 0 p p m  
p Y  - 50 cpm 
HNU - 0 pprn 
pY - 50 c p m  
HNU - N A  ppm 
p Y  - NA c p m  

HNU - NA p p m  
pY - NA c p m  
HNU - 0 pprn 

. Q Y  - 40 c p m  

, 



PnLiL I OF L 
PROJECT NO : 3l3327 EORINQ NO1 1752 PROXCT N N t  FERNALO 

MTE BEBAN1 3-16-92 DATE FI=(TBclmr 3-17-92 FZEW E ~ P Z N E E R I  0 O'ERIEN 
DRILLER I J BARILE. c COULTER Nt -3620 00' 
OROUND BURFACE ELEV. I Nfi QI& D A T O T I P E I  0.- DRILLLNB HETWODI KlLLOU STEM AUGER 

'E 

, 

bronn, s i l t y  CLAY u i th  I i m e e t o n e  
F r o g m e n t o .  no p I oet i c i ty. d r y '  

2 2 . 0  
V e r y  F i r m .  ( 2 . 5 Y  5 / 4 1  1 i ht 

50/4 5 . 5  \\\\ ye I I on i o h - b r o w n .  \\y srave I, 
NA 0 

e j I t >  CLWY n i t h  
no p l  oat i c I ty. 0 1  I gh t  I y \ m o  I a- 2 2 . 5  

No recovery 

2 4 . 0  -~ 

H o l e  diecrsponcy, fopped TO 
2 5 . 5  feet due t o , r i g  s l ~ p p i n  

For  m o r e  detoi  le1 
ond e U l t C h i n Q  d r i  1 l o r e  (eee ?6oL 

a.m 

Shols grovel. 1 5 1  5/21, 0 1  i ve gray, 

F i r m ,  ( 2 . 5 Y  5 / 6 1 .  o I i ve bronn, 
I om in i oted CLAY. I o u  p I oet i c i ty. 

CHECKEO B I I  0 .  ANBROSE 
0 0 u 

d :  3:: REMARKS 
5 :  2 ' '  

p Y  - 40 c p m  \ 

HNU - 0 pprn 
pY - 40 c p m  
HNU - 0 p p m  
p Y  - 40 c p m  
HNU - 0 p p m  
p Y  - 40 c p m  
HNU - N A  p p m  
pY - NA c p m  
HNU - NA pprn  
p Y  - NA c p m  
HNU - 0 pprn 
p~ - 60 c p m  
HNU - 0 p p m  
p Y  - 60 c p m  

p Y  - 60 c p m  
HNU - 0 p p m  
p Y  - 60 c p m  
HNU - N A  p p m  
p Y  - NA c p m  
HNU - N A  pprn  
pY - NA c p m  

HNU - 0 p p m  
p Y  - 50 c p m  
HNU - N A  pprn  
p Y  - NA c p m  
HNU - NA p p m  
I)Y - NA c p m  
HNU - NA p p m  
p Y  - NA c p m  
HNU - N A  pprn  
pY - NA c p m  
HNU - N A  p p m  
p Y  - NA c p m  
HNU - NA pprn 
p Y  - NA c p m  

HNU - 4 pprn 
p Y  - 5 0  c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
HNU - 0 pprn 
pY - 50 c p m  
HNU - 4 .5  pprn 
p Y  - 50 c p m  

p Y  - 50 c p m  
HNU - 3 p p m  
pY -_ 50 c p m  

o . 2 5  

- pY - 50 c p m  

g Y  - 50 cprn 

0 . 2 :  HNU - 4 Ppm 

c I  

0 . 2 5  HNU - 3 PPm 

0 . 2 5  HNU - 2 PPm 

NOYE : 
ALL S A n P L E  NUMBERS ARE 
INZREf iENTED B Y  100. 000 
io. 1570 I S  101570 



PnuL 1 O k  P 
PROJECT NO1 a3327 BORINB NO1 1753 PROSECT NAHEi FERNALO 
MTE BESCIN* 323-92 DATE FINXWEDi 3-23-92 ENDmEERs p.  O'BRIEN 
D R e L E  R I J. BARILE. C. COULTER Ni  983630.00' 

n OLL D A T V T I r E i  
E I 1380000.00' 

BUL DEPTH: NA 
auxmmt~ HWILE o R n L  eo 

WOUND BURrClCE ELEV. 
DRILLINS HETHODl ;TEH AUGER TO 1 5 . 0 ' .  C O F f  10 20.5 '  

tACTOR 

I 
'.CON - 

D E S C R I P T I O N  

f i r m .  ( 1 0 Y R  4/41 dork ye1 lou i  eh- 
broun. 01 I t y  CLAY, IOU ploe- 
t i c i TY. 
V e r y  F i r m ,  ( 1 0 Y R  4/41 dork 
yellouieh-broun, e i l t y  CLAY, I O U  
p I o a t  i c i ty, 

0.5' m o  i et 

m o  i e t  

. C .  

HNU - 0 p p m  
p Y  - 40 c p m  

1 4 

6 . . . -. . . 

9 No recovery 
e. 

L . U  

V e r y  F i r m ,  (2 .51 5/41 I i g h t  0 1  i v e  
broun. e! I f y  CLAY, s o m e  gravel .  
no  p I Q O t  I c I ty. e 1 i ght I y m o  I e t  

HNU - 0 pprn  
p Y  - 50 c p m  

9 

16 
3 . 5 '  

No recovery 
4 0' E HNU - LO p p r n  

p Y  - 50 c p m  
21 V e r y  F i r m ,  ( 2 . 5 Y  6(41 I i ht  

ye1 lou ieh broun. 0 1  I t y  C b Y ,  
s o m e  grovel, no p l o e t i c i t y ,  . 
d r y  

i.m C 37 5 . 0 '  
Hord. ( 2 :  5Y 6/41 I i ght ye I I ou i eh- 
troun, e! I f y  CLAY. e o m e  grovel .  
no  p l o e t i c i t y .  dry 

6 . 0 '  
f i r m .  ( 2 .  SY 6/41 I i ght ye  I 1 oui sh- 
broun. s i l t y  CLAY. no p l o e t i c i t y ,  
dry  6.5' 
V e r y  F i r m .  ( 2 . 5 ' 1  6/41 I i ht 
ye I I ou i oh-kroun, e i I t y  c h r ,  
no p l a s t i c i t y .  dry 

Hord, C 2 , 5 Y  6/41 I t p h t  y e l l o w / e h -  
broun, si  I t y  CLAY. no p l o e t  i c i t y .  

7 . 0 -  

8.0'  dry 

Hard, C 2 . S Y  6/41 I i h t  ye1 louieh- 
broun, ueothered' SHA@E. n o  pl  OI- 
t i c i t y .  dry 

x HNU - 0 p p m  
DY - 60 c p m  

J 

HNU - 0 p p m  
p Y  - 60 c p m  

10.0 
Hord, (2.57 6/21 I i ght brouni eh- g;tf-cE ueothered, i nterbedded 

No recovery 
and LIMESTONE, dry  

m.m - 
HNU - 0 p p r n  
p Y  - 40 c p m  

20 - 

5 0 1 4  

- 
22 - 

5 0 / 4  

1 2 . 0  
( 2 . 5 1  N 6 1 1  groy, ueothered SHALE, 
dry  1 2 . 5  
No recovery 

.HNU - 0 p p r n  
p Y  - 60 c p m  

AUGEREO THROUGH ROCK 
T O  15.0' 
H I T  BEDROCK, G O I N G  
T O  CORE 5 . 0 '  

I 
15.0 

S o F t ,  ( 2 . 5 ' 1  N611 g ~ o y  SHALE. 
ueothered. very i h i n l y  bedded HNU - 0 p p r n  

p Y  - 500 p p m  



2 0 . 0  

I BOTTOM OF BORING AT ~ 0 . 5 ’  

HNU - 0 p p m  
pY - SO0 p p m  

. - _. - 
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0 
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DESCRIPTION 
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IRILLINC ME 
i 
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R E M A R K S  
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. F€RNALD 
RVFS 

3 64.2 2 

. .  

1 

L dB00221 I 



FERNALD 
RVFS 

64.2 2 

O E K R l P t l O N  

\ , 

A E M A A K S  

1 



a- 
O C S C R I P T I O N  REMARKS 

0 " 
H N U  - 0 p p m  

m l  NA 

1.7z 

el - 
1 . 7 c  

NA 

m l  - 

NA 

2 . 0  

p T  - ¶O c p m  
u - 0 c p m  

H N U  - 0 p p m  

01 - 50 c p m  ' 

u - 0 p p m  

H N U  - 0 p p m  
p Y  - 50 o p m  

Q - 0 c p m  

H N U  - 0 p p m  
pY - 50 c p m  
u - 0 p p m  

H N U  - 0 p p m  
pY - 50 c p m  
u - 0 cpm 

H N U  - N A  
pY - NA 
Q - N A  

HNU - 0 p p m  
BY - 50 c p m  
u - 0 c p m  

HNU - 0 p p m  
DY - 50 c p m  
u - 0 p p m  



DESCRIPTION 

EOLIIWENT: CYCLONE 43 

C I  1.2e 

Ne N h  

1.5 

- 
2 . 5  

- 
2 . 5  

H N U  - 0 p p m  
p T  - ¶O c p m  

u - 0 p p m  

H N U  - N A  

pY - NA 
a - NCI 

H N U  - 0 p p m  
p Y  - 40 o p m  

a - 0 p p m  

H N U  - 0 p p m  

ff - 0 o p m  
/5Y - so cpm 

H N U  - 0 p p m  

p Y  - 50  c p m  
u - 0 c p m  

' 
HNU - o p p m  
D Y  - 40 Cpm 
a - 0 o p m  

H N U  - 0 ppm 

u - 0 c p m  
BY - so cpm 

HNU - 0 p p m  
pY - SO c p m  

HNU - N A  

H N U  - N A  

HNU - 0 p p m  



64.2 2 

- 3 . 0  

1 
¶.O 

6 . 0  

OESCRIPTION 

soft. CSY 4/21, 0 1  i ve ~roy. sandy. 
a i  I ty CLAY. trace QI-OVS~.  low . 
p lost ic i ty. moi 6t 

... 

soft. CSY 4/21. 0 1  i ve  Qroy. sandy. 
a i I ty CLAY. TPoce grove I. I ow 
p I o i t  i c i ty. m o  i at 

. . .  . . . .  - . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  49.0  

. . . .  nod i u m  dense. ( 2 . 5 1  4/31. o I i ve, 
. . . .  . . . .  poor I y Qraded SAND. TrOCe grove I. 
. . . .  mo I st 

. . . .  . . . .  

. . . .  . . . .  
0 ........ . . . .  . . . .  . . . .  . . . .  . .  . .  . .  . .  . .  . .  -. . . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  

E,  
OUL DEPTH: 

KED BY: 
mmmmi: CYCLONE 43 

0 AMBROSE 

REMARKS 

HNU - 0 ppm 
p Y  - SO cpm 
a - 0 cpm 

HNU - 0 ppm 
pY - 50  cpm 
a - 0 cpm 

HNU - 0 ppm 
DY - 50 cpm 
a - 0 cpm 

HNU - 0 pprn 

a - 0 cpm 
pY - so cpm 

HNU - 0 ppm 
a - 0 cpm 
pY - 50 cpm 



Rrn 

f * I  I .  
R, D E S C R I P T I O N  

. . .  . . . .  . . . .  Pled ium dense. C 2 . 5 1  4/31, o I i ve, . . . .  
:::: poorly graded SAND, t C O C 0  Brovel. 
. . . .  m o  i et . . . .  
. . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . . . . .  . . . .  . . . .  

6 0 . 0  

$ 5 5  60.75' 
........ V e r y  demo, CLOYR 6/11 Qroy. 

poor I yeyroded. f i sn'm. eorne 

. OP 
. _ . ,  . . . .  ........ s i l t .  i g h t l y  moist . . . .  . . . .  . . . .  . . . .  . . .  . . . .  . _ _ .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  

K D D  B Y *  0 AHBROSE 

REtlARKS 

HNU - 0 p p m  

a - 0 cpm IJY - 50 cpm 

HNU - 0 ppm 
pY - 50 opm 
a - 0 cpm 

HNU - 0 ppm 
c)Y - 50 c p m  
Q - 0 cpm 



64.2 2 

I mQIN0 OURFML LLLV. 

4 . 0  

-m.0 

1 

-E.O 

B . 0  

I 

1 
\ - 

- 

C5.m 

m.m 

n.m 

la 

6 

O C B C R I P T I O N  

. . . .  . . .  

.::..I . . . . . .  . . . . .  

. . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  - . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  7S.O 

. . . .  . . .  poor I Y - ~ O d m d .  * 1 ne 8fiN8.rogome . . . . .  - 1  1 %  

. . .  . . . . .  0-nrr. tsy */21 O I  IVI . . .  

. . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  
. . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  : Drnro. CSY 5/21, 01  i v r  sray. . . . .  p o o ~ l y  wodod GANO, eon0 ai  I*. 
. . . .  troce grovel. uet . . . .  
. . . .  . . . .  . . . .  . . . .  I . . . .  . . . .  . . . .  . . . .  . . . .  

eonom o r  BORXNB n t  a t . 5 -  

. 

HNU - 0 ppm 
eT - 50 cpm 
a - 0 s p m  

YNU - 0 ppm 
pY - 30 c p m  
a - 0 c D m  

UNU - 0 ppm 
D T  - SO cpm 
a - 0 c p m  

UNU - 0 ppm 
pT - ¶O c p m  
u - 0 c p m  

NOTE : 
ALL MMPLE NUtIBERE ARE: 
INCREllENTED BY 100. 000 
Io. 38266 IS 138266 



PnaL I 0, L 
PROJECT NO1 33327 DORXNQ NO1 mi3 Pm&cT NfiHEI FERNALO 
DATE BEBClNl 1-15-92 DATE FI-Bc(EDi 1-30-92 F z U )  EWXNEER, P CASSEDAY 
QlILLCR J BARILF R PIERCE NI 983301 63' 
GROUND BURFhCE LLEV. 1 593 50' O I C  D A T V T I r ( E 1  m 
ORILLINB BETHOD: WBLE r o a  
PN 

585.0 

5B1.0 

m- 

i.m 

0.m 

5.m 

4 . 0 '  

V e r  F i r m  ( 5 Y  5 / 1 1  oroy C L A Y  

I ittle To no 01 I T  OF' eond,. 
,e I i ght I y mg i eT 

10 0 .s u i T z  numeroue grovdl ploetic with 

25 0 
1 4 . 5  I I) No recovery 30 

3 5  
1 6 . 0  

N A  

c l  

N A  

- 

- 
N A  

C I  

N A  

Dol 

E 1 $-7960. S9' 
OUL DLPTHi NCI 
DDLIIPllDJTi CYCLONE 

CHECKEO BYI o AHBROSE 

REMARKS 
.F-. 

z 
3 . 5  HNU - LO pprn  - pY - 0 c p m  
9 . 5  HNU - 0 pprn  - p Y  - 0 c p m  
U A  HNU - 0 p p r n  
- p Y  - 0 c p m  
Y n  HNU - 0 p p r n  - pY - 0 c p m  
9 . 7 3  HNU - 0 p p m  - p Y  - 0 c p m  
8 . 5  HNU - 0 p p r n  - p Y  - 0 c p m  
UA HNU - 0 pprn  - p Y  - 0 s p m  

UA HNU - 0 p p r n  
- pY - 0 c p m  
1 . 5  HNU - 0 p p r n  - p Y  - 0 c p m  
1 . 5  HNU - 0 p p m  - pY - 0 c p m  
>4 . C  HNU - 0 p p m  - pY - 0 c p m  
> 4 . C  HNU - 0 p p r n  - p Y  - 0 c p m  
> 4 . C  HNU - 0 pprn  - p Y  - 0 c p m  
UA HNU - 0 p p m  - p Y  - 0 c p m  
YA HNU - 0 pprn  
- p Y  - 0 c p m  
UA HNU - 0 p p m  - p Y  - 0 c p m  
0 . 7 3  HNU - 0 p p r n  - pY - 0 c p m  
> 4 . C  HNU - 0 p p r n  - pY - 0 c p m  
> 4 . C  HNU - 0 p p r n  
- p Y  - 0 c p m  
NA HNU - 0 p p m  - pY - 0 c p m  
NA - SOME G R A V E L  
NA O U I T E  L h R G E  

NA HNU - 0 p p r n  - pY - 0 c p m  
NA 

- 

- 
> 4 . C  HNU - 0 p p m  - pY - 0 c p m  
> 4 . C  HNU - 0 p p r n  - pY - 0 c p m  
> 4 . C  HNU - 0 p p r n  - p Y  - 0 c p m  
NA HNU - 0 pprn  
- pY - 0 c p m  
3 . 0  HNU - 0 p p m  - pY - 0 c p m  
NA HNU - 0 p p r n  - p Y  - 0 c p m  
NA HNU - 0 p p m  - p Y  - 0 c p m  
NA HNU - 0 p p m  

GRAVEL MORE 
E X T E N S I V E L Y  
XNTERSPERCEC 

THAN 4 .5 '  

PLnsTIcI iy 
I N C R E A S I N G  

I p~ - o c p m  



642 2 

0 
PAOE P OF 6 

RIOJECT NO, u 3 3 2 7  BORXLiO N O S  2128 PROJECT NARES FERNALO 
M E  BEBAN' 1-15-92 DATE FXKTQlmr 1-30-92 FIELD E M X N ~ R ~  P cescony 
mnLf R 1 J BARILL R PIERCE N I  983301 63' Et 1m960 59" 
QRWND BURfACC CLLV.-S 593 50' OLL D A T O T Z m i  M OUL DEPTHS NA 

D R I L L I N 6  RETHODI CABL E loa D D L I Z P t l E N f r  CYCLONE 98 

PCICTOR I PEHW 

E 
5001 

B.00 

4 

6 

11 

1 3  

4 

LE 

1s 

;HELBl 
TUBE 

5.m 

n m  

20 

7 

19 

29 

40 

1 4  

25 

38 

20 

27 

z L 

5 
6 5' P I Q a t  IC, m o  I O T  

NA No recovery 

- - 
N A  NA - - 

N h  
18 0- I I 

F i r m .  m e d i u m  donee. (51  5111- O r o Y  I - -  . 5  C L A Y  Y i th n u m e r o u e .  i ntereperboa - 
grove I. loat ic, I i tt I e e i I t ond 
eond, m o ? e t  

Pled iun f i r m .  (57 5/11. groy CLhY 
and grovol m i -  omno ei It. no 

Ftrn,  ( 2  5Y 4/21. d o r k  groyieh-  
b r o w n  CLAY ui th  e t l t .  eond ond 
grove I, I n t e r m  I xed. h I gh 

KED BY1 0 .  ClMBROSE 

REMARKS 

HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m '  
HNU - 0 pprn 
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 pprn 
p Y  - 0 c p m  
HNU - 0 pprn 
p Y  - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 pprn 
pY - 0 c p m  
ClNU - 0 p p m  
pY - 0 c p m  
HNU - 0 pprn 
pY - 0 c p m  
HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 pprn 
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 pprn 
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 p p m  
pY - 0 c p m  
HNU - 0 pprn 

HNU - N h  

pY - NA 
HNU - N A  

pY - NA 
HNU - 0 pprn 
pY - 0 c p m  
HNU - 0 p p m  

P Y  - 0 P P m  

0 Y  - 0 c p m  



PnuL L O F  b 
Pm&CT NnHEi FERNALD PROJECT NO 8 a3327 BORINO NQi 7r2B 

FTELO E M I N E R l  P CASSCOAY MTE BEBhNi A-15-92 DATE FTHTBnEDr 1-3692 
DRILLER I J BARILC R PIERCC NI 483301 63’ E l  1377960 59’ 
ORWND BURFCICL CLTV.-* S3a SO’ Bu, D A T V T I h :  M BUL DEPTHS NA 
DRILLIN6 HLTHODi CABLE roa  

40 

5 0 / 2  

- 
11 

9 

D E S C R I P T I O N  

No recovery 

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

4 0 . 0  ’ ‘ medium donee. t 1 0 Y R  3/61 dark 
5 5 ye1 louieh-broun. cloyey kILT. n o  

sand. eome.emalI u e I I  eorted I I grovel. moiet 
I S  

$ 5  
5 5  
$ 5  
5 5  
$ 5  
I 5  
$ I  
5 5  
$ 5  
I 5  
$ 5  
5 5  
$ 5  
5 5  
$ 5  
5 5 ,  4 5 . 0  

Firm, [ 2 . 5 Y  5/21 dark Qroyieh- 
brown CLAY ni th brave I. e o m e  
r i l t .  moist, overlyin a medium 
donee. 
cloyey SILT uith intorepersad 
eond. and grove I. mo i et 

( 7 .  5 Y R  4/61. egrong broun, 

e 

mmmmT~ CYCLONE qe 
KED BY:  0. ARBROSE 

R E  HARKS 

HNU - NA 

pl - NA 

HNU - N A  
p Y  - NA 

HNU - NA 
pY - NA 

o - NA 

HNU - 0 ppm 
p Y  - 0 cpm 
o - N A  

HNU - 0 ppm 
p Y  - 0 cpm 
0 - NA 



. . . - . __ __ - . .-. -. . . . 

64.2 2 

3DN 

ibFY 

M . 0  

._ . 

W.0 

) 

5 3 . 0  

I TI 
t%, 

s0.m 

s.m 

6 

5-30 

012 - 

IUIffi 

J:j . . .  
. . .  . . . .  . . .  . . . .  

HNU - 0 ppm 
a Y  - 0 e p m  
a - NA 

HNU - 0 p p m  
p l  - 0 c p m  
a - N A  

HNU - 0 p p m  
D Y  - 0 c p m  
a - N A  



DRILLER I J WILE- R PIERCE NI  983301 63' 
OCIOUND bURTIK)L LLCV.-- f?u 50' OLL onTVTx=* 
D R R L I N B  HETHOOI MBLE fba 

-_ 

Sa.0 

520.0 

u5.0 
'\ 

OESCRIPTION 

KED BYI 0 .  ClNBROSE 

REMARKS 

HNU - 0 p p m  
p Y  - 0 c p m  
a - NA 

HNU - 0 ppm 

a - N A  
0 1  - 0 c p m  

HNU - 0 ppm 
pY - 0 c p m  
a - N A  



64.2 2 

?ACTOR I 

6.m I 

D E S C R I P T I O N  

Cm BY1 0 .  AtlBROSE 

REMARKS 

HNU - 0 p p m  
pY - 0 c p m  
0 - NA 

HNU - 0 p p m  
I)' - 0 c p m  
u - NA 

PETROLEUM ODOR 

UITHIN snmPLE 
FROM C L A Y S  

HNU - 0 p p m  
DY - 0 c p m  
a - N A  

PETROLEUM ODOR, 
IN c L n Y  LENS 

NOTE : 
ALL snmPLE NUMBERS ARE 
INCREMENTEO BY 100. 000 
l i e .  369 18 100365 

808233 



WN - 
I 

H Y  

twt 

4 . 0  

I 

-1l1.0 

1 7 . 5  
F ! r m  ~ r o y .  [ 1 0 Y R 5 / 1 1 .  CLhl. a o m e  

m o  i r i  
E I I m o d  i u m  pl  out i G i ty, v o r y  

20 0 . 7 5  

19.0 

Nh - 
m l  

- 
-P 
m l  
- 

01 - 
m l  

- 
0 1 '  

- 
Nh 

1 . 0  

RE H h R K 6 

HNU - d p p m  
pY - SO c p m  
u - 0 o p m  

HNU - 0 p p m  
p Y  - SO c p m  
a - 0 o p m "  

HNU - 0 p p m  

a - 0 c p m  
B Y  - so cpm 

HNU - 0 p p m  
0 Y  - SO o p m  
o - 0 c p m  

HNU - 0 p p m  
pY - so opm 
u - 0 c p m  

HNU p Y  - - SO 0 p p m  o p m  

a - 0 opm 

HNU - 0 p p m  

CY - 0 o p m  
p Y  - SO c p m  

HNU - 0 p p m  
p Y  - SO o p m  
a - 0 s p m  

HNU - 0 p p m  
p Y  - 50 o p m  
a - 0 o p m  

HNU - 0 p p m  
pY - SO c p m  
CY - 0 opm 

HNU - 0 ppm 
p i  - SO c p m  
a - o c p r n  

HNU - 0 p p m  
p Y  - 50 o p m  
u - 0 opm 



- S . O  

OEBCRXPTXON 

P X L T  to rllty CLnI. m r d l u m  
k l o k  p l o e t l c l ~ y .  v e r y  moiet 

H N U  - 0 p p m  
p l  - 50 c p m  
u - 0 o p m  

H N U  - 0 p p m  
p~ - 50 c p m  
u - 0 o p m  

U N U  - 0 p p m  
1)T - 30 c p m  
u - 0 c p m  

UNU - 0 p p m  
n Y  - 30 c p m  
u - 0 cpm 

UNU - 0 p p m  
OY - 50 s p m  
Q - 0 c p m  

UNU - 0 pprn 
p l  - 50 o p m  
u - 0 s p m  

HNU - 0 p p m  
p Y  - 50 o p m  
u - 0 s p m  

NOTE 8 

ALL S A M P L E  NUMBERB ARE 
INCREMENTEO BY 100.000 
I - .  ¶¶O TS .l.OO¶¶O 



I 

iN - 

-5.0 

1 

-1D.O 

1 

-. ' - 0 . 0  

L 



ttFY 

m.m 

2j.m 

3o.m 

- 

D E S C R I P T I O N  REMARKS 

. .  

H N U  - 0 ppm 
pY - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

SHELBY TUBE PUSHED 
m o n  Z O . O -  TO 2 3 . 0 -  . 
s A m P L E  nmost FLOUS 

GRAVEL L A C K I N G  

HNU - 0 p p m  
OY - 40 cpm 

HNU - 0 p p m  
pY - 0 s p m  

pY - 0 c p m  

HNU - 0 pprn 
pY - 0 e p m  
HNU - 0 pprn 
pY - 0 c p m  

HNU - o ppm snmPLE FLOUE 
pY - 0 c p m  

pY - 0 c p m  
clayey S I L T  u i th  largo Q;OVOI NA HNU - 0 p p m  Medium donee. C 2 . 5 Y  N51) Qroy  

GOntOnt 

NA HNU - 0 p p m  

1, 

1 3  0 .s * )  
> 5 5 

1 5 5  3 1 . 5 ’  

m l  - 5 5  
- pY - 0 c p m  

19 0 .s 
Medium firm. C 2 . 5 Y  N51). CLAY uith 

3 2 . 0 -  l e  o .s s i l t .  .pIoetic. very m o i e t  



E I 1 ~ 3 1 6 1 . 0 3 '  
OUL DEPTH, NA 

Eouxmw~ 43 CYCLONE 

f 

! 
@! \ L 

- . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  y 
3y 
&C yp 
Q. 

y 4  
fie 
Jf;/.; 
a. 
3y 

a 

A 

:KED BY, D AHBROSE 

R E  MARKS itFY 

- 

-X.C 

Q . 0  

4 . 0  

i 

O E S C R I P T I O N  

9= HNU - o ppm s n w u  FLOU 
pY - 0 cpm 
HNU - 0 ppm 
p Y  - 0 cpm 

HNU - 0 ppm 
p Y  - 0 cpm 

Mod ium dense. C 2 . 5 Y  N5L1. sroy 
GRAVEL a n d  CLAY mix. very net 3 2 , 5  

1.0 

1.0 91 - .  
c i ty .  m o i r t  

1 4  HNU - 0 p p m  ' 
pY - 0 cpm 3 4 . 0  

10 N o  recovery 

3 5 . 5  

HNU - N A  
pY - NA 
HNU - NA 
p Y  - NA 

HNU - NA 
p Y  - NA 
HNU - 0 ppm 
p Y  - 0 cpm 

HNU - 0 ppm 
p Y  - 0 cpm 
HNU - N A  
DY - NA 

1 2  N A  

1 3  

26 
- 

Firm, C Z . 5 Y  N 5 1 1 .  groy CLAY n i t h  
minor 0 1  I t  a n d  eome grovel and 
eond, uet 
F irm, C 2 . 5 Y  N 5 1 1  r a y  CLAY, 
i nterfn i  xed Y i  th 'C 1 8 Y R  5/4 I, broun 
CLAY eome s i  I t  a n d  eand. gr.oding 
to d k n e e  C1OYR 5/41. ye 1 I O U I  eh- 
broun. grovel l y  sand.  net 

No recovery 

3 6 . 0  

3 6 . 5  

i . 0  

22 

._ 
4 0 . 0  

Medium dense. ( 1 O Y R  5/41 
yallouieh-broun. grovel I>  SAND. 
minor e i  I t  ond cloy. u e t  x 

w 

HNU - 0 p p m  
pY - 0 cpm 

, 

V e r  dense.  C10YR 5/31 broun 
SANE a n d  GRAVEL, I i t t l b  t o  no 
s i  I t  o r  clay. uet 

- 0 PPm 
pY - 0 cpm 

238 



1 

FCFY 

-¶.O 

1 
.%.O 

40.0 

s. m 

m. m 

E l  D E S C R I P T I O N  

E O L U W D J T r  q3 CYCLONE 
KED BYI D AneRosc 

RE H A R K S  

.. 

HNU - 0 p p r n  
p Y  - 0 c p m  

HNU - 0 p p r n  
pY - 0 o p m  

HNU - 0 p p m  
p Y  - 0 c p m  



-75.0 

.e- 

io/. 4 

- 

I 

- 
.4-19 

io/.4 

10- 

io/.2 

r o a  
RIUIHj 

E 1383161.03' 
OUL DEPTH, NA 
WLURlPnt 93 CYCLONE 

REMARKS 

HNU - 0 ppm 
p Y  - 0 c p m  

HNU - 0 ppm 
p Y  - 0 c p m  

WNU - 0 p p m  

p Y  - 0 c p m  



- 
:1- 

0 / . 3  - 

ffi 
P I  

D E S C R I P T I O N  

BOTTOM OF BORING A T  9 4 . 0 '  

-P 

- 

e- 

- 

RENARKS 

HNU - 0 ppm 
n Y  - 0 c p m  

-. . . 

HNU - 0 pprn 
pY - 0 c p m  

HNU - 0 pprn 
DY - 0 c p m  

NOTE : 
A L L  SAHPLE NUH8ERS ARE 
INCREHENTEO BY 100. 000 
i o .  0301 IS 100301 



pnab I OF e 
PADJECT NO1 3 l 3 n 7  EORINQ NO, P5.r PRO&= NAHEi FERNALO 
MTE BEBANI 3-26-92 DATE FXISBnEDr +22-92 FIELD ENBINeRl 0 O'BRIEN - 

J. B A R I L F  C. COULTER N I  ¶*149.0S' El 1m3-65 72' 
OUL DEPTH1 NA 
OOLUWPJTI 43 CYCLONE 

pcI 

IFTI 
I PTH 

R W  ORIUIffi KED 8'11 0 .  nneRosE 

R E  MARKS 
E#) 

WI 
I .  

ttK 

-tnt 

5 . 0  

-1D.O 

-15.0 

D E S C R I P T I O N  

L o o o e .  C1OYR 6/61 brouni ah-ye I I ou 
poorly oorted SANb, eome si I t .  
orcaon I ce, dry 
N o  recovery 

0 . 5 '  
un HNU - 0 ppm 

pY - 60 cpm 
un 

N A  F . . . . . . . 

L.U 

S o f t  C10YR 4/31, b r o w n ,  e i I ty 
CLAY' u I t h e a d  
dry 
Very Firm. (1OYR 5/41 ye1 louieh- 
broun, ai !ty CLAY. I ittle eond. 
I O U  ploetlclty. elightly moiet 

2 . 5 '  n o  p I oet i c i ty. x 1 . 5  HNU - 0 pprn 
p Y  - 40 cpm 

2 . 5  c l  

- 
N A  

2 5  - 
un 

7 . 5 '  
No recovery 

Very Firm. [ 2 , 5 Y R  6/61. 0 1  ive 
ye1 IOU CLAY ulth ravel 
ploeticity, el ighqly mo*ie?o . 

4 . 0 '  

i .m B 3 . 5  HNU - 0 ppm 
p Y  - 40 cpm 

4 . 0  

3 .  t !  
- c I  

5 . 5 '  t- N A  
- 

c l  

un 
- 
1 . 5  

1'. 7:  

1 . 5  

- 
- 

No recovery 
6 . 0 '  

Soft. [ 2.5'1 6/61. o I i ve y e  I 1 ou. 

6.S. 
e i I ty , C L A Y  Y I t h rove I. I OW 
p~aeticity, 0 1  iqgtly moiet 
Medium firm, (2 .51  6/61 0 1  i v e  
ye I I ow. e i I Ty C L A Y ,  u i th' Q ~ O ~ O  I. 7. o. 
I O U  p l o e t ~ c ~ t y .  e l i ~ h t l y  moiet 
Firm. ( 2 . 5 1  6/61 olive 
yellou. ejITy C L k Y . u i t h  grovel.7,5. 

No recovery 
8.0'  

I O u  D I OOt IC I t Y .  e I I qht I Y mo I et 

HNU - 
aY - 

P I N A  - 

cl 

Very Firm. ( 2 . 5 1  6/61, olive 
ye I I O Y  CLAY, 
ploeticity. slight y moiet 

u I th y-owe I, I o u  HNU - 0 ppm 
p Y  - SO cpm 

n.m - 
1 0 . 5  

1.0 
Donee. ( 2 . 5 1  6/61. 0 1  i v e  ye1 I O U  
GRnVEL. 
mo I et 
Vary firm. C10YR 6/31, p o l e  b r o w n .  

0 1  I p Z t ~ y  mOiat 

I w p loo t  ic i ty. e I i ghtly 

i I t  CLAY, I ou p loetic I ty, 

! . 5  

! . O  

2 . 0  
- 

HNU - 0 pprn 
p Y  - 40 cpm 

HNU - 0 ppm 
p Y  - 60 cpm 1 3 . 5  

Hard. ( 1 0 Y R  6/31, pole broun. 
1.1.0 e i 1 t ,ytfLAY. 

SllQ Y moist 
F irn. ( 1 O T R .  5/11, g ~ o y .  e i I T y  CLAY. 

I ow p I oet I c I ty. 

I O U  p l O e t ~ c ~ t y ,  ellghtly moist 

c E j q  
4 .s 

1 .5  

1 . 5  
1 5 . 0  

1 5 . 5  

16.0 

F irn. ( 1 0 Y R  S/11. groy CLAY. 
medium plasticity, ellghtly 
mo i et 
Very firm. [&OYR 5/11. R r o y  CLAY. 
mearum ploetlcity, 0 1  I Q  t l y  

I -+ 

L .  I! - 
! O  

HNU - 0 pprn 
p Y  - 40 cpm 



64.2 2 

4 . 0  

- 5 0  

- 0 . 0  

17. 

m. m 

No recovery  

5.m 

9 0 

o , 5  r . . . .  m e  I I grodsd SAND, s I i Q R ; ? ~  mo I e- 

28.  
e j I ty, .:.:.:.’ Very denee. C5Y S/11. 

. . . .  . . . .  . . . .  
11 0 .  5 :.:.:.:. 

29. . . . .  . . . .  
No recovery  so 0 

5013 0 

18 

30. 
. . .  m e d i u m  donee. (51 S/11, 0 .s . . . .  ’.’...’: m e  I I groded S W O .  e I i ght?Fogo i e7 . . .  . . . .  . . . .  

3 1 .  
F i r m ,  C SY 5/&1.  gray. c I oyey . SILT. 

17 0 .  5 :.:.:.:. . . . .  . . . .  

1 3  0 . 5  5’5’5 high p l o s t ~ c ~ t y ,  e l  lghtly moist 

3 2 .  

DOLITrnDJTI 43 CYCLONE 
CHECKED 811 0 .  MEROSE 
0 

REMARKS 

HNU - 0 

HNU - 0 

HNU - 0 

HNU - 0 p p m  

p Y  - 40 cpm 

HNU - 0 ppm 
p Y  - 50 c p m  

p Y  - 40 c p m  

pY - 50 cpm 

1.0 
m l  



DRILLER 1 BARXLE. C.  MuLtER N t  984149 05' 
OROUND BURrhCE ELLV.'a Eu OLL D A T V T T h t  m 
D R L L I N B  HETHODt CXBLE T O a  

'X)h 

! H Y  

- S . O  

Q.0 

6 . 0  

DESCRIPTION 

B e g i n  e o m p l i n g  e v e r y  3 r o o t  

HNU - 0 p p m  
p Y  - 40 c p m  

HNU - 0 p p r n  
p Y  - 60 o p m  

HNU - 0 p p m  
DY - 40 c p m  

HNU - 0 ppm 
pY - 50 c p m  

HNU - 0 p p m  
0 Y  - 60 c p m  

REHARKS ' 

p Y  - 50  t p m  



a . 0  

\ 
, t . O  

a . 0  

5 3  

19 

R I L L I S  

7FFI 

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
I .  5 I.:.:. . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  - . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  - . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . 83 ::: . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

, . . .  - . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

. 83 .::_ . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

D E S C R I P T I O N  

5 0 . 0  
V e r y  donee, [ S Y  5 / 1 1 ,  gray. e i I ty, 
s l o y s y  -No. dry 

6 0 . 0 '  
Medium donee, C1OY 4/61. dark .  

Fine en-. d r y  
e I I o m  i oh-broun. poor I y eorted. 

E: 183q65 '12' 
O U L  DEPTH: NA 
EOLUPHENTi 43 CYCLONE 

KED BY1 0 .  AHBROSE 

REMARKS 

. . - ... _ _  . . . - . . . 

HNU - 0 p p m  
~11 - 60 cpm 

HNU - 0 p p m  
p Y  - 60 o p m  

HNU - 0 p p m  
p Y  - 60 c p m  



17- 

- 
49- 

9-17 

5nLs 

'ffi - - 

! - . .  . . .  . .  . . .  . .  
. . .  . .  . . .  . .  . . .  . .  . . .  - . . .  . .  . . .  . .  
. . .  . .  . . .  . .  . . .  . .  . . .  . .  
. . .  . .  . . .  . .  . . .  . .  . . .  . .  
. . .  . .  . . .  . .  . . .  . . .  . . .  . .  . . .  . .  . . .  . .  . . .  . .  . . .  . .  
. . .  . .  . . .  . .  . . .  . .  . . .  . .  
. . .  . .  . . .  . .  . . .  . .  . . .  . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  - . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
*_ . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
, . .  . . .  . . .  . . .  , . .  . . .  
, . .  . . .  , . .  . . .  , . .  . . .  
I . .  . . .  , . .  . . .  . . .  . . .  , . .  . . .  . _._ . . .  
, . .  . . .  , . .  . . .  . . .  . . .  . . .  . . .  , . .  . . .  , . .  . . .  , . .  . . .  . . .  - 

D E S C R I P T I O N  

6 5 . 0  
V e r y  donee. CLOY 4/61. dark. 

pine SANO. dry 
e I I o u  i ah-broun. poor I y eorTed. 

7n n . - . -  
V e r y  dense, CLOY 4/61 dark 
y e  I I o u  i eh-broun. 
cooree SANO. 0 1  ig  t l y  mole* 

gocar'l y ~ r o b e d .  

7 9 . 0  
V o r y  donee, CLOY 4/61. dork. 
yo1 louieh-broun. poorly graded, 
cooree SAND, u i t h  grovel. e l i g h t l y  
mo I eT 

8 0 . 0  

REMARKS 

HNU - 0 ppm 
0 Y  - 4 0  cpm 

HNU - 0 ppm 
01 - 50 cpm 

HNU - 0 ppm 
p l  -_ 40 cpm 



68.2 ? 

ybJ 

!&ea 

6.m 

0. m 

5.m 

- 

Y 

RIUIffi 
D I  

D E S C R I P T I O N  

Very donee. C10YR 4/61. dark. 
y e  I I OY i eh-brown, oor I y roded. . . . .  

. . . .  COOrOe, grove I I y &NO. e? i QhT I y 
. . .  m o t  O T  . . . .  . . .  . . . .  

I .  5 :::_ I:-:::::/ . . .  
. . . .  . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . _ .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  I . . . .  

9 0 . 0  

G I  

- 

E l  1=83*65 72' 

wuxrnmT~ 93 CYCLONE 
QUL DCPTHt NA 

KED BY1 0 ARBROSE 

REMARKS 

HNU - 0 pprn 
p Y  - 4 0  c p m  

HNU - 0 pprn 
DY - 60 c p m  

HNU - 0 p p m  
01 - 40 C p m  

HNU - 0 p p m  
p Y  - 60 c p m  



DRILLER 3. BARILE. C COULTER N t 989199.05' 

DRILLLNB HETWODt -LE J-., E 

'FFJ 

m.m 

m.m 

m.m 

- 

D E S C R I P T I O N  

E t 1383qSS. 72' 
QUL OEPTHt NA 
coLcTmprr~ 43 CYCLONE 

CHECKDD BY1 0 AMBROSE 
a 
¶ d 

c y .  .-. REMARKS 
-e. 1 

- 

- 
HNU - 0 p p m  
pY - 60 o p m  

HNU - 0 p p m  
DY - 40 c p m  



DESCRIPTION 

115. 
Hard. CSY 4/31. olive. u s o t h s r e d  
SHALE. dry 

BOTTOM OF BORING A T  120.0' 

BUL DEPTH1 NA 
rnuwwrnT: 43 CTCLONE 

KED BY: o nmeosE 

REHARKS 

HNU - 0 ppm 
D Y  - 50 cpm 

NOTE : 
n u  snPtPLE NUMBERS ARE 
INCREMENTED BY 100.000 
I i e. 1632 IS 101632 

308249 



. .  

A- 
' :- .FEaNALB 

* . RVFS REVIEWED BY Q a -7 

DESCRIPTION 



.. . 

. FBRNALD 
RVFS 

- .  0- -, 
[\.--c=l I 

- - _  I 
t I 

PROJECT NAME &Ad f'd Rt/r4 PROJECT NUMBER gn2 .3  2 
BORINGNUMBER ~ z q  COORDINATES. p ,  

ELEVATION: b f l )  GWL: Depth - Daterr ime - DATE STARTED ocf a 1987 

- 
!:+ DATE oc+z/ 1957 

ENGINE E RIG E OLOG IST 1- Depth - DatelTime DATE COMPLETED 11-13 -- 7 t (,' d,-/lr 
HODS: 

Y 7 12 
12 

7b17 
6 

' 8  Jt 

T o o  I 

DESCRIPTION 



FERNALD 
RIPS 

\ 

'ROJECT NUMBER: 3 2 PROJECT NAME & p b  / e/ a-m 
B w/ , d ~  

)RILLING ME 706 r-! 

D A T E  10-2 7-g 7 d l  IORING NUMBER. COORDINATES: ~1 
GWL: Depth - Daterrime D A T E  STARTED /o-zz -g7 LEVA TlON : Aor a/ 

Depth - Daterrime DATE COMPLETED: 1143-8-7 NG INE E R IGE OLOG IST. 

7 

y m e  
- 

L/cI [;;- 
\o TIS: 

r 
22 
33 

DESCRIPTION 

63 
W 

402.1 1-86 



IRILLING ME - 

4 

1 

c 

fi; 
9 5 .  Y 

r 

DESCRIPTION 



3ORINGNUMBER: - && fig 
!LEVATION: I, 

f$!! COORDINATES: 

GWL: Depth Datemima DATE STARTED.&tz  1-19g7 
r .  _ -  - 

iNGINEERIGEOLOG1ST: Depth - DatcKima OATE COMPLETED: It-13 - ~ 7  

d 

)RILLING ME' 
I 

OESCRlPTlON 
I r a  

Li 
Y) a 

REMARKS 



u [q&? H q q p  642 2 

RVFS 
FERMALP 

- - . REVIEWED BY Q J %;tUG 1 619!& I(clIr:/ m 

VISUAL CLASSIFICATION OF SOlLS.!$L, 
'ROJECT NUMBER: L Q 2 . 3 . 2  PROJECT NAME. 6 p u  /A m/fi 
SORING NUMBER: 

I A/dV / 
19b7 51 ::+ COORDINATES: & p dx 

LLEVATION: 

i NG IN E E R /GE 0 LOG IS T 

Cobr - )RILLING MI 

I 

7 1  

dl 8 Depth - DateRime 

GWL: Depth Date/Time DATE STARTED:&+& 

DATE COMPLETED: / ( - /447 

OESC R IPT I ON 

1 

1 



1 .  

FERNALD 
RVFS 

- .  
. i  

VISUAL CLASSIFICATION OF SOILS p d  ' 

DESCRIPTION 

;E 7 OF // 

REMARKS 



. FER1 
RI! 

ALD 
FS 

REVIEWED BY C & $ D A T E  -TZi& It 
VISUAL CLASSIFICATION OF SOILS IF iT i '  ' 

I - -  
I) t 9 s l  10RING NUMBER: 

GWL: Depth - Daterrime - DATE STARTED: a t  21 LEVATION: 

NG IN E E R/GE OLOG I 

IOOS: C& - -  - -  
I Depth - Dote/Time L. DATE COMPLETED:& O V  13,/5% 

PAGE 8 OF 11 G ME' - - 
DESCRIPTION REMARKS 

I 



FERNALD 
RI/FS - .  

IRING NUMBER: A vfl COORDINATES: A&- 1 DATE: 7 1  
I .  

S: 

DESCRIPTION 

, 

REMARKS 

C 000258 



&3 
t 4q:5?& P'. 

Mi k V 8 C I i L L I  
. FERNALD 

RIPS 
- -  #I\ /  ? a. VISUAL CLASSIFICATION OF SOILS 

:LEVATION: - GWL: Depth - Daterrime - DATE STARTED: & tr 1 
I NG I N E E RIG EO LOG IST: o,&/ I(, Depth - Datemime - DATE COMPLETED: 

MILLING ME' - 
0 

137 

J31 

0 E SCR IPT ION REMARKS 



FERNALD 
RVFS - -  REVIEWE@ BY Q ., 

e- ! 
L. 4 

3ORING NUMBER: &f/ ~ g l C O O R D I N A T E S :  /3ee 
ILEVATION: 

i NG IN E E R/GE OLOGlS 

- 
VOTK.5: 

DESCRIPTION 

. 

. -  

REMARKS 



I 64.2 
3&p 

. *  & 
: 1  

FERNALD 
sC'ir tWC2 OY Q 

2 
RVFS 

VISUAL CLASSIFICATION OF SO1 
'ROJECT NUMBER ' f l 7  PROJECT NAME FEILN&O 1 2 1 ,  

,$% COORDINATES ~ J $ ~ s r . ? T & r 3 7 C 7 q  30RING NUMBER 

@-i 

L 

[LEVATION: . 2  GWL: Depth Date/Timcr& 
INGINEER/GEOLffiIST. i 4ta-W Depth, w a t e / T i m c  
)RILLINC ME LIS m L  " *' - 

0 E SC R lP f l ON 

bB.5 

pt' 

REMARKS 



I 

FERNALD 

.l 

iNGINEER/GEOLffiISf: 0. 
)RILLING METHODS: 
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TABLE IA 

IC GRAVITY 

L-1493 
L-1494 
L-1495 
L-1496 
L-1497 
L-1498 
L-1499 
L-1500 

L-1501 
L-1502 
L-1503 
L-1504 

L-1735 
L-1736 

L-1737 
L-1738 
L-1739 
L-1740 
L-1741 
L-1742 

L- 17-43 - 

L-1744 

L-1745 
L-1746 
L-1747 

L-1748 
L-1749 
L-1750 

1 ( 101227 ) 
2 ( 101227 ) 
3( 101227) 
1 ( 101228 ) 
2( 101228) 
3( 101228) 
1 ( 101242 ) 
2 ( 101242 ) 
1748 
1 ( 100654 ) 
2 ( 100654 ) 
1 ( 100683) 
2 ( 100683 ) 

1 ( 100728 ) 
2 ( 100728 ) 
B-1741 
1( 101319) 
2( 101319) 
3( 101319) 
1 ( 101328 ) 
2 ( 101328 ) 
3(101328) 
B-2733 

- 1-(-100304-) 
2 ( 100304 1 
B- 1732 
1 ( 101396) 
Z(101396) 
3( 101396) 
B1735 
1( 101374) 
2( 101374 ) 
3( 101374) 

B-1742 

2-5 - 5 
2-5 - 5 
2-5.5 
5.5-9 
5 -5-9 
5 - 5-9 
19-21.5 
19-21.5 

6-9 
6-9 
15.5-18.5 
15.5-18.5 

11-13 
11-13 

6-8 
8-12 
12-14 
23-28 
23-28 
23-28 

2.82 
2.78 
2.78 
2.81 
2.81 
2.80 
2.79 
2.79 

2.79 
2.80 
2.77 
2.81 

2.80 
2.81 

2.79 
2.79 
2.79 
2.79 
2.79 
2.75 

8-10 
12-14 
14-16 

0-4 
0-4 
0-4 

2.86 
2-84 
2.86 

2-75 
2.75 
2.69 

- -  

I 

THE H.C. NUTTING COMPANY 



The H, C. Nutting Company 
4210 Airport Road 
Cincinnati, Ohio 45226 

Advanced Sciences,Inc 
SC 866A2160207 Under 
DOE DEACO5860R21659 
Cincinnati, Ohio 
Order No. 13784.001 

H-le No- DeDth (Ft- 1 SD~C- Gravitv. % 
B-1739 

L-1751 1( 101345) 13-15 2.78 
L-1752 2( 101345) 17-19 2.78 

L-1753 l(101292) 9-12 2.79 
L-1754 2(101292) 9-12 2.79 

L-1755 1( 101263) 9-13 2.85 
L-1756 Z(101263) 9-13 2.82 

B-1743 

B-1745 

F E W  RI/FS 602.3.22 

L-2312 l(100550) 0-4.5 
L-2313 Z(100550) 0-4.5 
L-2314 3(100550) 0-4.5 
L-2315 l( 100574) 22-29 
L-2316 2( 100574) 22-29 
L-2317 l(100574) W-1175010 

22-29 

B-2731 
2-82 
2.78 
2.84 
2.79 
2.84 

2;82 

FI/FS 602-03.01.01 

L-2318 1 ( 101368) 6-9 2.78 
L-2319 2 ( 101368 ) 6-9 2.78 

B-1737 

, 

THE H.C. NUTTING COMPANY 



The H. C. Nutting Company 
4210 Airport Road 
Cincinnati, Ohio 45226 

Advanced Sciences, Inc 
SC 866A2160207 Under 
DOE DEAC05860R21659 
Cincinnati, Ohio 
Order No. 13784.001 

I 

TABLE IA 

RI/FS 9602-322(.05.01.01) 

L-2320 1( 100798) 10.5-12 2.80 
L-2321 Z(100798) 10.5-12 2.79 
L-2322 1( 100803) 15-19 2.79 
L-2323 2 ( 100803 ) 15- 19 2.80 
L-2324 3(  100803) 15-19 2.79 
L-2325 l(100809) 26-27.5 2.79 
L-2326 Z(100809) 26-27.5 2.80 

B-1738 

FI/FS EWMF 602.03.01.04 
1749 

L-2497 1( 101508) 4-8 
L-2498 2( 101508) 4-8 
L-2499 3( 101508) 4-8 
L-2500 1( 101518) 17-19 
Le2501 2( 101518) 17-19 
L-2502 3 (  101518) 17-19 
L-2503 1( 101524) 22-28 
L-2504 2( 101524) 22-28 
L-2505 3( 101524) 22-28 

1750 
L-2506 1( 101541) 4-8 
L-2507 2 ( 101541 ) 4-8 
L-2508 3( 101541) 4-8 
-L-2509 - - 1( 101560) - 24-28 
L-2510 2 ( 101560 ) 24-28 
L-2511 3( 101560) 24-28 

I 

x 

2.80 
2.77 
2.80 
2.80 
2.79 
2.78 
2.75 
2.80 
2.78 

2-84 
2.80 
2.80 
2~81-- - 

2.79 
2.77 

_ _  . -  

1 o00341 
THE H.C. NUTTING COMPANY 



r h  64.2 2 
The H. C. Nutting Company 
4210 Airport Road 
Cincinnati, Ohio 45226 

L-2512 
L-2513 
L-2514 
L-2515 

L-2516 
L-2517 
L-2518 
L-2519 
L-2520 
L-2521 
L-2522 
L-2523 

L-2524 
L-2525 
L-2526 

L-3246 

L-3247 

L-3248 

%--3 2 49 

L-3250 

L-3251 

L-3252 

L-3253 

L-3254 

L-3255 

Advanced Science8,Inc 
SC 866A2160207 Under 
DOE DEAC05860R21659 
Cincinnati, Ohio 
Order No. 13784; 001 

TABLE IA 

- 
1751 
l(101613) 
2( 101613) 
3( 101613) 
4(101613) 
1752 
l(101578) 
2 ( 101578 ) 
3( 101578) 
4 ( 101578 1 
5 (  101578) 
1 ( 101583 ) 
2 ( 101583 ) 
3 ( 101583 ) 
1753 
1 ( 101602 ) 
2(101602) 
3( 101602) 
1729 
ST 
1735 
ST 
1739 
ST 
1741 

1745 
ST 
1748 
ST 
1747 
ST 
1751 
ST 
2728 
ST 
2731 
ST 

--ST- - -  

rnvitv. % 

4-8 
4-8 
4-8 
4-8 

6-17 
6- 17 
6- 17 
6-17 
6- 17 
25 - 3-27.5 
25 - 3-27.5 
25.3-27.5 

4-8 
4-8 
4-8 

2.80 
2.78 
2.79 
2.79 

2.83 
2.81 
2.86 
2.76 
2.80 
2.75 
2.78 
2.79 

2.77 
2.77 
2.81 

18-21 2.83 

8-11 2.76 

19-22 

20~23 - 

6-9 

9-12 

12-14.5 

8-11 

22.5-25.5 

8-11 

2.77 

-2.79 - 

2.80 

2.79 

2.74 

2.80 

2.73 

2.79 

.- 

I 

THE H.C. NUTTING COMPANY 



L 

The H, C- Nutting Company 
4210 Airport Road 
Cincinnati, Ohio 45226 

Advanced Sciences,Inc 
SC 866A2160207 Under 
DOE DEAC05860R21659 
Cincinnati, Ohio 
Order No. 13784.001 

TABLE IA 

L-3256 
L-3257 
L-3258 

L-3259 
L-3260 

L-3261 
L-3262 

L-3263 

L-3264 

L-3622 

_. -~ -~ 

B2754 
Comb - Jars 
Comb. Jars 
Comb. Jars 

B2728 
Comb. Jars 
Comb - Jars 
B1679 
Comb - Jars 
Comb. Jars 

B1734 
Comb. Jars 

B1729 
Comb. Jars 

B1070 
Comb. Jars 

_ _  - - 

4-8 
11-14 
22-28 

10-14 
25-29 

0-4 - 5 
20.5-23.5 

20.5-26 

23-28 

2-7.5 

2.83 
2.80 
2.70 

2.78 
2.78 

2.76 
2.75 

2.80 

2.78 

2.75 

I 

000343 
THE H.C. NUTTING COMPANY 



Ah 

BfiFiXN SIZE BISTRIBUTIPN TEST REPBET 

288 188 10.0 1.0 0.1 8.81 8.001 
BRCIIN SIZE - mm 

:? SILT I 1 2 CLAY kcst i 2+75 I 2 GRAVEL I 2 SAND 
:> I 1 8.8 I 6.5 ! 29.1 I 40.2 ! 24.2- ! 

I I I I 
i i i i 

I I 1 

MATERIAL DESCRIPTION 1 USCS I AASHTO 
1 
I 

I I 
I I 
1 I 

-, I CL 
e SANDY LEAN CLAY I 

P r o j e c t  NO.: 13784.881 1IClicnt:  

: k c a t i o n :  3orin3:E-1?47 D~~th:2-5.5’ 5 

Fr C J J ~ C ~ :  SC 866A2160207 UNDER DOE DEAC05S60R21659~~Ad,,dnccd icnces Inc.  
II 
II 
II 
II 
11 * Sample: i i i8iZZ7i 
II 

Date: 3-12-92 I I  
II 

GRAIN SIZE DISTRIBUTION TEST REPORT II 
I I  

THE HI C.’ NUTTING COMPQNY 11Lab. No. 1493 



100 

PO 

78 

60 

50 

48 

30 

28 

10 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN S I Z E  - mm 

i I ! I 
1 I 

I I  
G R A I N  S I Z E  DISTRIBUTION TEST REPORT I! 

THE H, C,’ NUTTING COMPANY /jLat,. ).lo. 1494 



b A h  

188 

: 30 

88 

I 

7 8  

ti 68 

s 
z 
+ s0 

5 40 

30 

26 

10 

0 

CL 

10.0 1.0 0.1 8.01 0.001 
GRAIN SIZE - mm 

I I I I I 

‘ Llscs f AASHTO I 

I I 
I I 

MkTERIAL DESCRIPTION 
I CL-ML f 
I 2 

SANDY SILTY CLAY 
I 

P r o j e c t  No.: i3784.881 ;/c1 ient : 
Fu- 6 j ec t : SC SSdFt2 160207 UHDER DOE DEAC05860R2 1 6 4 1  A d\ra,r,c ,, 
2 Location: Eoring:E-1747 Depth:2-5.5’ % 

F.nc c5 I nc . 
!I 
!I 
I1 
I I E  Sample: 3 (101227) 
I1  

[Sate: 3-12+2 II 

ii GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H.  C.’ NUTTING COMPANY IlLab No. 1495 



108 

PQ 

88 

78 

60 

g 50 

E 40 

38 

28 

10 

0 
200 108 10.0 1.0 0.1 0.81 0.001 

G R A I N  S I Z E  - mm 

U 
LL. 

w 0 

kest I %+75, 2 GRAVEL I 2 SAND 2 SILT 1 :< CLAYJ 
I 

@.@ 15.2 47.9 I 38.8 1 c.1 I 
! I I I 

'i I -. 
I I 

MATERIAL PESCRIPTIQN 

1 I i I 

USCS QASHTO 

: j  t.IP I FIP 4.54 1 0.70 1 0.37 I0.846 10.0288 10.0119 f 0.25 I 59.0 
I I I I I 1 I I I 1 

GRAIN SIZE DISTRIBUTION TEST REPORT 
I 

THE H, C, NUTTIt-JG COMPANY ijLab. N ~ .  1494 
ii 



r l  

GRAIN SIZE DISTRIBUTION TEST REPORT I I THE H. C .  NUTTING COMPANY I I 

GRAIN SIZE DISTRIEUTIObi TEST REPORT 

Lab. No. 1497 

GRFIIN SIZE - ~ I T I  

f LL I 1 %S I %8 I %6 I -6 I D15 I Dlb I Cc I I cu 
1 NP I EIP I 1-36 I 0.0s I 6.04 18.019 16.0058 16.0024 I 1.5‘9 1 92.4 

- I - _ _  I -  ---I -- __ _ _ _ _  I -- 1 - I . _ I  I I ___ - - - I 

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

MATERIAL DESCRIPTION I USCS AQSHTO 
I 
I 

I 1 
I I 
I I 

I ML SANDY SILT ! 

’ r o j e c t  Ho. : 13784.1381 ;[Client: 
’v cs j e c  t : SC “obbA2 168287 UNDER DOE DEAC05860R2 1 65P/I A 

E. ~~. I r,c I 
ii 
II 
II 

L s c a t i o n :  Boring:E-1747 Dupth:5.5-9’ 2 

II -. 

!! late: 3-12-92 



188 

, 90 

80 

78 

I 

8 60 
z, 
L 

I3 50 5 40 

38 

26 

10 

0 
208 108 18.0 1 . 0  8.1 8-01 0.001 

GRAIN S I Z E  - mm 

p. 

best I %+75-1 :< GRAVEL I :< SAND I :< SILT I 2 CLAY I 
)I I 8 . 8  I 22.5 I 23.5 I 4 1 . 3  I 12.7 I 

I I i i I I 4 

I I I I 

i i I ' i  

I I I I I I I 
I i I 1 I I I I 1 I 

~ ~ 1 .  -.,. -- 

MATERIAL DESCRIPTION / uses / AASHTO 

SANDY SILT WITH GRAVEL 
I ??L I 
i 
i t 
I I 

__ 

P r o j e c t  flu.: 13784.881 
Fvo j ec t : SC 866Q2 160287 UHDER DOE DEQC05860R2 16593/ A Ijsg3,r,c sc enlr cs I nc . 

II 
2 Location: Eoring:E-1747 Dspth:5.5-?' ?f !I 

I I  
I I  /I* Sample: 3 <181228> 

Date: 3-12-92 /I 
I 

Lab . t.lo.1498 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C. NUTTING COMPRNY 



I 

I 
I GRkIN SIZE D,ISTRIBUTION TEST REPORT 

I THE HI C I  NUTTING COMPANY I 

4 I 

MATERIAL DESCRIPTION I USCS AASHTO 
I A. I 

Lab . No. 1499 

c? SANDYLEANCLAY 
I 

I LL I 
I I 

. . .- 



h dh 64.2 2 

GRAIN SIZE DISTRIBUTION TEST REPORT I 
I 

THE H, C, ' NUTTING COMPANY 

100 

PO 

84 

78 

3 60 
5 

8 

LL 
5 50 

E 40 

38 

28 

10 

0 
200 100 18.0 1.8 0.1 0.61 0.001 

GRAIN SIZE - mm 

ILab. blo.1508 1 

?< SILT 1 x CLFIYJ 
35.4 i 19.7 I 

I ! 1 ! i 

best/%+75m] :< GRAVEL 2 SAND I 
> i  @ - a  I 11.7 I 33.2 i 

1 I I I 

I I I I 

~ ~ ~ _ _  ~~~ 

MATERIAL DESCRIPTION i USCS 1 AASHTO 
I 
I 
I I 

I I 

I CL SANDY LEAN CLAY I 2 



64.2 2 b r  

best I %+75- 

100 

j 90 
I 

X GRAVEL I X SAND X SILT I x CLAY I 

78 

30 

28 

1@ 

0 
200 188 .lo. 8 1.8 0.1 

GRAIN SIZE - mm 
8.81 0.801 

i i i i ! 
I I I I I 

' GRAVELLY LEAN CLAY WITH SAND 
1 
I 
i 
i 

I I 

P r o j e c t  No.: 13784.881 IIclient: 
Ft= o j ec t : SC 8 6 6 A 2  160207 UNDER DOE DEACO586QR2 165911 A ,,\ra.r,r ,, sc cnc c5 I Ttc . 
c Location: Eoring:174E Depth:&$' x II 

II 
II 
11 s Sample:  i i i8~54> 

Date: 3-12-92 II 
I il GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H, C .  NUTTING COMPANY IlLab . No. 1501 
z 



104 

II GRAIN SIZE DISTRIBUTION TEST REPORT I 
I I THE H, C,' NUTTING COMPANY IILab blo .1502 

78 

50 
w 
L' 

34 

28 

10 

0 
200 100 10.0 1.0 0.1 

GRAIN SIZE - mm 
0.81 8.001 

MATERIAL DESCRIPTION 
I I 

I 
I 

i I 
i CL-ML SANDY SILTY CLAY I 

I I I 

ii 
I1 
11 FI Sample: 2 < 188654> 

li 
II 
I1 



n 64.2 2 

180 

! 90 

80 

78 

3 66 

I 

E 
LL 

z 50 

i$ 40 

38 

28 

18 

8 
280 180 10. 0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

I I i i I 
I a I 8 

I I i I I 

1 USCS 1 AASHTO 
I 
I I CL SANDY LEAN CLAY i 

i 
i i 
I I 
!I 

:? 

+ u j e c t  No.: i3784.881 ilCi i e n t  : 

; k c a t i o n :  E o r i n g :  1741 D e p t h :  15.5-18.5' s 
j e c t '  . SC 8 6 6 A 2  160207 UNDER DOE DEAC0586QR2 1 6593lA rf,r3.r,,z e Sc enc cs I nc . 

I1 
II 
il 
il 1 1  ji Samp le: 1 i; i86683 j 

Date: 3-12-92 I I  
I I  

GRAIN SIZE DISTRIBUTION TEST REPORT II 
I I I  

I 

THE H I  GI NUTTING COMPANY 11Lab . No. 1503 



78 

I 
1 

THE H. C.’ NUTTING COMPRN’f 1 
GRAIN SIZE DISTRIBUTION TEST REPORT 

36 

Lab . NO. 1504 

10 

Pro j o c t :  SC 866A2160207 UNDER DOE DE~C05a6QR2165~llAd,,Bn,,d sciences Ir,c. 
2 Location: Eoring: 1748 3hpth:15.5-?8.5’  Z II 

ti 
II  



- i i e  . . N  . -  _ -  
100 

j 90 
i 

80 

78 

@ 60 

+ 50 
n 
LL 

30 

26 

10 

0 
200 100 10.0 1.0 0.1 0.81 0.001 

3 

GRAIN SIZE - mm 

I X SILT I x CLAY ' Test %+75- 2 'GRAVEL 2 SAND I 
8 . 8  11.6 I 

I 
I 

I 
I 

~ --I 
i i j 

27.4 I 36.2 1 24.5. 
I 

> 

A dvanc c d Sc i enc es I nc . +eject: SC 866A2168287 UNDER DOE x 
> Location: Boring:E-1742 Depth:ll-13' xs 

PI DSS D60 D50 -0 D1s I D10 CC CU LL 
25 9 3 . 2 7  0.03 0.009 0.8814 

- I I I 

I I 1 ! 
MATERIAL DESCRIPTION USCS I AASHTO 

D r o j e c t  No.: 13784.881 I c1 i e n t :  

I 

I 
Date: 3-19-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C. ' NUTTING COMPANY 

w DEkC0586dRZ1659 

** Sample: l(100728) 

Lab. No.1735 



GRQIN SIZE DISTRIEUTION TEST REPORT 

best i:+75, Z GRAUEL 2 SAND 2 SILT 
I 0.0 7 . 9  I 28.6 39.4 

2 CLAY 
24.1 3- 1 

I 1 

I I I I I 
MATERIAL DESCRIPTION USCS 1 AASHTO 

P r o j e c t  No. : 12784.881 I 
I I P r o j e c t :  SC 866132168287 UNDER DOE X 

3 Location: Eoring:E-l742 Depth:ll-lZ’ X X  f 
I 

1 
I 

Date: 3/25/92 I 
GRAIN SIZE DISTRIBUTION TEST REPORT I 

I 

THE H, C ,  NUTTING COMPANY 1 

c1 i e n t  : 

A dwanc e d Sc i enc es I nc 

rDEACO586dRZ I659 

HH Sample: 2< 188728) 

Lab. NO. 1736 



L 

GHA I t-4 SIZE D I STR I BUT I Ob4 TEST R E P O R T !  

0 
t o r t  I X+7S1( X GRAVEL X SAND X SILT i x CLAY 1 

I 0.8 I 14.0 I 26.8 34.9 I 24.3 I 
I I i 

3 

- 

‘ SANDY LEAN CLAY 

LL PI %5 I D60 I150 I -0 D15 D10 I cc cu 
25 10 3.76 0.08 0.04 I 0.009 ! 

I 1 I I ! i 

I 

1 i - __ - - -- -- -~ I 
I 1 - - - .:- - - - - - -  

! EL I 
! ! 
! ! 
! 1 

j 
i 
I 
I 

P r o j e c t  No.: 13784.861 
Project: SC 866692168207 UNDER DOE Z 
3 Location: Boring:E-1341 Depth:6-8’ E 

~1 ient : 

Advanced S i c  ere=. I rtc . 
i 
i 

Date: 3-18-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C.’ NUTTING COMPANY 

IIEkC8586aR21659 

n Sample: 1<101319> 

Lab. No.1737 

600358 



e Ah 

GRk I N S I ZE D I STR I BUT I ON TEST REPORT . 84.2 2 

3 

288 180 

- T e s t  I %+75, Z GRAVEL X SAND 2 S I L T  x CLAY I 
9.8 14.4 28.6 36.3 28.7 I 

1 4 

I I 

0.1 

> 

GRAIN S I Z E  - mm 

LL P I  %S D60 %0 -0 D15 I D10 CC CU. 
2 4  9 4 . 3 7  0 . 1 1  0.84 0.013 8.0026 I 

8.81 6.881 

1 
I I 
1 

CI i e n t :  

Advanced S c i e n c e s  Inc  

1 
I 
1 

THE H, C,’ NUTTING COMPANY I 
Date: 3/25/92 

QRAIN SIZE DISTRIBUTION TEST REPORT 

PIATERIAL DESCRIPTION 

xIlEACO5868R21659 

MM Snmp le: 2< 10131P) 

Lab. No. 1738 

USCS I AASHTO 
I I 

3 1 CL 1 
I i I 

SANDY LEAN CLAY 

P r o j e c t  No. : 12784.661 
P r o j e c t :  SC 866A2160287 UNDER DOE x 
2 L o c a t i o n :  B o r i n g : B - l 7 4 1  D e p t h : 8 - 1 2 ’  



e d b  

pest X+75" X GRAVEL X SAND X SILT I z CLAY 
I 

01 0.0 11.8 30.0 33.8 1 24.4' 
I 

100 

: 90 

LL PI I Q35 n60 -0 D30 n15 D10 1 cc CU 
0 25 9 1 3.31 0.09 0.04 8,809 I 

1 1 
i 1 I I 

MATERIAL DESCRIPTION 1 USCS AASHTO 
I 
i I CL I 0 SANDY LEAN CLAY 

I 

80 

I I 

P r o j e c t  No. : 13784.081 1 ~ 1  ient: 
P r o j k c  t : SC 866A2160207 UNDER DOE x 
c. Location: Boring:B-1741 Depth: 12-14' A 

Advanced Sicenes I n c .  1 
1 W DEAC0586dR21659 
I 
1 Sample: 3<181319> Date: 3-18-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE Hm C m '  NUTTING COMPANY Lab. No.1739 

70 

I- 50 

E 40 

z 
W 
V 

30 

20 

10 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

I I I I 
I I I I 

I 
I 



cr. 

Test I i!+75.. 
1 -_ 9.9 

189 

f 90 

80 

I 

78 

E 60 

g 50 

40 

30 

28 

10 

0 
2 

E 
LL 

I2 

2 GRAVEL I i! SAND 2 SILT I 2 CLAY I 
4.7 I 27.8 I 48.1 I 28.2' 1 

! 

I I % I %@ I D58 %0 1 D15 1 D10 I & I c, 
I 

I I I I 
1 1  I 8.66 1 1 8.83 I 0.006 I I 26 I 

- - __. _ _  - - - ~ - -- __ - - - --- 
I 1 I 1 I I 

I 
f 

i 
'rojec t : SC 866A2168207 UNDER DOE x 
i Location: Boring:B-1741 Depth:23-28' zx I 

I 

Advanced S c i e n c e s  Inc.  

s t o c k p  i l e  

i n  IjEkC135868RZ1659 

THE H. C . '  NUTTING COMPANY I Lab . No. 1748 



h 1 h  

GRAIN SIZE DISTRIBUTION TEST REPORT 64.2 f 

Test 2+75-1 2 GRAVEL I X SAND I 2 SILT I 2 CLAY . 
3 :  0.0 1 18.6 22.5 34.2 1 24.7 

1 I I 

100 

3 

80 

LL PI De5 %0 -0 I %0 D15 1 D10 c, CU 
25 9 17.18 8.09 0.04 1 0.809 

I _ _  _ _  - - - - - -- - - 

1 - !  1 I 

80 

MATERIAL DESCRIPTION I USCS 

7 8  

AASHTO 

39 

I 
I 
I 

Date: 3-19-92 I 

i 
I 

GRAIN SIZE D I S T R I B U T I O N  TEST REPORT 

20 

x DEfiCO5848R21659 I 

i * *  Sample: 2(101328) 

10 

0 
200 108 10.0 1.0 0.1 8. @l 8.801 

GRAIN SIZE - mm 

I 1 
Pro jec t  No. : 13784.881 jlclisnt: 
Project :  SC 866A2168287 UNDER DOE x 
3 Le€ati@n; Boring;B-1?41 Pepth:23-28' FIX 

Advanced Sciences Inc. 



n r .  

Te5t I %+7S I X GRAVEL I X SAND I X SILT I X CLFlY 
I 26.. 1 i 31.6 28.8. 

I ? .  i @.a 1 22.3 
I I I 

, c 
- E  

GRA I F4 SIZE D I STR I BUT I OF4 TEST REPORT @# 2 2 

+eject No.: 13784.881 i 
1 ’ ro jec t :  SC 866A216020’7 UNDER DOE x 

) Location: Eoring:E-1741 I&pth:23-21’ 

I 
Date: 3-18-92 I 

GRAIN SIZE DISTRIBUTION TEST REPORT I 
THE H, C = ’  NUTTING COMPANY 

I 
I 

I 

I 

168 

90 
I 

80 

70 

60 

50 

g 40 

30 

20 

10 

0 

5 

3 

LL 

0: 

I 

C1 ient: 

~dvanced Sicenes ~ n c .  

s DEAC85860RZ1659 

M  amp le: 3~ iai32e> 

Lab. No.1742 

200 100 10.0 1.0 0.1 0.01 0.001 
GRAIN SIZE - mm 

? 
SANDY LEAN CLAY W I T H  GRAVEL 



100 

90 

80 

70 

60 

50 

40 

30 

26 

10 

0 

) 

200 100 10.8 1.0 8.1 0.81 0.001 
GRAIN SIZE - mm 

Test %+75- X GRAUEL X SAND ii SILT x CLAY 
8.0  11.5 24.9 I 36.6 27.8 

I I 

I 1 I 

I I I I I 

I I I j 

+eject No. : 13784.681 
I 
I 'rcrject: SC 866A2160287 UNDER DOE L( 

) Location: Boring: E-2733 Depth:4.5-8' x x  I 
I 
1 

I CL I 
I 

I c ~  i e n t :  

Advanced Sciences I n c .  

x DEAC05d68R21659 

THE H. C. NUTTING COMPANY 

I 
late: 3-19-92 ** Sample: l(100304) 

I GRAIN SIZE DISTRIBUTION TEST REPORT 
Lab. No.1743 



I ## 

> 

70 

T e s t  %+75.. 2 GRAUEL X SAND 2 SILT x CLAY 
0.8 6.1 26.5 39.3 28.1' 

I I 

@ 60 
Y 

MATERIAL DESCRIPTION I USCS 
I CL 

SANDY LEAN CLAY 1 

30 

AASHTO 

20 

'reject No.: 12784.061 I 
1 ' r a j e c t :  SC 866A2168287 UNDER DOE X 

; Locat ion: Eor i n s  : B-2733 Depth : 4.5-8' 

I 

I 

I 
Date: 3/25/92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H, C -  NUTTING COMPANY 

I 

18 

I 
c1 i e n t :  

Advanced sc i c n c c s  Inc 

MDEACO5860R2165? 

MM S& IC: 2< 180384) 

Lab. No.1744 

0 
288 100 10.0 1.0 

GRAIN 
0.1 

SIZE - mm 
0.01 0.001 



a 
W z 
LL 
U 

0 

GRAIN SIZE - RIRI 

I :< SILT x CLAY Test  %+75- 2 GRAVEL 2 SAND I 
8 . 8  8 . 8  ! 4.1 I 42.5 53.4 

I I 

I 

c 

P r o j e c t :  S C  866k2148287 UNDER DOE x 
0 Location: Euring:B-l732 Ijcpth:8-16’ x x  

1 PI I %5 D60 D50 %0 D15 D10 I Cc CU 
LL 
44 f 20 I 0.00 

1 ___ _ _  -- _______ 

k dvanc e d Sc i enc es I nc . 
1 
I 

I 1 I I I 

1 
Date: 3-23-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE Hm L ’ N U T T I N G  COMPANY 

Ft DEAC05860R21659 
M E  Samp ii: 1 c 181396> 

Lab. Nc1.1745 



100 

best 
q C L . '  

90 

80 

%+75" X GRAVEL ! % SAND I x SILT I % CLAY 
6.8 4.5 I 18.3 I 37.4 I 3 4 . 8 .  

70 

1 1 

@ 60 
Y 

I 

30 

20 

10 

0 

1 I I 

288 180 10.0 

I 1 

GRAIN SIZE - mm 

r 

o 

. 
cu i 

I 
LL PI Q35 I ~ 5 0  i 0 3 ~  D15 i Dl8 1 =c I 
38 18 0.79 0.81 0.883 I 

I I 
I ! ! i ! 

MFITERIAL DESCRIPTION USCS 1 RASHTO 

P r o j e c t  No.: 13784.(381 i 
I P r o j e c t :  SC 866A2160287 UNDER DOE W 

0 Lcscst ion: Boring:B-1732 Depth: 12-14' E 
I 
! 
I 

I 

I 
Date: 3-18-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H, C ,  'NUTTING COMPANY 

CI i e n t :  

Advanced Siccnes Inc. 

E DEAC05868R21659 

Sampte:2<iBi396> 

Lab. No.1746 



L A h  

best 1 %+75 m 1 i: GRAVEL % SAND 
2 !  ' 1  8.8 1 8.8 3.1 

GRAIN SIZE DISTRIPUTIOH TEST REPORT 642 2 

2 SILT I 2 CLAY 1 
48.4 1 56.5 1 

108 

I ! 
i I 

190 
I 

80 

1 

7 8  

LL 1 P I  I wS i D60 D50 
2 44 21 0.00 

60 

%0 I D15 1 D10 I Cc f CU. 

I I I 

I I I I 

Y u. 

! 

30 

I I 1 

10 

MATERIAL DESCRIPTION 1 USCS 

0 
200 100 10.0 

AASHTO 

1.0 0.1 
GRAIN SIZE - mm 

P r o j e c t  No.: 13784.881 
P r o j e c t :  SC 866A2168287 UNDER DOE X 1 

1 
3 Location: Boring:B-1732 Sample:14-16' E I 

i 

- mate: -3-18-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C .  ' NUTTING COMPAtJY 

0.01 

: t t : l2~d  Sicenes. Inc.  

s DEAC85860R21659 

MI Samp la: 3< 1013%) 

Lab. No. 1747 

fl I 

L 

0.001 

1 ! 
i I 

cL I 
I 



100 

1530 

80 

> 

70 

Test %+75- X GRAVEL I X SAND X SILT I 2 CLAY_] 
0.9 0.0 ! 6.5 53.7 1 39.8 I 

30 

1 I 

I 

20 

1 ! 

10 

3 

0 
200 108 

I 
I CL 

10.0 

P r o j e c t  No. : 13784.881 I 
1 P r o j e c t :  SC 866A2168287 UNDER DOE )z 

3 Locat ion: Eor i n g :  E-1735 Depth:d-4’ E% I 
I I 
I 

Date: 3-23-92 

GRQIN SIZE DISTRIBUTION TEST REPORT 
THE H. C.’NUTTING COMPANY 

1.0 0.1 
GRAIN SIZE - mm 

~1 ient : 
Advanced S c i e n c e s  I n c .  

E DEACO5868RZ1659 

** Sample: 1<181374> 

Lab. No.1748 

0.01 0.001 

~~ 

MATERIAL DESCRIPTION f USCS 1 AASHTO 



L A h  

USCS 

GRAIN S IZE IIISTRIBUTION TEST REPCtRT 64*, 

AASHTO 

180 

190 

80 

I 

70 

@ 60 
Y 
LL 

30 

20 

10 

0 
200 108 10.0 1.0 0.1 

GRAIN SIZE - mm 
0.01 0.001 

Test %+75, X GRAVEL X SAND I x SILT  I x CLAY 1 
0 e .  e 7 . 3  I 61.6 I 31.1 I 

I i I I 

' 8.9 
I I 

LL PI lsss D60 Ds0 -0 Dl 5 D10 I cc I cu 
C 48 24 0.81 8.885 i I 

I I 
I 1 1 I 1 I 

MATERIAL DESCRIPTION 
3 CLAY 

P r o j e c t  No. : 13784.601 
P r o j e c t :  SC 866A2160207 UNDER DOE x 
o Location:  Boring: E-1735 Depth:0-4' x s  

D a t e :  3-23-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 
.THE H. C . '  NUTTING COMPANY 

I 
I 
I 
I 

CL 

~~~ 

C 1  i e n t :  

Advanced Sc ienccs Inc.  

Lab. No.1749 



180 

best 

I 
31 

I 

f 90 

80 

I 

%+75mn 2 GRAVEL 2 SAND 2 SILT x CLAY 
0.0 0.0 5.7 57.5 3 6 . 8 .  

I 

I 

78 

3 

@ 60 
U 
LL 

LL PI %5 D60 Dss -0 D15 Dl 0 c, CU 
47 24 8.01 0.883 

1 ,  1 I I I I I 

g 50 

w 40 k! 
LL 

P r o j e c t  No. : 13784.001 I 

30 

~1 ient: 

20 

1 
I 
I 

P r o j e c t :  SC 866A2160287 Ut4DER DOE X 

3 Location: Eoring:B-1735 Depth:C3-4’ x x  

10 

Advanced Sciences Inc. 

0 

’ 
Date: 3-23-92 1 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C . ’  NUTTING COMPANY 

200 100 

s DEACO5868R2 I659 

EM Sample: 3 <101374> 

Lab. No.1750 

10.8 1.0 0. I 
GRAIN SIZE - mm 

0.01 

I I 

8.001 

MATERIAL DESCRIPTION 1 USCS 1 AASHTO 
CL I I 

... 



A h  

0 

ERA I I-4 SIZE D I STR I BUT I ON TEST REPCRT 64 2 

Test %+75m X GRAVEL X SAND X SILT I X CLAY 
8.8 23.2 I 24.3 I 31.2 I 21.3 

100 
i 
! 90 
I 

_ _  

80 

1 - I 
I i 

LL PI %5 1 D60 D50 D30 Dl 5 Di 0 c, CU 
o 26 1 1  25.76 0.28 0.05 8.812 0.0017 

- - - _ _  - .~ -- . 

70 

1 

30 

I I I 1 

20 

USCS 

10 

AASHTO 

0 
200 100 

P r o j e c t  No. : 13784.881 
P r o j e c t :  SC 866A2168287 UNDER DOE E 

G Location: Boring:B-1739 Depth: 13-15’ E X  

Date: 3-19-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. GI’ HUTTING COMPANY 

J 

10.8 1.0 0.1 
GRAIN SIZE - mm 0.01 0.001 

t CL 
i 
i 

C 1  ient:  

Advanced Sc i e n c e s  I n c  . 

s DEACO5860R21659 

** Sample: l(101345) 
Lab. No.1751 



200 100 

+est %+75" 2 GRAVEL X SAND 
? u. Gi 6 . 8  28.8 

10.0 1.0 

X SILT 2 CLAY 
35.2 

0.1 

1 
I 
I 

0.001 0.01 

Advanced Siccnes Inc. 

GRClIN SSZE - mm 

4 
I - .  . - Date: 3-18-92 

I GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C. ' NUTTING COMPANY 

w Snmplc:2<i8134S) 

Lab. No. 1752 

MATERIAL DESCRIPTION i USCS j AASHTO 

SANDY LEAN CLAY > I 
cL I 

I 
i 
i I I I 
I I 

j r u j e c t  t h .  : 13784.881 ilcl i e n t  : 
"reject: SC 866A2168287 UNDER DOE X 

'I Location: Boring:B-1739 D e p t h :  17-19' X 

800373 



100 

I Test %+75" X GRAUEL X SAND X SILT 

78 

X CLAY 

30 

> /  0.0 3 31 37 29 - i 

20 

P r o j e c t  No. : 13784.881 
P r o j e c t :  SC 866A2160207 UNDER DOE X 

3 Location: Boring:B-1743 D o p t h : P - l 2 '  .*R 

I 
I 

1 
I 
I 

Date: 3-28-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
I 

THE Hm Cm NUTTING CWIPfiNY 

10 

1 ~ 1  ient: 

A dva.nc e d Sc i enc es I rrc . 

I #  DEAC85860R21659 

MM Sample: 1<101292> 

Lab. No.1753 

0 
200 100 10. 0 1.0 0.1 

GRAIN SIZE - mm 
0.01 0.001 

I I CL I 
I 
I 

I 
1 
I I 

3 SANDY LEAN CLAY 

I 

000374 



. .. 

best )%+75- 2 GRAVEL I X SAND ! X SILT 1 x CLAY 
31 ! 8.8 e 30 4 3  - f 27 .-- ! I 

180 

90 

80 

60 

50 

40 

30 

20 

0 

I 1 

200 100 10.0 1.0 e. 1 0.01 
GRAIN SIZE - mm 

I 

0.001 

LL 1 - - P I  I D85 
T I 27 11 0.42 / 

’60 I -0 I -0 I n15 I D10 I k I cu. 
I 8.03 8.808 I 

I ~ 

1 

I I I 

P r o j e c t  No.: 13784.081 
Pr-oject:  SC 366A2168287 UNDER DOE w 
3 Location: Eoring:E-l743 Depth:9-12’ E* 

- 

MFlTERIAL DESCRIPTION USES 
I 

AASHTO 

Date: 3-28-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C.’ NUTTING COMPFINY 

W M  Sample: 2C 101292> 

Lab. Nom1754 



L r )  

GRAIN SIZE DISTRIBUTION TEST REPORT. 642 

0 

100 

90 

80 

78 

60 

50 

40 

30 

26 

10 

0 

I I I x CLAY 1 0.0 I 9.0 15.1 59.1 ! 3 4 . 1 ‘  
test I 2+75 ..) I 2 GRAVEL 2 SAND X SILT 

200 100 10. 0 1.0 
GRAIN SIZE - mm 

0.1 0.01 0.001 

I 1 I i i 

LL I PI R35 D60 I %0 1 e 8  D15 D10 : c, CU 
91 25 e I 0.07 8.01 I 0.004 I 

I I 1 I I ~ 

I 1 -  i- I I I I I 
I 1 1 I 1 I I 

MATERIAL DESCRIPTION 

LEANCLAYWITHSAND 

P r o j e c t  No.: 13784.001 
Pro jec t :  SC866A2160287 UNDER DOE W 

c; Location: Eoring:E-1745 Sample: 1C181263> R 

Date: 3-19-95! 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C,’NUTTING COMPANY 

USCS j AASHTO 
CL 

C1 ient: 
Advanced Sciences Inc 

H DEAC0586OR21659 

Lab. No.17SS 



94 d < I d  

GRfiIb4 SIZE DISTRIBUTION TEST REPORT 

M A T E R I A L  DESCRIPTION i USCS 

c 

AASHTO 

100 

Project No.: 13784.681 I 
Project: SC 866A2160287 UNDER DOE si 
3 Location: Borins:B-1745 Pepth:9-13’ I 

I I 
Date: 3-18-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. L ’ N U T T I N G  COMPANY 

.90 

80 

I 

~1 i e n t :  

Advanced Sicenes Inc. 

st IjEAC85866RZi659 

Samp le: 2< 101263) 

Lab. No.1756 

76 

30 

20 

10 

0 
200 100 10.0 1.0 0.1 

QRRIN SIZE - mm 
0.01 0.001 

Test X+75m X GRAVEL ii SAND i X SILT 1 x CLAY 
3 0.0 4. P 20.6 I 41.7 I 32.8 

f I CL I 



A .r 

Test 2+79 .. I 2 GRAVEL I X SAND X SILT z CLAY 
> -  0.0 I 0.0 1.4 55.1 43.5 

100 

90 

80 

70 

I 

1 
I 

@ Y 60 
LL 
50 

E 40 
30 

20 

10 

0 

!?I 

MATERIAL DESCRIPTION USCS I 

288 188 10.0 1.0 0.1 0.01 0.001 
GRAIN SIZE - mm 

AASHTO 

>reject No. : 13784.001 
' raject:  SC 866A2160287 UNDER DOE c( 

) Location: Boring:2731 Depth:0-4.5' XE 

Date: 4-6-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. b. NUTTING COMPANY 

I 
I 

C1 lent: 

Adva.nccd Sc itnccs, Inc.  
H DEAC05860R21699 

MW Sample:1<1@@558> 

Lab. No.2312 



e 

; 0.0 0.0 1 0.8 I 54.2 45.8 

I I I 

LL I PI n35 - D60 %0 D30 D1s D10 
- - _ _  

y - -  -45 -I-- 22- 0.01 
c, I cu 

MATERIAL DESCRIPTION USCS 
3 CLAY CL 

AASHTO 

P r o j e c t  No.: 13784.801 
Project: SC 866A2160287 UNDER DOE Lc 

3 Location: Boring:2731 Depth:0-4.5’ X I  1 

I 

Client: 

Advanced Sc iences ,  I n c .  

M DEAC05860R21659 

Date: 4-6-92 I 

BRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C. NUTTING COMPANY 

scsc Sample: 2< 100550) 

Lab. No.2313 



h 4b 64.2 2 
I 

P r o j e c t  No. : 13784.881 I 
Project: SC 866A2168287 UNDER DOE X 

I 

GRAIN SIZE DISTRIBUTION TEST REPORT I 

CI isnt: 

!Advanced Sciences, Inc. 

est %+75.. 2 GRAVEL 2 SAND 2 S I L T  2 CLAY 
0.0 2.4 51.5 45.9 01 : 0.0 

Date: 4-13-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C. NUTTING COMPANY 

I .  

Lab. No.2314 

I MATER I AL DESCR I PT I ON I USCS I AASHTO 
I I 

I CL 
I 
i 

I 
I 

CLAY 0 

'1 X DEAC05860R21659 I 



100 

best %+75- X GRAVEL 
> I  0.0 16.0 

f 90 

80 

i 

2 SAND I X SILT I x CLAY 
21.4 I 33.3 1 29.3 ! 

70 

LL PI Q35 %0 %0 D30 Dl 5 
> 32 13 5.31 6.83 0.805 

- 

30 

n10 c, CU. 

- - - - 

I 

20 

MATERIAL DESCRIPTION uses 

10 

AASHTO 

0 
200 100 

I 
- Date:- 4-1-3-92 

10.0 

MM Sample: 1 < 100574) 

1.0 0.1 
GRAIN SIZE - mm 

0.01 0.001 

I SANDY LEAN CLAY WITH GRAVEL I 
I 
I 

CL i 3 

I 
i i 

Project No. : 13784.001 
P r o j e c t :  SC 866A2168207 UNDER DOE ai 
2 LsiEaQiet%! BePifis:2391 bepth:22-Z9’ !l!H 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C: NUTTING COMPANY i i L a b .  Ho.2315 



100 

+est 
2 -  

70 

%+79- X GRAVEL X SAND ii SILT ii CLAY 
8.8 8.3 24.1 33.9 31 .‘? 

I 

@ 60 
Y 

3 

30 

LL PI %5 I %0 -0 e 8  I p15 D18 I c; CIA 

30 13 2.60 8.02 0.004 
- - - - - _ _ _  - _ - -  

20 

I 
I 

I 

10 

sc icnces, Inc. 

E DEAC05S68R2 1659 

i 4 M  Sample: 2< 108574) 

I 
GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C’. NUTTING COMPANY 

1 1 . 1  I I 

I 

Lab. No.2316 

I CL I SANDY LEAN CLAY 3 

P r o j e c t  NO.: 13784.001 
Pro jec t :  SC 866A2168287 UNDER DOE s 
3 Location: Eoring:2731 Depth:22-29’~~ 

Dat-e: 4-13-92 



- 
GRAIN SIZE DISTRIWTION TEST 642% REPORT 

> 

100 

! 90 
i 

! 

Test %+7Sm X GRAVEL X SAND I Z SILT 1 x CLAY 
0.0 31.1 14.7 28.6 1 23.-6 

i I 

80 

LL PI DB5 D60 %0 D30 D l  5 D10 I c, 
> 32 15 15.85 1.66 0.05 8.888 1 

1 I 

70 

CU 

30 

1 

i 

20 

C1 i e n t  : 
Advanced S c i e n c e ,  Inc.  

w DEAC05860R21659 

MM Samp IC: 1 < 100574) 
W-1175010 

Lab. No.2317 

10 

0 
2 

I 1 I 1 I I 1 I I 1 

MATERIAL DESCRIPTION 1 USCS AASHTO 

GRAVELLY LEAN CLAY WITH SAND CL 

I 
Pro jec t  No. : 13784.801 
P r o j e c t :  SC 866A2168287 UNDER DOE L( 

; Location: Boring:2731 Depth:22-29’ x x  

Date: 4- 13-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H ,  C’, NUTTING COMPANY 



r l  

.Test %+75, X GRAVEL Z SAND 2 SILT I x CLAY 
-- 0.0 2.2 26.3 59.4 16.1 

64.2 2 

I 

GRAIN SIZE DISTRIBUTION TEST REPORT 

I 

100 

! 90 

80 

78 

@ 60 

z =0 

U 

LL 

u E 40 

36 

20 

10 

0 
200 100 10.0 1.0 0.1 0.00 0.01 

GRAIN SIZE - mm 

} 

LL PI -5 D60 Dss D30 D l  5 Dl 0 c, CU 
NP NP 0.18 8.83 8.014 0.0842 
- - _ _  __ - - - _ _  -~ _ _  ._- -- ---- -- - -- - - --- 

I I I 
MATERIAL DESCRIPTION 

> SILT WITH SRND 
USCS AASHTO 
ML 

'reject No. : 13784.801 
’rzoject: SC 866A2160287 UNDER DOE w 
: Locat ion: B o r i n g :  1737 Depth:6-9’ E% 

C1 i a n t  : 
Fldvanc e d Sc i cnc es, I nc  . 

DEAC85860R21659 

late: 4-6-92 

BRAIN SIZE,DISTRIBUTION TEST REPORT 

THE H. C. NUTTING COMPANY 

mm Sample: 1<101368) 

Lam Nom2518 



e A h  

I GRAIN SIZE DISTRIBUTION TEST REPORT I 
I 2 - -  .,J-- 

~ - - _  - 

I LL ' I %5 I D68 I %3 I e 8  I DIS 
4 NP NP 1=-8S- -0- 13- __S-_SS _-8-825 8-8074- 

D18 c, CU 
8-0031 - L 4 6 -  - 42.2 

MATERIAL DESCRIPTION USCS 
3 ML 

. -- 

I 

AASHTO 

SANDY SILT I 

P r o j e c t  No.: 13784.061 I 
P r o j e c t :  SC 866A2168287 UNDER DOE X 

3 Location: Boring: 1737 Deptti:6-9' E X  

I 
I 

Date: 4-14-92 . 
QRA I N s I ZE b I STR I BUT I ON TEST REPORT 

THE HI C ,  NUTTING COMPANY 

~1 i e n t  : 

AdVwnced S C ~ P I ~ C ~ S ,  Inc. 

M DEACO5868R21659 

M H  Sample: 2<101368> 

Lab. No-2319 



GRAIN SIZE - mm 

Test %+75- ii GRAVEL X SAND I i t  SILT x CLAY 
> -  e. 0 25.2 2 2 8  4 3184 21 m . 0  

> 
LL PI Dss D60 -0 D30 Dl 5 D10 I cc I c u  
29 13 13.03 0.20 0.03 0.013 

I 

MATERIAL DESCRIPTION 

I I 
USCS AASHTO 

P r o j e c t  No.: 13784.881 
Pro jec t :  SC 866A2168287 UNDER DOE c( 

1 Location: Boring:1738 Depth:10.5-12' x i  

C1 ient: 

Advanced S c i e n c e s ,  I n c  

D a t e :  4-17-92 . 
M DEAC05868R21659 
M* Sample: lC188798) 

I QRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C. NUTTING COMPANY Labrn No.2320 



C L  
GRAIN SIZE DISTRIBUTION TEST REPORT 

Test X + 7 5 1  X ORAUEL 2 SAND 
1 e. 0 19.9 26.0 

100 

! 90 

80 

70 

a -  
Y 60 e: 
s 50 
8 

I 

40 

30 

20 

10 

0 
2 

X SILT I x CLAY 
33.6 1 20.5 

GRAIN SIZE - mm 

1 I 1 I 

LL PI Dss %0 -0 D30 D 1 5  D10 c; 
> 27 1 1  10.00 0.16 0.09 0.012 0.0023 

CU 

1 1 I I I 1 I 

MATERIAL DESCRIPTION 
I 1 

SANDY LEAN CLAY WITH GRAVEL 3 

1 
I 

P r o j e c t  NO.: 13784.001 
P r o j e c t :  SC 866A2168287 UNDER DOE X 

3 Location: Boring:l738 Depth:l0.5-12’ 

Date: 4-17-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. c. NUTTING COMPANY 

1 I I 
AASHTO 

C 1  ient: 
Advanced Sciences9 Inc. 

s DEAC05860R21659 
Samp le: 2< 100798) 

Lab. No.2321 



100 

1 90 
I 

80 

70 

!2 c( 88' 
LL :: 

30 

20 

10 

200 100 10.0 1.0 0.1 0.01 0.001 
BRFIIN SIZE - mm 

Cyest %+75" 2 GRAVEL 2 SAND 2 SILT 
> -  0.0 0.0 14.7 67.9 

2 CLAY 
15.4 

LL PI De5 %0 e0 D30 n15 D10 
> NP NP 0.08 0.02 0.011 0.0848 0.0024 

_ _ _  

G I cu 
1.86 11.5 

MATERIAL DESCRIPTION I USCS AASHTO 

P r o j e c t  No. : 13784.001 
P r o j e c t :  SC 866A2160287 UNDER DOE W 

3 Locat ion: Boring: 1738 D e p t h :  15-19' X X  

. Date: 4-17-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. 6. NUTTING COMPANY 

C 1  i e n t :  

Advanced Sc iences,  Inc . 

w DEAC05860R21699 

M W  Sample i<iWie@3> 

Lab. No.2322 



‘ L  

kcst %+75 .I I % GRAVEL 1 X SAND X SILT 1 % CLAY 
“ 1  : 8.8 6.4 ! 29.6 38.8 1 25.2 

GRAIN SIZE DISTRIBUTION TEST REPORT 

- _ _  - - __ - 
Li PI %5 %El I %6 %El D15 

o 25 10 0.451 8.03 8.807 
i 

I 
i 

‘ 100 

Pia G 1 c u  
1 

I I 

I 

90 

I I 1 ! I 

70 

I I 

30 

MATERIAL DESCRIPTION 

SANDY LEAN CLAY 
a 

20 

USCS AASHTO 
CL 

10 

, 
 project No. : 13784.881 
Project:  SC 866A2168287 UNDER DOE X 

o Location: Boring:  1738 Depth: 15-19. w w  

I 

, 
Date: 4-14-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 

0 
200 108 

I 
C1 ient : 

Advanced Sc i e n c c s ,  Inc. 

M DEACO5860R21659 

W W  Samplo: 2<100B03> 

10.0 1.0 0.1 0.01 
GRAIN SIZE - mm 

8.001 



a 

1 

64.2 3 

Test %+7!3- X GRAVEL Z SAND x SILT 1 x CLAY f 
0.0 16.6 24.0 34.1 25.3 I 

! 

LL PI Q35 D60 D50 %0 - pi5 
; 28 12 5.96 0.0s 8.83 0.087 

I I 

I I I I 

I I 1 

Dl0 c, I cu 

USCS 

1 I I 1 1 1 1 

MATERIAL DESCRIPTION AASHTO 

a' 

-SANDY LEAN CLAY WITH GRAVEL 

P r o j e c t  No. : 13784.001 
Project:  SC 866A2160207 UNDER DOE )5 

Location: Boring: 1738 Pepth:15-19' EX 

D a t e :  4-14-92 I 
~~ 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H m  C m  NUTTING COMPANY 

I CL 
I 

C 1  ient : 

fidvanccd Sc iences, Inc.  

DEAC05860R21659 - - _ -  e Y - ~. 

W H  Sample: 3<100803> 

Lab- NO-2324 



7 I 

I i 

LL 
> 21 

PI %s I D60 Q50 -0 D15 1 D ~ B  I cc 1 cu 
t, 8-63 ; 0.03 0.009 0.0015 ] I I 

I I I I 1 I 1 I 
- _ _  - _ _  - - _ _ _  - - - - - - - -- 

I I 

MATERIAL DESCRIPTION USCS Q5FISHTO 

3 1 CL-ML 

P r o j e c t  No. : 13784.001 
Pro jec t :  SC 866A2168287 UNDER DOE w 

3 Location: Boring: 1738 Depth:26-27.5’ x x  I 
I ’ 

Date: -3-14-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H, C. NUTTING COMPANY 

C1 ient: 
Advanced Sciences, Inc. 

M DEAC05860R2 1659 

MM Sample: 1 C 100809) 

Lab. No.232S 



GRAIN SIZE DISTRIBUTION TEST REPORT 641.22 

I P r o j e c t :  SC 866A2168287 UNDER DOE ai 

c Location: Eoring:l738 Dopth:25-27.5’ X E  

Date: -3-14-92. 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C. NUTTING COMPANY 

GRAIN SIZE - mm 

-~ ._ - 

Advanced Sc icnces, I n c .  

H DEAC05868R21459 
MM Snmp le: 2< 100809> 

Lab. No.2326 

I I 
I I I 

I 
0 CL 

1 I SANDY LEAN CLAY 



4 B  

@RAIN SIZE DISTRIBUTION TEST REPORT 

Test %+75.. X GRAVEL X SAND X SILT 
> 8.8 9.7 23.7 41.8 

70 

x CLAY 
25.3 

30 

- 

20 

> 

10 

LL PI %5 I 060 I %0 -0 D15 I 010 I c, CU 
33 13 2.34 8.83 8.888 

. -  

200 100 

MATERIAL DESCRIPTION 

18.8 

USCS I AASHTO 

1.8 8.1  
QRAIN SIZE - mm 

- 

8.01 8.881 

C1 ient : 
Advanced S c i e n c e s ,  I n c  . 

I 
* DEAC05860R21659 
COI Sample: lC181508> 

Lab. Nom2497 

SANDY LEAN CLAY 
2 

CL I f 
I 

~~ 

P r o j e c t  No. : 13784.081 
P r o j e c t :  SC 866A2160207 UNDER DOE X 

) Locat ion: Boring:  1749 Depth:4-8' x x  

D a t e :  4-17-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C'. NUTTING COMPANY 



100 

90 

80 

70 

> 

30 

Test %+?SI X GRAUEL ! X SAND X SILT 1 x CLAY 
0.0 0.0 I 17.0 48.3 I 34.7 

20 

> 

- 

10 

LL PI %5 060 %0 030 D15 D10 c, CU. 
37 17 0.11 0.02 0.003 

I 
- _ _  - - _ - -  - - I 

MATERIAL DESCRIPTION USCS 1 AASHTO 
CL I I LEAN CLAY WITH SAND 

> 

Date: 4-1 7-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C. NUTTING COMPANY 

'reject No.: 13784.881 Ilcl ient: 

M DEAC05840R21499 
IM Sample: 2< 101508> 

Lab. No.249'8 

'reject: SC 866F12168287 UNDER DOE s 
1 Location: Boring: 1749 Depth:4-8' II 

Advanced Sciences, Inc.  

. .- 



I C  
GRAIN SIZE DISTRIBUTION TEST REPORT 64.2 2 

best %+7Smm X GRAVEL X SAND X SILT 
? 0.8 7.0 27.0 34.8 

x CLAY 
31 .'2 -- 

I I 

I CL 
I 

I I 
LL PI ' Des D60 -0 %0 D15 D10 

> 51 12 1.41 0.02 0.004 
I 

c, CU 

SANDY LEAN CLAY 

Project No. : 13784.081 
Pro jec t :  SC 866A2160287 UNDER DOE X 1 I 
3 Location: Boring: 1749 Dopth:4-8' X X  I 

I 

Date:- 4-17-92 

BRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. e. NUTTING COMPANY 

I 
z : ~ : : d  sc ienccs, Inc . 

H DEAC05860R21659 
w w  Sample: 3< 101508> 

Lab. No.2499 



I ORAIN SIZE - mm 

Project No. : 13784.881 
Project: SC 866A2168287 UNDER DOE 
0 Location: Boring: 1749 Depth: 17-19’ X X  

Date: 4-21-92 

BRAIN SIZE DISTRIBUTION TEST REPORT 
THE H, C, NUTTING COMPANY 

I I ! ! - .. - - -  I 
MATERIAL DESCRIPTION 

I -  I I 

i 
C 1  ient : 
Advanced Sciences, Inc. 

H DEAC85868R21659 

M M  8amplc: 1<101518> 

Lab. No.2500 



cc 
ORBIN SIZE DISTRIBUTION TEST KCPORT 64.2 9 -I 

P r o j e c t  No. : 13784.881 
Project: SC 866A2168207 UNDER DOE )c 

0 Location: Boring:  1749 Depth:17-19' xs I 
Date: 4-21-92 

BRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C ,  NUTTING COMPANY 

100 

C1 ient: 

Advanced Sc iences ,  I n c .  

H DEAC05860R21659 

E M  Sample: 2< 101518) 

Lab. No.2501 

j 90 
I 

80 

70 

@ 60' 
Y 

30 

20 

10 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

QRAIN SIZE - mm 



GRAIN SIZE DISTRIBUTION TEST REPORT 8 4 , ~ :  

3 -- 

100 

~~~ 

Test X + 7 5 -  X GRAVEL X SAND X SILT I x CLAY 
0.8 7.6 31.2 38.2 I 23.*0 . 

. 90 
j 

80 

> 

70 

LL PI D85 D60 e 0  -0 D15 I D10 c, I Cu 
23 8 1.07 0.04 0.088 1 

30 

20 

10 

0 
200 108 10.0 1.0 0.1 

QRAIN SIZE - mm 
0.01 0.001 

1 1 I I 1 1 1 

MATERIAL DESCRIPTION 

SANDY LEAN CLAY 
3 

Project No.: 13784.801 
Project: SC 866A2168207 UNDER DOE S 

3 Location: Boring: 1749 Depth: 17-19' LCS 

Date: 4-21-92 

ORAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C'. NUTTING COMPANY 

USCS I AASHTO 

CL I 
I 

C 1  ient: 
Advanced Sc icnces, Inc . 

* DEAC05840R21659 

MI Sample: 3< 181518) 

Lab. No.2502 



n - -  . . 

) 

BRAIN SIZE DISTRIBUTION TEST REPORT 64.22 

Test %+79- i! GRAVEL X SAND i! SILT x CLAY 
. 0.0 6.2 30.1 39.6 240-1 

100 

i 90 
1 

80 

70 

!2 60 
Y 
LL 

1 I 
30 

20 

1 0  

0 
200 180 10.0 1.0 0.1 0.01 0.001 

QRAIN SIZE - mm 

> 

- 

LL PI Des D60 D50 D30 D15 Dl a c, CU 
24 8 1.08 0.03 0.007 

- - _ _  - _ _ _ _  _ _  - - __ - -_ -- --- -- - - -  -- - -- 
I 

MATERIAL DESCRIPTION 
> 

SANDY LEAN CLAY 

'reject No. : 13784.'081 

USCS AASHTO 
CL 

I c ~  i e n t :  
'reject: SC 866A2168287 UNDER DOE % 

z Location: Boring:1749 Depth:22-28' R X  

' 
Date: 4-21-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C. NUTTING COMPANY 

Advanced Sciences, Inc.  

DEAC05860R21659 

w w  8amp IC: 2C 101524) 

Lab. No.2503 



GiAt3II.I SIZE DISTRIBUTION TEST REPORT 64.22 

best %+7Smm X GRAVEL X SAND ii SILT 
’ ’- 0.0 6.5 30.2 38.8 

100 

90 

80 

j 
1 

ii CLAY 
24.5 

70 

1 

30 

LL PI D85 D60 -0 030 D15 D10 c, CU 
25 9 1.10 8.03 0.008 

20 

MATERIAL DESCRIPTION 
> 

SANDY LEAN CLAY 

0 
200 100 

USCS AASHTO 
CL 

10.0 

- 

1.0 0.1 
BRAIN SIZE - mm 

Client : 
Advanced Sc ienccs, Inc. 

s DEAC85860R21659 

MM Sample: 2C101324) 

Lab. No.2504 

0.01 0.001 

+eject No. : 13784.001 
'reject: SC 866A2168287 UNDER DOE W 

1 Location: Boring:1749 Depth:22-28’ X E  

Dat e: 4-2 1-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H, CL NUTTING COMPANY 



100 

3 

- 

: 90 
i 

80 

LL PI Q35 D60 D50 R50 D15 D10 c, CU 
2s 9 1.44 0.04 0.009 

- I 
- - - - _ _  - - _ _  - - ._ -- - -  ~ 

70 

MATERIAL DESCRIPTION I USCS 

30 

AASHTO 

20 

Project  No. : 13784.881 

1.0 

C1 ient: 

0 
200 100 

Date: 4-21-92 - 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C’. NUTTING COMPQNY 

10.0 

M DEACB5860R21659 

mm Sample: 3C 161524) 

Lab. No.2505 

1.0 0.1 
GRAIN SIZE - mm 

0.001 0.01 

best %+751. X GRAVEL I 2 SAND 2 SILT 2 CLAY 
9.0 9.5 ! 29.9 38.3 22 . 3  

I I I i i 

3 
SANDY LEAN CLAY 

CL I I 
Project:  SC 866A2168287 UNDER DOE x 
3 Location: Boring:1749 Dopth:22-28’ EX 

Advanced Sc iences9 Inc. /I 



n r b  

GRA I N SIZE D I STR IBUT I ON TEST REPOR&$ $ $ 

best %+75- I X GRAUEL X SAND Z SILT 

I 

80 

x CLAY 

70 

> 0.0 I 8.8 26.1 

30 

49.8 24.1 

20 

LL P I  %S D60 os0 -0 Dl 5 D10 
> 23 7 0.19 0.02 0.007 

10 

c, CU. 

0 

MATERIAL DESCRIPTION USCS 

CL-ML 3 
SILTY CLAY WITH SAND 

AASHTO 

Project No. : 13784.801 
Project: SC 866A2160207 UNDER DOE X 

3 Location: Boring:1750 Depth:4-8’ x x  

C 1  ient: 

Advanced Sciences, Inc. 

Date: 4-21-92 
BRAIN SIZE DISTRIBUTION TEST REPORT 
THE H, C, NUTTING COMPANY 

MM Sample: 1C101341> 

Lab. N0.2506 



100 

X GRAVEL 
12.6 

I 

70 

X SAND X SILT ii CLAY 
16.1 42.7 28:6 

30 

> 

20 

LL PI D85 D60 -0 -0 D15 Dl 0 c, CU 
31 12 0.47 8.02 8.085 

10 

+eject No.: 13784.081 
'reject: SC 866A2168287 UNDER DOE W 

) Location: Boring:1750 Depth:4-8’ R E  

Date: 4-21-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C’. NUTTING COMPANY 

200 100 10.0 

C1 ient : 
Advanced Sciences, Inc. 

c( DEAC85860R21659 

EM Sample: 2<101!341> 

Lab. EJo.2507 

1.0 0.1 
QRAIN SIZE - mm 0.01 0.001 

cL i 1 
I 

LEANCLAYWITHSAND 



n A h  

64.2 8 GRkIN SIZE DISTRIBUTION TEST REPORT 

best I 2+75.. 

I I 
31 - 1 0.8 

100 

X GRAVEL 2 SAND 2 SILT 2 CLfiY I 
1.1 . 31.8 43.6 23.5 I 

I 

90 

80 

Date: 4-22-92 i 
BRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C:  NUTTING COMPANY 

70 

Y DEAC85860R21659 

M M  Sample: 3< 101541 > 

Lab. Nom2508 

30 

26 

10 

0 
208 188 0.001 10.0 1.0 0.1 0.01 

GRAIN SIZE - mm 

I I I 
I 

1 

MATERIAL DESCRIPTION I USCS I AASHTO 

CL I I 
I 
I 
I 
I 

3 

SANDY'LEAN CLAY 

P r o j e c t  No.: 13784.801 iicl i e n t :  
Project: SC 866A2168207 UNDER DOE W 

3 Location: Boring:1758 Depth:4-8' *E 
Advanced Sc ienccs, Inc. I 



100 

Test I %+75.. 2 GRAVEL 
3 -  i 0.8 1.1 

2 SAND 2 SILT 2 CLAY 
31.8 43.6 23.’5 I 

i ! 90 
i 

80 

3 

- 

70 

LL PI Jb5 I D60 -0 -0 D15 I Dl6 1 & CIA 

24 8 0.62 0.03 8.668 0.0013 I 

I I I I I 

I - __ - I _ _  - ,_ 
I 
- - __ - _ _  

30 

MATERIAL DESCRIPTION USCS 

26 

AASHTO 

10 

I Advanced s c i e n c e s ,  I n c .  

0 
200 188 

1 
I Date: 4-22-92 . -  

QRAIN SIZE DISTRIBUTION TEST REPORT 

10.0 

H DEAC05868R21659 
rr Sample: 3< 101541 > 

1.0 0.1 
GRAIN SIZE - mm 0.01 0.001 

I I I I 

I I I I I I i I  I 

P r o j e c t :  SC 866A2168207 UNDER DOE w 
3 Location: Boring: 1750 Depth:4-8’ x x  



nh dh 
GRAIN SIZE DZSTRIBUTION TEST REPORT 6427 

Test 1 X+75 .L I X GRAVEL X SAND z SILT I 

100 

z CLAY 

80 

-) . 8.8 I 14.5 

70 

30.0 34.4 21 .'1 

a -  9 60 
LL 
Y 

LL PI Dg5 D60 %0 D30 D15 I D10 c, 
> 25 10 4.17 0.13 0.04 8.013 1 

g 50 

40 

CU. 

30 

I 

20 

I I 

10 

I 1 

0 
280 100 10.0 

MATERSAL DESCRIPTION USCS 

1.0 0.1 
GRRIH SIZE - mm 

AASHTO 

0.01 0.001 

I 
Date: 4-22-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. 6. NUTTING COMPANY 

E DEAC05868R21659 

MM Sample: 1<101560) 

Lab* No.2509 

'reject: SC 866A2160287 UNDER DOE X 

Location: Boring: 1758 Depth:24-2SP x x  



100 

best %+75..I X GRAVEL I X SAND I 2 SILT 1 X CLAY 

80 

31 . 

70 

0.0 I 12.5 32.8 I 34.4 I 20.3 I 

!3 ** 
Y 

3 

+ 50 

40 

LL PI Q35 JJ68 D50 %0 D15 D18 c, I cu 
23 9 2.66 8.13 8.85 8,014 0.8816 

- 

30 

28 

10 

0 

MATERIAL DESCRIPTION 

208 100 

USCS I ARSHTO 

10.0 

Pro jec t  No.: 13784.881 1 
Project :  SC 866A2148207 UNDER DOE X 

3 Location: Boring: 1758 Depth:24-=' E X  

I 

I 
I 

Date: 4-22-92 

BRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C: NUTTING COMPANY 

1.0 0.1 
GRAIN SIZE - mm 

CI i e n t  : 
IAdvanced Sc iencea, Inc. 

M DEAC05868H21659 
M M  Sample:2<101540> 

I h b .  No.' 2510 

0.01 0.081 

1 I 

I CL I 
I I 

El SANDY LEAN CLAY 



b r b  

GRAIN SIZE DISTRIBUTION TEST REPORT 64.2 2 

est 

100 

1 90 
i 

80 

%+75- X GRAVEL X SAND x SILT x CLAY 
0.8 5 . 3  36.4 3 5 . 8  22 :5 

70 

> 

30 

LL PI -5 n60 e 0  D30 D15 D10 c, CU 
23 8 1.11 0.09 0.04 0.011 

I 
- 

I 

20 

MATERIAL DESCRIPTION I USCS 

10 

AASHTO 

0 
200 100 

I 

I CL 
SANDY LEAN CLAY I 1 

10. 0 

I 

D a t e :  4-22-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C’. NUTTING COMPANY 

1.0 0.1 
BRAIN SIZE - mm 

M DEAC05860R21659 

MM -Sample: 3< 181560) 

Lab. No.2311 

0.01 0.001 

I I I I i 

P r o j e c t  No. : 13784.601 
Project:  SC 846632168287 UNDER DOE W 

3 Location: Eoring:1750 Depth:24-28’ x x  



100 

)Test 
0 .. 

80 

%+751 Z GRAUEL 2 SAND Z SILT I 2 CLAY 
0.8 4.6 29.5 48.2 25.7 

I 
I 

70 

0 

- 

i i  

LL PI %5 %0 %0 %0 D15 D18 I G I Cu. 
26 10 0.87 0.83 0.007 I 

I I __  - - - __  - _ - - -  -- 

30 

MATERIAL DESCRIPTION 

20 

USCS AASHTO 

10 

I 

Date: 4-22-92 .. 
1 

QRAIN SIZE DISTRIBUTION TEST REPORT 
L THE H, 6, NUTTING COMPANY 

0 

M DEAC05868R21659 

** Sample: 1 (101613) 

Lab. Ncr.2512 

200 100 10.0 1.0 0.1 0.01 0.001 
GRAIN SIZE - mm 

P r o j e c t  No. : 13784.001 
P r o j e c t :  SC 866A2168287 UNDER DOE s 
0 Location: Boring:1751 Depth:4-8’ x x  



64.2 2 GRAIN S I Z E  DISTRIBUTION TEST REPORT 

best %+7511, X GRAVEL X SAND X SILT X CLAY 
01 _- 8.8 10.0 29.3 36.6 24.1 

I 
i I i ~ 

I 
I I 

LL P I  Oes D60 e 0  a8 D15 D18 I c, 
3 25 9 1.78 0.04 0.088 0.0013 

CU. 

I I 1 I I I I I 

MATERIAL DESCRIPTION 1 USCS AASHTO 

P r o j e c t  No.: 13784.881 
P r o j e c t :  SC 864A2160287 UNDER DOE L( 1 

I 
I 
I 

0 Location: Boring:1751 Depth:4-8’ x x  I 

Date: 4-22-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. 6, NUTTING COMPANY 

: t t c l~ :d  s c i e n c e s .  Inc . 

1s DEAC85868RZ1659 

M M  Sample: 2 (101613) 

Lab. No.2513 



200 100 10.0 1.0 0.1 
GRAIN SIZE - mm 

best  X+?Jmm 2 GRAVEL I X SAND 
)I . 0.0 15.9 ! 24.7 

0.01 0.001 

X SILT 1 2 CLAY I 
33.1 1 26.3 1 

I LL P I  %5 D60 D50 D30 D15 I D10 I cc I cu 
I 

I 
I CL I 

I- 
I 
I 

SANDY LEAN CLAY WITH GRAVEL > 

I 

29 13 5.50 
I 

8.8s 0.83 0.807 I I 1 

I I I 
I I I I 

1 

I I 

I 
I 

I 
Date: 4-22-92 

QRAIN SIZE DISTRIBUTION TEST REPORT 

THE HI C'. NUTTING COMPANY 

I M  DEACB5840k21659 

** Sample: 3 (101613) 

Lab. No.2514 



b 1 b  

) 

G R A I N  S I Z E  D I S T R I B U T I O N  TEST REPORT @42 2 

Test %+75.. X GRAVEL X SAND X SILT z CLAY 
c3.0 7.6 26.6 42.1 23.7 

I I 

100 

i ; 90 

80 

> 

70 

LL PI D85 D60 -0 -0 I D15 I Dl0 I G I  (=U 

I I I 
25 8 1 1.12 8.83 0.009 10.8813 

I I -  I I -  I I 
- 

30 

MATERIAL DESCRIPTION 

20 

uses AASHTO 

10 

I 
late: 4-22-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

THE H. C :  NUTTING COMPFcNY 

0 
200 100 

4(1-01613) M M  Snmplc:a 

Lab. No.ZS15 

10.0 1.0 0.1 0.01 0.001 
GRAIN SIZE - mm 

’ SANDY LEAN CLAY 
I I CL 

I 
i 
I 

'reject No. : 13784.881 iicl ient: 
+eject: SC 866A2160287 UNDER DOE w 
) Location: Eoring:1751 Depth:4-8’ LEX 

ii 
llfidvanced Sciences,  Inc . 



Ah 
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APPENDIX D 
LABORATORY TEST RESULTS - UNDISTURBED SOIL SAMPLES 
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le No. DeDth (Ft- 1 SDeclfir: Qrsvitv. % 
. .  

1751 
L-2512 1( 101613) 4-8 2.80 
L-2513 2( 101613) 4-8 2.78 
L-2514 3( 101613) 4-8 2.79 
L-2515 4(  101613) 4-8 2.79 

L-2516 1( 101578) 6-17 
L-2517 2( 101578) 6-17 
L-2518 3( 101578) 6-17 
L-2519 4( 101578) 6-17 
L-2520 5 (  101578) 6-17 
L-2521 l(101583) 25.3-27.5 
L-2522 2(101583) 25.3-27.5 
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I MATERIAL DESCRIPTION 
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WATER CONTENT, Z 14.7 14.1 12.8 

DRY DENSITY,  P C f  121.8 122.3 121.5 
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DRY DENSITY,  p c f  "27-0 127.8 129.7 
SATURATIOt4, 2 100.0 100.0- 100.0 

-= 26 .0  pL= 15.0 P I =  11.0 
YECIFIC GRAVITY= 2.83 
:MARKS: Lab t h .  3244 

- -  - _ _ _  .. 
(3. NO. I 11 THE H. C. t4UTTIt4G CCIMFANY 

DEACOSS69R21459 
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PEOJ. tKL : - -13784 .@@1 -DATE: 5i15/5'2 - ----- 
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Q 
- - . __ - Pr t S f  

C h e n t :  f idvanced S c i e n c e s ,  Inc. 
Pro jec t :  SC 866A2160207 Ut4DER DOE DEAC05860R21659 
Loca+ion: Boring’: 1 7 3 5  Depth:8-11’ Samp le: ST 
File: 3247 Pro jec t  No.: 13784.001 Page 2 / 2  F i g .  No.- 



-6950 

.6550 

.6359 

-6158 

.595@ 

-5750 

.555@ 

.5350 

-5132 
8 . 1  9 . 5  1 2 5 

A F P l i e d  Pr-essu.r-e - t s f  
18 28 5e 

- - ~ -  _ _ _ _  -- 
P r o j e c t  No. : 137f34.081 
P r o j e c t :  SC 866A2168287 Ut4DER DOE U 
Loc a t i on: Em. i rtg : 1735 Lab th. 3247 

- _ _ _  --Depth:- 8-11' --Sample: ST 

COtlSOLIBATIr3t4 TEST REPORT 
D 3 . d :  5-28-92 -- ---- ---- - 

I 

- 
THE HI I=, HUTTIHG COMPAt-l'r' 

I Br 
-. ~ .- 

Remat. k s : 
C1 ient: 
b dvi.nc d d  Sc 1 onc es , I nc . 



180 

f ?0 
I 

80 

70 

@ 68 

g 50 

40 

30 

20 

10 

0 
200 100 

z 

L! 

0 

0=001 I 10.0 1.0 0.1 0.01 
QRAIN SIZE - mm 

Test X + 7 5 -  X QRAUEL X SAND X SILT 2 CLAY 
0.0 9.2 29.4 38.3 23.1 

0 
LL PI 9ss n60 D50 D30 Dl 5 Dl 0 c, CU 
23 8 1.78 0.04 0.889 0.8014 

- 

MATERIAL DESCRIPTION 
0 

SANDY LEAN CLAY 

USCS AASHTO 
CL 

P r o j e c t  No.: 13784.001 
Project: SC 866A2168207 UNDER DOE w 
o Location: Borins:1742 Depth:18-21’ Samp:ST 

Date: 6-1--92- 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C-I NUTTING COMPANY 

C1 ient : 
Advanced Sciences, Inc. 

W DEAC05840R21659 

Lab. No.3248 



6: 8@ 

4.00 

2.00 

0 6 12 18 24 

12.00 
U 

0 2.00 4.00 6. 00 8.80 10.00 

SAMPLE NO. 1 2 3 

& DRY DENSITY, p c f  
WATER CONTENT, Z 13.3 13.4 15.1 

VOID RATIO 0.335 8.334 0.317 

127.2 127.3 128.9 
C( SATURATION, 2 100.0 100.Q. -100.0' 

E DIFIMETER, i n  2.82 2-82 2.83 
HEIQHTr i n  5 - 6 0  5-60 5.68 

WATER CONTENT, X 12.5 12.8 9 - 6  
e DRY DENSITY, P C f  131-2134-4137.3 

SATURATION, 2 100.0 100.0 1oo.u ., e VOID RATIO 0.294 0.263 0.237 
e DIAMETER, in  2-79 2.77 2.77 
a HEIQHT, in  5.54 5.50 5.49 

BACK PRESSURE, t s f  5.04 5.84 3.04 
CELL PRESSURE, tsf 6.12 7.20 9.36 
FAILURE STRESS; t s 9  2.72. 3.66 6-52 

STRAIN RATE, 22rnin. S-SSI 0 . 3 ~ 1  0.061 
PORE PRESSURE, ts f  5.06 5.72 7-61 

ULTIMATE STRESS, t S f  

Total N o r m a l  Streism t9.Q 

Axial  Strain, X 

fPE OF TEST: 
CU w i t h  pore p r~ssurer  
WPLE TYFE: x moist-stiff 
:SCRIPTION: Gr SANDY LEAH CLAY 
with gravel 8t r o c k ,  

-= 23 .0  PL== 15.0 P I =  8.0 
'ECIF IC  ORAVITY- 2.77 
:MARKS: Lab 6-40. 3248 

3 

9-00 

7.50 

6.00 

4-50 

3.00 

1.50 

a 

PORE PRESSURE, t s f  
Ut FAILURE, ts9 3.77 5.13 8.27 
a s  FAILURE, tr9 1.06 1.48 1.75 

CLIENT: A d v a n c e d  S c i e n c e s ,  I nc .  

PROJECT: SC 866A2160287 UNDER DOE 

SAMPLE LOCAT I ON: Bor i ng : 1742 
DEAC05060R21659 

Depth: 18-21' Sample: ST - 

PROJ. NO.: 13784.001 DATE: 6-1-92 

- 8 .  NO. 11 THE H, C ,  NUTTING COMPANY 1 I 1 T R I A X I A L  COMPRESSION TEST II 



7 . 5  

6 

4.5 

3 

1.5 

7 .  

4. 

1. 

5% 10% 15% 28% 

6 

5 

3 

S 

0 
5% 10% 15% 20% 

5% 10% is2 20% 

10% 15% 20% 5% 

4. 

.- 

3. 

1. 

_ - _. _. 
_. _ _  _ _  _ _  

C1 iat : Advanced 8 e  i e n c e s ~  I n c  . 
P r o j e c t :  SC 866A2160207 UNDER DOE DEAC05860R21659 
Location: Boring: 1742 Depth: 18-21' Sample: ST 
File: 3248 P r o j e c t  No.: 13784.081 Page 2/2 F i g .  No.- 

QOQ443 



.1-. 
CCINki.QL f DATION TEST REF 3RT’ 

Swell 
lress. 

,4200 

,4050 

.3900 

,3759 

3600 

. 3450 

. 3300 

.3150 

. 3000 

-2850 

. 2700 

Nat. Nat . nr u LL PI S p . G r .  Initial void ratio 
Sat. Moist. Density 

90.4 Z 13.1 123.5 2 7 - 0  8 - 0  2.77 6.4804 

0.1 0.5 1 -  2 5 10 20 50 
A p p l i e d  Pressure - t s f  

Coefficients of Consolidation 4 5 q  

No. Load cv No. Load cv 
1 0.25 8.0149 
2 0.58 0.0025 
3 1.00 0.0181 
4 2.00 0.0135 
5 4.00 8.8253 
6 8.00 0.0280 
7 16.00 0.0238 

. in 
No, 
- 
- 

Project No.: 13784.001 
Project:  SC 866A2160207 UNDER DOE E 
Locat ion: Boring: 1742 Lab No. 3248 

Depth: 18-21’ Same le: 
-Dato:-4-?-?2 - -- - 

- - -  

CONSOLIDATION TEST REPORT 

THE H. C.1 NUTTING COMPANY 

Gr SANDY LEAN CLAY with 
gravel & rock fragments 

Remarks: 
Cl ient: 
Advanced -Sciencesr Inc.  

E DEAC05860R21659 

F i g .  No. 



r n m b  
GRQIN SIZE DISTRIBUTION TEST REPORT 

> 
Test X+75- X ORAUEL X SAND i! SILT i! CLAY 

0.0 e. e 27. e 3 7 . 3  24.1 

> 

I I I I I 

MATERIAL DESCRIPTION 

LL PI %5 D60 D50 D30 Dl 5 rJ10 c, CU 
26 10 1.58 8.03 0.887 

2 
SANDY LEAN CLAY 

=reject No. : 13784.001 
>reject: SC 866A2188207 UNDER DOE W 

) Location: Boring:B1741 Depth:20-23’ Samp:ST 

. _  _ _  ~ - 
D a t e :  5;1-G-92- -- 

QRAIN SIZE DISTRIBUTION TEST REPORT 
THE HI C i  NUTTING COMPANY 

AASHTO 

~ 

C1 lent: 

Advanced Sciences Inc 

H DEACO3860R21659 

Lab. No.3249 



Y cn 
v 

IPE OF TEST: 
CU with pore pressures 

L 
c, 
v) 

8, FAILURE, t S f  3.22 5-23 7.56 
8, FAILURE, t s f  0.97 1.29 1.39 

- 

0 2.00 4.88 6.88 8.80 
T o t a l  Normal Str-ess, t s f  

Effective Normal S t r e s s ,  t s f  

ESCRIPTION: Gr SANDY LEAN CLAY 
w i t h  grakte]. & r o c k  fragments - 26.0 p~~ 16.0 P I 0  10.0 

'ECIFIC QRAVITYu 2.79 
MARKS: Lab No. 3249 
- -  - . - - - _.__ _ _  . 
b 

6. NO. 
I 

9.00 

7.50 

6.80 

4.50 

3.00 

1.50 

Q a 6 1 2  18 24 

Axial Strain,  2 

PROJECT: SC 866A2160207 UNDER DOE 
DEAC05860R21659 

SAMPLE LOCAT I ON: Bor i ng : B- 174 1 
Depth : 28-23' Samp1e:ST 

PROJ.-).10,: 13784:QOl- ]?ATE:- -548-92 

TRIAXIAL COMPRESSION TEST 

. THE Hm Cm t4UTTING COMPANY 

10.00 12-88 

ISAMPLE NO. 1 2 3 

11.4 14.2 13.9 
127.8 124.9 125.2 
94.6 100.0 100.0 

DIAMETERr i n  2.83 2.83 2.83 
8.328 0.359 e. 357 

HEIGHT, i n  5-68 5 - 6 8  5-68 

WATER CONTENT, Z 14.1 13.5 12.5 

SATURATION, 2 100.0 100.0 100.0 
VOID RATIO 0.283 0.308 0.271 

c- DIAMETER, i n  2.88 2-79 2.77 
cc HEIQHT, i n  5.54 5.53 5.48 

BACK PRESSURE, t s f  5.04 5.04 5.04 
CELL PRESSURE, t s f  6-12 7.20 9.36 

+ DRY DEt4SITYv P C f  132.3 129.8 133-6 

FAILURE STRESS, t s f  2.25 3.94 6.17 
PORE PRESSURE, t s f  5-15 5-91 7 - 9 7  

- - STRB€N-RBTh,-X~mfn. --a. 801-0.001-0.001 
ULTIMBTE STRESS, tS.Q 

PORE PRESSURE, t S f  

3MFLE TYPE: IICLIENT: Advanced Sciences I n c .  





e 

- 
Coeff i c  ients of Consol i dation €sq. i n .  N m i n .  > 

- No. Load c v  No. Load c v  No. Load c v  

1 8.25 0.0148 
2 0.50 0.0062 

1.88 6.0108 7 
.J 

CONSQbIDf9Tf6bI TEST REPORT 

4 I 2.80 0.01 15 
1 5  I 4.00 1 8.0174 

4 8.80 8.0207 
7 ll5.00 8.8239 _ _  - - - ___ 

I 
_ _  - - - - __ - - - __ - - - - - - - - - - 

I + m @ @  

-3800 

.3600 

-3488 

.JZ08 

.3800 

. 2800 

.2600 

2400 

.2200 

- - 

L -k  

4 

I 

0.1 

THE H. C. NUTTING COMPANY 

0.5 1 2 5 10 20 50 

Fig. No. 

Swell I Nat. I PI ISp.Gr. I I n i t i a l  void ratio 
3ress. I Sat.  

Gr SANDY LEAN CLAY 

P r o j e c t  No.: 13 
P r o j e c t :  SC 866A2168207 UNDER DOE )It Rem3.r k s: 

Client: . _ _  

Advanced Sciences,  Ire, 

Location: Boring: 1741 Lab No. 3249 
-Samr 1-e:- ST- - 

Da.te: 5-28-92 
- 

- n e p  t ti:-28-23 7- - 

CONSOL I DAT I ON TEST REPORT 11 DEAC05860R2165P 



-55 

n 

c - 

+est %+75" 2 QRAVEL 2 SAND 2 SILT 2 CLAY 
0.0 0.0 15.2 55.1 2?0 7 

100 

3 

90 

LL PI %5 %0 D50 %0 D15 Di 0 c, CU 
21 6 6. 07 8.01 0.605 

I 

80 

70 

a y 60 
n 
LL 
g 50 

3 40 
W u 

50 

20 

10 

GRAIN SIZE DISTRIBUTION TEST REPORT 
642 2 

c - c - c - c - 
t 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

MATERIAL DESCRIPTION 
3 

SILTY CLAY WITH SAND 

Project No. : 13784.001 
Project: SC 866A2160287 UNDER DOE R 

3 Location: Boring:B1745 Depth:6-9' Samp:ST 

QRAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C i  NUTTING COMPANY 

- ~~ ~ 

USCS I AASHTO 
CL-ML * 

C1 ient: 
A dvanc e d Sc i enc cs I nc 
E DEAC05868R21659 

Lab. No.3250 



6.00 

3.00 

0 
0 3.00 6.00 9-00 12.80 15.00 18.4 

- 

12.00 

10.00 
Y 
vl 
Y - 8.00 

ri 
L 

6-00 

8 

3 
4J 
4 4.00 

a 
2.00 

SAMPLE NO. I 2 3 

2 DRY DENSITY, p c f  117.3 123.1 125.7 
WATER CONTENT, Z 17.9 14.4 14.1 

VOID RATIO 8.447 0.379 0.351 
U DIAMETER, in 2.80 2.84 2.84 

HEIOHT, i n  5.60 5.59 5.58 

MfiTER CONTEt.(T, X 16.7 15.4 11.8 

e VOID RATIO 8.4180.3280.261 
I- DIQMETER, i n  2.78 2.80 2.78 
Q HEIGHT, i n  5.56 5.52 5-46  

BACK PRESSURE, tsf' 5.04 5.04 5.04 
CELL PRESSURE, t s f  6.12 7.20 9.36 

SATURATION, 2 100.0 .lOO.O 100.0 

e DRY DENSITY, p c f  119.8 127.9 134.6 
SATURATION, Z 1nn.n. 100 0 100.0 r 

FAILURE STRESS, t s f  3 . 4 6 -  4 - 9 7  7.71 
PORE PRESSURE, tsf' 5.29 4.77 6.93 __ __ - - 

STRAIN RfiTEI;;lTrn-iii.--KQQ 1-0~00'1-0:00 1- 0 
8 6 12 I@ 24 

Axial Strain, 2 -- 

CU w i t h  pore pr8rsur8s 
r'PE OF TEST: 

ULTIMATE STRESS, t s f  
PORE FRESSURE, tsf  

8,  FAILURE, ts9  4. ia  7.37 le. i s  
5 3  FAILURE, t S f  8 . 8 3  2.43 2.43 

I 

(3. NO. 

TRIAXIAL COMPRESSION TEST 

THE H. C. NUTTING COMPANY 



4. 

1. 

u 15% 20% 
10% 15% 20% 5% 10% 5% 

10 

8 

6 

4 

2 

0 
5% 10% lS% 20% 

00 

50 

0 

10% 15%- 20% 5% 

_.. - __ - - . - - . - - - - - - . _. . P-r t s + .  
Caent: advanced  Sciences, I n c .  
P r o j e c t :  SC 866A2160207 UNDER DOE DEAC05860R21659 
Location:  Boring': 1745 D e p t h :  6-9' 8amp le:  8T 
File: 3250 Pro jec t  No. : 13784.001 Page 2/2 F i g .  No.- 



No. Load cv No. Load cv No. Load 
1 0.20 0.0117 
2 0.40 0.0151 
3 8. 89 0.9385 
4 1.60 8.8436 
5 3.28 0.8408 
6 6.40 8.8439 
7 12.80 0.0561 __ ~ - - - - - - - - -- -8 -25.60 - --0.8513 - - -  -- 

cv 

1 
- ~ --- 

TEST RESULTS 

Swell Nat. Nat . Dr y LL PI Sp.Gr. 
lress. Sat .  Moist. Density 

Project No. : 13784.001 
Project: SC 866A2168287 UNDER DOE X 
Locat ion: Boring: 1745 Lab No. 3250 

Date: 5-28-92 
Depth : -5-9'- - 3 a m p  le: ST --- 

Initial voi 1 rat io 

CONSOLIDATION TEST REPORT 
1 

THE H. C.  NUTTING COMPANY 

87.3 Z 15.8 

MATERIAL DESCRIPTIOt4 
116.0 21.0 6.0 2.38 I 8.5873 

SILTY CLAY WITH SAND 

Remarks: 

Advanced S c i e n c e s ,  Inc.  
- C-1 1 ent-: 

DEAC85868R21659 

Fig. No. 



180 

90 

80 

70 

5 60 

g 50 

E 40 

30 

20 

10 

0 

E 
LL 

w u 

0 

c - - c i 
1 n n -  

test  %+75, X QRFIUEL i! SAND i! SILT i! CLAY 
r 0.0 33.6 24.7 25.4 16.3 

-10.0 1 .0  0.1 
GRAIN SIZE - mm 

o 

8.01 0.001 

LL PI %5 D60 %0 %0 D15 D10 c, C U  

25 10 28.99 1.83 8.38 8.827 8.8838 

._ - 

Project No. : 13784.001 
Project:  SC 866642160287 UNDER DOE S 

I 

C1  ient : 
Advanced Sciences Inc 

I 

Date: -5-18-92 - 
- 

ORAIN SIZE DISTRIBUTION TEST REPORT 
THE HI Cd NUTTING COMPANY 

MATERIAL DESCRIPTION 

Lab. N0.3291 

1 USCS I AASHTO 

CLAYEY GRAVEL WITH SAND lo GC 

o Location: Boring:Bl748 Depth:9-12’ Samp:ST * DEAC05860R21459 

3 



6.00 

3.00 

0 3.00 6.88 9.00 12.08 15.00 18.00 
0 

Tota l  Normal Stre9sr  tsi' 
E f f e c t i v e  Normal S t r e s s ,  t s f  

2 
w 

5 

,.- 
(f 

WATER CONTENT, 2 9.7 11.2 12.0 
DRY DENSITY, p c f  134.9 131.5 129.1 
SATURATION, 2 100.0 100.0 lOU.0' 
V O I D  R A T I O  8.259 0.291 0.314 
DIAMETER, i n  2.83 2.84 2.84 
HEIBHT, i n  5.60 5-60 9-60 

WATER CONTENT, ii 10.8 11.7 10.9 
DRY DENSITY, P C f  139.1 134.9 133.3 

100.0 100.0 100.0 SATURATION9 Z 
V O I D  R A T I O  8.221 0.259 0.274 
DIAMETER, i n  2.88 2.81 2.80 
HEIGHT, i n  5.54 5.55 5.54 

. WITH SAND . 
-= 25.0 PL= 15.0 P I =  10.0 
' E C I F I C  B R A V I T W  2.79 
EMARKS:. Lab..No. 3251 . ~- - 4 

I 

PROJECT: SC 866A2160287 UNDER DOE 
DEAC8584QR21659 

SAMPLE LOCATION: Bo r ing :  1748 
Depth: 9-12' Same 1 e: ST 

FROJ. NO.: 13784.901 DATE: 5-21-92 

T R I A X I A L  COMPRESS1014 TEST 

'Q. NO. I THE H ,  C m  tWTTIt.18 COMPANY 



6. 

-4 0- 

2. 

15X 20% 52 10% 15% 20% 5% 10% 

5% 10% 15% 20% 5% 10% 15% 28% 

P r  tsf -- 
:1 i e 3 :  Advanced Sc i e n c e s 9  Inc.  
’r o j e c  t : SC 866621 60207 UNDER DOE DEAC85860R2 16S9 
. o c a t  ion: Bor ing:  1748 Depth: 9-12’ Samp1e:ST 
.ile: 3251 P r o j e c t  No.: 13784.081 Page 2/2 ‘ F i g .  No.- 



.. 

. 

- - 

436e . * w u v  

.41sa 

.3958 

. 3750 

-3550 

-3350 

.3150 

. 2850 

.2750 

.2550 

,2350 

Coefficients of Consolidation <sq. in./min. > 1 
No. Load cv No. L o a d  I cv No. L o a d  I I 

I 1 1 0.20 0.1504 
2 0.40 8.01 18 
3 6.80 0.8506 
4 1.68 0.8625 

8.8477 
0.0236 
0.8236 

I 
1 

- _ -  _ - -  _ _ _  - I 
: 1 :::: 
7 12.80 

- 8 - - - 25 - - 02-1-5 - - 

0.1 

TEST RESULTS 

- rn 
P r o j e c t :  SC 866A2160287 UNDER DOE jf I 

8.5 1 2 5 10 28 58 
A p p l i e d  Pressure - t s f  

MATERIAL DESCRIPTION 

CLAYEY GRAVEL WITH SAND 

Remwks: 

. 

Locat ion: Boring:  1748 Lab No. 3251 
- - - _. --Depth: - 9--1ZE ~ Samp le:-ST - -  - 

Date: 5-28-92 

1 :::: 1 1 Drw 1 L L  I PI 1Sp.Gr. 1 Initial void ratio >rcss. Moist. Density 

C1 irnt.: 
Advanced Sciences, Inc. 

CONSOLIDATION TEST REPORT 

THE H, Cm NUTTING COMPANY 
I 

Z DEAC0586BR21659 

F i g .  No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 

) 

100 

Tost %+751 Z GRAUEL X SAND I 2 SILT I z CLAY 
26 24 32 18 

90 

> 
- 

80 

LL PI DB5 D60 %s -0 Dl 5 1'1 0 c, =U 

24 9 41.58 0.29 8.88 0.015 8.0027 _ _  - 
--- - - 

78 

60 

2 50 

40 

38 

LL 

w u 

28 

10 

0 
280 100 10.0 1.0 0 -1  

GRAIN SIZE - mm 
0.001 0.01 

I I I I I 

I I I I I I L 

MkTERIAL DESCRIPTION 
~ 

' CLAYEY GRAVEL WITH SAND 

pro jec t  No. : 13784.881 
project: SC 846A2160287 UNDER DOE Y 

> Location: Borins:1747 Depth:12-14.5' Samp:ST 

D a t e :  5-26-92 
BRAIN SIZE qISTRIBUTION TEST REPORT 

THE H, C ,  NUTTING COMPANY 

i I 
USCS I AASHTO 

C1 ient: 

Advanced Sciences, Inc. 

x-DEAC05860R21659 

Lab. No.3252 



6: 

4. 

2. 

J 

00 

e0 

0 

DRY DENSITY, p c f  125.4 126.3 128.0 

T o t a l  Normal Stress@ t s f  
Effective N o r m a l  Stress, t s f  - - - - - -  

GRAVEL WITH SAND 

3 P E C I F I C  QRAVITY- 2.74 
?EMARKS: Lab EJo. 3252 

24.0 "= 15.0 9.0 

- 
I 

-1G. tm. 

9.00 

7.50 

6.00 

4.58 

3.00 

1.58 

PROJECT: SC 8 6 6 A 2 1 6 9 2 0 7  UtlDER DOE 

SAMPLE LOCAT I0t.I: Bot. i n g  : 1747 
DEAC05860R21659 

Depth:  - 12-14.S' Samp1e:ST 

PROJ. 140.: 13784.801 DATE: 5-26-92 - - . - - __ - - _- -- 
TR I AX I A L  COMPRESS I ON TEST 

THE H .  C. t4LITTIM COMPRNY 

0 e 6 12 le 24 
A x i a l  S t r a i n ,  X -- --- 

rYPE OF TEST: 

;AMPLE TYFE: 
CU w i t h  pore pressures 

S&MPLE NO. 1 2 3 

2.80 2.t 
5 -68  5.4 

WATER CONTENT, :? 12.1 12.9 
129.9 138, ~ 

100.0 - - -  
0.387 I 

I _____ 
BACK PRESSURE, t S +  5.04 5.04 5-84 
CELL PRESSURE, t s f  6.12 7.20 9.36 

100.0 100 100.0 
0.354 0. s85 8.326 

- 32 2.84 

E SATURATION, :c 
!Z VOID R A T I O  I 

s0 5.60 

~ 11.2 
.9 135.9 

1uu.o 100.0 
8.297 0.249 

DIAMETER, i n  2.77 2.79 2.78 
HEIeHT,  in 5.94 5 . 5 3  5.49 

- _ .  
I - - - -  

-~ 

F A I L U R E  STRESS, t s f  2.22. 3 - 8 6  5 - 3 5  
FORE PRESSURE, t s f  5.19 5.85 7 - 8 7  

STRAIN  RATE^ %&in. Q.CWI 0.001 0.081 

b, FAILURE, ts+  3.15 9.28 7.64 

ULTIMATE STRESS, tsf 
FORE PRESSMREF tsf 

0 . 9 3  1.35 2.29 
-- a, FAILURE, t s f  

~ - _ _  __ - - __ ___ 
P L I E N T :  A d v a n c e d  Sc i e n c e s ,  I n c .  

2 



7 . 5  

6 

4. s 

3 

1.5 

0 

7.5 

6 

4.5 

3 

1.5 

0 

4 .  

- -  
3. 

1. 

52 1 e:< 19% 20% 

5% 10% 15% 28% 

5% 10% 15% 28% 

5% 10% 

- - - . - F,  t S f  - ._- _- 
C l * n t :  Advanced S c i e n c e s ,  I n c .  
P r o j e c t :  SC 66662168287 UNljER DOE IjEAC'05860R2i459 
Location: B o r i n g : '  1747 D e p t h :  12-14.5' Samp1e:ST 

F i l e :  3252 P r o i e c t  No. : 13784.881 P a g e  2,'2 F i g .  No.-- 



CONSOLIDATION TEST REPORT 

Cocfficicnts of Consolidation <sq.in./min.> 
No. Load cv No. Load cv No. Load cv 
1 0.25 0.8366 
2 0.50 0.0313 

4 2.00 8.8488 
5 4.00 0 . 0267 
6 8.00 0.0184 
7 16.00 0.0196 

3 1.00 0.0371 

____ ______- _ _ ~ _ _ _  ____  _ _ _ ~ _  ___ - _ _  

. 4759 

. 4550 

4350 

4150 

. 3950 

. 3750 

3958 

. 3350 

. 3150 

. 2P50 

. 2750 

Swell 
PPb88m 

0.1 

LL PI  Sp.8r. I n i t i a l  void r a t i o  Hat. Nat . Dr Y 
Sat .  M O i 8 t .  Den8i tU 

84.2 ii 13.7 116.3 24.0 9 .o 2.74 0. 4462 

0.5 1 2 5 10 20 50 
Applied Pressure - tsf 

P r o j e c t  No.: 13784.001 
Project:  SC 666A2160207 UNDER DOE H 
Locat ion: Bor ins: 1747 Lab No. 3252 
~- __ _Dep_th:_12:1_4._9'-- -Samp-le: 
Date: 54-92 

CONSOLIDATION TEST REPORT 
I 

THE H, C ,  NUTTING COMPANY 

CLAYEY GRAVEL WITH SAND 
& rock frag.  

Remarks: 
C 1  ient : 

-Advanced Sc i m c e s s  Inc-. 

X DEAC05868R21659 

F i g .  NO. 
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0 
208 100 10.0 1.0 0.1 0.01 0.001 

QRAIN SIZE - mm 

2 

W 
LL 

l!. 

) 

Test %+75, 2 t3RAVEL I 2 SAND 2 SILT 2 CLAY 
0.0 24.6 37.5 26.2 11.7 

) 

+eject: SC 866A2160207 UNDER DOE M 

) Location: Boring: 1751 Depth: S-11' ** 

LL PI Des D60 D50 D30 D l  5 D10 c, CU 
19.43 0.85 0.29 0.039 0.0093 0.0036 0.50 237.1 

-~ 
20 5 

_ _  

IlAdvanced Sciences, Inc . 

MATERIAL DESCRIPTION USCS 
) SC-SM 

SILTY CLAYEY SAND WITH GRAVEL 

II 

AASHTO 

'rodect No.: 13784.001 C1 i+nt : 

. -  - .  

Data: 5-29-92 

ORAIN SIZE DISTRIBUTION TEST REPORT 
THE H. C: NUTTING COMPANY 

DEAC05860R21659 

MM Sample: ST 

Lab. No.3253 



I 

J 

5 
E 
5 

+ 
+ a 

6: sa 

4.00 

2.00 

0 

WATER CONTEtdT, :< 11.2 12.0 12.2 
DRY DENSITY,  p c f  132.5 128.6 127. 1 
SATURATION, 2 100.0 100.0 98.3 
V O I D  R A T I O  8.282 8.321 0.334 
DIAMETER, i n  2.52 2.83 2.83 
HEIQHT, in S.60 5.60 5-68 

WATER CONTEtqT, Z 11.0 10.9 12.1 

SQTURATION, X r0o.o 100.0 joo.0 
V O I D  R A T I O  0.249 0.251 0.269 
DIAMETER, i n  2.80 2.78 2.78 
HEIQHT,  i n  5.55 5.58 5.51 

DRY DENSITY,  P C f  135.9135.8133.8 

9.00 

7.50 

6.00 

4.50 

3-09 

1.50 

PROJECT: SC 866A2160287 Ut4DER DOE ' DEfiCOS868R21659 
SAMPLE LOCATIOI4: Bor i n g :  1751 

0 2.00 4.00 6.80 8.80 10.00 12.00 

T o t a l  Normal Stress, t s f  
E f f e c t  i v c  Normal Stress, tsf 

- 

0 6 12 la 24 
Axial Strain, 2 

D e p t h :  8-11' Samp 1 e: S T  
- .  - -- - _  . . ..__ -. .- - 

FR@J. NO. : 13784.001 DATE: 5-26-92 
-_--I--- --- 

TRIf iX IAL COMPRESSIOIJ TEST 

WE @F TEST: 

lMFLE TYPE: 
iSCRIPTIOt4: SILTY CLAYEY SAND 

-= 20.0 PL= 15.0 PI= 5.0 
' E C I F I C  QRAVITYE 2 - 7 4  

CU w i t h  pore  pressures 

WITH GRAVEL 

m!?ES:Ca.b No . -3253 - _  - - - 

L. 

I 

8 .  NO. 

- 
6AMPLE NO. 1 2 3 

THE HI C .  tWTTI t4G COMPANY 



5% 10% 15% 28% 

5% 1 8% 15% 28% 

5:< 10% 15% 20x 

5% 10% 15% 28% 



1) 1 

Coe9ficients of Consolidation €sq. in./min. > 
No. Load cv No. Load cv No. Load cv 
1 0.25 0.0527 
2 0.50 0.0861 
3 1.08 0.0860 
4 2.00 0. 0062 
5 4.00 0.0039 
6 8.00 8.0034 
7 16.00 8.8021 

__  __________ - - 

. 7058 

.6?50 

6450 

. 6150 

_ _  

. 9850 

. 5990 

. 5250 

.4950 

. 4650 

. 4350 

Swell 
lress. 

, 
t. . 

h . 

LL PI S p - G r .  I n i t i a l  void r a t i o  Nat. Nat. Dr M 
Sat. Moist. Density 

86.2 X 22.5 108.9 20.0 5.0 2.80 8.7325 

- ._ 
CONSOL I DkT I ON TEST REPORT 

Remarks: 
- Client: .  . -  . 

l Advanced 8 c i e n c 8 8 ~  Inc. 

0.1 0.5 1 2 5 10 20 58 
Applied Pressure - tsf 

P r o j e c t  No. : 13784.001 
Project: SC 866A2168207 UNDER DOE M 
Locat ion: Boring:  1751 Lab No. 3253 

Date: 4-5-92 
nepth:-e-l-l-*----- Samp-le:---- -- - 

CONSOLIDATION TEST REPORT 
I 

SILTY CLAYEY SAND VITH 
GRAVEL 

THE H. C. NUTTING COMPANY F i g .  No. 

x, 

GsGO464 



200 100 10.0 1.0 0.1 0.01 0.001 
QRAIN SIZE - mm 

Test %+7Sm 2 QRAUEL x SAND x SILT x CLAY 
> - 0.8 13.7 26.7 32.1 27.5 

Date: 5-29-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 
THE H, C ,  NUTTING COMPANY 

I 

LL PI Q35 D60 D50 -0 D 1 5  D l 0  c, CU 
3.47 8.88 0.03 8.007 

____ __  - - .- -- 
> 26 10 

_ _  ._ .- __ __ _ _ _  _. - - _. - - -__ .. ~ 

MATERIAL DESCRIPTION USCS AASHTO 
3 CL 

M U  Sample: ST 

Lab. No.3254 

SANDY LEAN CLAY 

I I 

P r o j e c t  No.: 13784.881 C1 isnt : 
Project: SC 8666l2160207 UNDER DOE Ft 

3 Location: Boring:2728 Depth:22.5-25.5’ HE 
Advanced S c i e n c e s ,  I n c .  /I 
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5% 19x 15% 28% SX 10% 15% 20% 

Strp_c.S Path legend:  Total -  Effecti\.:e - - - - . -  

Peak S t r e n g t h  Total Effective . 

---. . . .  . . . .  . . . .  . . .  . . .  . . . .  . . . . .  
. . - ._ __ - __ __ 

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

. . . .  . .  
4. 50 

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

. ! .  , . . .  . . .  . .  
a. = G1.36 t s f  9.88 t s f  

tan P = 8.33 

. . . . .  

. . . .  . . .  

. . , ; . , .  :: 

Pr t s f  _ _  .___ _ _  _ _  - .. - . - -  .... ..- - - -  -- - . 
z.1. i e.!nt.:-_A dvanced . S.C.~ cnc es ?--Inc.. ~. - ~- 

+-o j&t : SC 866U216Q287 I-WIDER DnE DEACQ58mR21 A53 
.orat icr,: E n t  i n g :  2728 Depth:  22-25' SS.RIF. 1 P Z ST 
. i l e :  3254 

. .  -. . . . . .  

P r o j e c t  He.: 13784.881 F F g e  2.Q F i g .  No. _____ 



C O N S O L I D A T I O N  TEST REPORT 

Swell 
)res%. 

.4400 

.4200 

. 4000 

. 3800 

. 3600 

. 3400 

.3200 

. 3000 

. 2800 

. 2600 

. 2400 

Nat. Nat. Dr u LL PI Sp.Gr. Initial void ratio 
Sat. Moist. Density 

93.7 i! 15.4 117.5 26.0 10.0 2.73 0.4498 

0. I 0.5 1 2 5 10 20 50 

TEST RESULTS 

Project No.: 13784.001 
Project: SC 866A2160287 UNDER DOE 

Lab No. 3254 - Locat ion: Bor ins: 2728 _ _ _  - - - 

Depth ; - 22% 5-25; 5’ S?!!!PlS 
_ _  -- 

Applied Pressure - tsf 

MATERIAL DESCRIPTION 

SAhFDY LEAN CLAY w i t h  gravel 
6 rock 

Remar k s : 
-Client: - -  

Coeff ic ien 
No. Load cv 
1 0.25 0.0042 
2 0.50 0.0831 
3 1.08 8.8058 
4 2.00 0.0898 
5 4.00 0.0133 
6 8.00 8.8164 

THE HI C.  NUTTING COMPANY 

ts of Consolidation €sq 

F i g .  No. 

Nrnin. > 

=F- 

CONSOLIDATION TEST REPORT 
I 

11 Y DEACO586OR2 1659 
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Test %+75.. Z GRAVEL Z SAND I 2 SILT I x CLAY 
43 22 23 12 

90 
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70 

24 I 7 57.28 

@ 60 
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44.67 
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LL 

0.89 8.043 0.0088 
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' 
GRAIN SIZE DISTRIBUTION TEST REPORT 

i 
i 'f - -  

200 100 10.0 1.0 0.1 0.01 0.001 
ORAIN SIZE - mm 

1 I I I I I I 

MATERIAL DESCRIPTION 

SILTY CLAYEY GRAVEL WITH,  SAND 

Project No. : 13784.001 
Project: SC 866A2160207 UNDER POE s 
3 Location: Boring: 2731 Dopth:S-)l' @ @  

- - - - -  

Date: 5-29-92 

QRAIN SIZE nI8TRIBUTION TEST REPORT 
I 

THE H, C ,  NUTTING COMPANY 

I I 1 

USCS I -TO 

GC-GM 

C1 ient  : 
Fldvanced S c i e n c e s ,  Inc.  

~-DEACO5860R21#9 

nn Sample: 8T 

Lab. No.3255 ,: 



0 1-58 3. 80 4.58 6. 00 7.30 9.80 

Total Normal Stress, tsf 
E f f e c t i v e  Normal Stress, t s f  - - - - - -  

6. 08 SAMPLE NO. 1 2 3 *  

u SATURATION, X 100.0 100.0 100.0- 

WATER CONTENT, 2 14.5 18.8 -29.8 
DRY DENSITY, P c f  124.8 116- 1 94. 1 2 

0.369 8.462 0.804 
5 DIANETER, i n  2.83 2.83 2.83 

4.00 HEIBHT, in 5-68 5.60 5.60 

5.00 
VOID RATIO 

WATER CONTENT, 2 13.7 15.2 26.6 
+ DRY DENSITY, p c f  128-4122.7104=3 

SATURATION, X 100 0. 100 0 00 

+- DIAMETER, in  2.80 2.78 2.73 
k! VOID RATIO 0.3'23 0.3$3 A. 3.00 

2.00 Q HEIGHT, in  5.54 5.50 5.41 

BACK PRESSURE, tsf 5.04 5.84 5.04 
CELL PRESSURE, tsf 6.12 7.20 9.36 
FAILURE STRESS, t s f  2.31 3.86 8 - 9 3  

PORE PRESSURE, t s f  5.18. 6.05 8.61 
STRAZN RATE, %/min. 0.0018.0010~001 

1.00 

~ ~ 

@ .- 
8 6 1 2 18 24.' CLT I M & T - ~ S T R E S S ~  t s f  

Axial Strain, 2 FORE PRESSURE, t s f  

YPE OF TEST: 

QMPLE TYPE: 
ESCRIPTION: ~r SILTY CLAYEY 

CU . w i t h  pore pressures 

GRAVEL WITH smn 
' L= 24.0 p ~ =  17.0 PI= 7.0 

"ECIFIC GRAVITY= 2 * 7 9  
EMARKS: Lab No. 3255 

-a, FAILURE, t s f  3.25 5.01 1.68 
5, FRILURE, ts f  8.94 1.15 0.75 

CLIENT: Advanced Sciences, I n c .  

PROJECT: SC 866A2169207 UNDER DOE 
DEAC05860R21659 

SAMPLE LOCFIT ION: Bar i tig : 273 1 
Depth: 8-11' Samp le: ST 

Thlrd-(3)- point  mnter ia l  changed PROJ-. NO. :--13784,@@1 -DATE: 6-1-92 . 

Has at - soft seams. 
TRIAKIAL COMPRESSION TEST 

I I THE H, C .  NUTTING COMPANY 
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. 4596 

. 4050 

. 3900 

-3750 

. 3600 

-3490 

-3300 

. 3150 

. 3000 

. 2850 

cv No. Load . cv 
8.8841 
0.0041 
0.0079 
8.0179 
0.0240 
8.0293 

0.1 

No. 

0.5 1 2 5 10 20 50 
Applied Pressure - tsf 

Swell 
bress. 

i”” 4.00 2.00 

8.00 
16.00 

Nat. Nat . Dr Y LL PI Sp.Gr. I n i t i a l  void r a t i o  
Sat.  Moist. Densltw 

Project No.: 13784.001 
Project:  SC866A2168287 UNDER DOE 
Locat ion: Boring: 2731 Lab No. 3255 

. Dat 8: -6-8-92 - -___ - - - - - -- __ - - 
Depth: 8-11’ Samp le: 

CONSOLIDATION TEST REPORT 

THE H. C J  NUTTING COMPANY 

SILTY CLAYEY GRAVEL 
WITH SAND with rock frag. 

Remarzkr;: 
C1 lent: 
Adv-anced Sciences, Inc. 

X DEAC05860R21659 

Fig. No. 
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TEST NO. 
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TEST N O .  

QUANTITY C R A M S .  

TOTAL H E A D  P . S . I .  

~~~ 
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~~ 

ELAPSED TII-1E S E C .  
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6 r& /c/ HOLE f!!?. 2 7 3 1  
PROJECT ..- ... --- 

TEST NO.  

QUANTITY G R P M T , .  

TOTAL HEAD P . S .  I. 
~~ 

LENGTH O F  SAMPLE 
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-- A- 

D I A .  OF SAMPLE A 1 . 3 2  
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APPENDIX E 
SEISMIC DATA AND CALCULATIONS 



CHRONOLOGICAL LISTING OF EARTHQUAKE EVENTS 

OCCURRED WITHIN APPROXIMATELY 200 MILES OF THE FEMP 
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LISTING OF EARTHQUAKE EVENTS LOCATED WITHIN APPROXIMATELY 

200 MILES OF THE FEMP (from closest to most d i s t a n t )  
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TECHNOLOGY 
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By: LK Date: 11/11/92 Subject: FERNALD OSDC STUDY Sheet No./ofz 

Chkd. By:& Date: i'/t5!3z EROSION AND SEDIMENTATION Proj. No. 409196 

Purpose: 

To calculate the soil erosion rates associated with the final design 

slope for the vegetative cover of the On-Site Disposal Cell (OSDC) at 

Fernald, Ohio. 

References: 

1. Donald H. Gray & Andrew T. Leiser,llBiotechnical Slope Protection and 

Erosion Control," published by Van Nostrand Reinhold company. 

2. Bureau of Soil and Water Conservation, april 1990, IIErosion and 

Sediment Pollution Control Program Manual." 

3. Technical Guidance Document, Final Cover on Hazardous Waste Landfill 

and Surface Impoundments - USEPA, July, 1989. 

Regulation requirement: 

- -- ~- The .re.commended-maximum- erosion -rates- for- landfill covers shall be- less 

than 2 ton per year per acre. 

Method/Results : 

The universal soil loss equation (USLE), originally developed by the 

Agricultural Research Service in 1965, is used to protect the annual soil 

loss according to the following relationship: 
_ - _  --- - -- - -  - - .- 

x = RKSLCP (see attachment p 5/14) 
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Chkd. By:& Date: ‘ ‘ / I * V T ~ L  EROSION AND SEDIMENTATION Proj. No. 409196 

where 

X = The computed soil loss in tons (dry weight) 

R = The rainfall erosion index for the given storm period 

K = The slope length factor 

S = the slope gradient factor 

c = Cropping management (vegetation) factor 

P = Erosion control practice factor 

The site is located in Cincinnati, Ohio. From figure 2.5 (attachment p 

7/14), the depths of TYPE 11, 2-year, 6-hour rainfall for this site is 

P = 2.1 inch 

TYPE 11, 2-year frequency, 6-hour duration rainfall is considered as 

ttaveragelt and ttfrequenttt occurring storm length by SCS. 

The rainfall erosion index for this given storm with TYPE I1 distribution 

shows E1 = 130 
~ _ _  - _ - - -  - ~- - -  - -  - - 

~- - - -  

R = EI/100 = 1.3 (figure 2.4 attachment p 6/14) 

The surface area of the site after excavation will be covered with 3-foot 

thickness topsoil. Therefore, the following properties will generally 

appear. 

_ _  - - _ _  -.- - %-of-silt-+-very-fine sand- = 70 % 

% of sand = 10 % 
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% of organic matter = 4% 

Soil structure = very fine granular 

Permeability = very low 

Hence, from Figure 2.8 of attachment p 9/14, the soil erodibility factor 

obtained was 

K = 0.32 

Cropping factor C - for no appreciable canopies and 50 % of ground cover 

(the area will be seeded, however, assuming worse condition in seeding), 

C= 0.12 can be selected from Table 2.5, p 11/14. 

Erosion control practical factor P, selected from Table 2.7 p 12/14, by 

assuming worst case was P = 1.0 

The final grade for the Tumulus landfill toe are 10 % (lOH:lV), the 

length of slope across the landfill toe area is 460 feet. Hence, from 

figure 2.9 of p 11/14, soil loss ratio LS = 2.9 was obtained. 

Then 

x = RKSLCP 

= (1.3) (0.32) (2.9) (0.12) (1.0) 

=0.15 ton/year/acre < 2.0 ton/year/acre OK! 
- - -  - - -- - _  -_ --- --- . - -  - 
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phenomenon, however, by geomorphological mech- 
anum. From the standpoint of fluvial  geomorphology, 
then  appeu to be three rrmn mechanisms (Keown et d.. 
1977) that produce stream channel erosion: 

I .  Widmmg-channcl enlargement caused by in- 
creased s t r a m  flow and/or  sediment discharges. 

2. Deeprningdcgradruon or scouring of channel 
bottom caused by incrured flows andlor changes 
in slope. 

3 .  Sinuarrry chonga-bank loss during and upon 
change in stream meander configurations. Bank 
loss LS usually accompanied by bank accretion 
somewhere along the affected stretch. 

2.2.3.3 Groundwrtor Erosion. Groundwater ero- 
sion u the removal of soilcaused by groundwater seepage 
or movement toward a free face. Such erosion i s  com- 
monly referred to as piping. The phenomenon IS also 
known as spring sapping-literally the detachment and 
movement of soil p v t i c k  at thepoint of emergence of a 
spnng or seep in the ground. Pipmg occurs when scepage 
forces exceed intergranular stresses or forces of cohesion. 

Pipes un form in the downstream ride of earth dams, 
(Shcrud et al., 19721, gully hudr .  strcambmkr, and 
slopes where water exlu from the ground. Once 8 pipe or 
cavity form. it enlarges quickly bcuwe flow lines are at- 
tracted to uw of lower flow tairuncc, m d  thu in cum 

O~CSUIU in funher concenvruoo of flow h e s  of flow net 
density in a poutive feedback cyde. 

A related phenomenon, known u boding. occurs 
where there IS a rubsunurl upward component of flow of 
water and hydraulic gfadieau Qceedllu the critical gn- 
dient n u r  the ground surfrac. For amst sods the mlial 
gradient IS dose to wty. Upward flow of water toward 
the ground surfrac a a  ocw h suum bottomr, 

ferent regionsol the UnitedSutes (USDA So11 Conrcrba- 
tion Service, 1972. 1971) and also for use at uraan or 
highway construction s i t e  (U. 5. Environmental Prorec. 
tion Agency. 1973). 
The USLE takes into account all the factors k n o w n  :o 

affect runfall erosion. vit..  ckmate. soil. topograuny , 
and vegetation (see Section 2.2). I t  IS based on a ~ ~ ~ [ I S L I C I I  

analysis of erosion measured In the field on scores oi  Lest 
PloU under natural and simulated rainfall. The annual 
soil loss from a site is predicted according to the following 
relationship: 

X = RKSLCP (1 .3)  
where: 

X - the computed soil loss in tons (dry we!gnt) 
per acre from a given storm period 

R - the rainfall erosion index lor (he  glben 
storm period 

K = the soil erodibility factor 
L = the slope length factor 
S = the slope gradient factor 
C = cropping management (vegetation) factor 
P = erosion control practice factor 

In spite of its limitations, the USLE provides a simple. 
stmghtfonuud method of estimating soil losses and o i  
e v d u u h g  the effectiveness of soil loss reduction 
masuns .  The Latter subject is discussed in Sectlon 2 .4 .  
The U S E  is puricukrly well suited for estimating r a n -  
foilerosion loua from construction situ; i t  is in this con- 
text tht we uumine the relationship next. 

2.3.1.1 M n f d l  Factor. The rainfall factor. R .  IS 
rko b o w n  u the ninfrll index. As noted previously, the 
“suqle” most important masure  of the erosion produc- 
ing power of 8 f8instotrn is the product of the rainiall 
energy tima thc mllimum S m i n u t c  runfall intensity. 

than the ground iurfroc. lnruthcua the pound or roil 
may kconrc quick 01 ualrrlrlr (Le., lose rll its that 
strength) and, if that is upwdliag of water, actually rp. 
p u t  to boil. 

Et 
100 

R =  - (2.3) 

W k f C  

E - tarlLrirrric~ofIgvcnstommft- 
too01 per 8cfe m d  I IS the ma~imum 
3&mauu runfrll in the area in ipn 

The rainfall index an also k expressed as a function oi 
ni0f.U intensity done, using Equruon (2.21, presentea 
artkr. 
Tbr ncords of individual stom uc summed over a 

-giiwa-timc intcnrl-u, obuio-cumukuve-R values for 
orkr  priodr of time (ea., 8 month or I year).  The an- 
nurl R fmon for rpprorimrtcly zoo0 locations in tnc 
unlted sutcr wwv sunrmrntcd ’ in the form of “iso- 



dent"  m p s  by Wischmeier and Smith ( l%S).  Annual 
mor values vuy from a low of approxlmatcly SO in 

tnc northern Great Plains to a high of 600 in the Gulf 
Cout region. 

Studies by the USDA Soil Consmation Service (1972) 
have established a relationship between Type 11, 2-year 
frquency, &hour duration rainfall and the average An- 
nual rainfall erosion index. This particular duration and 
frquency storm can be considered a typical "average" 
storm because it can be expected to occur SO percent of the 
time, and the &hour duration hasbeen found by the Soil- 
Conservation Service to be the most frequenhy occurring 
storm length. The relationship between Annual rainfall 
index and Type I1 rainfall bihown graphically in Fig. 2.4, 
toeether with a similar curve for Type I rainfall. Types I 
and I1 refer to rainfall characteristics in different regions 
or zona of the United States, as shown in Fig. 2 3 ,  Type I 
rainfall is confined mainly to the Pacific Cout .  Nonh 
Cascades; and central Sierra Nevada regions. The 2 - y m  
frequency, &hour duration rainfall depths for various 
pans of the United States are also superposed on Fig. 2.5. 

Thus, both the type and depth for a 2-y#r, &hour rain- 
fall for any location under study CUI be obtained from the 
mapshown in Fig. 2.5. With this information the average 
 AM^ erosion-index can k determined from the cunm 
in fig. 2.4. Altcnrotively, the ninfdl for a puriculu 

ition CUI k determined from weather records pub. 
ushcd by the U. S. Weather Burau  (1963). 

b 64.2 
SOIL EROSJON AND Y-MOVEMENT 1 ?  

In order to compare the effecu of different erosion 
control measures at constmaion uta, it m a y  be desirable 
to estimate potential soil IOU n l u u  for an entire range of 
periods of time, ranling from individual storms to an- 
nually. The rainfall erosion index for rndrviduol storms of 
different duration can be obtained fromeither Fig. 2.6 or 
Fig. 2.7. 

Summary procedures for estimating rainfall erosion 
index, R. can now k stated u follows: 

Example 1 : "Single Storm '* Rainfall Erasion for  2- Year, 
6-Hour Storm 

1. Locate the a m  under study in a rainfall atlas 
similar to Fig. 2,s (U. S. Weather Bureau. 1963). 

2. Determine the value of the 2-yar.  &hour rainfall 
from the chart or atlas. 

3.  Check the zone (runfall type) in which the area is 
located. 

4. Use the graph in Fig. 2.6or Fig. 2.7 to determine the 
erosion indei, using the &hour duration. 

Example 2: "A wemat Annwl" Rain fall Efosion Indu 

1. Locate the am under study in a c h u t  or rainfall 

2. Determine the value of the 2-yar, bhour  rainfall 
rtlu similu to Fi8. 23. 

from the chut or arb.  

. 

4 
- 



18 BtOTECHNlW SLOPE PROTECTION AND EROSION CONTROL 

3.  Check the zone (rainfall type). 
4'. Oburn the average Annul awn index from Fig. 

2.4 using the appropriate curve. 

2.3.1 9 Soil Erodlblllty Factor. Tbe soil erodibility 
factor, K, represents the inhcmtriuccpibility tocrorion 
of the soil; it IS governcd by touunl rad prd.uon prop 
ernes of the rod, ducused pmiowty. Edibili ty frcton 
for 23 benchmuk sails, from w h M  Qoeio(l has been a- 
penrnenully m u s u r d  since 1930, hn kcn published 
by the Sod C o w m d o o  savicc (wbrlrracirr rad Smith, 
IWJ). K-values rbu hrr, b OM apatmcnul ly 
range from 0.02 10 0.69. 

Twelve K-vdue ehssa have bees uublitbed by the 
Soil Coawnrtlon Serna for ase of w. Soil sum &a- 
tified m Sod Consenation scrvicr mrpr -ally have I 
K-v~ueur lOnedtoLhtmuputof thc~ informr-  
uon on a c b  pUticuLr roil mu. 

Wirchmacr et rl; (1411) have rL0 published a convc- 
nient nomograph (Fq. 2.8) U t  an be wb to bccnrmoc 
erodibility K-vrlua of roils. The aomoqrpb u valid for 
exposed subsoils 81 coanrwtion lit4 u wcll u farm- 
laads. Oaly five roil parameters m required: 

1. Percent silt and very fine sand (0.002-0. IO mm) 
2. Percent sand (0.10.2.0 mm) 
3. Percent or- raattct 
4. Structure 
J. Permabiiity 

The first three p u ~ c r m  will often suffice to provlde a 
r a ron rbk  approximation of the erodibility. Thu a p  
proximuon can be refined by including informatlon on 
permeability and soil svwtufe u indicated on the 
nomograph (Fig. 2.8). 

23.1.3 Slog. Longth and Stoapmra Facton. 
The effects of slope Icaph. f D  and steepness. S, on so11 
IOU were investigated separately, but they ue often com- 
bined in 8 si* ''copo#f8phi~'~ frctot, a. This frctor IS 
the ntio of soil larr per w i t  uu from 8 given ute to that 
from 8 unit ploc b8- a 9 p~ccnt  rlope.aad 72.6 ft 
lcaath. The combined f S  f a t  can be computed from 
an empirial equrtioa. which is mpbd in Fig. 2.9. 

The top0)nphic factor, LS. ht km extended by the 
U. S. Soil Contmauon sm# (1972) to cover dope 
lengthsupto ldOOftrrdforsloperlccpneuupto looper- 

- _ _ _  

, 
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20 IIOTECMNICAL SLOPE PROTECTlON A N 0  EROSION CONTROL 

cent (equivalent to 1HA V). Figure 2.9 show, cxtefuioru 
of the ori@nal chut  beyond the roO.ft lcngtb and SO pa- 
cem slope, the extent of phyucd dru on whicb the USLE 

highways hrve been added to thc Cbut shown in fig. 2.9. 
- These-extentiom and Mtioa (shown 8s duhcd-lina) 

was bucd. slopa aommody wd doll8 roads rrd 

UT exu;rpoluioas beyond confirmed d.u; Ihtrrfon, 
- 

they should be K a t d  u atiawe. 

ity. Factor C values for putun.  range, wood land. an 
idle land are ubulued in fables 2.3 and 2.6. The II 

flucncc of aaopy, cover type. and percent ground cow 
are darly.indkatcd in Table 2.S. Information in Tab 
2.3 mab I& benefit of vqeution or plant cover 
red- aorioa. Factor Cv.lua_rongc-u _-___ low as 0 .0  
for wdkrublirhcd plant cover. fhu corresponds 
rlmort thouuad-loid rcducuoo in erosion losses o* 
the conrinuour-frllow or b m y o u n d  CIK. Few ow 
w i r b l a  or frcron an amenable to management w i  

suchdmmuic tLIuLts (Le., rducuon in erosion Iosrcs~ 
this ODL. 

MuWlia. caa be tonridered 8 form of croppi 
mmucmm~. Tb8 Whaue of mulching with van( 
typaof 0- mulc&r ( W W ,  b y ,  wooclchlps. etc. 
aasidadiaseuiea2.4. 

.. 1 
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lrted in Table 2.7. Vdua of P range from 0.9s for ton- open fields. It hu ocariorully been used in air pollution 
touring on ncep slopa ( 18 to 24 percent) to 0.25 for con- studies to obtain uumrta of fugitive dust concentrations 
tourrtripcroppingongentlcrlogcr.Temdngcffcaivdy in speed 8 r a s  such 8s uilinp, p i k .  and din roads 
reduces the length of slope from that of the otirr site to (Wilson, 197% Its utility for predicting wind erosion 
the horizontal distance between t a n c a .  T h e m a h o b  of losses from steep dopa of limited extent (e.&, highway 

fhc wind erosion equation a n  be writ-kdn Zhefollotw- 
- -determining _P! for- a- #ilvm-c.onKt?ruioa .m-ud,-cut~8nd fills) 9 less -_ _ _ _  

ing form: 
dtrmuively, the selection of I coaserv8tion pncricc, us- 
ing the Soil Loss Equation, h8ve bma -bed by 
Wischmaa and Smith (1969. 

d, 
mechanical, chemical, nOrprnr * of cornbinruonr 
t h e r e o f m  k used to reduardl brrar from disturbed 
slopes or construction rim. kfrrhodr bucd on the USLE 
for evaluating the effectinaeu of tbac masuru are 
described in Section 2.4. 

A number of erosion d pnniccr--rtrm 

232 WlndErOrlm 

Soil loss from rritc bywind M . I . o k U U ~ ~ t c d  miry M - 

idon similar to rhc USE, thu wu dtwlopcd for 
erosion. 'Ibc wind erosion equation (Skidmore - &ruff, 1968; Woodmff and Siddowry, 1965) L 

an eublished mcchod for predictin# 8rou erosion from 

x ' =  

r =  
where: 

K' = 
I' - 
e -  
L' = 
Y ' r  

I'K'C'L' V (2.4) 

.- 

Only 8 gmcrrl discussion of the Wind erosion equrtion 
8nd the controlling frclorr b gim hem. The ruder is 
referred to references on this subject (Hrya, 1972; Skid- 

2 c . .:_ 
: *  i 

' r  

' I  d 

t 
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more and Woodruff, 1968) for calculation details and 
design of wind erosion control system. 

Soil Erodibiliry. Soil erodibility. K', depends upon the 
ability of soil to form clods and is determined by textural 
and other factors. For a given site, K' is usually deter- 
nun& from sieve data, but it is also possible to use 
gmcnlitcd relationships between erodibility and texture 
c k u .  The Soil Conservation Service has established a 
sene of wind erodibility ratings for all imporunt texture 
ckuer, b u e d  on the percentage of fine ma tau l  present, 
percentage composition of clays, and whether or not the 
sod is calcareous. 

Surfam Roughness. Surface roughness, I', inhibits 
erorion by absorbin8 and deflecting wind energy ud by 
urpping some potentidly rbnrive mrtcrirlr. It my llro 
m u  thc problem by incrcuin8 wind turbulcncc. In 
m y  studies the I' factor is wed either I .O for a smooth 
pound or 0.S for rouah wound, with 1 .O ban# uscd when 
80 d i m  infomution is  awihbk. 

CIimork Fucror. The climatic Vuirbk C', is deter- 
mined by wndspd md e f f d w  roil moisture. It 011 be 
akulued with a fonnul8 or rad from maps prcoued by 
the Agncultunl Racucb Scrvia (Skidmore rad Wood. 
-Nff,lw);- - -- -- .. . 

. .  

potentially have a greater impact in humid regions than 
the same cleuing might in arid areu.  This is so because 
and regions do not support u dense a plant cover and 
thus exhibit higher base or background erosion rates. 

2.4 EVALUATION OF SOIL LOSS 
REDUCTION MEASURES AT 
CONSTRUCTION SITES 

The effectiveness of individual components of erosion 
and sediment control can be d e t m n e d  from data 
published by the Soil Corucrntion Service (1911,1977). 
Effectiveness futon haw kcn derived mlinly for 
aplcul tunl  control p t rn i ca  which may differ in both 
kind and degree from prrctiCa applied at urbrn and 
hishwry conrtrucdon r im.  Furthermore, effectiveness 
factors ue d l y  published for individual components 
u opposed to trameat combinations. A procedure is 
described M n  for effccriveness of erosion 
control m a  at coartruction sites. 
a 

2.11 Errlurtlon Formula 

x, = RtSKCP (2.5) 
If rbc turw~~oar iuwmdmudedandemployed  
no erosion rad redimmt conpd tmcmenu. the soil loss 
(X& would be 

X p R L S  (2.6) 
krrm f r a o r  C and P nhrr equal 1.0 in this case. 
V- fa RLSK UI cqoinlcnt m E4~8Uoar (2.S) and 
(2.6) kraa.. rbr tlllyatumdaa site is uscd in both 



Whan the uppar component of the top  layer is vegetation, the 
&PA rat-ends that the associated lower component be composed of 
at least 60 cm (24 in.) of s o i l .  The soil should be capable of 
indefinitely sustaining plant species that vi11 minimize erosion.. 
The minimum thickness of the soil component is based upon the 
Agency's judgment that: 

0 it accommodates the root systms of most non-woody 
plant species (EPA, 1983~) ; 

0 for most locales, it provides adequate vater-holding 
capacity to attenuate rainfall infiltration to t h e  
drainage layer and to sustain vegetation through dry 
periods; and 

0 it provides sufficiont s o i l  thickness to allow f o r  
expected long-term orosional losses. 

A layer thicker than 60 cm (24 in.) may ba required to 
prevent freezing and thawing from damaging tha low-permeability 
layer, or to increase plant-available water storage capacity in 
drier climates. 

B¶di~-tOxtUr8d roil8 such a8 l o a  soils, h8vO the best 
ov8rall charactoristic8 for s o d  garmination and plant root 
systam d8ValOpmnt. Pina-toxturod soils, such as clays, are 
0Tt.n fertila but m8y ba basat by  nage em ant problars such as 
puddling of vatar on the surfrca or difficulty in initial 
08tablirhmant of plant c w o r  during vat poriods. 
often a probloa duo to low watat ratantion and lo88 o f  nutrionts 
by leaching. 
initially ramovod from 8 sit. for lator uu during cover 
construction. Whom only minimum amount of nativa topsoil can 
ba savad by stockpilirrg, tha romindar naoded to provida at least 

_ _  - -th-minimum-thicknom8-of - 6 0 - a  (24- in. ) my-bo-~da-up -by---- - 
rolocting local bo- utarial having appropriata qualities. 

Sandy soils are 

It may bo coat-affoctiva to stockpila tho topsoil 

Tho Agency -andm that tha lwor corponont of the top  
layar (ud thw th. urtira top lryar) bo .lightly convax, or be 
low in h.ight .bovo tho surrounding torrrin and unifomly rloped. 
In non-lmml tamin, divanion structuraa should bo irwrtal1.d to 
provont th. man-en o f  aurf8ca w8tar onto tha cwar. To prevant 
ponding of r 8 f m a t u  duo to irzogularitio8 of tho surfaca of the 
lowar componant, tho final 8 l O p  should k uniform 8nd at least 
3 porcant, 8ft.r 81lovurco for sattluont and subaidonca (EPA, 
19828, p. 42). S l o w  groator thur S porcurt, howwar, are 
likaly to prorota arosion unlass controlr aro inclubad in the 
design: dO8iqtr-of 8Wf.C. W8tU-~nfrol8-i8-VOll-dO~ent.d 
(EPA, 1979 and 1982b). Tho Agancy kliovo8 t b t  slops graater 
than 5 porcont will incraasa erosion, do~ra.80 s l o p  stability, 

- - 
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and, i n  qonoral,  incroaso t h o  long-term maintonanco of t h o  cover 
8ySf.m. Ovnon and oporator8 using f i n a l  s lopos basad on 
Site-spaciFiC condi t ions  8hOuld do tomino  t h a t  t h o  810p.8 w i l l  
not  r e s u l t  i n  tho fo rna t ion  of orosion rills and gullies and w i l l  
l i m i t  t o t a l  a ros ion  t o  loss than  2.0 tons/acro/yoar ( 5 . 5  
HT/ha/yr). Tho U.S.  0.pam.nt of A q r i c u l t u r ~ ~ s  Universal  S o i l  
U S 8  Equation (USLE) is rocommondod am tho t o o l  for US. in 
eva lua t ing  e ros ion  p o f o n t i a l  (EPA, 1982a). Tho Ag8nCy be l i eves  
t h a t  a maximum oro r ion  rate of 2.0 tons/acro/yoar (5 .5  MT/ha/yr) 
is r a a l i s t i c a l l y  achiovablo for a wid. rang8 of so i l s ,  c l imates ,  
and vegeta t ion .  Tho Agancy a180 bol iovos t h a t  r r l i a n c a  on t h i s  
c r i t e r i o n  w i l l  minimize g u l l y  dovolopmant and cover maintenance. L 

1s 
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CALCULATIONS FOR SURFACE WATER MANAGEMENT 
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CORPORATION 

By: LK Date:02/19/93 Subject: FERNALD OSDC STUDY Sheet No./of& 

PurDose : 

To develop a stormwater conveyance system which will divert stormwater 
away from the OSDC areas, and minimizes the potential impacts from 
surface run-on and run-off. 

ComDuter Version: 

A computer program entitled IIQuick TR-55 (Haestad, 1986), which uses 
SCS TR-55 computational procedures, and was developed by Haestad Methods, 
Inc. was used. The program weighs runoff curve number (CN), computes time 
of concentration, generates hydrographs, and computes peak discharges. 

REFERENCE: 

1. DOE, 1990, llGroundwater Report, Remedial Investigation and Feasibility 
Study, Feed Materials Production Center, Fernald, Ohio, Volume 1," U . S .  
Department of Energy, Oakridge Operations Office, December, 1990. 

2. SCS, 1986, Wrban Hydrology for Small Watersheds,I! U . S .  Department of 
Agriculture, Soil Conservation Service, Engineering Division, Technical 
Release No. 55 (TR-55), Second Edition, 1986. 

3. U.S. Weather Bureau, 1961, IIRain-fall Frequency Atlas of the United 
States for Durations from 30 Minutes to 24 hours and return Periods from 
1 to 100 years," Technical Paper No. 40, U.S. Weather Bureau, May 1961. 

- - --  - ~ - - - . - - _ _  - - _ _  

4. Haestad, 1986, "Quick TR-55 Hydrology for Small Watersheds,Il Haestad 
Method Inc., Waterbury, CT, 1986. 

5. Haestad, 1990, lfFlowMaster, Version 3.15(c),If Haestad Method Inc., 
Waterbury, CT, 1990. 

Methodolosv 

_ _  . - -- 
~ - -  _ _  
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Chkd. B y : L  Date: SURFACE WATER MANAGEMENT Proj. No. 

The SCS method, generally referred as TR-55 method, was used in the 
calculations. The TR-55 method provide practical solutions for a wide 
variety of small watershed hydrology problems including computation of 
peak discharge, generation of hydrographs, reach routing, and estimation 
of detention storage. 

Technical Armroach 

Surface run-on and run-off generated at or surrounding the OSDC area will 
be collected in the perimeter ditches. Surface water collected from the 
eastern portion of the OSDC will be directed to a low elevation outfall 
point near the southeast corner of the former production area as shown in 
Figure4-1 (see attachment). It is proposed that the surface water will 
be conveyed into the existing retention basins via manmade channel. 

Surface water collected from the northern portion of the OSDC will be 
conveyed via perimeter ditches to a new outfall point near the northwest 
corner of the former production area. The discharge will then be 
regulated through a new retention basin which is located between the 
outfall point and the Paddys Run, to the north of the former production 
area. The outflow from this retention basin will travel through the 
existing waterway of Paddys Run and be combined at the confluence point 
-where _the designated storm-sewer outfall- ditch -joints- Paddys-Run -near-the 
southern border of the FEMP site. The combined surface water will flow 
southward into the Great Miami River near New Baltimore. 

_ _  -- 

Results : 

Peak Discharqe Calculations 

The surface water management measures are depicted in Figure6-1. 

ditches and retention basins is 25-year return period and 24-hour 
duration storm, as generally accepted by regulatory agencies. 

The 
-_ - _ _  design_s.torm_.utilized-for_calculations-of-peak-discharge in-perimeter- _. 

000540 
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Chkd . By:& Date : pb(/q 13 SURFACE WATER MANAGEMENT Pro j . No. 
Quick TR-55 was utilized to estimate the peak flow in each section of the 
perimeter ditches. The calculations of peak discharge were individually 
performed for the eastern and northern portions of the OSDC, based on the 
hydrologic independence of the watershed. The detailed computations are 
attached, and the subareas, flow direction and typical perimeter ditch 
are shown in Figure 6-1. 

409196 

The eastern portion of the OSDC area was subdivided into six subareas. 
Surface water from subareas 1, 2, 3, and 4 of the eastern portion are 
discharged into the southern outfall point from the south. Surface water 
from subareas 5 and 6 within the eastern portion are conveyed into the 
same outfall point from the north. 

The western portion of the OSDC area was subdivided into three subareas. 
The northern outfall point (at northwest corner of the former production 
area) will receive the flow from subareas 1' and 2' of the western 
.portion of the OSDC. The water discharging into the same outfall point 
from the east is the surface water generated from subarea 3'. In 
generating the final composite hydrograph, the lag time to reach the peak 
discharge from each subarea was taken into consideration. The subareas, 
acreages, and the peak discharges generated from the composite hydrogra- 
phs are presented in Table 5-1. 

.' , . 
'. ... 
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Table 5-1 
Peak Discharges from Subareas of OSDC 

\ 

Eastern Portion of OSDC 
Subarea Area (acres1 Peak Discharse (cfsl 

1 24.92 29 

2 90.04 109 

3 10.00 112 

4 31.60 120 

5 62.90 69 

6 13.00 78 

Western Portion of OSDC 

Subarea Area (acres) Peak Discharue (cfsl 

.. . - 4.7- 

28 8.26 53 

38 73.98 a7 

Sizins of Perimeter Ditches 
Sizing of the perimeter ditches was accomplished by using a computer 
software named FlowMaster, developed by Haestad Methods, Inc. (Haestad, 
1990). The sizing calculations also were attached. The parameters, 

__ -including_ dimension,-flow -capacity-,- f low-velocity, f low--depth-,- and -- 
Manning8s coefficient of roughness, of the perimeter ditches are summa- 
rized in Table 5-2. 
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Table 5-2 
Dimension and Hydraulic Parameters of Perimeter Ditches 

Bottom Side Flow 
Subarea Width SloDe CaDacitv 

( ft) (cfs) 
East Dortion of OSDC 

1 5 1.5H:lV 29.31 

2 5 1.5H:lV ,110.02 

3 5 1.5H:lV 112.65 

4 5 1.5H:lV 120.49 

5 .  5 1.5H:lV 71.24 

6 5 1.5H:lV 79.84 
West Dortion of OSDC 

1' 3 1.5H:lV 55.47 

3' 5 1.5H:lV 89.27 

Flow Flow Manning ' s 
Veloc i tv DeDth Coef. (nl 
(fPS) ( ft) 

2.67 1.51 0.060 

2.50 4.00 0.034 

3.14 3.50 0.034 

3.15 3.65 0.060 

1.99 3.50 0.034 

2.05 3.70 0.034 

3.29 2.50 0.060 
- - . _- --- __ . .. . 

3.07 2.70 0.060 

2.29 3.70 0.034 

In order to protect the perimeter ditches from erosion, sections of the 
channels where steep slope exist will be vegetated, or be protected with 
ripraps. The flow velocities in sections of the perimeter ditches as 
shown in Table 5-2 are within the maximum permissible velocity as 

_ _  recommend~ddin--s_oil-c-onseryation._literature. - . - - - -  - - .- - - . . 
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Sizina of the Retention Basins 
The existing retention basin which is located near the southeast corner 
of the former production area was designed to retain the runoff from a 
10-year, 24-hour rainfall event. Surface water collected from the 
northern portion of the OSDC will be treated by the proposed new reten- 
tion basin which is located near northwest corner of the former produc- 
tion area. 

I 

409196 -D Proj . No. 

Quick TR-55 was used to estimate the storage volume of the retention 
basins required for surface water management. The estimation was based 
on retaining runoff from a 25-year, 24-hour rainfall event. The storage 
volumes of these retention basins as estimated by the computer program, 
along with the peak inflow, inflow runoff, and outflow, are summarized in 
Table 5-3. 

Table 5-3 
Summary of Retention Basins Calculations 

Retention Peak Inflow Peak Storage 
Basin Inflow Runoff Outflow Volume 

New Basins 126 1.93 50 
(North of 
Former Pro- 

- _ _  . .  duc t-ion -Are a ).- - - . _  

5.9 



. -.. . . .  

Trapezoidal Channel Analysis &I Design 
Open Channel - Uniform flow 

Worksheet Name: fernald, EWMF (east) 

Comment: Subarea 1 and la; Qpeak=29 cfs 

Solve For Discharge 

Given Input Data: 

Bottom Width..... 
Left Side Slope.. 
Right Side Slope. 
Manning's n...... 
Channel Slope .... 
Depth ............ 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth... 
Critical Slope ... 
Froude Number.... 

5.00 ft 
1.50:l (H:V) 
1.50:l (H:V) 
0.060 

1.51 ft 
0.0109 ft/ft 

29.31 cfs 
2.67 fps 
10.97 sf 
9.53 ft 
10.44 ft 
0.93 ft 
0.0631 ft/ft 
0.44 (flow is Subcritical) 

. .  . . .  . .- . - 

Open Channel Flow Module, Version 3.15 (c) 1990 
~ - --Haestad-Methods, -1nc.--*-37 Brookside -Rd- * Waterbury, Ct- 06708 



Trapezoidal Channel Analysis & Design 
Open Channel - Uniform flow 

Worksheet Name: fernald, EWMF (east) 

Comment: Subarea 2 and 2a; Qpeak=109 cfs 

Solve For Discharge 

Given Input Data: 

Bottom-Width. .... 
Left Side Slope.. 
Right Side Slope. 
Manning‘s n...... 
Channel Slope .... 
Depth ............ 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Critical Slope ... 
Froude Number.... 

5.00 ft 
1.50:l (H:V) 
1.50:l (H:V) 
0.034 

4.00 ft 
0.0011 ft/ft 

110.02 cfs 
2.50 fps 
44.00 sf 
17.00 ft 
19.42 ft 
2.01 ft 
0.0171 ft/ft 
0.27 (flow is Subcritical) 

Open Channel Flow Module, Version 3.15 (c) 1990 
- -- Haestad -Methods,--I-nc7-*--3-7-Brooks-ide-Rd-*- Waterbury, Ct 067 08 - - - 



Trapezoidal Channel Analysis t Design 
Open Channel - Uniform flow 

Worksheet Name: fernald, EWMF (east) 

Comment: Subarea 3; Qpeak=112 cfs 

Solve For Discharge 

Given Input Data: 

Bottom Width..... 
Left Side Slope.. 
Right Side Slope. 
Manning's n...... 
Channel Slope .... 
Depth ............ 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Critical Slope ... 
Froude Number.... 

5.00 ft 
1.50:l (H:V) 
1.50:l (H:V) 
0.034 

3.50 ft 
0.0020 ft/ft 

112.65 cfs 
3.14 fps 
35.88 sf 
15.50 ft 
17.62 ft 
2.03 ft 
0.0170 ft/ft 
0.36 (flow is Subcritical) 

Open Channel Flow Module, Version 3.15 (c) 1990 
__ - - -Haestad-Methods-,-I-nc-. -*  -3-7-Brookside-Rd *- Waterbury-, Ct 06708- - - 



Trapezoidal Channel Analysis & Design 
Open Channel - Uniform flow 

Worksheet Name: fernald, EWMF (east) 

Comment: Subarea 4; Qpeak=120 cfs 

Solve For Discharge 

Given Input Data: 

Bottom Width..... 5.00 ft 
Left Side Slope.. 1.50:l (H:V) 
Right Side Slope. 1.50:l (H:V) 
Manning's n...... 0.060 
Channel Slope .... 0.0060 ft/ft 
Depth ............ 3.65 ft 

Computed Results: 

Discharge ........ 120.49 cfs 
Velocity ......... 3.15 fps 
Flow 'Area. ....... 38.23 sf 

Critical Depth ... 2.11 ft 

Flow Top Width... 15.95 ft 
Wetted Perimeter. 18.16 ft 

Critical Slope ... 0.0526 ft/ft 
Froude Number.... 0.36 (flow is Subcritical) 

Open Channel Flow Module, Version 3.15 (c) 1990 
- - - -  -Haestad Methods-,- Inc. --*-37 -Brookside--Rd---* -Waker-bury, C-t 06708 

. .  



Trapezoidal Channel Analysis & Design 
Open Channel - Uniform flow 

Worksheet Name: fernald, EWMF (east) 

comment: Subarea 5; Qpeak= 69 cfs 

Solve For Discharge 

Given Input Data: 

Bottom Width..... 5.00 ft 
Left Side Slope.. 1.50:l (H:V) 
Right Side Slope. 1.50:l (H:V) . Manning's n...... 0.034 
Channel Slope .... 0.0008 ft/ft 
Depth ............ 3.50 ft 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Froude Number.... 
Critical Slope ... 

71.24 cfs 

35.88 sf 
15.50 ft 
17.62 ft 
1.57 ft 
0.0180 ft/ft 
0.23 (flow is Subcritical) 

1.99 fps 

Open Channel Flow Module, Version 3.15 (c) 1990 
__ - - - Haestad-Methodsy-Inc;- * -37--Brookside-Rd * Waterbury, Ct 06708 

000539 



Trapezoidal Channel Analysis & Design 
Open Channel - Uniform flow 

Worksheet Name: fernald, EWMF (east) 

Comment: Subarea 6; Qpeak= 78 cfs 

Solve For Discharge 

Given Input Data: 

Bottom- Width.-. ... 5.00 ft 
Left Side Slope.. 1.50:l (H:V) 
Right Side Slope. 1.50:l (H:V) 
Manning's n...... 0.034 
Channel Slope .... 0.0008 ft/ft 
Depth ............ 3.70 ft 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Critical Slope ... 
Froude Number.... 

79.84 cfs 
2.05 fps 
39.04 sf 
16.10 ft 
18.34 ft 
1.67 ft 
0.0178 ft/ft 
0.23 (flow is Subcritical) 

Open Channel Flow Module, Version 3.15 (c) 1990 
- - -  - --Haestad-Methods,-I-nc-.- *--3 7--Brookside-Rd--*- Waterbury,- Ct - 067 08 - 



Quick TR-55 Version: 5.46 S/N: 1315400199 

>>>>> DETENTION STORAGE ESTIMATE <<<<e 

Detention Volume Estimate 
Fernald, EWMF (east portion of EWMF) 

This example uses the Tabular Hydrograph method for 
inflow condition, and uses manual entries for outflow. 

CALCULATED . DET 
DISK FILE: c:\pondpack\EWMl-DET.DET 

Drainage Area (acres) 232.46 0.3632 sq.mi. 
Rainfall Distribution (Type) I1 

Frequency (years) 
Peak Inflow, qi (cfs) 
Inflow Runoff, Q (in) 
Peak Outflow, qo (cfs) 

storm #1 storm #2 Storm #3 -------- -------- -------- 
2 25 100 
61 177 247 
0.75 2.01 2.75 
30 90 150 

qo/qi Ratio 0.492 0.508 0.607 
* Vs/Vr Ratio 0.280 0.273 0.238 
Inflow Volume, Vr (ac-ft) 14.5 38.9 53.3 

Summary of Volume Computations .............................. 
co 0.682 0.682 0.682 
c1 -1.430 -1.430 -1.430 

c3 -0.804 -0.804 -0.804 
* Vs/Vr 0.280 0.273 0.238 

L-64 0 -- - I .-610- 11 64-0--- - c2- - -__ - - 

2 3 
* Vs/Vr = co + ( cl*(qo/qi) ) + ( C2*(qo/qi) ) + ( C3*(qo/qi) ) 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:29:55 01-14-1993 

Fernald, EWMF, east portion of EWMF 
Natural soil type: C 

Natural soil classification: Fincastle 
Computation of CN and area 

RUNOFF CURVE NUMBER SUMMARY .................................................*-*............... .................................................................. 
Subarea 

Description 

subarea 1 t la 
subarea 2,2a 
subarea 3 
subarea 4 
subarea 5 
subarea 6 

------------- 
Area CN 
(acres) (weighted) --------- ------------ 
24.92 72 
90.04 71 
10.00 71 
31.60 71 
62.90 71 
13.00 71 

. . . . . . . .  
~ - - -  



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:29:55 01-14-1993 

Fernald, EWMF, east portion of EWMF 
Natural soil type: C 

Natural soil classification: Fincastle 
Computation of CN and area 

RUNOFF CURVE NUMBER DATA 
.................................................................. 

Composite Area: subarea 1 & la 

71.6 ( 72 ) COMPOSITE AREA --- > 24.92 ..................................................... ..................................................... 
Composite Area: subarea 2,2a 

... . .  ..... ......... COMPOS-~TE-~~AREA-----> - ~ goyo4-- - 7.15-4 ~ -( 71 ) - ..................................................... ..................................................... 
Composite Area: subarea 3 

Type C, vegetation cover 10.00 71 

COMPOSITE AREA --- > 10.00 71.0 ( 71 ) 
- - -~ . ..._. .. .-.-.-. ... ._. .-._. .. .-.-. .. .-...-. .-. .-. .. ...-. .-.-. ............ - ..................................................... 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:29:55 01-14-1993 

Composite Area: subarea 4 

COMPOSITE AREA --- > 31.60 71.0 ( 71 ) ..................................................... ..................................................... 
Composite Area: subarea 5 - 

SURFACE DESCRIPTION 
AREA CN 
(acres) 

Type C, vegetation cover 62.90 71 

COMPOSITE AREA --- > 62.90 71.0 ( 71 ) ..................................................... ..................................................... 

Composite Area: subarea 6 

Type C, vegetation cover 
- __  - -- - 

13.00 
- - - 

71 

COMPOSITE AREA --- > 13.00 71.0 ( 71 ) ..................................................... ..................................................... 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

Fernald EWMF Surface water management in east portion of EWMF 

Subarea descr. Tc or Tt Time (hrs) 

subarea l,& la Tc 0.29 
subarea 2 & 2a Tc 0.95 
subarea 3 Tc 0.30 
SUBAREA 4 Tc 0.36 
SUBAREA 5 Tc 0.69 
SUBAREA 6 Tc 0.35 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

Fernald EWMF Surface water management in east portion of EWMF 

Tc COMPUTATIONS FOR: subarea 1,& la 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 
Surface description natur. grass 

Flow length, L (total < or = 300) ft 300.0 
Two-yr 24-hr rainfall, P2 in 2.900 
Land slope, s ft/ft 0.3000 

Manning's roughness coeff., n 0.2000 

0.8 
.007 * (n*L) 

hrs 0.18 T = -------------- 
0.5 0.4 

P2 * s 

= 0.18 

SHALLOW CONCENTRATED FLOW 
Segment ID BC 
Surf ace (paved or unpaved) ? Unpaved 

Watercourse slope, s ft/ft 0.3000 
Flow length, L ft 100.0 

0.5 
Avg.V = Csf * (s) ft/s 8.8372 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) hrs 0.00 = 0.00 

CHANNEL FLOW 
- __ 

Segment ID CD 
- -Cross Sectional-Flow AreaTa- sqrft-- 10540 - 

Wetted perimeter, Pw ft 10.23 
Hydraulic radius, r = a/Pw ft 1.017 

Manning's roughness coeff., n 0.0600 

- -  

Channel slope, s ft/ft 0.0109 

Flow length, L ft 1000 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.29 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

Fernald EWMF Surface water management in east portion of EWMF 

Tc COMPUTATIONS FOR: subarea 2 t 2a 

SHEET FLOW (Applicable to Tc only) 
Segment- ID AB 

Flow length, L (total < or = 300) ft 200.0 

Surface- description GRASS 
Manning's roughness coeff., n 0.1500 

in 2.900 
ft/ft 0.0500 

Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007 * (n*L) 

hrs 0.21 T = -------------- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

BC 
Unpaved 

ft 250.0 
ft/ft 0.1000 

ft/s 5.1022 

= 0.21 

T = L / (3600*V) hrs 0.01 = 0.01 

. _  ~. CD--- - - - -  
_ _  - - ___ CHANNEL FLOW 

- - - Segment .ID-. __ - .__ ~ - 

Cross Sectional Flow Area, a sq. ft 40.66 
Wetted perimeter, Pw ft 18.72 
Hydraulic radius, r = a/Pw ft 2.172 

Manning's roughness coeff., n 0.0340 
Channel slope, s ft/ft 0.0011 

T = L / (3600*V) hrs 0.73 = 0.73 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.95 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

Fernald EWMF Surface water management in east portion of EWMF 

Tc COMPUTATIONS FOR: subarea 3 

SHEET FLOW (Applicable to Tc only) 
Segment ID- AB 

Manning's roughness coeff., n 0.1500 
Flow length, L (total < or = 300) ft 300.0 
Two-yr 24-hr rainfall, P2 in 2.900 

_ -  Surface description VEGETATION 

Land slope, s ft/ft 0.1000 
0.8 

.007 * (n*L) 
hrs 0.22 T = -------------- 

0.5 0.4 
P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

BC 
Unpaved 

ft 350.0 
ft/ft 0.1000 

ft/s 5.1022 

= 0.22 

T = L / (3600*V) hrs 0.02 = 0.02 

CHANNEL FLOW 
CD---- - 

__ - -S egment-I-D-- -~ -- _- -- - 

Cross Sectional Flow Area, a sq. ft 35.88 
Wetted perimeter, Pw ft 17.62 
Hydraulic radius, r = a/Pw ft 2.036 

Manning's roughness coeff., n 0.0340 
Channel slope, s ft/ft 0.0020 

Flow length, L ft 700 

T = L / (3600*V) hrs 0.06 = 0.06 
~- ~~ -~ . __ . . . . . .  -. 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.30 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

Fernald EWMF Surface water management in east portion of EWMF 

Tc COMPUTATIONS FOR: SUBAREA 4 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 
Surface description GRASS 
Manning's roughness coeff., n 0.1500 
Flow length, L (total < or = 300) ft 200.0 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007 * (n*L) 

T = -------------- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surf ace (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) 

. -  
CHANNEL FLOW 

.... Segment-ID . .  - . 

Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

in 2.900 
ft/ft 0.0940 

hrs 0.16 

BC 
Unpaved 

ft 650.0 
ft/ft 0.0940 

ft/s 4.9467 

hrs 0.04 

-CD---- - -. 

sq. ft 35.88 
ft 17.62 
ft 2.036 

ft/ft 0.0060 
0.0600 

ft/s 3.0904 

= 0.16 

= 0.04 

. ~~ 

.... . .  .... 
1800 
- - 

ft 
. -. __ - . 

hrs 0.16 = 0.16 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.36 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

Fernald EWMF Surface water management in east portion of EWMF 

Tc COMPUTATIONS FOR: SUBAREA 5 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 
Surface -description GRASS 
Manning's roughness coeff., n 
Flow length, L (total < or = 300) ft 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
-007 * (n*L) 

T = -------------- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surf ace (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) 

CHANNEL FLOW 
___ Segment-+D.---.--- . _ _ _  . 

Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

Flow length, L 

T = L / (3600*V) 
~. _ _ _ _ ~ _ _ _ _ _ _ _  -- __ ._ . 

in 
ft/ft 

hrs 

ft 
ft/ft 

ft/s 

hrs 

sq. ft 

ft/ft 

ft 
ft 

ft/s 

ft 

hrs 

0.1500 
200.0 
2.900 
0.0500 

0.21 

BC 
Unpaved 

500.0 
0.1000 

5.1022 

0.03 

CD- - 

29.92 
16.18 
1.849 
0.0008 
0.0340 

1.8791 

3100 

0.46 
_ _  ... 

= 0.21 

= 0.03 

.. _ . 

= 0.46 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.69 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:30:27 01-14-1993 c:\pondpack\EWMl-TC.TCT 

Fernald EWMF Surface water management in east portion of EWMF 

Tc COMPUTATIONS FOR: SUBAREA 6 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB - 
Surface description GRASS 
Manning's roughness coeff., n 0.1500 
Flow length, L (total < or = 300) ft 300.0 
Two-yr 24-hr rainfall, P2 in 2.900 
Land slope, s ft/ft 0.1000 

T = -------------- hrs 0.22 

0.8 
.007 * (n*L) 

0.5 0.4 
P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

BC 
Unpaved 

ft 500.0 
ft/ft 0.1000 

ft/s 5.1022 

T = L / (3600*V) hrs 0.03 

= 0.22 

= 0.03 

CD-- - - - 
__ __ - __ -- CHANNEL FLOW 

Segment-ID - ---- 
Cross Sectional Flow Area, a sq. ft 31.36 
Wetted perimeter, Pw ft 16.54 
Hydraulic radius, r = a/Pw ft 1.896 
Channel slope, s ft/ft 0.0008 
Manning's roughness coeff., n 0.0340 

_-_ __ - 

ft/s 1.9106 

T = L / (3600*V) hrs 0.10 = 0.10 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.35 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:31:16 01-14-1993 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using Length/Velocity) 

Fernald, EWMF (east portion of the landfill) 
Time of travel computation, Tt 

Subarea descr. 

subarea 1 & la 
subarea 2 & 2a 
subarea 3 
subarea 4 
subarea 5 
subarea 6 

-------------- Tc or Tt Time (hrs) 

Tt 1.11 
Tt 0.33 
Tt 0.22 
Tt 0.00 
Tt 0.10 
Tt 0.00 

-------- ---------- 



f 
Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:31:16 01-14-1993 

Fernald, EWMF (east portion of the landfill) 
Time of travel computation, Tt 

Tc or Tt DATA ........................................................................... ........................................................................... 

channel through subarea 2, 2a 
channel through subarea 3 
channel through subarea 4 

6800 2.44 46.4 = 0.77 
1300 3.15 6.9 = 0.11 
2450 3.09 13.2 = 0.22 

minutes hours 
TOTAL Tt --- > 66.5 = 1.11 ................................. ................................. 

Subarea: subarea 2 & 2a LENGTH VELOCITY TIME 
DESCRIPTION (feet) (ft/sec) minutes hours 

channel through subarea 3 1300 3.15 6.9 = 0.11 
channel through subarea 4 2450 3.09 13.2 = 0.22 

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

minutes hours 
TOTAL Tt --- > 20.1 = 0.33 ................................. ................................. 

minutes hours 
TOTAL Tt --- > 13.2 = 0.22 ................................. ................................. 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 14:31:16 01-14-1993 

minutes hours 
TOTAL Tt --- > 0.0 = 0.00 ................................. ................................. 

minutes hours 
TOTAL Tt --- > 6.1 = 0.10 ................................. ................................. 

minutes hours 
TOTAL Tt --- > 0.0 = 0.00 ................................. ................................. 



Quick TR-55 Version: 5.46 S/N: 1315400199 Page 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 11:25:44 
Watershed file: --> C:\PONDPACK\EWMl .MOP 
Hydrograph file: --> C:\PONDPACK\EWM1-25.HYD 

Fernald, EWMF 
TR-55 Tabular Hydrograph method 

Type 11. Distributiion 
(24 hour duration) 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea AREA CN Tc * Tt Precip. 
Description (acres) (hrs) (hrs) (in) 

subarea 1 & la 24.92 72.0 0.30 1.00 4.75 
subarea 2,2a 90.04 71.0 1.00 0.30 4.75 
subarea 3 10.00 71.0 0.30 0.20 4.75 
subarea 4 31.60 71.0 0.40 0.00 4.75 
subarea 5 62.90 71.0 0.75 0.10 4.75 
subarea 6 13.00 71.0 0.40 0.00 4.75 

........................................................... .-- 
Runoff 
(in) .------- 
2.01 
1.93 
1.93 
1.93 
1.93 
1.93 

Ia/P 
input/used 

1.16 .16 
1.17 .17 
1.17 .17 
1.17 .17 
1.17 .17 
1.17 .17 

* Travel time from subarea outfall to composite watershed outfall point. 
I -- Subarea where user specified interpolation between Ia/p tables. 

Total area = 232.46 acres or 0.3632 sq.mi 
Peak discharge = 177 cfs 

WARNING: Drainage areas of two or more subareas 
differ by a factor of 5 or greater. 

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

* Travel time from subarea outfall to composite watershed outfall point. 
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Quick TR-55 Version: 5.46 S/N: 1315400199 Page 2 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 11:25:44 
Watershed file: --> C:\PONDPACK\EWMl .MOP 
Hydrograph file: --> C:\PONDPACK\EWM1-25.HYD 

Fernald, EWMF 
TR-55 Tabular Hydrograph method 

Type 11. Distributiion 
(24 hour duration) 

Subarea -------------- 
subarea 1 & la 
subarea 2,2a 
subarea 3 
subarea 4 
subarea 5 
subarea 6 -------------- 

Composite Watershed 

of Subarea Times to Peak <<c< 

Peak Discharge at 
Composite Outfall 

(cfs) -------------- 
29 
80 
16 
53 
69 
22 

177 

Time to Peak at 
Composite outfall 

------------ 
13.2 
13.0 
12.4 
12.3 
12.7 
12.3 

13.0 
------------ 



. - U -  - 
Quick TR-55 Version: 5.46 S/N: 1315400199 Page 3 

Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 11:25:44 
Watershed file: --> C:\PONDPACK\EWMl .MOP 
Hydrograph file: --> C:\PONDPACK\EWM1-25.HYD 

Fernald, EWMF 
TR-55 Tabular Hydrograph method 

Type 11-. Distributiion 
(24 hour duration) 

subarea 1 & la 0 1 1 1 1 1 1 2 2 
subarea 2,2a 2 2 3 4 4 5 6 9 14 
subarea 3 0 0 1 1 2 3 7 13 16 
subarea 4 
subarea 5 

2 2 5 10 21 39 53 52 --.#..-.___.---._, ,",~ --------., --.~ ..._ ..I. . -..... .--.-. 1-. 

2 2 r 4 5 7 12 21 3-5--, 

subarea 4 
subarea 5 

5 
51 64 69 69 55 39 28 21 17 

.I. ~$-jflg--2--..----6-.-- .--_ $0 29 21 16 11 



Quick TR-55 Version: 5.46 S/N: 1315400199 
Return 

Page 4 
Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 11:25:44 
Watershed file: --> C:\PONDPACK\EWMl . MOP 
Hydrograph file: --> C:\PONDPACK\EWM1-25.HYD 

Fernald, EWMF 
TR-55 Tabular Hydrograph method 

Type 11. Distributiion 
(24 hour duration) 

subarea 1 & la 
subarea 2,2a 
subarea 3 
subarea 4 
subarea 5 

~ 

5 
18 
1 

4 
14 
1 

3 
11 
1 

3 
10 
1 

2 
9 
1 

2 
8 
1 

2 
7 
1 

- 



\ 

Trapezoidal Channel Analysis t Design 
Open Channel - Uniform flow 

Worksheet Name: fer2 

Comment: Subarea 1'; Qpeak= 50 cfs (west-north ___---- area) 
/ 

. A -6 Solve For Discharge c;t.i . ) ( ( 5  

Given Input Data: 

Bottom Width..... 
Left Side Slope.. 
Right Side Slope. 
Manning's n...... 
Channel Slope .... 
Depth ............ 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Critical Slope ... 
Froude Number.... 

3.00 ft 
1.50:l (H:V) 
1.50:l (H:V) 
0.060 

2.50 ft 
0.0112 ft/ft 

55.47 cfs 
3 . 2 9  fps 
16.88 sf 
10.50 ft 
12.01 ft 
1.66 ft 
0.0588 ft/ft 
0.46 (flow is Subcritical) 

Open Channel Flow Module, Version 3.15 (c) 1990 
__ ----Haestad -Methods,--Incr*- 37 -Brookside-Rd *--Waterbury, -Ct -06708 



Trapezoidal Channel Analysis &I Design 
Open Channel - Uniform flow 

Worksheet Name: fer2 

Comment: Subarea 2’; Qpeak= 55 cfs (west-north area) 

Solve For Discharge 

Given Input Data: 

Bottom Width..... 
Left Side Slope.. 
Right Side Slope. 
Manning‘s n...... 
Channel Slope .... 
Depth ............ 

Computed Results: 

Discharge ........ 
Velocity ......... 
Flow Area........ 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Critical Slope ... 
Froude Number.... 

3.00 ft 
1.50:l (H:V) 
1.50:l (H:V) 
0.060 

2.70  ft 
0.0090 ft/ft 

58.47 cfs , 
3.07  fps - : y ’  

19.04 sf 
11 .10  ft 
12.73 ft 

1 . 7 1  ft 
0.0584 ft/ft 
0 . 4 1  (flow is Subcritical) 

Open Channel Flow Module, Version 3.15 (c) 1990 
H B ~ t - a d - M e t h - o d s ~ I n c ~ * - - 3  7-Bro-oks Lde-Rd -*--Waterbury ; -Ct -067 08 - 

- _- _- - - - - 



. 64.2 2 
Trapezoidal Channel Analysis &I Design 

Open Channel - Uniform flow 

Worksheet Name: fer2 

Comment: Subarea 3'; Qpeak= 88 cfs 
I >--? 

Solve For Discharge 1: ' 

Given Input Data: 

Bottom Width..... 5.00 ft 
Left Side Slope.. 1.50:l (H:V) 
Right Side Slope. 1.50:l (H:V) 
Manning's n...... 0.034 

Depth ............ 3.70 ft 
Channel Slope .... 0.0010 ft/ft 

Computed Results: 

Discharge ........ 89.27 cfs 
Velocity ......... 2.29 fps 
Flow Area........ 39.04 sf 
Flow Top Width... 16.10 ft 
Wetted Perimeter. 18.34 ft 

Critical Slope ... 0.0175 ft/ft 
Froude Number.... 0.26 (flow is Subcritical) 

Critical Depth ... 1.78 ft 

. -  . . . . . . . . . . . . .  .~ - - .- . . . .  -~ . . .  . . ~  . . . . .  . - ~ ~ . . 

Open Channel Flow Module, Version 3.15 (c) 1990 
- ._ - - -  Haes-tad-Methods ,-_Inc .- *-37--Brookside -Rd-* -Waterbury, -Ct--06708 



Quick TR-55 Version: 5.46 S/N: 1315400199 64.2 2 
>>>>> DETENTION STORAGE ESTIMATE <<<<< 

Detention Volume Estimate 
Fernald, EWMF (north-west portion of EWMF) 

This example uses the Tabular Hydrograph method for 
inflow condition, and uses manual entries for outflow. 

CALCULATED 
DISK FILE: c:\pondpack\EWM2-DET.DET 

Drainage Area (acres) 113.31 0.1770 sq.mi. 
Rainfall Distribution (Type) I1 

Frequency (years) 
Peak Inflow, qi (cfs) 
Inflow Runoff, Q (in) 
Peak Outflow, go (cfs) 

Storm #1 Storm #2 Storm #3 -------- -------- -------_ 
2 25 100 
42 126 177 
0.7 1.93 2.66 
20 50 90 

qo/qi Ratio 0.476 0.397 0.508 
* Vs/Vr Ratio 0.286 0.323 0.273 
Inflow Volume, Vr (ac-ft) 6.6 18.2 25.1 

STORAGE VOLUME, Vs (ac-ft) 1.9 5.9 6.9 

Summary of Volume Computations .............................. 
co 0.682 0.682 0.682 
c1 

c3 -0.804 -0.804 -0.804 
* Vs/Vr 0.286 0.323 0.273 

-1.430 -1.430 -1.430 . _ _  
~ .__ -~ .1.*.6630-- -~ -- .1-;64.0---.- - . -~ .. . . ~ ~- ~ -. - - ~- 

2 3 T 

* Vs/Vr = CO + ( Cl*(qo/qi) ) + ( C2*(qo/qi) ) + ( C3*(qo/qi) ) 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:56:55 01-14-1993 

Fernald, EWMF, west-north portion 
Soil type C 

Soil name: Fincastle 

RUNOFF CURVE- NUMBER SUMMARY 
.................................................................. 

Subarea Area CN 
Description (acres) (weighted) ------------- --------- ------------ 

subarea l8 31.07 71 
subarea 2' 8.26 71 
subarea 3' 73.98 71 

.. . 

.. 

.,. ..... 
'. .,<: 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:56:55 01-14-1993 

Fernald, EWMF, west-north portion 
Soil type C 

Soil name: Fincastle 

RUNOFF CURVE NUMBER DATA .................................................................. .................................................................. 

Composite Area: subarea 1' 

COMPOSITE AREA --- > 31.07 71.0 ( 71 ) ..................................................... ..................................................... 

Composite Area: subarea 2' 

AREA CN 
SURFACE DESCRIPTION (acres) 

Type C, vegetation cover, good 8.26 71 

COMPOSITE AREA --- > 8.26 71.0 ( 71 ) ..................................................... ..................................................... 
~- -~ . ..~ ~ ~ - . . - ._ -~ -~ 

~ . . . .  ~ ~ - -  - 

Composite Area: subarea 3' 

AREA CN 
SURFACE DESCRIPTION (acres) 

Type C, vegetation cover, good 73.98 71 

COMPOSITE AREA --- > 73.98 71.0 ( 71 ) ..................................................... ..................................................... 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:57:15 01-14-1993 c:\pondpack\EWM2-TC.TCT 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

Fernald EWMF Surface water management in west-north portion 
.. - . ~- - . - .  . 

Subarea descr. Tc or Tt Time (hrs) 

subarea 1' Tc 0.44 
subarea 2' Tc 0.22 
subarea 3 '  Tc 0.70 

-------------- -------- ---------- 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:57:15 01-14-1993 c:\pondpack\EWM2-TC.TCT 

Fernald EWMF Surface water management in west-north portion 

Tc COMPUTATIONS FOR: subarea 1' 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 
Surface description grass. 
Manning's roughness coeff., n 0.1500 
Flow length, L (total < or = 300) ft 150.0 
Two-yr 24-hr rainfall, P2 in 2.900 
Land slope, s ft/ft 0.0500 

0.8 
.007 * (n*L) 

hrs 0.16 T = -------------- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surf ace (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

BC 
Unpaved 

ft 200.0 
ft/ft 0.1000 

ft/s 5.1022 

= 0.16 

T = L / (3600*V) hrs 0.01 = 0.01 

- _ _  - CD-- -- Segment ID-- -- - -  __ __- 

Cross Sectional Flow Area, a sq. ft 16.88 

Hydraulic radius, r = a/Pw ft 1.405 

Manning's roughness coeff., n 0.0600 

- - __ 
CHANNEL FLOW 

- -- 

Wetted perimeter, Pw ft 12.01 

Channel slope, s ft/ft 0.0112 

_ -  _ _  
3100 

__ _ _ _ _  
Flow length, L ft 

- - -- _ _  _ _ _ _  - -  -- - - 

T = L / (3600*V) hrs 0.26 = 0.26 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.44 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:57:15 01-14-1993 c:\pondpack\EWM2-TC.TCT 

Fernald EWMF Surface water management in west-north portion 

Tc COMPUTATIONS FOR: subarea 2' 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 
Surface description GRASS 
Manning's roughness coeff., n 0.1500 
Flow length, L (total < or = 300) ft 150.0 
Two-yr 24-hr rainfall, P2 in 2.900 
Land slope, s ft/ft 0.0770 

0.8 
.007 * (n*L) 

hrs 0.14 T = -------------- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surf ace (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

BC 
Unpaved 

ft 300.0 
ft/ft 0.0770 

ft/s 4.4771 

= 0.14 

T = L / (3600*V) hrs 0.02 = 0.02 

Segment- ID- - _ _  CD - - - _ -  . __ 
CHANNEL FLOW 
_ .  

Cross Sectional Flow Area, a sq. ft 19.04 
Wetted perimeter, Pw ft 12.73 
Hydraulic radius, r = a/Pw ft 1.496 

Manning's roughness coeff., n 0.0600 
Channel slope, s ft/ft 0.0090 

ft/s 3.0812 

- _ _ _  700 
- - - . . - - 

Flow length, L ft 
- . - -- - - - - - _ _  - --p__-p___ 

T = L / (3600*V) hrs 0.06 = 0.06 

....................................................................... ........................................................................ 
TOTAL TIME (hrs) 0.22 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:57:15 01-14-1993 c:\pondpack\EWM2-TC.TCT 

Fernald EWMF Surface water management in west-north portion 

Tc COMPUTATIONS FOR: subarea 3 '  

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 
Surface description grass 
Manning's roughness coeff., n 0.1500 
Flow length, L (total < or = 300) ft 150.0 
Two-yr 24-hr rainfall, P2 in 2.900 
Land slope, s ft/ft 0.0500 

0.8 
.007 * (n*L) 

hrs 0.16 T = -------------- 
0.5 0.4 

P2 * s 

= 0.16 

SHALLOW CONCENTRATED FLOW 
Segment ID BC 
Surf ace (paved or unpaved) ? Unpaved 
Flow length, L ft 650.0 
Watercourse slope, s ft/ft 0.1000 

0.5 
Avg.V = Csf * (s) ft/s 5.1022 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) hrs 0.04 = 0.04 

. .  -CD -- 
. -  

CHANNEL FLOW 
- - - -Segment-ID- - -- 

Cross Sectional Flow Area, a sq. ft 39.04 
Wetted perimeter, Pw ft 18.34 
Hydraulic radius, r = a/Pw ft 2.129 

Manning's roughness coeff., n 0.0340 
Channel slope, s ft/ft 0.0010 

4100 
_ _ _  

Flow length, L ft 
-- - - . -  ._ __-__-- - - - 

T = L / (3600*V) hrs 0.50 = 0.50 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.70 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:58:16 01-14-1993 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using Length/Velocity) 

Fernald, EWMF (west and north-west portion of EWMF) 
Computatiion of Tt (time of travel) 

Subarea descr. Tc or Tt Time (hrs) 

subarea 1' Tt 0.11 
subarea 2' Tt 0.00 
subarea 3' Tt 0.00 

-------------- -------- ---------- 



Quick TR-55 Ver.5.46 S/N:1315400199 
Executed: 13:58:16 01-14-1993 

Fernald, EWMF (west and north-west portion of EWMF) 
Computatiion of Tt (time of travel) 

Tc or Tt DATA ............................................................................. ........................................................................... 

minutes hours 
TOTAL Tt --- > '6.8 = 0.11 ................................. ................................. 

minutes hours 
TOTAL Tt --- > 0.0 = 0.00 ................................. ................................. 

Subarea: subarea 3' LENGTH VELOCITY TIME 
DESCRIPTION (feet) (ft/sec) minutes hours 

0.0 = 0.00 

minutes hours 
TOTAL Tt --- > 0.0 = 0.00 

................................ ---------- -------- - - - - - - - ----- 
- - __ 0 0.00 

- - - _ _  .. 
Outfall at design point 

- _ _  - - - _ _ _  --- 

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



Quick TR-55 Version: 5.46 S/N: 1315400199 Page 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 13:54:27 
Watershed file: --> C:\PONDPACK\EWM2 .MOP 
Hydrograph file: --> C:\PONDPACK\EWM2-25.HYD 

Fernald, EWMF (west-north portion) 
TR-55 Tabular Hydrograph method 

Type- 11. Distributiion 
(24 hour duration) 

Total area = 113.31 acres or 0.1770 sq.mi 
Peak discharge = 126 cfs 

WARNING: Drainage areas of two or more subareas 
differ by a factor of 5 or greater. 



Quick TR-55 Version: 5.46 S/N: 1315400199 
Return Frequency: 25 years ' 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 13:54:27 
Watershed file: --> C:\PONDPACK\EWM2 .MOP 
Hydrograph file: --> C:\PONDPACK\EWM2-25.HYD 

Fernald, EWMF (west-north portion) 
TR-55 Tabular Hydrograph method 

Type 11. Distributiion 
(24 hour duration) 

>>>> Summary of Subarea Times to Peak <<<< 



Quick TR-55 Version: 5.46 S/N: 1315400199 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 

(24 hr. Duration Storm) 

Executed: 01-14-1993 13:54:27 
Watershed file: ---> C:\PONDPACK\EWM2 .MOP 
Hydrograph file: --> C:\PONDPACK\EWM2-25.HYD 

Fernald, EWMF (west-north portion) 
TR-55 Tabular Hydrograph method 

Type 11.. Distributiion 
(24 hour duration) 



Quick TR-55 Version: 5.46 S/N: 1315400199 / - -  Page 4 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 01-14-1993 13:54:27 
Watershed file: --> C:\PONDPACK\EWM2 .MOP 
Hydrograph file: --> C:\PONDPACK\EWM2-25.HYD 

Fernald, EWMF (west-north portion) 

(24 hour duration) 

TR-55-Tabu-l-ar-Hydrograph-method-- ___ - - - - - - - - - 
- Type I I . D-i s t r-i bu t-i-i on 

r- 



\ 





APPENDIX H 
ANALYSIS OF SLOPE STABILITY 



INTERNATIONAL 
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Date Subject Sheet No.- of - BY 
Chkd. By-Date Proj. No. 

om588 108-10-85 
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SLOPCON. IN November 18, 1992 Page 1 

PROFIL 
FERNALD SLOPE STABILITY ANALYSIS, TOTAL,IMMEDIATELY AFTER CONSTRUCTION, STATIC 
4 1  5 
0. 200. 1095. 200. 12  
1095. 200. 1660. 256.5 1 
1660. 256.5 1820. 264.5 1 
1820. 264.5 1980. 256.5 1 
1980. 256.5 2545. 200. 1 
1125. 200. 1660. 253.5 2 
1660. 253.5 1820. 261.5 2 
1820. 261.5 1980. 253.5 2 

- -19.80..-2 53_..5.-2 515_.-2 00..-2- - - - - - -  - - 
-1-145. 200. 1660. 251.5 3 

1660. 251.5 1820. 259.5 3 
1820. 259.5 1980. 251.5 3 
1980. 251.5 2495. 200. 3 
1195. 200. 1660. 246.5 4 
1660. 246.5 1820. 254.5 4 
1820. 254.5 1980. 246.5 4 
1980. 246.5 2445. 200. 4 
1235. 200. 1660. 242.5 5 
1660. 242.5 1820. 250.5 5 
1820. 250.5 1980. 242.5 5 
1980. 242.5 2405. 200. 5 
1340. 200. 1660. 240. 6 
1660. 240. 1820. 240. 6 
1820. 240. 1980. 240. 6 
1980. 240. 2300. 200. 6 
1340. 200. 2300. 200. 7 
1342. 199. 2298. 199. 8 
1346. 196.7 2294. 196.7 9 
1352. 194. 2288. 194. 1 0  
1356. 192. 2284. 192. 11 
1095. 200. 1195. 200, 1 2  
1195. 200. 1201. 197. 1 2  
1201. 197. 1340. 197. 1 2  
1340. 197. 1356. 189. 1 2  
1356. 189. 2284. 189. 12 

- 2284. 189. 2300. 197. 1 2  
2300. 197. 2439. 197. 1 2  
2439. 197. 2445. 200. 1 2  
2445. 200. 2545. 200. 1 2  
0. 160. 2545. 160. 13  
0. 20. 2545. 20. 14  
SOIL 
1 4  
110. 120. 0. 33. 0. 0. 1 
125. 130. 240. 35. 0. 0. 1 
150. 150. 0. 40. 0. 0. 1 
125. 127. 360. 13. 0. 0. 1 
110. 115. 0. 33. 0. 0. 1 

150. 150. 0. 40. 0. 0. 1 
125. 130. 240. 35. 0. 0. 1 
125. 127. 360. 13. 0. 0. 1 
125. 130. 240. 35. 0. 0. 1 
125. 127. 360. 13. 0. 0. 1 
120. 123. 780. 21. 0. 0. 1 

-130 .--140 .-0 .-35 .-0 .-0 .-1--- - - - __ 



SLOPCON. I N  November 1 8 ,  1992 

130.  135.  0 .  39 .  0 .  0 .  1 
150.  150.  0 .  4 0 .  0 .  0 .  1 
WATER 
1 6 2 . 4  
2 
0 .  115 .  
2545. 115 .  
LIMITS 
1 1  
0 .  20 .  2545.  20 .  
CIRCL2 

-20-10---- - -  - 

-500 .  1200.  1200.  1980.  
20.  30 .  0 .  0 .  

64 
Page 1-2 



SLOPCON.OUT November 18, 1992 Page 1 64.2 2 
** PCSTABLSM ** 

by 
Purdue University 

1 

--Slope Stability Analysis-- 
Simplified Janbu, Simplified Bishop 

or Spencer's Method of Slices 

____ p--Run-Date:----- - . .-_ - _ _  11118/_92- - _ _ _  - - .  - 
Time of- Run: 2020 
Run By: md 
Input Data Filename: a:slopcon.in 
Output Filename: a:slopcon.out 

PROBLEM DESCRIPTION FERNALD SLOPE STABILITY ANALYSIS, TOTAL, 
IMMEDIATELY AFTER CONSTRUCTION, STATIC 

BOUNDARY COORDINATES 

5 Top Boundaries 
4 1  Total Boundaries 

Boundary 
No. 

1 
2 
3 

. - .  4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
1 4  
15 
1 6  
1.7- 
1 8  
1 9  
20 
2 1  
22 
23 

X-Left 
( ft) 

.oo 
1095.00 
1660.00 

- 1820.00 
1980.00 
1125.00 
1660.00 
1820.00 
1980.00 
1145.00 
1660.00 
1820.00 
1980.00 
1195.00 
1660.00 
1820.00 

Y-Left 
(ft) 

200.00 
200.00 
256.50 

-264 50 
256.50 
200.00 
253.50 
261.50 
253.50 
200.00 
251.50 
259.50 
251.50 
200.00 
246.50 
254.50 

X-Right 
( ft) 

1095.00 
1660.00 
1820.00 
-1980.00 
2545.00 
1660.00 
1820.00 
1980.00 
2515.00 
1660.00 
1820.00 
1980.00 
2495.00 
1660.00 
1820.00 
1980.00 

-1980.-00- 246.-50- 2445 e - 0 0 -  
1235.00 200.00 1660.00 
1660.00 242.50 1820.00 
1820.00 250.50 1980.00 
1980.00 242.50 2405.00 
1340.00 200.00 1660.00 
1660.00 240.00 1820.00 

Y-Right 
( ft) 

200.00 
256.50 
264.50 
256.50 
200.00 
253.50 
261.50 
253.50 
200.00 
251.50 
259.50 
251.50 
200.00 
246.50 
254.50 
246.50 

-2 0 0,o 0 
242.50 
250.50 
242.50 
200.00 
240.00 
240.00 

Soil Type 
Below Bnd 

12 
1 

- 1  1 

1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4- 
5 
5 
5 
5 
6 

-- 

QOQs911 6 

12 
1 

- 1  1 

1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4- 
5 
5 
5 
5 
6 

-- 

QOQs911 6 
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24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

___ --35-- -- - 
_ .  36 

37 
38 
39 
40 
41 

1 

1820.00 
1980.00 
1340.00 
1342.00 
1346.00 
1352.00 
1356.00 
1095.00 
1195.00 
1201.00 
1340.00 

-1-3 56-.-00--- 
2284.00 
2300.00 
2439.00 
2445.00 

.oo 

.oo 

.. 

240.00 
240.00 
200.00 
199.00 
196.70 
194.00 
192.00 
200.00 
200.00 
197.00 
197.00 

189.00 
197.00 
197.00 
200.00 
160.00 
20.00 

-1-8 970 0- 

1980.00 
2300.00 
2300.00 
2298.00 
2294.00 
2288.00 
2284.00 
1195.00 
1201.00 
1340.00 
1356.00 

2300.00 
2439.00 
2445.00 
2545.00 
2545.00 
2545.00 

-2-284700- - 

.240.00 
200.00 
200.00 
199.00 
196.70 
194.00 
192.00 
200.00 
197.00 
197.00 
189.00 
-1-8 970 0- 
197.00 
197.00 
200.00 
200.00 
160.00 
20.00 

6 
6 
7 

9 
10 
11 
12 
12 
12 
12 

- -  12--- 
12 
12 
12 
12 
13 
14 

a 

- 

ISOTROPIC SOIL PARAMETERS 

14 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (PCf) (PSf) (deg) Param. (PSf) No. 

1 
2 
3 
4 
5 
6 
7 
-8 - 

9 
10 
11 
12 
13 
14 

_- . 

110.0 
125.0 
150.0 
125.0 
110.0 
130.0 
150.0 
125 .-0 
125.0 
125.0 
125.0 
120.0 
130.0 
150.0 

120.0 
130.0 
150.0 
127.0 
115.0 
140.0 
150.0 
13 0 :o 
127.0 
130.0 
127.0 
123.0 
135.0 
150.0 

.o 
240.0 

.o 
360.0 

.o 

.o 

.o 
240.0 
360.0 
240.0 
360.0 
780.0 

.o 

.o 

33.0 
35.0 
40.0 
13.0 
33.0 
35.0 
40.0 
35.0 - -  

13.0 
35.0 
13.0 
21.0 
39.0 
40.0 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 
:oo- 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 

.o 

.o 

.o 

.o 

.os 

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

i 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

- __ - - - ~ Uni-t-Weight-of-Water-= -6274 0- - 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 
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1 

Point X-Water Y-Water 
No. ( ft) ( ft) 

1 .oo 115.00 
2 2545.00 115.00 

64.2 2 
Page 1-3’ 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 

1 .oo 20.00 2545.00 20.00 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

200 Trial Surfaces Have Been Generated. 

10 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 500.00 ft. 

and X =1200.00 ft. 

Each Surface Terminates Between X =1200.00 ft. 
and X =1980.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 20.00 ft. 

. .  - .  

30.00 ft. Line Segments Define Each Trial Failure Surface. 

1 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. 
First. 

They Are Ordered - Most Critical 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 
_- - - - - 

___. 
~~ 

Failure Surface Specified By 26 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
-1-1- -- - 

12 
13  
14  
1 5  
1 6  
17  
18  
19  
20 
2 1  
22 
23 
24 
25 
26 

1089.47 
1118.46 
1147.66 
1177.06 
1206.61 
1236.31 
1266.12 
1296.02 
1325.98 
1355.97 

1415.95 
1445.88 
1475.75 
1505.52 
1535.16 
1564.65 
1593.97 
1623.09 
1651.98 
1680.61 
1708.97 
1737.03 
1764.76 
1792.14 
1807.37 

-1-3 8 5-e-9-7- 

200.00 
192.27 
185.39 
179.39 
174.26 
170.01 
166.64 
164.16 
162.57 
161.86 

163.11 
165.07 
167.92 
171.65 
176.27 
181.76 
188.12 
195.34 
203.43 
212.37 
222.16 
232.78 
244.23 
256.49 
263.87 

- 1-6-2704 - 

slice 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9- 

1 0  
11 
12 
13 
14 
15  

64.2 2 
Page 1-4 ' 

Circle Center At X = 1364.7 ; Y = 1172.8 and Radius, 1011.0 

*** 5.796 *** 

Individual data on the 48 slices 

Width Weight 

5.5 488.8 
23.5 15989.6 

6.5 8596.8 
20.0 37003.9 

2.7 6164.0 
29.4 86808.0 
17.9 69181.3 

6.0 25705.3 

28.4 141927.5 
1.3 7075.1 

29.8 172276.6 
29.9. 193091.4 
30.0 210673.9 
14.0 103632.1 

Ft(m) Lbs(kg) 

-5-e-6-2-5'1-8 077- 

Water 
Force 
TOP 

u s  (kg) 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

- r O - -  
.o 
.o 
.o 
.o 
.o 
.o 

Water 
Force 
Bot 

IJls (kg) 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

y o - -  
.o 
.o 
.o 
.o 
.o 
.o 

Tie 
Force 
Norm 

Lbs (kg) 
.o 
-0 
.o 
.o 
.o 
.o 
.o 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

-~ ,o- __- 

Tie 
Force 
Tan 

Lbs (kg) 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

~- TO- 
.o 
.o 
.o 
.o 
.o 
.o 

. -  

Earthquake 

Hor Ver Load 
Force Surcharge 

Lbs (kg) Lbs (kg) Lbs (kg) 
.o .o .o  
.o .o .o  
.o .o .o  
.o .o .o 
.o .o .o 
.o .o .o 
.o .o .o  

.o .o .o 

.o 
.o .o .o 
.o .o .o 
.o .o .o 
.o .o .o 
.o . o  .o 
.o .o .o 

__ - - - -. o- --~.o- -- 
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16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

-2.7- 

2.0 15276.3 
4.0 30528.5 
6.0 46357.5 
4.0 31031.2 

.o 250.3 
30.0 241215.6 
30.0 251196.7 
29.9 257479.8 
29.9 260306.2 
29.8 259686.6 
29.6 255655.0 

29.3 237574.9 
3.6 28089.3 
12.1 93732.5 
8.1 61066.6 
5.4 40393.3 
4.8 35660.6 
8.2 59328.7 
3.6 25297.4 
12.3 84464.0 
8.0 53293.5 
20.6 127216.1 
28.4 148940.5 
28.1 114487.6 
17.5 53268.4 
10.2 24789.6 
8.8 17835.1 
10.0 15877.9 
8.5 9158.1 
3.7 2602.1 
4.6 2096.2 
6.9 1140.2 

--29-.-5-248260 .-5-- - 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 
.o-.. -. .. 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

-. 0- - 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 
; O  
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o  
.o  
.o 
.o 

_ _ -  

Page 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 
,o- - 

.o 

.o 

.o 

.o 

.o 

.o ' 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

Failure Surface Specified By 15 Coordinate Points 

Point X-Surf Y-Surf 
- NO. -(ft) - ( ft) 

1 1126.32 
2 1154.76 
3 1183.79 
4 1213.26 
5 1243.05 
6 1273.01 
7 1303.00 
8 1332.90 
9 1362.55 
10 1391.82 
11 1420.59 
1-2 14-4-877-1- 
13 1476.05 
14 1502.49 
15 1513.58 

203.13 
193.60 
186.01 
180.42 
176.84 
175.29 
175.78 
178.31 
182.86 
189.41 
197.93 

220.73 
234.91 
241.86 

-208,39p - 

1-5 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 
-: 0- - 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o 

.o 

.o 
- TO- - 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

90 

Circle Center A t  X = 1280.8 ; Y = 616.8 and Radius, 441.6 

6 4 2 2  
.o  
.o  
.o  
.o 
.o  
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o  
.o  
.o  
.o  
.o 
.o  
.o  
.o  
.o 
.o  
.o 
.o  
.o 
.o  
.o 
.o  
.o  
.o 
.o  
.o 
.o  

- 
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*** 6.205 *** 

Page 1-6 64.2 2 

1 

Failure Surface Specified By 15 Coordinate Points 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1052.63 
1081.13 
1110.16 
1139.61 
1169.36 
1199.30 
1229.30 
1259.24 
1289.01 
1318.48 
1347.54 
1376.07 
1403.96 
1431.09 
1454.11 

200.00 
190.61 
183.05 
177.33 
173.49 
171.53 
171.47 
173.31 
177.04 
182.64 
190.09 
199.36 
210.42 
223.22 
235.91 

Circle Center At X = 1215.2 : Y = 645.7 and Radius, 474.4 

*** 6.525 *** 

Failure Surface Specified By 17 Coordinate Points 
- 

Point X-Surf Y-Surf 
No. (ft) ( ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9- 
10 
11 
12 
13 
14 
15 

1052.63 
1081.75 
1111.17 
1140.83 
1170.67 
1200.62 
1230.62 
1260.60 

1320.24 
1349.78 
1379.04 
1407.95 
1436.46 
1464.51 

-1290750- 

200.00 
192.77 
186.90 
182.41 
179.31 
177.60 
177.30 
178.39 

184.76 
190.02 
196.65 
204.64 
213.97 
224.62 

-180788- - 
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16 1492.03 236.57 
17 1500.05 240.50 

C i r c l e  Center  A t  X = 1222.2 ; Y = 820.4 and Radius,  643.2 

*** 6.596 *** 

-~ 
1 

. - -- - . - - -  _ _ _ - - - - -  - - - - -  - - 

F a i l u r e  S u r f a c e  S p e c i f i e d  By 17 Coordinate P o i n t s  -. 

P o i n t  X-Surf 
No. ( ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

1015.79 
1044.49 
1073.60 
1103.04 
1132.74 
1162.61 
1192.59 
1222.58 
1252.53 
1282.34 
1311.95 
1341.28 
1370.24 
1398.77 
1426.79 
1454.24 
1477.56 

C i r c l e  Center  A t  X = 

*** 6.683 

Y-Surf 
( ft) 

200.00 
191.28 
184.02 
178.25 
173.98 
171.23 
170.00 
170.28 
172.09 
175.42 
180.26 
186.59 
194.41 
203.68 
214.39 
226.51 
238.26 

1201.9 ; Y = 760.8 and Radius,  590.9 

*** 

F a i l u r e  S u r f a c e  S p e c i f i e d  By 12 Coordinate P o i n t s  

P o i n t  X-Surf Y-Surf 
No. ( ft) ( ft) 

' 1  
2- 
3 
4 
5 
6 
7 
8 

1089.47 
1117~4-1- 
1146.29 
1175.84 
1205.75 
1235.75 
1265.51 
1294.76 

200.00 . l . 8 9 T 0 6 ~ ~  -~ - _ _  -- - _. - . - ~ 

180.95 
175.75 
173.53 
174.28 
178.02 
184.71 
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Page 1-8 

9 1323.19 194.26 
10 1350.54 206.61 
11 1376.52 221.61 
12 1387.09 229.21 

Circle Center At X = 1212.9 : Y = 473.2 and Radius, 299.8 

*** 6.683 *** 

Failure Surface Specified By 34 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

- I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32- 
33 
34 

X-Surf 
( ft) 

868.42 
897.83 
927.34 
956.94 
986.61 
1016.36 
1046.16 
1076.02 
1105.93 
1135.87 
1165.83 
1195.82 
1225.82 
1255.82 
1285.81 
1315.79 
1345.74 
1375.67 
1405.55 
1435.38 
1465.16 
1494.87 
1524.51 
1554.06 
1583.52 
1612.88 
1642.14 
1671.28 
1700.29 
1729.17 
1757.91 

-17 8 675 0- 
1814.94 
1826.91 

Y-Surf 
( ft) 

200.00 
194.10 
188.69 
183.78 
179.37 
175.46 
172.05 
169.15 
166.75 
164.85 
163.46 
162.57 
162.19 
162.32 
162.95 
164.09 
165.73 
167.88 
170.53 
173.68 
177.34 
181.50 
186.16 
191.31 
196.97 
203.12 
209.77 
216.90 
224.53 
232.65 
241.25 

259.90 
264.15 

- -250r33-- _ _  _ _ _ -  -. - - - ~ - 

Circle Center At X = 1233.3 : Y = 1940.8 and Radius, 1778.6 

000538 
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*** 6.690 *** 
Page 1-9, 64.2 2 

Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

-.-I- . ~ - 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15. 
16 
17 
18 

11-26732- - - 

1155.97 
1185.75 
1215.64 
1245.59 
1275.59 
1305.59 
1335.55 
1365.46 
1395.27 
1424.96 
1454.49 
1483.82 
1512.93 
1541.79 
1570.35 
1598.60 
1605.78 

-2 0-3713 
198.56 
194.97 
192.37 
190.76 
190.14 
190.51 
191.88 
194.24 
197.59 
201.92 
207.23 
213.51 
220.76 
228.98 
238.14 
248.24 
251.08 

Circle Center At X = 1279.2 ; Y = 1095.3 and Radius, 905.2 

*** 6.710 *** 

1 

Failure Surface Specified By 32 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

978.95 
1008.63 
1038.37 
1068.16 
1098.01 
1127.89 

1187.77 
1217.74 
1247.73 
1277.73 
1307.73 
1337.72 

-1-1-57-8 2--- - 

200.00 
195.62 
191.69 
188.19 
185.14 
182.53 

178.65 
177.37 
176.53 
176.15 
176.20 
176.70 

. ~ -  _ _  - - . -  -180~37- - - 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5- 
26 
27 
28 
29 
30 
31 
32 

___ - ._ - - - __  
-. . 

. 

November 

1367.71 
1397.67 
1427.62 
1457.53 
1487.41 
1517.24 
1547.02 
1576.75 
1606.41 
1636.00 
1665.52 

1724.30 
1753.55 
1782.69 
1811.73 
1840.66 
1869.46 
1871.86 

-16 9.4~9 5- - - 

18, 1992 
5 64.2 2 

Page 1-10 

177.65 
179.04 
180.87 
183.15 
185.87 
189.03 
192.64 
196.69 
201.17 
206.10 
211.46 
217~26- - - - 

223.50 
230.17 
237.27 
244.81 
252.77 
261.17 
261.91 

. - - .  

Circle Center At X = 1288.9 ; Y = 2199.4 and Radius, 2023.3 

*** 6.867 *** 

Failure Surface Specified By 29 Coordinate Points 

Point 
No. 

1 
2 
3 
4 

- -  5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

-18- 
19 
20 
21 
22 
23 
24 

X-Surf 
( ft) 

978.95 
1008.77 
1038.63 
1068.53 
1098.46 
1128.41 
1158.39 
1188.38 
1218.37 
1248.37 
1278.37 
1308.36 
1338.33 
1368.28 
1398.21 
1428.10 
1457.96 
1-4-8 7T7 7-- 
1517.53 
1547.23 
1576.88 
1606.45 
1635.96 
1665.39 

Y-Surf 
( ft) 

200.00 
196.71 
193.83 
191.36 
189-.-32 
187.69 
186.47 
185.67 
185.29 
185.33 
185.78 
186.65 
187.94 
189.64 
191.76 
194.29 
197.25 
2-0O76lp -- ~ - 

204.39 
208.58 
213.19 
218.20 
223.63 
229.47 
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25 1694.73 235.71 
26 1723.98 242.36 
27 1753.14 249.42 
28 1782.20 256.88 
29 1808.02 263.90 

Circle Center At X = 1230.8 : Y = 2343.5 and Radius, 2158.3 

*** 7.116 *** 

.oo 318.13 636.25 954.38 1272.50 1590.63 

X 

- - 
.. - 
... - 

A 636.25 + .... ..... - ..... - ...... - 
..... 7 ..... 7 

954.38 +..... 7 ..... 5 . . . .73 . . . .5* . . . .3*. . . . .1*. 
I 1272.50 +.... 12. .... l*. . . . .1*3 . . . .122 . . . .1724 ..... 182 
S 1590.63 + .... 188 

- - 
- 

- - - 
- - 
- - - 
- - 

- - - -- ~ - - _ _ _  .... 17*- - - 

. . . . .l. . . . .11 . . .9* . . .9 
1908.75 + ... 

- - - - 
- * 
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64-3 Q 
SLOPCON.OUT N o v e m b e r  1 8 ,  1992 

- - 
F 2226.88  + - * - - * - * 

- * 
T 2545.00 +* W** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- .- __ - ._ ~ - - -1 

__ 

****** - Illegal Command ****** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Legal Commands PROFIL 
LOADS 
T I E S  
WATER 
SURFAC 
EXECUT 
EQUAKE 
SOIL 

.RANDOM 
CIRCLE 
CIRCL2 
BLOCK 
BLOCK2 
LIMITS 
A N I S 0  
SURBIS 
SPENCR 
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Page 1 

PROFIL 
FEFWALD SLOPE STABILITY ANALYSIS, EFFECTIVE, LONG TERM, STATIC 
41 5 
0 .  200. 1095. 200. 12 
1095. 200. 1660. 256.5 1 
1660. 256.5 1820. 264.5 1 
1820. 264.5 1980. 256.5 1 
1980. 256.5 2545. 200. 1 
1125. 200. 1660. 253.5 2 
1660. 253.5 1820. 261.5 2 
1820. 261.5 1980. 253.5 2 

- - -198 0-.-2-5-3-i-5-2-5-1-5-.-2 00-.-2- - - - _  - -  

-1145. 200. -1660. 251,5 3 
- 

1660. 251.5 1820. 259.5 3 
1820. 259.5 1980. 251.5 3 
1980. 251.5 2495. 200. 3 
1195. 200. 1660. 246.5 4 
1660. 246.5 1820. 254.5 4 
1820. 254.5 1980. 246.5 4 
1980. 246.5 2445. 200. 4 
1235. 200. 1660. 242.5 5 
1660. 242.5 1820. 250.5 5 
1820. 250.5 1980. 242.5 5 
1980. 242.5 2405. 200. 5 
1340. 200. 1660. 240. 6 
1660. 240. 1820. 240. 6 
1820. 240. 1980. 240. 6 
1980. 240. 2300. 200. 6 
1340. 200. 2300. 200. 7 
1342. 199. 2298. 199. 8 
1346. 196.7 2294. 196.7 9 
1352. 194. 2288. 194. 10 
1356. .192. 2284. 192. 11 
1095. 200. 1195. 200. 12 
1195. 200. 1201. 197. 12 
1201. 197. 1340. 197. 12 
1340. 197. 1356. 189. 12 
1356. 189. 2284. 189. 12 
2284-~189. 2-300. 197. -12 
2300. 197. 2439. 197. 12 
2439. 197. 2445. 200. 12 
2445. 200. 2545. 200. 12 
0. 160. 2545. 160. 13 
0. 20. 2545. 20. 14 
SOIL 
14 
110. 120. 0. 33. 0. 0. 1 
125. 130. 240. 35. 0. 0. 1 
150. 150. 0. 40. 0. 0. 1 
125. 127. 375. 24. 0. 0. 1 
110. 115. 0. 33. 0. 0. 1 

150. 150. 0. 40. 0. 0. 1 
125. 130. 240. 35. 0. 0. 1 
125. 127. 375. 24. 0. 0. 1 
125. 130. 240. 35. 0. 0. 1 
125. 127. 375. 24. 0. 0. 1 
120. 123. 500. 32. 0. 0. 1 

-1-30,-140,0~35,0,0~1~~~~ ~- - - _ _  - _ -  - - _ _  - ~ ~ -  ~ 

OQOG03 
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- - - - ._ - -2 0-10 
-500~-11-400. 1200.  1980.  

20.  30 .  0 .  0 .  

SLOEFST. I N  

130 .  135 .  0 .  
150 .  150 .  0 .  
WATER 
1 62..4 
2 
0 .  115 .  
2545.  115 .  
LIMITS 
1 1  
0 .  20 .  2545.  
CIRCL2 

39 .  0 .  0 .  
4 0 .  0. 0. 

20 .  

November 19 ,  1992 Page 1-2 

1 
1 
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1 

November 19, 1992 

** PCSTABL5M ** 
by 

Purdue University 

Page 1 

--Slope Stability Analysis-- 
Simplified Janbu, Simplified Bishop 

or Spencer's Method of Slices 

- .  . -  - - -- - --11-/19j92 - _ _ _  Run-Date :-- --- -- - 

Time- of Run: 1010 
Run By: md 
Input Data Filename: a:sloefst.in 
Output Filename: a:sloefst.out 

- 

PROBLEM DESCRIPTION FERNALD SLOPE STABILITY ANALYSIS, EFFECT 
IVE, LONG TERM, STATIC 

BOUNDARY COORDINATES 

5 Top Boundaries 
41 Total Boundaries 

Boundary 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17- 
18 
19 
20 
21 
22 
23 

-. - 

X-Left 
( ft) 

.oo 
1095.00 
1660.00 
1820.00 
1980.00 
1125.00 
1660.00 
1820.00 
1980.00 
1145.00 
1660.00 
1820.00 
1980.00 
1195.00 
1660.00 
1820.00 

1235.00 
1660.00 
1820.00 
1980.00 
1340.00 
1660.00 

-198 Or00 

Y-Left 
( ft) 

200.00 
200.00 
256.50 
264.50 
256.50 
200.00 
253.50 
261.50 
253.50 
200.00 
251.50 
259.50 
251.50 
200.00 
246.50 
254.50 

-24.675 0- 
200.00 
242.50 
250.50 
242.50 
200.00 
240.00 

X-Right 
( ft) 

1095.00 
1660.00 
1820.00 
-1980.00.- 
2545.00 
1660.00 
1820.00 
1980.00 
2515.00 
1660.00 
1820.00 
1980.00 
2495.00 
1660.00 
1820.00 
1980.00 
-24-4-570 0- 
1660.00 
1820.00 
1980.00 
2405.00 
1660.00 
1820.00 

Y-Right 
( ft) 

200.00 
256.50 
264.50 
-256.50 
200.00 
253.50 
261.50 
253.50 
200.00 
251.50 
259.50 
251.50 
200.00 
246.50 
254.50 
246.50 

-2 0 OTO 0- 
242.50 
250.50 
242.50 
200.00 
240.00 
240.00 

Soil Type 
Below Bnd 

12 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 

- -~ 4-- 
5 
5 
5 
5 
6 
6 



SLOEFST.OUT 

24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 

-3 5- 
. 36 

37 
38 
39 
40 
4 1  

_ _ _  .- ~ 

.- 

1 

November 19, 1992 

1820.00 
1980.00 
1340.00 
1342.00 
1346.00 
1352.00 
1356.00 
1095.00 
1195.00 
1201.00 
1340.00 

-1-356~00-- 
2284.00 
2300.00 
2439.00 
2445.00 

.oo 

.oo 

240.00 
240.00 
200.00 
199.00 
196.70 
194.00 
192.00 
200.00 
200.00 
197.00 
197.00 

---189~00 - 
189-. 00 
197.00 
197.00 
200.00 
160.00 

20.00 

ISOTROPIC SOIL PARAMETERS 

14 Type(s) of Soil 

1980.00 
2300.00 
2300.00 
2298.00 
2294.00 
2288.00 
2284.00 
1195.00 
1201.00 
1340.00 
1356.00 

-22 8 4 ~ 0 0 -  
2300.00 
2439.00 
2445.00 
2545.00 
2545.00 
2545.00 

Soil Total Saturated Cohesion Friction 

Page 1-2 

240.00 
200.00 
200.00 
199.00 
196.70 
194.00 
192.00 
200.00 
197.00 
197.00 
189.00 

- -1-8 9sO 0- - 

197.00 
197.00 
200.00 
200.00 
160.00 

20.00 

6 
6 
7 
8 
9 

10  
11 
12 
12 
12  
12  

- -1-2-- 
12 
12  
12  
12 
13 
14  

- 

Pore Pressure P tez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (PCf) (PSf) (deg) Param. (PSf) No. 

1 
2 
3 
4 
5 
6 
7 

- 8  
9 

10 
11 
12 
13 
14 

. .~ 

110.0 
125.0 
150.0 
125.0 
110.0 
130.0 
150.0 
125.0 
125.0 
125.0 
125.0 
120.0 
130.0 
150.0 

120.0 
130.0 
150.0 
127.0 
115.0 
140.0 
150.0 
130.0 
127.0 
130.0 
127.0 
123.0 
135.0 
150.0 

.o 
240.0 

. o  
375.0 

.o 

.o 

.o 
240; 0 
375.0 
240.0 
375.0 
500.0 

.o 

.o 

33.0 
35.0 
40.0 
24.0 
33.0 
35.0 
40.0 
35.0 
24.0 
35.0 
24.0 
32.0 
39.0 
40.0 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.o 

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

_ _  _ _  _ -  --Unit-Weight-of-Water-=-62.4 0- - __-- 
- -- 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 



SLOEFST.OUT November 19, 1992 

1 

Point X-Water Y-Water 
No. ( ft) ( ft) 

1 .oo 115.00 
2 2545.00 115.00 

Page 1-3 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 

.oo 20.00 2545.00 20.00 1 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

200 Trial Surfaces Have Been Generated. 

10 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 500.00 ft. 

and X =1400.00 ft. 

Each Surface Terminates Between X =1200.00 ft. 
and X =1980.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 20.00 ft. - 

- - -- - 

30.00 ft. Line Segments Define Each Trial Failure Surface. 

1 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 
__ . - - .- 

~~ __-- - 

Failure Surface Specified By'll Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 
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1 1352.63 225.76 
2 1382.28 221.19 
3 1412.16 218.49 
4 1442.15 217.67 
5 1472.13 218.73 
6 1501.98 221.68 
7 1531.60 226.49 
8 1560.85 233.15 
9 1589.62. 241.63 
10 1617.81 251.91 

~ - - - __ - _. . . . - - - -1-1-. - . --1-6.1-8-9.1-- - - - -2 5-2- -3 9 - - - 

__ 
Circle Center At X = 1440.2 : Y = 695.3 and Radius, 477.6 

*** 7.073 *** 

Individual data on the 18 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight TOP Bot N o r m  Tan Hor Ver Load 
N o .  Ft(m) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) 
1 11.8 1947.2 .o -. 0 .o .o .o .o .o 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

7.9 
10.0 
12.9 
16.9 
6.1 

23.9 
30.0 
29.9 
29.6 
24.8 
4.4 
17.6 
11.1 
10.7 
7.6 
9.9 
1.1 

3579.7 
7688.3 
14811.6 
25955.1 
10813.9 
47780.3 
68103.2 
71062.5 
67536.2 
49775.3 
7930.6 

27233.5 
13007.6 
8468.5 
3440.0 
1842.4 
22.6 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o . -0 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

Failure Surface Specified By 15 Coordinate Points 

- 
Point X-Surf Y-Surf 
No. (ft-1- -- ~ (-ft')r- -~ -- 

1. 1257.90 216.29 
2 1287.38 210.75 
3 1317.08 206.56 
4 1346.95 203.74 
5 1376.92 202.30 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o 

.o 

.o  

.o  

.o 

.o  

.o  

.o  

.o 

.o  

.o 

.o  

.o  

.o 

.o  

.o  

-. 
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6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

November 19, 1992 

1406.92 
1436.89 
1466.77 
1496.49 
1526.00 
1555.23 
1584.12 
1612.61 
1640.64 
1652.40 

202.23 
203.53 
206.21 
210.26 
215.67 
222.42 
230.51 
239.92 
250.62 
255.74 

Page 1-5 

__ ~_ - C-i-rcZe-Cenker-At-X- =- 1-393; 4 -;-Y -= -855.9- and Radius, -653-;8- ~ - 
- 

*** 7.216 *** 

1 

Failure Surface Specified By 21 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1163.16 
1192.45 
1221.94 
1251.60 
1281.39 
1311.28 
1341.24 
1371.23 
1401.23 
1431.20 
1461.10 
1490.90 
1520.58 
1550.09 
1579.40 
1608.49 
1637.32 
1665.86 
1694.08 
1721.94 
1741.00 

206.82 
200.33 
194.82 
190.30 
186.76 
184.21 
182.66 
182.10 
182.54 
183.97 
186.40 
189.82 
194.23 
199.62 
205.99 
213.32 
221.62 
230.87 
241.07 
252.19 
260.55 

Circle Center At X = 1373.0 ; Y = 1085.5 and Radius, 903.4 

Failure Surface Specified By 25 Coordinate Points 

OQ06309 
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Point 
No. 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 ’ 
22 
23 
24 
25 

___ - - -. _ _  - -. - 
-. 

. - -  

November 19, 1992 

X-Surf 
( ft) 

1021.05 
1050.47 
1080.02 
1109.69 
1139.46 
1169.32 
1199.24 

1259.20 
1289.20 
1319.19 
1349.15 
1379.06 
1408.90 
1438.65 
1468.31 
1497.83 
1527.22 
1556.44 
1585.49 
1614.34 
1642.97 
1671.37 
1699.52 
1716.23 

-1-2-2 9-2-1.- - . - 

Y-Surf 
( ft) 

200.00 
194.10 
188.93 
184.50 
180.83 
177.89 
175.71 
1-7-472 8-- 
173.59 
173.66 
174.48 
176.06 
178.38 
181.45 
185.27 
189.83 
195.13 
201.17 
207.95 
215.45 
223.68 
232.63 
242.30 
252.67 
259.31 

Page 1-6 

Circle Center At X = 1271.4 ; Y = 1370.9 and Radius, 1197.4 

*** 7.518 *** 

Failure Surface Specified By 11 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 
3 
4 
5 
6 
7- 
8 
9 
10 
11 

1305.26 
1333.71 
1362.94 
1392.68 
1422.67 
1452.61 

1511.25 
1539.41 
1566.43 
1585.58 

1-4-8 2s2 3--- 

221.03 
211.49 
204.74 
200.84 
199.83 
201.71 

-20.~647 
214.06 
224.42 
237.44 
249.06 

~ - _ _  ~ _. ---. - ~ - -  

Circle Center At X = 1418.2 ; Y = 510.6 and Radius, 310.8 
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*** 

November 19, 1992 

7.654 *** 

Page' 1-7 

Failure Surface Specified By 6 Coordinate Points 

1 1257.90 216.29 
2 1286.42 207. Ok 
3 1316.27 204.02 
4 1346.08 207.45 
5 1374.46 217.15 
6 1395.86 230.09 

Circle Center At X = 1314.9 ; Y = 342.6 and Radius, 138.6 

*** 7.725 *** 

1 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 1210.53 211.55 
2 1239.58 204.09 
3 1269.55 202.64 
4- 1299-;19 207.26 
5 1327.29 217.76 
6 1337.64 224.26 

Circle Center At X = 1261.2 ; Y = 347.0 and Radius, 144.6 

*** 7.818 *** 

Failure Surface Specified By 14 Coordinate Points 
~- --_____ -- - 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 1115.79 202.08 
2 ' 1144.84 194.59 
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3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1-4- - 

November 19, 1992 Page 1-8 642 2 
1174.29 
1204.04 
1233.97 
.1263.97 
1293.93 
1323.73 
1353.28 
1382.46 
1411.15 
1439.26 
1466.69 

-1-4-8.1~0 1- 

Circle Center At X = 

188.89 
184.99 
182.91 
182.65 
184.22 
187.61 
192.80 
199.79 
208.53 
219.01 
231.17 

- -  -- -238,60 - -- - - - -  - - -  - 

1253.0 ; Y = 673.8 and Radius, 491.3 

*** 7.907 *** 

1 

Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11- 
12 
13 
14 

1257.90 
1284.13 
1311.78 
1340.52 
1370.01 
1399.93 
1429.91 
1459.62 
1488.71 
1516.85 
1543-.-71 
1568.97 
1592.35 
1597.72 

216.29 
201.74 
190.10 
181.48 
176.01 
173.73 
174.68 
178.84 
186.17 
196.58 
209i95 
226.12 
244.92 
250.27 

Circle Center At X = 1405.9 : Y = 451.9 and Radius, 278.3 

*** 8.002 *** 

. ,-.__ _ _  ~- -- 
Fa-i-lure-Sur f a-ce-speclf iKd-BT9-C6Crdinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 1400.00 230.50 080622 
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1427.41 218.31 
1456.36 210.44 
1486.17 207.07 
15.16.15 208.28 
1545.59 214.04 
1573.81 224.23 
1600.14 238.59 
1618.11 252.31 

Page 1-9 642 2 

Circle Center At X = 1493.3 : Y = 403.3 and Radius, 196.3 

1 

Y A X I s F T 

.oo 318.13 636.25 954.38 1272.50 1590.63 

X 

A 

318.13 + - - - .. - 
... - 

636.25 + .... ..... - ..... - 
...... - 

X 

...... - 

...... - 
954.38 +...... ..... 4 ..... 4 - .....* . . . . .*3 . . . .4*7 

I 1272.50 +.... 432 . . . .4*5 . . . .9*1 . . . .921 . . . . . . 2 . 1 . 8 ~  __ ~ - - -  - 

9 . .  . .31. 
S 1590.63 +..... 321 . . . . .3* ...... 3 ...... 3 - .....* 

- - 
- 
- 
- - 

.. . _ _ ~ ~  ~- - 
- - - 

- 
- - - 
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1908.75 

F 2226.88 
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..... - 
+ .... 

.* - - 

Page 1-LO 64.2 2 

_ _ _ _ -  - - --*- _ _ _ _  __ - - - - - -  -- - -  

- * 
____- 

_- 

T 2545.00 +* W** 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

****** - Illegal Command ****** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-- + -  --  

Legal Commands - PROFIL 
LOADS 
TIES 
WATER 
SURFAC 
EXECUT 
EQUAKE 
SOIL 
RANDOM 
CIRCLE 
CIRCL2 
BLOCK 
BLOCK2 
LIMITS 
ANIS0 
SURBIS 
SPENCR 

- - -  - - __ - _- - - -  
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PROFIL 
FERNALD SLOPE STABILITY ANALYSIS, EFFECTIVE, LONG TERM, SEISMIC 
4 1  5 
0. 200. 1095.  200. 1 2  
1095.  200. 1660.  256 .5  1 
1660.  256 .5  1820.  264 .5  1 
1820.  264 .5  1980.  256 .5  1 
1980.  256 .5  2545.  200.  1 
1125.  200. 1660.  253 .5  2 
1660.  253 .5  1820 .  261 .5  2 
1820.  261.5 1980.  253 .5  2 

-19 8 O r 2  5-3~5-2 5-1-572 0 0 ~ - 2 ~ -  

1660.  251.5 1820.  259 .5  3 
1820.  259.5 1980 .  251 .5  3 
1980.  251 .5  2495.  200.  3 
1195.  200. 1660.  246 .5  4 
1660.  246.5 1820 .  254 .5  4 
1820.  254 .5  1980 .  246 .5  4 
1980.  246 .5  2445.  200.  4 
1235.  200. 1660.  242 .5  5 
1660.  242 .5  1820 .  250 .5  5 
1820.  250.5 1980 .  242 .5  5 
1980.  242 .5  2405.  200.  5 
1340.  200. 1660.  240. 6 
1660.  240. 1820.  240.  6 
1820.  240. 1980.  240.  6 
1980.  240. 2300. 200. 6 
1340.  200. 2300.  200. 7 
1342.  199 .  2298. 199. 8 
1346.  196 .7  2294.  1 9 6 . 7  9 
1352.  194 .  2288. 194 .  10  
1356.  1 9 2 .  2284. 192 .  11 
1095.  200. 1195.  200.  1 2  
1195.  200. 1201.  1 9 7 .  1 2  
1201.  197 .  1340.  197 .  1 2  
1340.  197 .  1356.  189. 1 2  
1356.  189 .  2284. 189. 1 2  
2284. -189. 2300. 197 .  1 2  
2300. 197 .  2439. 197 .  1 2  
2439. 197 .  2445. 200. 1 2  
2445. 200. 2545. 200.  1 2  
0.  160 .  2545. 160 .  13 
0. 20., 2545. 20. 1 4  
SOIL 
14  
110. 120 .  0. 33.  0. 0. 1 
125.  130 .  240.  35. 0. 0.  1 
150.  150 .  0. 40.  0. 0. 1 
125.  1 2 7 .  375. 24.  0. 0. 1 
110. 115. 0.  33. 0. 0.  1 

-1-3 0.14 0 ~ 0 ~ 3 5 ~ O ~ O T l ~  
150.  150 .  0.  40.  0. 0. 1 
125.  130 .  240. 35. 0. 0. 1 
125.  1 2 7 .  375.  24. 0. 0. 1 
125.  130 .  240. 35. 0. 0. 1 
125.  127 .  375.  24.  0. 0. 1 
120.  123 .  500.  32 .  0. 0. 1 

- - _ -  - _ _  - - 

-114-5. 200. 1660.  251 .5  3 

_ _  _ _  - __- _ _ _ _  - . - - -  _ _  
~ ~ __ 
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1 3 0 .  1 3 5 .  0 .  3 9 .  0 .  0 .  1 
1 5 0 .  150 .  0 .  4 0 .  0 .  0 .  1 

b 

P a g e  1-2 

WATER 
1 62.4  
2 
0 .  115. 
2 5 4 5 .  115. 
EQUAKE 
0 . 1 3  0. 0. 
LIMITS 
1 1  

-0-e-2 0 .-2 5 4 5-e-2 O-i--- 
-CIRCL2 - 

2 0  10 
5 0 0 .  1400 .  1 2 0 0 .  1980.  
2 0 .  3 0 .  0 .  0 .  
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** PCSTABLSM ** 
by 

Purdue University 
1 

--Slope Stability Analysis-- 
Simplified Janbu, Simplified Bishop 

or Spencer's Method of Slices 

_ _ _  -. - Run-Date : 
Time -of Run: 
Run By: 
Input Data Filename: 
Output Filename: 

- 

PROBLEM DESCRIPTION 

BOUNDARY COORDINATES 

I 

5 Top Boundaries 
4 1  Total Boundaries 

Page 1 

-l-l-,l-glg2-.---- . ~ _. ~. - ~- - 

1100 
md 
a:slopfse. in 
a:slopfse.out 

FERNALD SLOPE STABILITY ANALYSIS, EFFECT 
IVE, LONG TERM, SEISMIC 

Boundary X-Left Y-Left 
No. ( ft) (ft) 

1 
2 
3 

- 4  
5 
6 
7 
8 
9 

1 0  
.ll 
1 2  
1 3  
14  
15 
1 6  
17- 
18 
1 9  
20 
2 1  
22  
23 

.oo 
1095.00 
1660.00 

- 1820.00 
1980.00 
1125.00 
1660.00 
1820.00 
1980.00 
1145.00 
1660.00 
1820.00 . 
1980.00 
1195.00 
1660.00 
1820.00 

-19 8 O T O  0- 
1235.00 
1660.00 
1820.00 
1980.00 
1340.00 
1660.00 

200.00 
200.00 
256.50 
264-. 50.- 
256.50 
200.00 
253.50 
261.50 
253.50 
200.00 
251.50 
259.50 
251.50 
200.00 
246:50 
254.50 

-24-63 0- 
200.00 
242.50 
250.50 
242.50 
200.00 
240.00 

1095.00 
1660.00 
1820.00 
1980.00- 
2545.00 
1660.00 
1820.00 
1980.00 
2515.00 
1660.00 
1820.00 
1980.00 
2495.00 
1660.00 
1820.00 
1980.00 

1660.00 
1820.00 
1980.00 
2405.00 
1660.00 
1820.00 

-24&5T0-OP 

Y-Right 
( ft) 

200.00 
256.50 
264.50 
256.50 
200.00 
253.50 
261.50 
253.50 
200.00 
251.50 
259.50 
251.50 
200.00 
246.50 
254.50 
246.50 
200.00 
242.50 
250.50 
242.50 
200.00 
240.00 
240.00 

Soil Type 
Below Bnd 

1 2  
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 '  
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 

-. - - 
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1 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

36 
37 
38 
39 
40 
41 

-3.5- - -- 

1820.00 
1980.00 
1340.00 
1342.00 
1346.00 
1352.00 
1356.00 
1095.00 
1195.00 
1201.00 
1340.00 
-1-3.5 6-a-0 0- ~ - 
2284.00 
2300.00 
2439.00 
2445.00 

.oo 

.oo 

ISOTROPIC SOIL PARAMETERS 

14 Type(s) of Soil 

240.00 
240.00 
200.00 
199.00 
196.70 
194.00 
192.00 
200.00 
200.00 
197.00 
197.00 

189.00 
197.00 
197.00 
200.00 
160.00 
20.00 

Z-89700- 

1980.00 
2300.00 
2300.00 
2298.00 
2294.00 
2288.00 
2284.00 
1195.00 
1201.00 
1340.00 
1356.00 
2-2 84700- 
2300.00 
2439.00 
2445.00 
2545.00 
2545.00 
2545.00 

Soil Total Saturated Cohesion Friction 

Page 1-2 

240.00 
200.00 
200.00 
199.00 
196.70 
194.00 
192.00 
200.00 
197.00 
197.00 
189.00 

- --189,00 
197.00 
197.00 
200.00 
200.00 
160.00 
20.00 

Pore Pr8-ssi 

642 2 
6 
6 
7 
8 
9 
10 
11 
12 
12 
12 
12 
12-- 
12 
12 
12 
12 
13 
14 

- - 

re Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No* (PCf) , (PCf) (PSf) (deg) Param. (PSf) N o .  

1 110.0 120.0 
2 125.0 130.0 
3 150.0 150.0 
4 125.0 127.0 
5 110.0 115.0 
6 130.0 140.0 
7 150.0 150.0 
8 - 125-.-0 130.0 
9 125.0 127.0 
10 125.0 130.0 
11 125.0 127.0 
12 120.0 123.0 
13 130.0 135.0 
14 150.0 150.0 

.o 
240.0 

.o 
375.0 

.o 

.o 

.o 
240.0 
375.0 
240.0 
375.0 
500.0 

.o 

.o 

33.0 
35.0 
40.0 
24.0 
33.0 
35.0 
40.0 
35 .-0 
24.0 
35.0 
24.0 
32.0 
39.0 
40.0 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.o 

.o 

.o 

.o 

.o 

.o 

.o .- 0 

.o 

.o 

.o 

.o 

.o 

.o 

1 
1 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 

OGQ618 
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Point X-Water Y-Water 
No. ( ft) (ft) 

1 .oo 115.00 
2 2545.00 115.00 

A Horizontal Earthquake Loading Coefficient 
Of .130 Has Been Assigned 

- _ _  ~ -. .. - 
_ _  _ _  - A-Verkka-1-Earthquake-Loading-Coef f ici-ent- - 

- Of . O O O  Has Been Assigned 

Cavitation Pressure = .o psf 
1 

Searching Routine Will Be Limited To An Area Defined By 1 Boundaries 
Of Which The First 1 Boundaries Will Deflect Surfaces Upward 

Boundary X-Left Y-Left - X-Right Y-Right 
No. ( ft) ( ft) ( ft) (ft) 

1 .oo 20.00 2545.00 20.00 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

200 Trial Surfaces Have Been Generated. 

10 Surfaces Initiate From Each Of 20 Points Equally Spaced 
Along The Ground Surface Between X = 500.00 ft. 

and- X =1400.00- ft; 

Each Surface Terminates Between X =1200.00 ft. 
and X =1980.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 20.00 ft. 

30.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 
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J 
I 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

i Failure Surface Specified By 11 Coordinate Points 

Slice 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 
14 
15- 
1 6  
17 
18 

Point 
No. 

1 
--2-- 

3 
4 
5 
6 
7 
8 
9 
10 
11 

X-Surf 
( ft) 

1352.63 

1412.16 
1442.15 
1472.13 
1501.98 
1531.60 
1560.85 
1589.62 
1617.81 
1618.91 

-1-3 8 -2-.-2 8 - 

Y-Surf 
( ft) 

225.76 
2.2-141-9 - - - ~ ~ - - - - - - . - . 

218.49 
217.67 
218.73 
221.68 
226.49 
233.15 
241.63 
251.91 
252.39 

Circle Center At X = 1440:2 ; Y = 695.3 and Radius, 477.6 

*** 3.040 *** 

Individual data on the 18 slices 

Width 
Ft (m) 

11.8 
7.9- 

10.0 
12.9 
16.9 

6 . 1  
23.9 
30.0 
29.9 
29.6 
24.8 

4.4 
17.6 
11.1 

- 1 0 ~ 7 -  
7.6 
9.9 
1.1 

Weight 

1947.2 
- - 3579.7 - 

7688.3 
14811.6 
25955.1 
10813.9 
47780.3 
68103.2 
71062.5 
67536.2 
49775.3 

7930.6 
27233.5 
13007.6 

-8-4-6 8 ~ 5 -  
3440.0 
1842.4 

22.6 

u s  (kg) 

Water 
Force 
TOP 

u s  (kg) 
.o 
0 -  0 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o . 0- 
.o 
.o 
.o 

- 

Water 
Force 
Bot 

(kg) 
.o 
:O 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o- 
.o 
.o 
.o 

Tie Tie Earthquake 
Force Force Force Surcharge 
N o r m  Tan Hor Ver Load 
u s  (kg) u s  (kg) (kg) u s  (kg) u s  (kg) 

.o . O  253.1 .o .o  
- .o . O  465.4 .o .o 

.o .o 999.5 .o .o 

.o . O  1925.5 .o .o 

.o . o  3374.2 .o .o  

.o . O  1405.8 .o .o  

.o . O  6211.4 .o .o  

.o . O  8853.4 .o .o  

.o . O  9238.1 .o .o  

.o . O  8779.7 .o .o 

.o . O  6470.8 .o .o  

.o . O  1031.0 .o .o  

.o . O  3540.4 .o .o  

.o . O  1691.0 .o .o 

.o .o 447.2 .o .o 

.o . O  239.5 .o .o 

.o .o 2.9 .o .o 

~ -0- - ---0--1-1.0o-_g- _ _ _  * o  * o .  

Failure Surface Specified By 15  Coordinate Points 
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Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  

-.- __  - ~- 

- .  

November 19, 1992 

X-Surf 
( ft) 

1257.90 
1287.38 
1317.08 
1346.95 
1376.92 
1406.92 

1466.77 
1496.49 
1526.00 
1555.23 
1584.12 
1612 .61  
1640.64 
1652.40 

- 14.3-6-..8 9-- - - 

Page 1-5 

Y-Surf 
( ft) 

216.29 
210.75 
206.56 
203.74 
202.30 
202.23 

206.21 
210.26 
215.67 
222.42 
230 .51  
239.92 
250.62 
255.74 

- _ _  . - ----- - -  -203 .-53-- - 

Circle Center At X = 1393.4 ; Y = 855.9 and Radius, 653.8 

*** 3 . 1 1 1  *** 

1 

Failure Surface Specified By 2 1  Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 

4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 

- -3 

1 8  
19 
2 0  
2 1  

1163.16 206.82 
1192.45 200.33 

- 1221.94 194.82 
1251.60 190.30 
1281.39 186.76 
1311.28 184 .21  
1341.24 182.66 
1371.23 182.10 
1401.23 182.54 
1431.20 183.97 
1461.10 186.40 

-1490 .90  189.82 
1520.58 194.23 
1550.09 199.62 
1579.40 205.99 

1637.32 221.62 
1665.86 230.87 
1694.08 241.07 
1721.94 252.19 
1741.00 260.55 

-1 6 0 8 4 9- -2-1-3-e-3-2~ 
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Circle Center At X = 1373.0 : Y = 1085.5 and Radius, 903.4 

*** 3.177 *** 

Failure Surface Specified By 25 Coordinate Points 

~ - -- po.int.----- 
- No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1021.05 
1050.47 
1080.02 
1109.69 
1139.46 
1169.32 
1199.24 
1229.21 
1259.20 
1289.20 
1319.19 
1349.15 
1379.06 
1408.90 
1438.65 
1468.31 
1497.83 
1527.22 
1556.44 
1585.49 
1614.34 
1642.97 
1671.37 
1699.52 
17-16.23 - 

200.00 
194.10 
188.93 
184.50 
180.83 
177.89 
175.71 
174.28 
173.59 
173.66 
174.48 
176.06 
178.38 
181.45 
185.27 
189.83 
195.13 
201.17 
207.95 
215.45 
223.68 
232.63 
242.30 
252.67 
259.31 

Circle Center At X = 1271.4 : Y = 1370.9 and Radius, 1197.4 

*** 3.221 *** 

1 

Failure Surface Specified By 11 Coordinate Points 
- - - - - _ _  - ~ - _ _  __ -- 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 1305.26 221.03 
2 1333.71 211.49 
3 1362.94 204.74 
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4 
5 
6 
7 
8 
9 

1 0  
11 

1392 .68  
1422.67  
1 4 5 2 . 6 1  
1482 .23  
1511 .25  
1539 .41  
1566 .43  
1585.58 

200.84 
199 .83  
201 .71  
206.47 
214.06 
224.42 
237.44 
249.06 

Circle Center At X = 1418.2 ; Y = 510.6  and Radius, 310.8 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) (ft) 

1 1257 .90  216.29 
2 1286.42  207 .01  
3 1316.27  204.02 
4 1346.08  207.45 
5 1374.46  217.15 
6 1395.86 230.09 

Circle Center At X = 1314.9 : Y = 342.6  and Radius, 138.6 

*** 3.317 *** 

1 
~. - . -  - 

Failure Surface Specified By 32 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 
3 
4 
5 
6 
7- 
8 
9 

1 0  
11 
1 2  
13 

1021.05  
1050 .41  
1079.87  
1109.43  
1139 .08  
1168.81 

1228.46  
1258.36  
1288.30  
1318.27  
1348.26  
1378 .26  

-1-19 8763.. 

200.00 
193 .82  
188 .17  
183 .06  
178.49 
174 .45  

167.99 
165.57 
163.70 
162.37 
161.58 
161.33  

- l - 7 0 s 9 5 ~ - - ~ -  ~- - 

800623 
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1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20  
2 1  
22 
23 
24 
.25-. ~ - -- 

26 
27 
28 
29 
30 
3 1  
32 

1408.26 
1438.25 
1468.22 
1498.16 
1528.05 
1557.90 
1587.69 
1617.41 
1647.05 
1676.61 
1706.06 

1764.63 
1793.74 
1822.70 
1851.52 
1880.18 
1908.68 
1936.28 

-17-3 5 e-4-1- - - 

161.63 
162.47 
163.85 
165.78 
168.25 
171.26 
174.81  
178.89 
183.52 
188.68 
194.38 

207.37 
214.66 
222.47 
230.81 
239.67 
249.04 
258.69 

. -200--;-6-1---- 

Circle Center At X = 1376.8 : Y = 1817.4 and Radius, 1656 .1  

*** 3.346 *** 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 1210.53 211.55 
2 1239.58 204.09 
3 1269.55 202.64 
4 1299.19 207.26 
5- 1327.29 2 17  :7 6 
6 1337.64 224.26 

Circle Center At X = 1261.2 : Y = 347.0 and Radius, 144.6 

*** 3.362 *** 

1 

Failure Surface Specified By 14 Coordinate Points 
.- .. - . - -  - -  -- -- ---  ~- 

_- 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 1115.79 202.08 
2 1144.84 194.59 



SLOPFSE.OUT November 19, 1992 Page 1-9 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
-14- 

1174.29 
1204.04 
1233.97 
1263.97 
1293.93 
1323.73 
1353.28 
1382.46 
1411.15 
1439.26 
1466.69 

_.____ 1-48-1~0-1- - -  

188.89 
184.99 
182.91 
182.65 
184.22 
187.61 
192.80 
199.79 
208.53 
219.01 
231.17 
-238,60-- 

- -  - - 

- .. 

Circle Center At X = 1253.0 ; Y = 673.8 and Radius, 491.3 

*** 3.423 *** 

Failure Surface Specified By 37 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 - 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

26 
27 
28 
29 
30 
31 

-2 5- 

926.32 
955.99 
985.72 
1015.49 
1045.30 
1075.16 
1105.04 
1134.95 
1164.89 
1194.85 
1224.83 
1254.82 
1284.81 
1314.81 
1344.81 
1374.80 
1404.79 
1434.76 
1464.72 
1494.65 
1524.56 
1554.44 
1584.28 
1614.09 

1673.57 
1703.24 
1732.85 
1762.40 
1791.89 
1821.31 

-1.64-3-8 

200.00 
195.60 
191.56 
187.87 
184.53 
181.55 
178.92 
176.65 
174.73 
173.16 
171.95 
171 .IO 
170.60 
170.46 
170.67 
171.24 
172.17 
173.45 
175.08 
177.07 
179.42 
182.12 
185.17 
188.58 

196.45 
200.92 
205.73 
210.90 
216.42 
222.28 

__._- _ _  ~. - -192,3-4-- - - - 
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P a g e  1-10 

32 1850.66 228.50 
33 1879.93 235.06 
34 1909.12 241.97 
35 1938.23 249.22 
36 1967.25 256.82 
37 1968.22 257.09 

C i r c l e  C e n t e r  A t  X = 1311.8 ; Y = 2700.6 and Radius, 2530.2 

1 

Y A X I S F T 

.oo 318.13 636.25 954.38 1272.50 1590.63 

X 

- 
318.13 + - - - .. - 

... - 
A 636.25 + .... ..... - ..... - ...... - ...... - .. i . . O ~  - 

X 954.38 +..... 0 ..... 4 ..... 4 - .....* . . . .7*3 . . . .4*8 
I 1272.50 +.... 432 - . . . .4*5 . . . .7*1 . . . .721 - . . . .7219 - . . . .731. 

. . .73* . . . .7.3 . . . .773 
: . . . 7* - . . .77 

1908.75 + . . .7 

- -  
- - 
- - 

- - 
- - - - -- S-1-5 9 076.3-+--7-3-2-1--- .... ~ ___ 

- - - - 
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Page 1-11 

- ---~---T-2545.-OO-+*-W**--- -- - - -  -- - - - - - - --- - - - 

- -  - -1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
****** - Illegal Command ****** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Legal Commands - PROFIL 
LOADS 
TIES 
WATER 
SURFAC 
EXECUT 
EQUAKE 
SOIL 
RANDOM 
CIRCLE 
CIRCL2 
BLOCK 
BLOCK2 
LIMITS 
ANIS0 
SURBIS 
SPENCR 
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TABLE 2-1 

MATERIALREQUIREMEKIS 
MATERIAL.souRcE SURVEY 

ENGINEERED W m  MANAGEMENT FACILITY SrUDY - F E R N 0  

NOTE: I .  CALCULATIONS FOR COMPACTED VOLUMES ARE PRESENTED IN APPENDIX A. TYPICAL PROFILE 
OF THE EWMF IS SHOWN IN FIOURE A-I. 

2. LOOSE VOLUMES WERE CALCULATED BY MULTIPLYIN0 THE COMPACTED VOLUMES Wl"H 
BULKIN0 FACTORS: 25% FOR CLAY AND COMMON FILL. 0% FOR CONCRETE, AND 15% FOR OTHERS 

3. TYPICAL VALUES OBTAlNED FROM LITERATURES. IN UNlT OF POUNDS PER CUBIC FOOT. 

Project No. 313327 
- - FiloNanu:MATERIAL 



1 '3- 64.2 2 
c z 

--+- 

Q 
0 

v) z 
- 

- a  





13 
f 64.2 2 e 

e 
E 
v) 
m 

3 - 3 

5 
3 

0 

-1 
2 

2 

- 
I- m 

m z 
- 

I- z 
. -  

PI z 
- 
c z 

nj , 

+ 

P 
I 

c z 



u, " I  



G 

qq 2 =  0 

4 
j; 
- 
0 
0 0  

_.  -. 

+ 

JI f 

i 



INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date Subject Sheet No.- of - BY 
Chkd. Bv-Date Proj. No. 

I I 

I 
I 
I -.-- - I 

I 
i 

I 
I 

j 

I 
I 

I I 

! 

I 

l 

- 1  



Sheet No.- of - BY Date Subject 
Chkd. By-Date Proj. No. 

ag 

108- 10-85 



00 
rg 

00 m 

rg 
vi 

d m 

.. 
W 

a '2-- - --- - - 

3 
t; 
I& 



/ ?  

- - 
v) m 

VI m 



4 

0 s .  
i 

g z  

a 

a 

a 
4 

H 

0 w 
.- - 

,I- \ 

, 
.' 

I -  3 

3 0 

L 
d 
4 i z 2  A h  I 



K t  f e r e  A c  e Ta b /e 

23 

/ 

Unit weight 
-(-Sa tura ted/d ry ) - ~ 

Description Fr ict ior 
- -a-ng L-- 
degrees kPa Materia I .. lb/ f t  kN/m3 Ib/ft; r 19/14 

21/17 

20/ 16 

21/18 

28-34" 

32-40" 

34-405 

3 8 - 4 6" 

Loose sand , uniform grain size 
Dense sand, uniform grain size 

Loose sand, mixed grain size 

Dense sand, mixed grain size 

Gravel, uniform grain size 

Sand and gravel, mixed grain size 

Basa 1 t 

Chalk 

Granite 

Limestone 

Sandstone 

Shale 

Soft bentonite 

Very soft organic clay 

Soft, slightly organic clay 

Soft glacial clay 

Stiff glacial clay 

Glacial t i  1 1 ,  mixed grain size 

Hard igneous rocks - 
granite. basalt, porphyry 

Hetamorphic rocks - 
quartzite. gneiss. slate 

1 18/90 

130/109 

124/99 

135/116 

140/130 

120/110 

34-37" 

4 8 - 4 5 :: 
22/20 

19/17 

22/17 

13/10 

20/ 1 7  

19/16 

17/13  

20/ 16 

13/6 

14/6 

16/10 

17/12 

20/ 17 
23/20 
. -  

140/110 

80/62 

125/110 

120/100 

1 10/80 

125/100 

40-50" 

30-40" 
45-50:: 

35-40?: 

35-45" 
30 - 3 5 .:: 

80/30 

90/40 

100/60 

1 10/76 

130/105 

165/130 

7-13 

12-16 

22-27 

27-32 

30-32 

32-35 

200-400 

200-600 

400- 1000 

600- 1500 

1500- 3001 

1000-500( 

10-20 

10-30 

20-50 

30-70 

. 70-150 

150-250 

*" 
160 to 190 

I60 to 180 

I50 to 180 

I10 to 150 

35-45 

30-40 

35-45 

25-35 

15000- 
55000 

! O O O O -  
40000 

0000- 
30000 

000- 
20000 

720000- 
11 50000 

400000- 
800000 

200000- 
600000 

20000 - 
400000 

25 t o  30 

!5 to 28 

r 3  to 28 

I7 to 23 

Hard sedimentary rocks - 
limestone, dolomite, sandstone 

Soft sedimentary rock - 
sandstone, coal, chalk, shale 

5 Higher friction angles in cohesionless materials occur at low confining or normal 
stresses as discussed in Chapter 5. 

*f For intect rock, the density of the material does not vary significantly between 
saturated and dry states with'the exception o f  some materials such as porous 
sandstones. 
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APPENDIX I 
CALCULATIONS FOR CONSOLIDATION SETTLEMENT 
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Purpose : 

__ To -- calc-ulate-the-long=term-load~induced -f oundation-settlements-beneath - - 
- 

the Engineered Waste management facility (OSDC) at Fernald, Ohio. 

References: 

1. Foundation Engineering Handbook, edited by Hans F. Winterkorn and 

Hsai-Yang Fang. Van Nostrand Reinhold Company, May 1976. 

2. Principles of Foundation Engineering, Braja M. Das. PWS Engineering, 

Boston, Massachusetts. 

3 Civil Engineering Reference Manual, Michael. R. Lindebeburg, National 

Society of Professional Engineers, fifth edition, 1990. 

4. Navfac DM-7.1, Soil Mechanics Design 

5. Use of Strain Energy in the Determination of Preconsolidation Pressure 

. in Clay by David Frost, May 1986. 

Assumptions: 

1. Assume the clay beneath the OSDC study areas are overconsolidated 

clay. The verification and the discussions are presented in the methodol- 

ogies. 

2. For a manual calculation, the construction sequence is not considered, 

or the rate of application of waste is fast in comparison with the rate 

~of_dissipation-of-excess-pore~water-pressu~e.-However~~he-computer~ ~- - 

analysis has considered both conditions. 
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3. Assume the settlements due to the materials inside the Tumulus 

-.---__-landfill-( or-embankment )--can-be-ignored ,-because- ~he--concrete-blocks-used - 

to contain the waste are relatively rigid. 

4 The analysis was performed at the most critical section, on the basis 

of the thickness of the clayey till and the presence of a clay interbed 

within the sand and gravel aquifer. The section at the boring location of 

B-2728 (see Figures 1 and 2) was selected for the calculation of consoli- 

dation settlements. 

5. It was assumed that the values of Cc and Ce (compression index and 

swelling index) obtained from the laboratory samples are representative 

.of that for the entire stratum. 

6. Water table elevation was assumed to be approximately at 520 feet 

above MSL. The top of clay interbed was assumed to be around elevation 

485 ft MSL, according to Figures 1 and 2. 

Classification for Overconsolidated Clay: 

Form the existing sources, three major continental glaciers, (approxi- 

mately 100,000 to 450,000 years ago), advanced as far south as Cinch- 
f nati. The advance and retreat of glaciers modified the topography by 

erosional and deposition action of ice sheets. The pressure induced by 

the glaciers deposition has made the soil deposit consolidated in its 
- ~~histo~-.-Therefore,-the-clay-st-ratum-underlying-the-OSDC-operati-on-ar~s 

are considered to be luoverconsolidatedll from the review of the local 
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geologic history. The numerical verification that showed the preconsoli- 

___ --dated-pressure-is-greater-than-the-e f-f ect ive-overburden ,---was-prepa-red--i-n - 
-_ 

the following sections by using the laboratory testing data at the boring 

location of B-2728 . In addition, the clay has its natural water moisture 
content (15.4 % for B-2728, see Figure 4) significantly less than the 

liquid limit (LL= 26 for B-2728, see Figure 4), further verification the 

glacier till is preconsolidated. 

Method : 

'The soil parameters shown in Figure 3 were determined by considering both 

the laboratory testing results conducted by The H. C. Nutting's Company 

and literature search. In order to predict settlements in the field, it 

is necessary to reconstruct the field compression curve from observa- 

tions in the laboratory. This is done by the method developed by Schmert- 

mann (1955). The following steps are used to reconstruct the in-situ 
. .  .- 

virgin compression curves, and their slopes Cc and Ce. 

1. Find the Preconsolidated Pressure (up') from the Laboratory curve via 

Casagrande (1936) empirical construction. The procedures are: 

a. Draw 2 lines - A tangent line and a horizontal line - 
through-the-point-of-max-cumakurer---- ---- - -  

b. Bisect the resulting angle 
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;we11 I Nat. Nat. Dr w 
'ress. I S a t .  Moist. Density 

193.7 X 15.4 117.5 

PI Sp.Qr. I n i t i a l  void r a t i o  LL 

26.0 2.73 e,= 0.4498 10.0 

TEST RESULTS 

P r o j e c t  No. : 13784.001 
Project : SC 866A2160287 UNDER DOE r 
Locat ion: Bor ins  : 2728 Lab No. 3254 

bate: &-5-92 

- 
Depth I-~2~5-25rS'-Samp-l-~~ 

w h  = ?ty. FT 
CONSOLIDATION TEST REPORT 

THE H, C .  NUTTING COMPANY 

MATERIAL DESCRIPTION 

SANDY LEAN CLAY with gravel 
& rock 

Remarks: 

fidVSR€@d §€i@RE@Br IRE:  

a DEAC05860R21659 

-Cl-iont : 

Fig.  NO. 
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c. Draw a tangent to the tail of the field soil line 

d .-The-i-nter-sect-ion-of-the-tangent-and- the--bisecti-on--l ine -is - - - 

- 

the op8 . 
The op8 was found to be approximately 2.5 tsf. (see Figure 4) 

2. Point D is plotted. 

3. Draw a line DE parallel to the mean slope of the unloading curve 

4. Point C is determined as the point at which the LAB virgin compression 

curve intersects a void ratio = 0.42 e,. (e, was reported as 0.4498, and 

was printed in Figure 4) 

5. Line EC is then constructed. 

The slope C, from the field virain com?mession curve EC is 

C, = (e2-el)/loglo(pl/p2) = (0.44-0.28)/l0g~~(16/2.5) = 0.1985 

(note: this slope is normally greater than the compression index C, 

determined from the LAB curve, see Table 1) 

The slope C, from the recomrmession curve DE is 

C, = (0.30-0.25)/10g10(16/0.25) = 0.0277 

The procedures and calculations used in determining the preconsolidation 

p~essu~e-(-o~)T-t-he-overburden-pressure-at-th-e-middle~f-~h~-layer ( o, ) , 
and the increment in vertical stress at the middle of layer (due to 

I - I - _  __ 
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structural loading) (ao'), under the center of the landfill will be 

- - _ -  __ __ _ _ _  - --____-- -- 
___ --present ed-in-the-Eol-1 ow-i-ng-seckions . 

Preconsolidated Pressure (a,'] Usins the Strain Enersv Method 

The strain energy method (David Frost 1986) is applicable when the point 

of maximum curvature from the laboratory void ratio vs. log pressure 

curve is difficult to determine. Table 2 presents the detail calculations 

to construct the plot of cumulative strain energy vs. final stress shown 

in Figure 7. The void ratios used for this analysis were listed in the 

consolidation test reading summary (see next page). Figure 5 indicated 

that opt equals 3.2 tsf, which is a little greater than Casagrande's 

graphical method ( op'=2. 5 tsf) . 

Classification of Overconsolidated Clav 

The present effective overburden pressure oo' at 24 feet below the ground 

surface, which is the mid depth of the sampling interval (for B-2728 

sample collected at 22.5 ft - 25.5 ft below the ground surface), can be 

calculated as 

_.  

I - 128 pcf x 24 ft = 3,072 psf or 1.54 tsf 0 0  ( - 2 4 ' )  - 
Since 0,' < up' 

Or, the present overburden pressure is found to be less than the precons- 
- _ _  ~ --ol idat ion-pressurerthe-c3ayey-ti-l-l- is-overcon-sol-it3ZtTd : 





TABLE 2 
DETERMINATION 

OF PRECONSOLIDATION PRESSURE 
TUMULUS LANDFILL 

FERNALD, OHIO 

0.4498 
0.41 02 
0.3967 
0.3784 
0.3532 
0.3230 
0.2895 
0.2508 
0.261 1 
0.2804 
0.301 8 

0.0396 
0.01 35 
0.01 83 
0.0252 
0.0302 
0.0335 
0.0387 
-0.01 03 
-0.01 93 
-0.021 4 

0.0000 
0.2500 
0.5000 
1 .oooo 
2.0000 
4.0000 
8.0000 
16.0000 
4.0000 
1 .oooo 

0.2500 
0.5000 
1 .oooo 
2.0000 
4.0000 
8.0000 
16.0000 
4.0000 
1 .oooo 
0.2500 

0.1 250 
0.3750 
0.7500 
1 SO00 
3.0000 
6.0000 
12.0000 
10.0000 
2.5000 
0.6250 

0.0049 
0.0051 
0.01 37 
0.0378 
0.0906 
0.201 0 
0.4644 
-0.1 030 
-0.0482 
-0.01 34 

0.0049 

0.0237 
0.061 5 
0.1521 
0.3531 
0.81 75 
0.71 45 
0.6663 
0.6529 

0.01 00 



1 

0.9 

0.8 

0.7 
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0.6 
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Vertical Soil Pressure Due to Structural Loads 

Volum~of_landfill-with-one-foot-uni-t-w-id~h~-- - - - - __- - -- 
- 

= (1,200+320) x 56.5 x 0.5 x 1 = 42,940 ft3 

(Average height of landfill = 16.5 cap + 30 ' waste + 10' subbase = 

56.5') 

weight of landfill 

= vol x unit weight of concrete = 42,940 x 150 = 6,441,000 lb 

The bearing pressure at the bottom of landfill 

= 6,441,000 /(1200 ft * 1 ft) = 5,368 psf or 2.68 tsf 

Pnet at the bottom of the landfill 

'net = 5,368 psf - 128 pcf x 10 ft = 4,088 psf or 2.04 tsf 

(note: the base of landfill is 10 feet below the ground surface) 

Mid-point pressure below the centroid of the landfill, 6u', can be deter- 

mined through the influence diagram (see figure 6), developed by Newmark 

(1942). Using a scale of 1 inch = 46/2 = 23 ft, the landfill width of 

1200 ft was scaled to 1200/23 or 52 inch. Thus, the scaled landfill will 

cover the whole influence diagram because of it's huge dimension. The 

vertical pressure at the mid-depth of clay is 

60' = Pnet x ( #  of square) x 0.005 

60' = Pnet x (200) x 0.005 = Pnet = 2.04 tsf 
- The_results-indicated-that-60-'-=-P~~or-the-vert~cal-pressure increment 

beneath the landfill at any shallower depth (say < 46 feet) are uniform, 



r FOUNDATIONS AND RETAINING WALLS 1&11 

B. INFLUENCE CHART METHOD 

If a footing or mat foundation is large compared to the 
depth where the pressure is wanted, the vertical pres- 
Sue c a n  be found by use of an influence chart, similar to 
figure 10.11. This chart is used in the following manner. 

Let the distance A-B on the chart correspond to the 

draw a plan view of the footing on a piece of tracing 

coincides with the location under the footing where the 
pressure is wanted. 

Count the number of squares seen under the footing 
drawing. Count partial squares aa fractions. Count the 
pieshaped a r e a  in the center circle as squares. 

Calculate the pressure from equation 10.3113 

fi p = (#squares)(O.o05)(applied pressure) 10.31 

l3  Quation 10.31 assumes the influence chart’s mpunVr & 

influence v ~ u - .  

! 

1 

- 
I 

1 paper. 

- depth at which-the-pressure-is-wanted.-Using-this-scale, - 

P k e  the tracing paper Over the influence chart. L& h 0.005, it h in figure 10.11. Other may have other cate the footing tracing SO that the center of the chart 
1 
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and has the same magnitude as the bearing pressure experienced at the 

Effective Soil Overburden Pressure at Different DeDths 
I 

OO (-24’1 = 128  pcf x (24-10)  ft = 1792  psf or 0.90 tsf 

The depth where the soil will undergo recompression only can be found by 

equating crP to (oO0+ 6a0) or 
I 

3 . 2 * 2 , 0 0 0  = 128 x h + 2 . 0 4 * 2 , 0 0 0  

h = 1 8 . 1  ft 

Adding the 10 feet of soil overburden below the ground surface, it is 

evident that above elevation - (18+10)  ft, or -28 ft, the clay will 

experience recompression only. Below this depth, both recompression and 

virgin compression will occur, i.e., (o00+ 600) > up‘ (see figure 7 ) .  

At EL. -28 ft oP - a,‘= 3 . 2 0 * 2 , 4 0 0  -128*28 = 2 , 8 1 6  psf ----- EQ (A)  
I 

The effective soil overburden pressure ~ ~ ~ f o r  different depth were 

computed as below: 
I 

= 1 2 8  pcf x (28-10) ft = 2 ,304  psf or 1.15 tsf 

= 1 2 8  pcf x (46-10)  ft = 4 , 6 0 8  psf or 2 . 3 0  tsf 

00 (-28’) 
I 

Oo (-46’) 
- 

-At-EL.--46-f%- 0 h = 2 7 3 -  +- 2~8f6-/2,000=-3T7-t~for7,400psf (see EQ ( A )  ) - 

(o0  ’+ 6 0 ’ )  = 4 , 6 0 8  + 2 . 0 4 * 2 0 0 0  = 8 , 6 8 8  psf 
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Therefore, at EL. -46 ft oO8+ 6a8> op', and soil will undergo both recom- 

- _ _ _ _ _ _ _ _  -~ -p r e s s ion- a nd-v-i-r g-i-n- c omp re s si on-. 
_. 

I 

Qo ( - 7 3 ' )  - - 128x(46-10)+130(27)=4,608+3,510 = 8,118 psf or 4.06tsf 

= 8,118+2,611 = 10,729 psf or 5.36 tSf 
I 

Q, ( - 1 2 0 . 5 1 )  = 10,729+(135-62.4)X12.5 =10,729+908 

= 11,637 psf or 6.82 tsf 

opt = 11,637+2,816 =14,453 psf (assume up increase approxi- 
I 

mately uniformly with depth and is about 2,816 psf greater than o o 8 ,  see 

(ao'+ &a8) = 11,637 + 1.7*2000 = 18,437 psf 
I 

Therefore, at EL. -120.5 ft, oO8+ 6a'>ap, and soil will undergo both 

recompression and virgin compression. 
I 

Qo (-133') = 10,729+(135-62.4)X25 =10,729+1,815 

= 12,544 psf or 6.27 tsf 

For manual calculations, the settlements were estimated at mid-depths of 

glacier till (EL -24 ft) and clay interbed (EL. -120.5 ft). The settle- 

ments were calculated by assuming one clay material, with only one layer 

representing the whole depth of each individual clay strum. It was 

assumed that the values of Cc and Ce, obtained from the laboratory 

sample-,-are-represenkakive-f or-the-entire-stratum- -- 
_ -  -- - - 
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The following is the summary of the computation steps for the estimation 

of-f o-undat ion-settlements-in glacier--t i-1-1-and-c-lay- -i-nterbed:-- -- -- -- 
_. 

In slacier Till 

I 

60' 
QO OP 

Layer Mid-depth Hi e, Ce 

EL. tft) twsf 1 twsf 1 (DSf 

Till 23 36 0.4498 0.0277 1,664 6,400 4,088 

Layer Ce*log [ (oo'+ 60' /o0' J S C  ' 
tft) tin) 

Till 0.01492 0.371 4.4 

Note: The recompression settlements- St'= H* Ce*log[ (Q,'+ 6a') /oo'  ]/ (l+eo) 

In Clay Interbed 

I 

6U '  
QO ' OP 

Layer Mid-depth Hi e0 Ce cc 

EL. tft) tftl (DSf (DSf 1 (DSf 

clay- 120.5 25 0.4498 0.0277 0.2260 11,637 14,453 3,400 

int-erb-ed (-&ope-of-FC)-- - - __ 

Note: C, = (e2-el)/loglo(pl/p2) = (0.438-0.28)/10g~~(16/3.2) = 0.2260 

~- ~- 
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I Layer Ce*log[apO/ao 3 Cc*log[ (ao#+ 6a0)/ap1] Sc" 

- 
~ - ~- - ____(-f-t--) --(-i-n-) - - - - 

- 
Clay- 0.0026 0.00387 0.11 1.3 

Interbed 

Note: The recompression and virgin compression settlements are 

Stll= H*(Ce*log[aP1/oo1] + Cc*log[ (oO0+  6a0)/ap'] }/(l+eo) 

Comwter Analyses 

Settlements were also performed by the computer software entitled M One 

Dimensional Consolidation Analyses", developed by Dr. J.S. Lin of 

University of Pittsburgh. The program is applicable to both normally 

consolidated clay and overconsolidated clay. The void ratio vs. log 

pressure curve can be entered as the input to reproduce the laboratory 

curve. The user can select as many material types and layers as desired. 

Each layer can be further subdivided into many intermediate layers. The 

applied loadings can be entered as either uniform loading or time 
. -  - 

dependent loading. 

In the computer analysis, the structural loading rate was time dependent, 

also, assuming a gradual loading rate for waste placement. Total simula- 

tion time for consolidation settlements was 5 years. 
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Date: 12/02/92 Subject: FERNALD EWMF STUDY Sheet No.xof- 4= 

409196 

When the waste placement rates are considered to be instantaneous, this 

impliesthat_the-rate-of-application-of-waste-is-fast-in-compa~~son-w~-th - 

the rate of dissipation of excess pore-water pressure in the soil. In 

this case, the settlements induced in the glacier till were estimated to 

- 

be 4.4 inches and 5.7 inches by manual calculations and computer analyses 

respectively. Settlements induced within the clay interbed (El. 108-133 

feet) were manually calculated as 1.3 inches; while 2.5 inches of settle- 

ments were computed by the computer. If the waste placement rates are 

gradual and slow enough so that no excess pore-water pressure are 

introduced in the foundation soils, it will generally take longer to 

reach the same amount of consolidation or settlement. However, it makes 

no difference in the magnitude of the final settlements between the two 

conditions. The immediate settlements occurred in the sand and gravel 

layer underlying the glacier till, primarily as a consequence of distor- 

tion within the foundation soils, are relatively small and can be 

negligible. Ultimately, the final settlements experienced by the founda- 
- .. 

tion are predicted to be about 8.2 inches, as estimated by computer. 

Figures 8 and 9 showed the comparison of rates of settlements and rates 

of consolidation in the glacier till between gradual loading rates and 

instantaneous loading rates. 

_ -  ~. _ _ _ _ _  -_ EorerWater-Pressure 

In glacier till, the pore-water pressure gradually increases to the peak 
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pressure of approximately 3,000 pound per square feet (psf) at about 600 

days-when-5..O-p_er_cont-o-f waste placement have been completed. The peak - 

pressure occurrs at the mid-depth of the layer, based on the assumption 
- 

of double drainage condition. The primary consolidation in the clay 

straum will eventually completed when excess pore water pressure becomes 

sensibly zero. The computer analyses indicated that the time for the 

excess pore-water pressure being expelled from the voids ranged from 12 

to 15 years. 

With gradual application of waste, the computer analyses indicated that 

the rates of consolidation in the glacier till will reach approximately 

67 percent at the end of five years. However, the rates of consolidation 

experienced in the same soil stratum under the instantaneous loading 

rates are faster than that under gradual application of waste, and will 

reach to nearly 80 percent at the end of five years of simulatiom. 
- - - . _ .  - .  - -  

Computer printouts are presented in the following pages. 
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EWMFTl .OUT December 16, 1992 Page 1 

1. cv constant or a function of stress 
2. time independent or dependent loading 

Copyright, Dr. J.S. Lin, Nov. 1992 
University of Pittsburgh 

- . _ _  _ -  -- - 
Substantial efforts have been made to verify the program. 

_Howe~er-,the-writer-makes-no-wa~~an~y-concerning 
- the- functions- of the-program. 
The user agrees to run the program at his/her own risk. 
If a user believes he/she encounter a bug, please contact the writer. 

EWMF FERNALD (IN TILL WITH GRADUAL LOADING) 

UNITS USED: 

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

.................................................. 
LENGTH IN (m or ft) FT 
FORCE IN (KN or ton)TON 

TIME IN (day or week) DAY .................................................. 
Input the number of clay materials-> 1 
input cv in FT-2 /DAY 

0.7800 0.0420 
0.1560 0.0310 
0.3125 0.0580 
0.6250 0.0980 
1.'2500 0.1330 
2.5000 0.1640 
5.0000 0.2110 

NUMBER OF CLAY LAYERS = 2 
NO OF SUBDIVISIONS FOR EACH CLAY LAYER= 10 
THE FINAL TIME TO BE CONSIDERED= 1825 
SINGLE/DOUBLE DRAINAGE CONDITIONS (S or D) =D 
for clay material 1 
How many points to define a Cv-log(sig) curve? 7 
CR=Cc/ (l+eO) --> .156 
RR=Cr/ (l+eO) --> .019 
k= 1 

FOR 1 -TH LAYER: 
LAYER THICKNESS= 18 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 

FOR 2 -TH LAYER: 
LAYER THICKNESS= 18 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 
TIME INCREMENT= 5 

Give the points within which the load in uniformly increasing or decreasing 
Input the number of points required (including t=O) 6 
for the 1 -th point 
input time : 0 
input pressure in TON/ FTA2 

sigv/sigvm cv 

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

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

_ -  - _ _ _ _ _ _ ~  -Is-the-loading-time-dependependentTy-or-n?Y 

0 
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for the 2 -th point 
input time : 60 
input pressure in TON/ FTA2 

for the 3 -th point 
input time : 1 2 0  
input pressure in TON/ FTA2 

for the 4 -th point 
input time : 360 
input pressure in TON/ FT-2 

input time : 730 
input pressure in TON/ FT-2 

for the 6 -th point 
input time : 1825 
input pressure in TON/ FTA2 

AT DEPTH : 0 ui= 0 
AT DEPTH : 1.8 ui= 0 
AT DEPTH : 3.6 ui= 0 
AT DEPTH : 5.4 ui= 0 
AT DEPTH : 7.2 ui= 0 
AT DEPTH : 9 ui= 0 
AT DEPTH : 10.8 ui= 0 
AT DEPTH : 12.6  ui= 0 
AT DEPTH : 14.4 ui= 0 
AT DEPTH : 16.2 ui= 0 
AT DEPTH : 18 ui= 0 
AT DEPTH : 19 .8  ui= 0 
AT DEPTH : 21.6 ui= 0 
AT DEPTH : 23.4 ui= 0 
AT DEPTH : 25.2 ui= 0 
AT DEPTH : 27 ui= 0 
AT DEPTH : 28.8 ui= 0 
AT DEPTH : 30.59999 ui= 0 
AT DEPTH : 32.39999- ui= 0 
AT DEPTH : 34.19999 ui= 0 
AT DEPTH : 35.99999 ui= 0 

.5 

1 

- - - __ _ _ _ - -  - - - ~  ~- - ____. - -- -- 1 . 3  
-for the 5 -th point 

1 .7  

2.04 

............................................................................... 
LAYER THICK initial final max. past N.C O.C. 

stress stress pressure settle settle ............................................................................... 
1 1.80 0.11500 2.15500 3.20000 0.00000 0.05342 
2 1.80 0.23000 2.27000 3.20000 0.00000 0.03790 
3 1.80 0.34500 2.38500 3.20000 0.00000 0.03106 
4 1.80 0.46000 2.50000 3.20000 0.00000 0.02678 
5 1 .80  0.57500 2.61500 3.20000 0.00000 0.02373 
6 1 .80  0.69000 2.73000 3.20000 0.00000 
7-1.80-0.80500- 2-.-8 4 5 0 0- 3 ~ - 2 0 0 0 0 ~  OrOOOOO- 070 1 9  5 5 
8 1 .80  0.92000 2.96000. 3.20000 0.00000 0.01802 
9 1 .80  1.03500 3.07500 3.20000 0.00000 0.01674 

10 1.80 1.15000 3.19000 3.20000 w - 0 0  0 - O z 6 5  
11 1.80 1.26500 3.30500 3.25000 0.00085 0.01459 
12  1.80 1.38000 3.42000 3.30000 0.00322 0.01347 
1 3  1 .80  1.49500 3.53500 3.35000 0.00547 0.01246 

- 0.02140 - 

OQ4B676 
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3.65000 3.40000 0.00762 0.01153 14 1.80 1.61000 
3.76500 3.45000 0.00967 0.01069 15 1.80 1.72500 

16 1.80 1.84000 3.88000 3.50000 0.01162 0.00992 
17 1.80 1.95500 3.99500 3.55000 0.01350 0.00920 

4.11000 3.60000 0.01529 0.00853 18 1.80 2.07000 
19 1.80 2.18500 4.22500 3.65000 0.01701 0.00792 
20 1.80 2.30000 4.34000 3.70000 0.01866 0.00734 ............................................................................... 

TOTAL SETTLEMENT= .472782 FT 

final settlement when consolidation is completed= .472782 
- .............................................................................. 

............................................................... - - - ............................................................ _. 

OUTPUT OF CONSOLIDATION ANALYSIS 
only 20 time steps are printout 
Uave based upon water pressure dissipation is Uave(u) 
Uave based upon settlement is settle(t)/final settle 

EWMF FERNALD (IN TILL WITH GEADUAL LOADING) 
............................................................ 
TIME Uave(u) settle(t) settle(t)/final settle 
DAY FT 
0.0 0.00% 0.00000 0.00000% 
10.0 6.26% 0.04960 0.10492% 
15.0 6.74% 0.05013 0.10604% 
30.0 8.08% 0.05271 0.11149% 
90.0 12.24% 0.07105 0.15028% 
120.0 17.27% 0.09269 0.19606% 
180.0 21.08% 0.10492 0.22193% 
270.0 25.06% 0.12189 0.25782% 
365.0 28.48% 0.13979' 0.29567% 
465.0 31.70% 0.15737 0.33286% 
565.0 34.52% 0.17434 0.36874% 
670.0 37.21% 0.19177 0.40563% 
775.0 40.52% 0.20926 0.44262% 
900.0 44.61% 0.22653 0.47915% 
%1040.0 48.73% 0.24406 0.51623% 
%1180.0 52.53% 0.26135 0.55279% 
%1325.0 56.19% 0.27847 0.58901% 
%1485.0 59.92% 0.29596 0.-62601% 
%1655.0 63.53% 0.31327 0.66260% 
%1820.0 66.72% 0.33086 0.69982% 
%1825.0 66.81% 0.33138 0.70090% 

------------------------------------------,-------,,----,------- 

Pore Water Pressure Profile: 
----------------------------------------------,--------------, 

Depth Excess Pore Water Pressure 
t= 0 t= 605 t= 1215 t= 1825 

------------------------------------------------------------, 

0.0 0.000 0.000 0.000 0.000 
1.8 0.000 0.359 0.249 0.190 
3.6 0.000 0.672 0.483 0.368 

- - ~ __--~ ~ 5 ~ ~ 4 ~ 0 ~ . 0 0 0 - - - - 0 ~ - 9 2 9 - 0 . 6 9 6 - 0 ~ 5 2 9 ~ ~ ~  - - - 
-- - 

7.2 0.000 1.126 0.884 0.672 
9.0 0.000 1.268 1.042 0.794 
10.8 0.000 1.363 1.167 0.893 
12.6 0.000 1.420 1.258 0.968 
14.4 0.000 1.448 1.314 1.018 
16.2 0.000 1.454 *1.336 1.043 
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18.0 0.000 1.441 1.327 1.044 
19.8 0.000 1.408 1.289 1.021 
21.6 0.000 1.355 1.224 0.976 
23.4 0.000 1.280 1.135 0.910 
25.2 0.000 1.181 1.023 0.825 
27.0 0.000 1.056 0.891 0.722 
28.8 0.000 0.903 0.741 0.603 
30.6 0.000 0.721 0.575 0.470 
32.4 0.000 0.510 0.395 0.324 
34.2 0.000 0.269 0.202 0.167 
36.0 0.000 0.000 0.000 0.000 

- input f-ile names for plotting the output 
- ............................................................... - - -- - - 

file 1 for Uave based upon u, settlement, settlement ratio 
file 2 for pore water pressure distribution 
file name 1 
file name 2 



EWMFT2. OUT December 15, 1992 Page 1 

1. CV constant or a function of stress 
2. time independent or dependent loading 

Copyright, Dr. J.S. Lin, Nov. 1992 
University of Pittsburgh 

- - _ _  ~ - 
Substantial efforts have been made to verify the program. 

-However-,-the-wr-i-~er-makes-no-warranty-concerning~-- - - 

- the functions of the program. 
The user agrees to run the program at his/her own risk. 
If a user believes he/she encounter a bug, please contact the writer. 

EWMF FERNALD (IN TILL WITH INSTANTANEOUS LOADING) 

UNITS USED: 

-----___--________-------------------------------- -----___--_______--------------------------------- 
.................................................. 
LENGTH IN (m or ft) FT 
FORCE IN (KN or ton)TON 

TIME IN (day or week) DAY 

Input the number of clay materials-> 
input cv in FT-2 /DAY 

0.7800 0.0420 
0.1560 0.0310 
0.3125 0.0580 
0.6250 0.0980 
1.2500 0.1330 
2.5000 0.1640 
5.0000 0.2110 

NUMBER OF CLAY LAYERS = 2 
NO OF SUBDIVISIONS FOR EACH CLAY LAYER= 10 
THE FINAL TIME TO BE CONSIDERED= 1825 
SINGLE/DOUBLE DRAINAGE CONDITIONS (S or D) =D 
for clay material 1 
How many points to define a CV-log(sig) curve? 7 
CR=Cc/ (l+eO) ---> .156 
RR=Cr/ (l+eO) --> .019 
k= 1 

FOR 1 -TH LAYER: 
LAYER THICKNESS= 18 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 

FOR 2 -TH LAYER: 
LAYER THICKNESS= 18 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 
TIME INCREMENT= 5 

Give the points within which the load in uniformly increasing or decreasing 
Input the number of points required (including t=O) 6 
for the 1 -th point 
input time : 0 
input pressure in TON/ FT-2 

.................................................. 
1 

sigv/sigvm cv 

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

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

- - -- --_____ -__- -1s-the-loading-&ime-dependent,y-or-n?Y 

0 
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for the 2 -th point 
input time : 60 
input pressure in TON/ FT-2 

for the 3 -th point 
input time : 120  
input pressure in TON/ FT-2 

for the 4 -th point 
input time : 360 
input pressure in TON/ FT-2 

input time : 730 
input pressure in TON/ FT-2 

for the 6 -th point 
input time : 1 8 2 5  
input pressure in TON/ FT-2 

AT DEPTH : 0 ui= 0 
AT DEPTH : 1.8 ui= 0 
AT DEPTH : 3.6 ui= 0 
AT DEPTH : 5.4 ui= 0 
AT DEPTH : 7.2 ui= 0 
AT DEPTH : 9 ui= 0 
AT DEPTH : 10.8 ui= 0 
AT DEPTH : 12 .6  ui= 0 
AT DEPTH : 14.4 ui= 0 
AT DEPTH : 16.2 ui= 0 
AT DEPTH : 18 ui= 0 
AT DEPTH : 19.8 ui= 0 
AT DEPTH : 21.6 ui= 0 
AT DEPTH : 23.4 ui= 0 
AT DEPTH : 25.2 ui= 0 
AT DEPTH : 27 ui= 0 
AT DEPTH : 28.8 ui= 0 
AT DEPTH : 30.59999 ui= 0 
-AT DEPTH : 32.39999 ui= 0 
AT DEPTH : 34.19999 ui= 0 
AT DEPTH : 35.99999 ui= 0 

2.04 

2.04 

- _ _  _. - - - - - . __ - __ - - . - - - - - . -2 .-04 __  - - 
--for -the ~ 5 -th- point 

2.04 

2.04 

............................................................................... 
LAYER THICK initial final max. past N.C O.C. 

stress stress pressure settle settle ............................................................................... 
1 
2 

- 3  
4 
5 
6 
7- 
8 
9 

1 0  
11 
12 
1 3  

1.80 
1.80 
1.80 
1 .80  
1 .80  
1 .80  

1.80 
1.80 
1 .80  
1.80 
1.80 
1 .80  

-1-.-8 0- 

0.11500 
0.23000 
0.34500 
0.46000 
0.57500 
0.69000 

0.92000 
1.03500 
1.15000 
1.26500 
1.38000 
1.49500 

-0.. 80500- 

2.15500 
2.27000 
2.38500 
2 . 50000 
2.61500 
2.73000 

2.96000 
3.07500 
3.19000 
3.30500 
3.42000 
3.53500 

-2-.-8 4 5 0 0- 

3.20000 
3.20000 
3.20000 
3.20000 
3.20000 
3.20000 

3.20000 
3.20000 
3.20000 
3.25000 
3.30000 
3.35000 

-3-.-2 0 0 0 0- 

0.00000 0.05342 
0.00000 0.03790 
0.00000 0.03106 
0.00000 0.02678 
0.00000 0.02373 
0.00000 0.02140 

0.00000 0.01802 
0.00000 0.01674 

_ _  ---0-~-00000----0-i0-1-955 - 

0.00000 
0.00085 0.01459 A T  / Y I ~ - D E ~ P ' +  S Z b f i  

0 . 0 1 5 6 L -  TorAAL s c T T 1  c MtrJ7J 

0.00322 0.01347 0 ~ 3 . ~  ,-,, 
0.00547 0.01246 

ooqJd30 



EWMFT2 . OUT December 15, 1992 Page 1-3 

0.00762 0.01153 14 1.80 1.61000 3.65000 3.40000 
15 1.80 1.72500 3.76500 3.45000 0.00967 0.01069 
16 1.80 1.84000 3.88000 3.50000 0.01162 0.00992 
17 1.80 1.95500 3.99500 3.55000 0.01350 0.00920 
18 1.80 2.07000 4.11000 3.60000 0.01529 0.00853 
19 1.80 2.18500 4.22500 3.65000 0.01701 0.00792 
20 1.80 2.30000 4.34000 3.70000 0.01866 0.00734 ................................................................... ------------ 

TOTAL SETTLEMENT= .472782 FT 

final settlement when consolidation is completed= .472782 
............................................................................... 

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

- ............................................................ 
OUTPUT OF CONSOLIDATION ANALYSIS 
only 20 time steps are printout 
Uave based upon water pressure dissipation is Uave(u) 
Uave based upon settlement is settle(t)/final settle 

EWMF FERNALD (IN TILL WITH INSTANTANEOUS LOADING) 
............................................................ 
TIME 
DAY 
0.0 
10.0 
15.0 
25.0 
55.0 
60.0 
65.0 
70.0 
105.0 
165.0 
240.0 
325.0 
425.0 
545.0 
690.0 
855.0 

Uave(u) settle(t) 
FT 

0.00% 0.00000 
6.26% 0.05112 
6.74% 0.05314 
7.68% 0.05877 
10.03% 0.08080 
18.15% 0.13291 
18.78% 0.13648 
19.37% 0.13970 
22.81% 0.15689 
27.30% 0.17733 
31.79% 0.19656 
36.07% 0.21559 
40.46% 0.23493 
45.16% 0.25445 
50.30% 0.27443 
55.69% 0.29378 

settle(t)/final settle 

0.00000% 
0.10812% 
0.11239% 
0.12431% 
0.17090% 
0.28112% 
0.28866% 
0.29547% 
0.33185% 
0.37507% 
0.41575% 
0.45601% 
0.49692% 
0.53819% 
0.58046% 
0.62138% 

%1040.0 61.22% 0.31341 0.66290% 
%1255.0 67.02% - 0:33304 -0.70443% 
%1515.0 73.11% 0.35240 0.74537% 
%1810.0 78.85% 0.37191 0.78663% 
%1825.0 79.11% 0.37279 0.78851% ............................................................ 
Pore Water Pressure Profile: ............................................................ 
Depth Excess Pore Water Pressure 

t= 0 t= 605 t= 1215 t= 1825 ............................................................ 
0.0 0.000 0.000 0.000 0.000 
1.8 0.000 0.306 0.183 0.110 
3.6 0.000 0.601 0.360 0.217 
5 ~ 4 - 0 ~ 0 0 0 ~ 0 r 8 7 5 ~ 0 ~ 5 2 8 ~ 0 ~ 3 ~ 1 8  
7.2 0.000 1.116 0.681 0.410 
9.0 0.000 1.317 0.815 0.491 
10.8 0.000 1.472 0.925 0.559 
12.6 0.000 1.579 1.009 0.611 
14.4 0.000 1.642 1.066 0.648 
16.2 0.000 1.665 1.094 0.668 

- ______. - - _  ~ --__ 
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3 x 2 .  
18.0 0.000 1.651 1.093 0.671 
19.8 0.000 1.603 1.066 0.657 
21.6 0.000 1.523 1.014 0.628 
23.4 0.000 1.412 0.938 0.584 
25.2 0.000 1.272 0.842 0.527 
27.0 0.000 1.106 0.729 0.458 
28.8 0.000 0.916 0.600 0.379 
30.6 0.000 0.706 0.461 0.291 
32.4 0.000 0.480 0.312 0.198 
34.2 0.000 0.243 0.158 0.100 
36.0 0.000 0.000 0.000 0.000 

-----------------------------------------------~--------------------.----~-- - - 

Anput. file- names- for -plottkng- -the oukput 
file 1 for Uave based upon u, settlement, settlement ratio 
file 2 for pore water pressure distribution 
file name 1 
file name 2 

. .. . 
~ 

- .  
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1. Cv constant or a function of stress 
2. time independent or dependent loading 

Copyright, Dr. J.S. Lin, Nov. 1992 
University of Pittsburgh 

Substantial efforts have been made to verify the program. 
Howev-er-,the_writer-makes-no-wa~~ant-y-concern~ng~-~- -- - -  - - - 

_. -the functions-of the program. 
-- - 

The user agrees to run the program at his/her own risk. 
If a user believes he/she encounter a bug, please contact the writer. ------------_---_-__------------------------------ .................................................. 
EWMF FERNALD (IN CLAY INTERBED EL=108-133' GRADUAL LOAD) .................................................. 
UNITS USED: 
LENGTH IN (m or ft) FT 
FORCE IN (KN or ton)TON 
TIME IN (day or week) DAY 

Input the number of clay materials-> 1 
input cv in FT-2 /DAY 

0.7800 0.0420 
0.1560 0.0310 
0.3125 0.0580 
0.6250 0.0980 
1.2500 0.1330 
2.5000 0.1640 
5.0000 0.2110 

NUMBER OF CLAY LAYERS = 1 
NO OF SUBDIVISIONS FOR EACH CLAY LAYER= 10 
THE FINAL TIME TO BE CONSIDERED= 1825 
SINGLE/DOUBLE DRAINAGE CONDITIONS (S or D) =D 
for clay material 1 
How many points to define a Cv-log(sig) curve? 7 
CR=Cc/ (l+eO) --> .156 
RR=Cr/ (l+eO) --> .019 
k= 1 

FOR 1 -TH LAYER: 
LAYER THICKNESS= 25 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 
TIME INCREMENT= 5 
Is the loading time-dependent, y or n?Y 
Give the points within which the load in uniformly increasing or decreasing 
Input the number of points required (including t=O) 6 
for the 1 -th point 

input pressure in TON/ FT-2 

for the 2 -th point 
input time : 60 
input pressure in TON/ FT-2 

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

sigv/sigvm cv 

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

___ __-__- - -- _ -  -input-time-:-O 

0 

.5 
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"z for the 3 -th point 

input time : 120 
input pressure in TON/ FTA2 

for the 4 -th point 
input time : 360 
input pressure in TON/ FTA2 

for the 5 -th point 
input time : 730 
input pressure in TON/ FTA2 

input time : 1825 
input pressure in TON/ FTA2 

AT DEPTH : 0 ui= 0 
AT DEPTH : 2.5 ui= 0 
AT DEPTH : 5 ui= 0 
AT DEPTH : 7.5 ui= 0 
AT DEPTH : 10 ui= 0 
AT DEPTH : 1 2 . 5  ui= 0 
AT DEPTH : 15 ui= 0 
AT DEPTH : 17.5 ui= 0 
AT DEPTH : 20 ui= 0 
AT DEPTH : 2 2 . 5  ui= 0 
AT DEPTH : 2 5  ui= 0 

1 

1 .3  

1.7 - 

-. for the 6 -th point 

2.04 

............................................................................... 
LAYER THICK initial final max. past N.C O.C. 

stress stress pressure settle settle ............................................................................... 
1 2.50 5.45100 7.49100 6.78000 0.01686 0.00455 
2 2.50 5.54200 7.58200 6.86000 0.01692 0.00445 
3 2.50 5.63300 7.67300 6.94000 0.01698 0.00435 
4 2.50 5.72400 7.76400 7.02000 0.01703 0.00426 
5 2.50 5.81500 7.85500 7.10000 0.01709 0.00416 
6 2.50 5.90600 7.94600 7.18000 0.01714 0.00407 
7 2.50 5.99700 8.03700 7.26000 0.01720 0.00399 
8 2.50 6.08800 8.12800 7.34000 0.01725 0.00390 
9 2.50 6.17900 8.21900 7.42000 0.01730 0.00382 

1 0  2.50 6.27000 8.31000 7.50000 0.01735 0.00374 

............................................................ 
OUTPUT OF CONSOLIDATION ANALYSIS 
only 20 time steps are printout 
Uave based upon water pressure dissipation is Uave(u) 
Uave based upon settlement is settle(t)/final settle 

- _ _ _ _ - -  - ............................................................ 
EWMF FERNALD ( I N  CLAY INTERBED EL~108-133'  GRADUAL LOAD) 

TIME Uave(u) settle(t) settle(t)/final settle 
DAY FT 
0.0 0.00% 0.00000 0.00000% 

80.0 20.45% 0.00902 0.04246% 
180.0 35.41% 0.01846 0.08690% 000684 
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285.0 44.90% 0.02705 0.12738% 
415.0 53.50% 0.03620 0.17042% 
555.0 60.54% 0.04505 0.21210% 
705.0 66.20% 0.05404 0.25444% 
815.0 71.46% 0.06299 0.29655% 
935.0 76.21% 0.07221 0.33998% 
%1030.0 79.23% 0.08123 0.38243% 
%1105.0 81.23% 0.09057 0.42643% 
%1165.0 82.61% 0.09959 0.46886% 
%1225.0 83.84% 0.10802 0.50855% 
%1295.0 85.11% 0.11720 0.55179% 

-%13-7-0-.-0-8.6.. 29%- -0...12636--0-.-59492%--- - - --- -- - - - - 

-- %1450.0 -87.39% 0.13546 0.63777% 
%1530.0 88.33% 0.14396 0.67779% 
%1625.0 89.28% 0.15339 0.72219% 
$1720.0 90.08% 0.16221 0.76373% 
$1820.0 90.78% 0.17095 0.80485% 
$1825.0 90.81% 0.17137 0.80684% ............................................................ 
Pore Water Pressure Profile: 

Depth Excess Pore Water Pressure 
t= 0 t= 605 t= 1215 t= 1825 ............................................................ 

0.0 0.000 0.000 0.000 0.000 
2 . 5  0.000 0.312 0.155 0.099 
5.0 0.000 0.563 0.287 0.180 
7.5 0.000 0.746 0.387 0.239 

10 .0  0.000 0.858 0.449 0.275 
1 2 . 5  0.000 0.896 0.470 0.288 
15.0 0.000 0.858 0.449 0.275 
17.5 0.000 0.745 0.387 0.239 
20.0 0.000 0.562 0.287 0.180 
22.5 0.000 0.312 0.155 0.099 
25.0 0.000 0.000 0.000 0.000 ............................................................ 
input file names for plotting the output 
file 1 for Uave based upon u, settlement, settlement ratio 
file-2 for pore water pressure-distribution 
file name 1 
file name 2 



EWMF4. OUT December 15, 1992 Page 1 

1. hr constant or a function of stress 
2. time independent or dependent loading 

Copyright, Dr. J.S. Lin, Nov. 1992 
University of Pittsburgh 

- - 
Substantial efforts have been made to verify the program. 

_ -  -Howeverrthe-wri-ter-makes-no-warranty-concerning 
the functions of the-program. 
The user agrees to run the program at his/her own risk. 
If a user believes he/she encounter a bug, please contact the writer. 

EWMF FERNALD (IN CLAY INTERBED WITH INSTANT LOADING) 

UNITS USED: 

-----____-__________------------------------------ -----____-__________------------------------------ 
.................................................. 
LENGTH IN (m or ft) FT 
FORCE IN (KN or ton)TON 

TIME IN (day or week) DAY 

Input the number of clay materials-> 
input cv in FTA2 /DAY 

0.7800 0.0420 
0.1560 0.0310 
0.3125 0.0580 
0.6250 0.0980 
1.2500 0.1330 
2.5000 0.1640 
5.0000 0.2110 

NUMBER OF CLAY LAYERS = 1 
NO OF SUBDIVISIONS FOR EACH CLAY LAYER= 10 
THE FINAL TIME TO BE CONSIDERED= 1825 
SINGLE/DOUBLE DRAINAGE CONDITIONS (S or D)=D 
for clay material 1 
How many points to define a Cv-log(sig) curve? 7 
CR=Cc/ (l+eO) --> .156 
FtR=Cr/ (l+eO) --> .019 
k= 1 

FOR 1 -TH LAYER: 
LAYER THICKNESS= 25 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 
TIME INCREMENT= 5 
Is the loading time-dependent, y or n?Y 
Give the points within which the load in uniformly increasing 
Input the number of points required (including t=O) 6 
for the 1 -th point 

input pressure in TON/ FT-2 

for the 2 -th point 
input time : 60 
input pressure in TON/ FTA2 

1 

sigv/sigvm cv 

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

_ _  - -  -input--t-ime-:-O 

0 

2.04 

or decreasing 
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for the 3 -th point 
input time : 120 
input pressure in TON/ FT-2 

for the 4 -th point 
input time : 360 
input pressure in TON/ FT-2 

for the 5 -th point 
input time : 730 
input pressure in TON/ FT-2 

input time : 1825 
input pressure in TON/ FT-2 

AT DEPTH : 0 ui= 0 
AT DEPTH : 2 . 5  ui= 0 
AT DEPTH : 5 ui= 0 
AT DEPTH : 7.5 ui= 0 
AT DEPTH : 10 ui= 0 
AT DEPTH : 12.5 ui= 0 
AT DEPTH : 15 ui= 0 
AT DEPTH : 17.5 ui= 0 
AT DEPTH : 20 ui= 0 
AT DEPTH : 2 2 . 5  ui= 0 
AT DEPTH : 2 5  ui= 0 

2.04 

2.04 

- - _ _  - ._ _ _  - - _ -  - - - - ---- -- - _ _  -2-.-04- _ _ _ - -  - 

- for- the 6 -th point 

2.04 

LAYER THICK initial final max. past N.C O.C. 
stress stress pressure settle settle ............................................................................... 

1 2.50 5.45100 7.49100 6.78000 0.01686 0.00455 
2 2.50 5.54200 7.58200 6.86000 0.01692 0.00445 
3 2.50 5.63300 7.67300 6.94000 0.01698 0.00435 
4 2.50 5.72400 7.76400 7.02000 0.01703 0.00426 *re 5€71?b?’!zflc 

5 2.50 5.81500 7.85500 7.10000 0. oJ.24- h v D - D E P W  of 

7 2.50 5.99700 8.03700 7.26000 0.01720 0.00399 1. 1 7  ail, 
7.94600 7.18000 0.01714 0.00407 Cut./ iUfr&f?a =o,// k 6 2.50 5.90600 

8 2.50 6.08800 8.12800 7.34000 0.01725 0.00390 
9 2.50 6.17900 8.21900 7.42000 0.01730 0.00382 

10 2.50 6.27000 8.31000 7.50000 0.01735 0.00374 ............................................................................... 
TOTAL SETTLEMENT= .2123991 FT 

final settlement when consolidation is completed= .2123991 ............................................................ , ............................................................ 
OUTPUT OF CONSOLIDATION ANALYSIS 
only 20 time steps are printout 
Uave based upon water pressure dissipation is Uave(u) 
Uave based upon settlement is settle(t)/final settle 

EWMF FERNALD ( I N  CLAY INTERBED WITH INSTANT LOADING) 

- - - ............................................................. 
TIME Uave(u) settle(t) settle (t) /final settle 
DAY FT 
0.0 0.00% 0.00000 0.00000% 

50.0 17.24% 0.01127 0.05304% 
60.0 25 .82% 0.02310 0.10877% 



642 2 .- - -  Page 1-3 EWMF4. OUT December 15, 1992 

90.0 31.68% 0.03294 0.15511% 
145.0 39.70% 0.04292 0.20206% 
230.0 49.08% 0.05282 0.24867% 
315.0 56.66% 0.06373 0.30004% 
415.0 64.06% 0.07437 0.35014% 
505.0 69.65% 0.08498 0.40009% 
585.0 73.88% 0.09527 0.44856% 
650.0 76.86% 0.10659 0.50185% 
700.0 78.90% 0.11626 0.54739% 
765.0 81.30% 0.12751 0.60034% 
830.0 83.42% 0.13744 0.64706% 

- %-1005.0 - 88.04% 0.15874 0.74738% 
%1120.0 90.36% 0.16932 0.79719% 
%1265.0 92.67% 0.17974 0.84623% 
%1470.0 95.02% 0.19031 0.89602% 
%1805.0 97.36% 0.20074 0.94512% 
%1825.0 97.46% 0.20118 0.94717% 

- .-. -9 lo..-0-8 5 .-7-2 % O-.-1.4806-OT69~-1-1-1-1-1-%-- -- - - - - -- - - 

............................................................ 
Pore Water Pressure Profile: ............................................................ 
Depth Excess Pore Water Pressure 

t= 0 t= 605 t= 1 2 1 5  t= 1825 ............................................................ 
0.0 0.000 0.000 0.000 0.000 
2 . 5  0.000 0.251 0.080 0.025 
5.0 0.000 0.478 0.153 0.048 
7.5 0.000 0.658 0.211 0.066 

10.0 0.000 0.773 0.248 0.078 
1 2 . 5  0.000 0.812 0.260 0.082 
15.0 0.000 0.773 0.248 0.078 
17.5 0.000 0.658 0.211 0.066 
20.0 0.000 0.478 0.153 0.048 
2 2 . 5  0.000 0.251 0.080 0.025 
25.0 0.000 0.000 0.000 0.000 ............................................................ 
input file names for plotting the output 
file 1 for Uave based upon u, settlement, settlement ratio 
file 2 for pore water pressure distribution 
file name 1 
file name 2 



TILL15.OUT December 16, 1992 Page 1 

One Dimensional Consolidation Analysis 

1. cv constant or a function of stress 
2. time independent or dependent loading 

Copyright, Dr. J.S. Lin, Nov. 1992 
University of Pittsburgh 

Substantial efforts have been made to verify the program. 
- -Ho-w.e~er+.the-wri ter-makes-no-warranty-concerning _ _  - _ _ _ _ _  - -  

- the functions- of- the program. 
The user agrees to run the program at his/her own risk. 
If a user believes he/she encounter a bug, please contact the writer. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EWMF FERNALD (IN TILL -GRADUAL LOAD-15YR) /$ \*Frr'i :-i,pJ.,Lt ' * ? I ;  .................................................. 
UNITS USED: 
LENGTH IN (m or ft) FT 
FORCE IN (KN or ton)TON 

TIME IN (day or week) DAY 

Input the number of clay materials-> 1 
input cv in FT-2 /DAY 

0.7800 0.0420 
0.1560 0.0310 
0.3125 0.0580 
0.6250 0.0980 
1.2500 0.1330 
2.5000 0.1640 
5.0000 0.2110 

NUMBER OF CLAY LAYERS = 2 
NO OF SUBDIVISIONS FOR EACH CLAY LAYER= 10 
THE FINAL TIME TO BE CONSIDERED= 5475 
SINGLE/DOUBLE DRAINAGE CONDITIONS (S or D) =D 
for clay material 1 
How many points to define a Cv-log(sig) curve? 7 
CR=Cc/ (l+eO) --> .156 
RR=Cr/ (l+eO) ---> .019 
k= 1 

sigv/sigvm cv V,rr ~, die"( ,he\' p.G ,7f4 a! /--e 

FOR 1 -TH LAYER: 
LAYER THICKNESS= 18 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 

FOR 2 -TH LAYER: 
LAYER THICKNESS= 18 
PERMEABILITY K (IN RELATIVE TO OTHER LAYER)= 1 
TIME INCREMENT= 10 

Give the points within which the load in uniformly increasing or decreasing 
Input the number of points required (including t70) 7 
for the 1 -th point 
input time : 0 
input pressure in TON/ FT-2 

- -  -~ -1 s-the-1 oad ing-t ime -dependent ,-y-or-n?-Y 

0 
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for the 2 -th point 
input time : 60  
input pressure in TON/ FT-2 

for the 3 -th point 
input time : 120 
input pressure in TON/ FT-2 

for the 4 -th point 
input time : 360 
input pressure in TON/ FT-2  

for the 5 -th point 
input time : 730 
input pressure in TON/ FT-2 

for the 6 -th point 
input time : 1825 
input pressure in TON/ FT-2 

for the 7 -th point 
input time : 5475 
input pressure in TON/ FT-2 

AT DEPTH : 0 ui= 0 
AT DEPTH : 1.8 ui= 0 
AT DEPTH : 3.6 ui= 0 
AT DEPTH : 5.4 ui= 0 
AT DEPTH : 7.2 ui= 0 
AT DEPTH : 9 ui= 0 
AT DEPTH : 10.8 ui= 0 
AT DEPTH : 12.6 ui= 0 
AT DEPTH : 14.4 ui= 0 
AT DEPTH : 16.2 ui= 0 
AT DEPTH : 18 ui= 0 
AT DEPTH : 19.8 ui= 0 
AT DEPTH : 21.6 ui= 0 
AT DEPTH : 23.4 ui= 0 
AT DEPTH : 25.2- ui= - 0 
AT DEPTH : 27 ui= 0 
AT DEPTH : 28.8 ui= 0 
AT DEPTH : 30.59999 ui= 0 
AT DEPTH : 32.39999 ui= 0 
AT DEPTH : 34.19999 ui= 0 
AT DEPTH : 35.99999 ui= 0 

.5 

1 

- _ _  - -- -- --- - - _ _  - - - -  -1.._3 

1.7 

2.04 

2.04 

............................................................................... 
LAYER THICK initial final max. past N . C  O . C .  

stress stress pressure settle settle ............................................................................... 
1 1.80 0.11500 2.15500 3.20000 0.00000 0.05342 
2 1.80 0.23000 2.27000 3.20000 0.00000 0.03790 

4 1.80 0.46000 2.50000 3.20000 0.00000 0.02678 
5 1.80 0.57500 2.61500 3.20000 0.00000 0.02373 
6 1.80 0.69000 2.73000 3.20000 0.00000 0.02140 
7 1.80 0.80500 2.84500 3.20000 0.00000 0.01955 
8 1.80 0.92000 2.96000 3.20000 0.00000 0.01802 
9 1.80 1.03500 3.07500 3.20000 0.00000 0.01674 

- 3-1.80-0.34500- 2 .-38500- 3 - . - 2 0 0 0 0 - ~ 0 ~ 0 0 0 0 0 ~ ~ 0 ~ 0 3 ~ 0 6 -  - - -- - 

OOOG;90 
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10 1.80 
11 1.80 
12 1.80 
13 1.80 
14 1.80 
15 1.80 
16 1.80 
17 1.80 
18 1.80 
19 1.80 
20 1.80 

1.15000 
1.26500 
1.38000 
1.49500 
1.61000 
1.72500 
1.84000 
1.95500 
2.07000 
2.18500 
2.30000 

December 16, 1992 

3.19000 
3.30500 
3.42000 
3.53500 
3.65000 
3.76500 
3.88000 
3.99500 
4.11000 
4.22500 
4.34000 

3.20000 
3.25000 
3.30000 
3.35000 
3.40000 
3.45000 
3.50000 
3.55000 
3.60000 
3.65000 
3.70000 

0.00000 
0.00085 
0.00322 
0.00547 
0.00762 
0.00967 
0.01162 
0.01350 
0.01529 
0.01701 
0.01866 
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0.01565 
0.01459 
0.01347 
0.01246 
0.01153 
0.01069 
0.00992 
0.00920 
0.00853 
0.00792 
0.00734 

OUTPUT OF CONSOLIDATION ANALYSIS 
only 20 time steps are printout 
Uave based upon water pressure dissipation is Uave(u) 
Uave based upon settlement is settle(t)/final settle 

EWMF FERNALD (IN TILL -GRADUAL LOAD-15YR) 
TIME Uave(u) settle(t) settle(t)/final settle 
DAY FT 
0.0 0.00% 0.00000 0.00000% 

20.0 7.32% 0.05098 0.10783% 
30.0 8.14% 0.05282 0.11173% 
100.0 12.82% 0.07470 0.15800% 
120.0 20.56% 0.10250 0.21681% 
230.0 26.05% 0.12275 0.25964% 
360.0 30.55% 0.14676 0.31042% 
500.0 34.64% 0.17034 0.36029% 
650.0 38.37% 0.19464 0.41169% 
800.0 43.06% 0.21900 0.46322% 
990.0 48.84% 0.24324 0.51448% 
%1190.0 54.18% 0.26724 0.56525% 
%1410.0 59.43% 0.29182 0.61723% 
%1650.0-. 64.47% 0.31618 0.66876% 
%1890.0 69.47% 0.34046 0.72012% 
%2230.0 76.84% 0.36492 0.77186% 
%2660.0 83.81% 0.38913 0.82306% 
%3190.0 89.73% 0.41291 0.87337% 
%3950.0 94.72% 0.43739 0.92515% 
%5360.0 98.50% 0.46157 0.97629% 
%5480.0 98.65% 0.46264 0.97855% ............................................................ 

Depth Excess Pore Water Pressure ( I t Y l )  

.- 
t= 0 ..................... 

0.0 0.000 0.000 0.000 0.000 
1.8 0.000 0.186 0.036 0.007 
3.6 0.000 0.359 0.070 0.014 
5.4 0.000 0.516 0.103 0.020 
7.2 0.000 0.655 0.133 0.026 
9.0 0.000 0.773 0.159 0.031 
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, 
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10.8 0.000 0.869 0.182 0.036 
12.6 0.000 0.942 0.199 0.039 
14.4 0.000 0.991 0.211 0.041 
16.2 0.000 1.016 0.218 0.043 
18.0 0.000 1.017 0.220 0.043 
19.8 0.000 0.995 0.216 0.043 
21.6 0.000 0.951 0.208 0.041 
23.4 0.000 0.888 0.194 0.038 
25.2 0.000 0.805 0.176 0.035 
27.0 0.000 0.705 0.153 0.030 
28.8 0.000 0.589 0.127 0.025 

~ 32.4 0.000 0.317 0.067 0.013 
34.2 0.000 0.163 0.034 0.007 
36.0 0.000 0.000 0.000 0.000 

- 
30.6 0.000 0.459 0.-098 0,.019---- --- - - -- - ~ - -  

............................................................ 
input file names for plotting the output 
file 1 for Uave based upon u, settlement, settlement ratio 
file 2 for pore water pressure distribution 
file name 1 
file name 2 
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APPENDIX J 
CALCULATIONS FOR BEARING CAPACITY 
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Bearing M i t y  of Shallow Foundations 

TABLE 3.1. BEARING CAPACITY FACTORS Q 
\ 

dJ NC Nq N, -;, NqlNc t a 9  

0 5.14 1 .oo 0.00 0.20 0.00 
1 5.38 1.09 0.07 0.20 0.02 
2 5.63 1-20 0.1 5 0.2 1 0.03 
3 5.90 1.31 0.24 0.22 0.05 
4 6.19 1.43 0.34 0.23 0.07 
5 6.49 1.57 0.45 - 0.24 0.09 

-. . 6 6.81 1.72 0.57 0.25 0.1 1 

l a 1  

. .  

7.16 1 .a8 0.71 0.26 .. - .&I2 7 

9 7.92 2.25 1.03 0.28 0.16 
~ ---8-7.53-- -2.06----- --0.86-0.27~0.14- .- -- 

10 8.35 2.47 1.22 0.30 a18 

11 880 2.71 1.44 0.31 0.19 
12 9.28 2.97 1.69 0.32 0.21 

9.81 3.26 1.97 0.33 0.23 
10.37 3.59 2.29 0.35 0.25 

(bl l3 
14 
15 10.98 ' 3.94 2.65 0.36 0.27 

16 11.63 4.34 3.06 0.37 0.29 
17 12.34 4.77 3.53 0.39 0.31 
18 13.10 5.26 4.07 0.40 0.32 
19 13.93 5.80 4.68 0.42 0.34 
m 14.83 6.40 5.39 0.43 0.36 

0 21 15.82 7 .07 6.20 0.45 0.38 
7.13 0.46 0.40 

0.48 a42  

I C )  25 20.72 10.66 10.88 0.51 0.47 

26 22.25 1 1.85 12.54 0.53 0.49 
27 23.94 13.20 14.47 0.55 0.5 1 
28 25.80 14.72 16.72 0.57 0.53 
29 27.86 16.44 19.34 0.59 a56 

22.40 0.61 q58 30 
31 32.67 20.63 25.99 0.63 0.80 

basic solution available (Prandtl, 1921; Reissner, 1924) in- 32 35.49 23.18 30.22 0.65 0.62 
dicates that the failure pattern should consist of three 33 38.64 26.09 35.19 0.68 0.65 

v o  

0.50 a 4 5  . 
7B2 e.20 

2% p 2 2  16.88 
23 18.05 , 8.66 
24 19.32 9.60 9.44 

- 
18-40 -.__ 30.14 _. . . .- 

Fig. 3.14 me problem o f  bearing cepec i~  of hallow footings. 
.. - 

zones: I, 11, and 111. Zone I is an active Rankine zone, 34 42.16 29.44 41.06 0.70 0.87 
which pushes the -radial Prandtl zone I1 sideways and the 35 46.12 33.30 48.03 0.72 0.70 

0.76 0.73 
0.73 0.75 boundary ACDE of the displaced soil mass is composed of n- 55.63'' 42-92. 

passive Rankine zone III in an upward direction. The lower a 50.58 37.75 '5631. 

two straight lines AC and DE, inclined at +So + 442 and 38 61.35 48.93 78.03 0.80 0.78 
4 v  - 442, respectively, to the horizontal. The shape of the 39 67.87 55.96 92.25 0.82 081 

75.31 -6420 .Nl%41 0.85 0.84 

comes a logarithmic spiral which for y = 0 degenerates into 42 - 92-71 85.38 155.55 0.9 1 0.90 
a circle. In w e n e r a 1  B f 0) the curve lies between 43 105.1 I 99.02 186.54 ' 0.94 

(@ = 0) the curve is always a circle. these mdmngs have 45 133.88 134.88 . 271.76 1.01 ' 1.00 
been confirmed experimentally (De Beer and Vesii, 1958), . 152.10 158.51 330.35 1.04 . 1 .w 
least for long rectangular footings on the surface of sand. 48 199.26 222.31 496.01 3.12 1.11 

has not yet been found and probably will not be found, ex- 50 266.89 319.07 762.89 1.20 139 

66.19 

. .  . .  .. 
connecting curve CD depends on the angle 4 and on the 
ratio-yB/q. For -yB/q~ + 0 ("weightless soil") the curve be- 41 83.86 73.90 13b.22 . 0.88 0.87. 

0.93 

40 

a spiral and a circle, as long as.@ # 0. For a; fri;tionless soil 44 118.37 115.31 . 224.64 0.97 - a 9 7  

though the angle JI may be slightly larger than 45' + 412, at 47 173.64 187.21 403.67 1-08 1.07 

A closed analytical solution of this problem, as posed, 49 229.93 265.51 613.16 1.15 1.15 

cept for special cases. For weightless soil (7 = 0), Prandtl 
and Reissner have found that: - 

can be shown that: 
(3.5) 

(3.7) 
40 = C N C  + qNq 

, . 
40 = 4 * 

where N, and Nq are dimensionla broling mpodty factors, 
wheff-N,-is-again-a-dimensionless-beariagIcapacity~a.c~r,__ . - 
which can be evaluated only numerically. This factor vafies 
sharply with angle JI. ' h e  numerical values shown by 
dashed lines in Fig. 3.15 are taken from an a n d y e m 8 d e  

9-45" + @/2. It can be shown (Vesit. 1970) that these d u e s  

--defined-by . .. 
.-. ;N4. = e. **. . . ! -. ,m' (all + j 2 )  

r . .  ' .  ' - j p ~ q * - q + t #  (3.6) 

The -L.r.&-facton are given in Tabie 3.1 
. .  ,:,: _ -  by Caqwt  and KCrisel (1953) under assumption that !b 
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* TABLE 3.2. SHAPE FACTORS FOR SHALLOW 
FOUNDATIONS. 

(After De Beer, 1967, as modified by VetiC, 1970). 

Strip 1 .CUI 1 .oo 1 1.00 
Rectangle 1 + (B /L )  (Nq/Nc) 1 + (8 /L)  tan cp 1 - 0.4BlL 
Circle and 

Square 1 + (Nq/NcI l + t a n @  0.60 

.. 6 

saturated unit weight of 118 lb/ft3 and an average moist 
unit weight above the water table of 100 lb/ft3. Drained 
triaxial tests on sand samples show that the angle @ of 
shearing resistance of sand varies with mean normal stress 
uo according to  the equation 

@ = 41 - (5.5') log10 (do1 1 
where u1 = 38' is the angle of shearing resistance a t  mean 
normal stress uI = 1 ton/ft!. . 
Solution: 

Submerged unit weight of sand: 7 '  = 118 - 62 = 56 lb/ft3 
Overburden stress: 9 = (8)( 100) + (2)(56)/(2000) = 0.456 

I 
functions of the geometrical form of the foundation. Rec- 

extensive;experiments at Ghent-(De Beer,-1967) are &en 
in Table 3.2. Numerical values of N,/N, and tan @ appear- 
ing in these expressions are given in Table 3.1. 

' 28 feet wide and 
84 feet long is to be pl-f 10 feet in a deep 
stratum of soft, saturated clay (bulk unit weight 105. 
lb/ft3). The water table is at 8 feet below ground surface. 
Find the ultimate bearing capacity under the following two 

(a) assuming that the rate of application of dead and 
live loads is fast in comparison with the rate of dissipation 
of excess pore-water pressures caused by loads, so. that un- 
drained conditions prevail at failure; 

(b) assuming, as the other extreme, that the rate of 
loading is slow enough that no excess pore-water pressures 
are introduced in the foundation soil. 

The strength parameters of the soil, obtsuned from un- _. -. 
consolidated, undrained tests are c, = 0.22 ton/ft' , @, = 0.' I-.' 

Consolidated, drained tests give cd = 0.04 tonlft', @d = 23'. 
Condition (a): 

ton/ft2 
-- o m m e n d e d - e x p r e s s i o n s - o f - s h a p e ; f a c t o ~ - ~ ~ - d - ~ ~ ~ ~ y  on To-fixidXlieTiean normal-Stress, accordiEfiE<3.l-O~r6-- - -  - 

liminary estimate Of bearing capacity is needed. 
sumed for this preliminary analysis that @ = 34'. 

It k as- 

Bearing capacity factors (Table 3.1): N, = 29.44; N7 = 

Shape factors: fq = 1 + (1/3)(0.67) = 1.22; fv = 1 - 

Ultimate bearing pressure (Eq. 3.1 1): 

. 

4 1.06 

0.4(1/3) = 0.87 
EXAMPLE 3.1 : A rec 

90 = (0'456)(29.44)(1.22) 
' conditions: + (1/2)(56)(28)(41.06)(0.87)/(2000) 

= 16.4 + 14.0 = 30.4 tonlft' 

Mean along the slip surface (Eq. 3. o): 
uo = (1/4) 130.4 + (3)(0.456)) (1 - 0.559) = 3.5 ton/ft2 

Representative angle of shearing resistance: 
Cp. i f i ~  

@ = 38' - (5.S0)(0.544) = 35' 

The analysis is now repeated with @ = 35': 

N = 33.3; N7 = 48.0; {, = 1 + (1/3)(0.70) 
Submerged unit weight of soil: 7' = 105 - 62 =431b/ft3.'i" 
Overburden stress: 9 = [(8)(105) + (2)(43)]/(2000) = 

Bearing capacity factors (Table 3.1): N, = 

Shape factors (Table 3.2): 5, = 1 + (1/3)(0.20) = 1.067, 

Ultimate bearing pressure (Eq. 3.1 1): 

= 1.23; f7 = 0.87; 

90 = (0.456)(33.3)( 1.23) 0.463 tonlft' 

N v = O  

tq = 1.00 

5.149 = 1, + (1/2)(56)(28)(48.0)(0.87)/(2000) 

= 18.7 + 16.4 = 35.1 ton/ft' 

In view of small change in mean normal stress from the pre- 
viously found value, this answer is retained. 

Remarks: (1) The analysis of compressibilit)l effects for 
this case is presented in Example 3.8. 

(2) Because of high value of ultimate bearing capacity 
it is possible that the allowable bearing pressure may be 

8.20 controlled by maximum t o h b  lsttkslarrt for -the 
structure-in question. 

(1/3)(0.42)= 1.14;fv = 1 - (0.4)(1/3)=0.87 

40 = (0.22)(5.14)(1.067) +(0.463)(1)(1.00) 
. . ~ .  

Condition (b) 

~ = 1;21 + Q46 = 1.67 ton/ft' 

Bearing capacity factors: N, = 18.05;-Nq = 8.66;Nv = 

Shape factors: {, = 1 + (1/3)(0.48) = 1.16; tq = 1 + 

Ultimate bearing pressure: '. - 

3.6 EFFECT OF lNCLlNAndls-00CBIOTllmW 3 

1 .  
90 = (0.04)(18.05)(1.,16) + (0.463)(8.66)(1.14) OF THE LCAD -__ - 

i3.e n t 
+ ~1/2~~4~~~28)~8-~0~~0$7~/~2000~ 
= 0.72 + 4.57 + 2.14 = 1.43 t o n / f t L  The preceding discussions were all concerned with a footing 

loaded by a central, vertical load. If the load is inclined or 
eccentric, or, as it most often happens, both inclined and 
eccentric, the problem is somewhat more complicated b e  
cause of the presence of-the-horizontal-component P-of-the- - - 

footing reaction (Fig. 3.16a). Failure can occur tith- 
sliding of the 
of *e u n d v .  

At the verge o sliding the horizontal component P iS 
related to the vertical component Q of the footing reaction 

Remark: The computed values of 90 represent the upper 
limit of bearing capacity under the assumption of inccm- 
p m s o i l .  The analyses of effects of compressi6ility 
foTthGG%e are presented in Example 3.7. 

EXAMPLE 3.2: Solve the problem described in Example 
3.1 if the footing is placed at the same depth (10 feet) in a 
deep stratum of medium dense sand. -me for sand a 

- 

or by gmeral sheaf_ 
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Unit weight = 7 - Cohesion = c - 7: - - 

Friction angle = 
Figure 3.3 Bearing capacih failure in soil under a rough rigid 
continuous foundation 

The bearing capacity factors, N,, ATq, and A', are defined by the following 
equations: 

K r -< = . . _  ! 

where 4, = passive pressure coefficient z . L  

The variations of the bearing capacity factors defined by Eq. (3.3) are given in 
Figure 3.4. 

For estimation of the ultimate bearing capacity of square or circular foun- 
dations, Eq. (3.1) may be modified to the following forms: 

(3.7) 

qu = 1.3cA7, + qA', + 0.3yBS, (circular foundation) (3.8) 
In Eq. (3.7), B is equal to the dimension of each side of the foundation, in Eq. 
(3.8), B is equal to the diameter of the foundation. 

For foundations that exhibit the local shear failure mode in soils, Terzaghi 
suggested the h l h r i n g  modifications to Eqs. (3.3). (3.7), and (3.8). 

(3.9) 
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APPENDIX K 
HELP MODEL RESULTS 



INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date:01/12/93 Subject: FERNALD OSDC STUDY Sheet N 0 . 1 o f a 6  

LANDFILL INFILTRATION Proj. No. 409196 

Purpose: 

To calculate-the-leachate-generated-at-the-base -of-the -2andf i-l-l-cap-and- 

the leachate collection zone after site closure. 

- 

Computer Version: 

Version 2.05 of the computer model entitled 

of the Landfill Performance” (HELP) was used for the analysis. HELP model 

was developed by the U. S. Environmental Protection Agency (USEPA) and 

the U.S. Army Corps of Engineers (USACE). 

The Hydrologic Evaluation 

References: 

1. Soil Survey of Buter County, Ohio. United States Department of 

Agriculture, Soil Conservation Service, 1973. (Attachment A) 

2. Concrete Manual, A Water Resources Technical Publication, U.S. 

Department of the Interior Bureau of Reclamation, eighth edition 1975. 

(Attachment B) 

3. ACI Manual of Concrete Practice, Part 1, Materials and General 

Properties of Concrete, 1989. 

4. Instructions on How to Run Version 2 of the HELP Model on a Personal 

Computer. 

_ _ _  . _ _ _  -Assumptions: __- - ___ 

1. The SCS runoff curve number and the initial soil water content were 



.. 

INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

By: LK Date:01/12/93 Subject: FERNALD OSDC STUDY Sheet 

LANDFILL INFILTRATION Proj. No. 409196 i 
Chkd. By:'U Date: 

computed by the ltHELPtl model. 
- 

2 . Rainf a1 1 w-er-e-generated-by- synthet-ic--weat-her-generator--by-given--- 
monthly average precipitation, reported in the soil survey of Buter 

County, Ohio. 

3. Default soil characteristics were selected for most of the components 

in the Tumulus landfill. Table 1 lists the default soil types and 

characteristics used in HELP model version 2. A manual assigned value was 

entered if an appropriate value could not be found from Table 1. 

4. The two geotextile layers were not introduced into simulation, 

because they serve for the separation purpose, and do not serve for 

percolation or lateral drainage purpose. 

5. Total area of the surface was entered as 33 acre or 1200 x 1200 ft2. 

This will prevent the occurrence of huge volume estimated in the item 

llsoil water at start of year." Therefore, the results from the HELP model 

are based on one unit area criteria. The total surface area of the 

Tumulus landfill was estimated to be approximately 317 acres. 

6. The 60-inch thick Roller Compated Concrete (RCC) can not be simulated, 

because it conflicts the rules set by the HELP Model. Rule 3 does not 

allow the RCC (vertical percolation layer) be placed below the lateral 

drainage layer. Rules 2 will not allow the RCC (if treated as barrier 

soil liner) be adjacent to the underlying clay liner. Eventually, if RCC 
- 

was modeled-as-a-lateral-drainage-1-ayerrthen-the- overlyim lXt-l-- 

drainage layer (sand & gravel) will be ignored, and treated as a minor 



64.2 2 
I 

Y -. 

INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

By: LK Date: 01/12/93 Subject: FERNALD OSDC STUDY Sheet No.xof& 

Chkd. By:& Date: LANDFILL INFILTRATION Proj. No. 409196 

component for the purpose of lateral drainage in the cap. The RCC layer 

was combined-with-the-underlying-clay-l-iner,-w-i-th- a-total- t-hickness-of-- - 

108 inches assigned for layer 3. 
_. 

7. The soil texture of solidified waste was specified manually. The 

permeability of waste was 2.0 x10-5 cm/sec, to accomodate for the 

solidified and containerized waste. The porosity, filed capacity, and 

wilting point were entered as 0.3, 0.05, and 0.02 respectively. 

8. The permeability of the lateral drainage layer was selected as 1x10-3 

cm/sec, according to the Material Source Survey Report. 



INTERNATIONAL 
TECHN0fX)GY 
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By: LK Date: 12/02/92 Subject: FERNALD EWMF STUDY Sheet N o . L o f 3  

Chkd.  BY:^ Date: LANDFILL INFILTRATION Proj. NO. btqlqb 

~~ __- - - -  
Met-hod-: 

The configuration of the tumulus landfill are presented as below. Eleven 

layers were used for the vertical infiltration analyses. 

h&P “16 

m o - 7  

- 7  
/ X I 0  

-f 
lb0 # IO 
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Chkd. By:& Date LANDFILL INFILTRATION Proj. No. 409196 

_. . 

The case of fully closed landfill was selected to evaluate the long-term 

disposal condition. The results from the HELP model analysis indicates 

that the total amount of liquid on an annual average basis at the base of 

the multi-layered cap is 

area). Eventually, the rainwater infiltrated through the cap is expected 

to discharge at a fairly low or negligible rate. This verifies that the 

5,450 ft3/yr or 0.08 gpm (based on one acre 

multi-layered cap is capable of securing the landfill from infiltration 

of rainwater. 

The average annual leachate from the base of the leachate collection zone 

is negligible. At the same layer, the theoretically maximum amount of 

drainage, generated from a peak daily precipitation, also are negligible 

The amount of leachate percolated through the 3-fOOt thick clay barrier 

underlying the leachate collection zone is 7.6 ft3/yr or 0.0001 gpm, 

while the peak daily value is 0.03 ft3/day. Nevertheless, the head on the 

base of the 3-fOOt thick clay barrier is calculated to be negligible. 

To optimize the function of the leachate collection/detection system, and 

to reduce the amount of leachate percolated through the underlying clay 
- 

-barrier-,-a-steeper-slope-( >-2-percent)~a-higher-p~rmab-il-itjF for sand 

5 
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By: LK 

Chkd. By:\- Date: 
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and gravel, and a herringbone pipe network for the leachate collection 
layer-are-recommended-.-The-computer-printout s-are-~n-clucie-d-i’iiXttTchment- - 
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. 
SOIL SURVEY 

TABLE 1 .--TEMPERATURE A N D  P R E C I P I T A T I O N  

[ D a t a  were r e c o r d e d  i n  t h e  p e r i o d  1951-74 a t  H a m i l t o n  F a i r f i e l d .  O h i o 1  

I 
I 

Temper a t u r  e I P r e c i p i t a t i o n  

I 

May--------; 75.8 

June-------! 84 .3  
I 

I 

J u l y - - - - - - - :  87.0 
I 

August-----: 86.6 
I I 

S e p t e m b e r - - ;  81.0 54.7 
I 

I , 
O c t o b e r - - - - ;  69.8 I 43.2 

November---: 54.3 I 33.8 

December---! 43.3 I 25.8 

8 I 

I I 

I I 

I , I 
Y e a r l y :  I I 

I I 

Average- - ;  65.5 92.7 

Extreme--; --- I --- 8 
I I 

I I 

Tota l - - - - :  --- I --- 

42.0 

51 .O 

59.8 

63.5 

61.2 

I 

63.4 i 
72.1 I 

75.5 I 

73.9 

67.9 

56.5 

44.0 

34.6 

, 
8 

54.1 I 
I --- , 
I 
I --- , 

69 

80  

85  

92 

96 

98 

98 

96 

8 8  

7 8  

70  

--- 
101 

--- 

-2 

1 1  

22 

30 

43 

48 

46 

33 

22 

12 

0 

--- 
-9 

--- 

, I 

, I ; z  y e a r s  i n  10; 
8 I I I z y e a r s  i n  

I w i l l  have- -  I A v e r a g e  I , I 8 I 1 0  w i l l  have--  I A v e r a g e  I 
Month :AveragelAverage:Average: I :number  o f : A v e r a g e l  

I I o r  more i Imaximumlminimuml ItemperatureItemperaturei d e g r e e  I . I  

I I I t h a n - -  I than- -  I Ut I U p  ' n s ;  n ; l n i E i  i ' "  - : = ,  , - I  
I "1. ' I -  1 - 1  

I number of I Average 
: Less l More : d a y s  w i t h : s n o u f a l l  I Maximum I Minimum I g r o w i n g  I I t h a n - - : t h a n - - ; o . l O  i n c h ;  I d a i l y  I d a i l y  I 

I I 8 I h i g h e r  I lower ; d a y s '  0 I 

, 
UF UF 

I I 
I I 

- 
-Ja nua ry=---~--;-U Orl-I-2-1~7-1-3 0~9-j- 67-!- -9-'-0-;-2;72-;-1:4 3-;-3T76-:- 

I I I I 

F e b r u a r y - - - :  43.8 i 24.1 i 34.0 

March------: 53.3 31.4 i (12.4 I 
I , I I 

I I I 

Apri l - - - - - - :  66.6 54.3 i 

0 I 2 .53  i 1.05  i 3.72 

3.40 I 1 .58  I 4 .88 j 
3.68 l 1.84 I 5.17 I 

3.77 I 2.16 

3.54 I 2 .19 

4.07 i 2.12 

2.62 I 1 .28 

3.04 I 1.27 

I 

I 

I 

I 

I 

5.07 I 
I 

4.74 i 
, 

5.65 I 
I 

3.70 

4.48 
I t 

1.99 I .97 I 2.81 

2.78 

2.47 

--- 
e-- 

36-61, 

I I , 
1.57 I 3.76 

1.31 j 3 . 4 1  
I , , I 

8 

11.4 

3.8 

. 2  

.o  

. o  

. o  

. o  

.o  

. 1  

1 . 5  

2 . 9  

--- 
--- 

17.1 

I - 
1 A  g r o w i n g  d e g r e e  day is  a u n i t  o f  h e a t  a v a i l a b l e  f o r  p l a n t  g r o w t h .  

I t  c a n  be  c a l c u l a t e d  by a d d i n g  t h e  

maximum and minimum d a i l y  t e m p e r a t u r e s ,  d i v i d i n g  t h e  sum by 2. and  s u b t r w i n g  t h e  t e m p e r a t u r e  be low which 
g r o w t h  is m i n i m a l  f o r  t h e  p r i n c i p a l  c r o p s  i n  t h e  a r e a  (500 F ) .  , 



LER COUNTY, OHIO 

TABLE 2 . - -FREEZE DATES IN SPRING A N D  FALL 

[Data were recorded i n  t h e  per iod 1951-74 
a t  Hamilton F a i r f i e l d ,  Ohio] 

Temperature 

- 

1 year  i n  10 I I I 
, 

e a r l i e r  then-- I October 2 0  I October 18 I IScptcmber 29 

e a r l i e r  than-- I October 26 I October 21 I I October 5 
I I I 8 2 y e a r s  i n  10 I I I 

5 years  i n  10 I I 

I 

I 1 I I 

I I 

I 

I 

e a r l i e r  than-- I November 6 I October 29 i I October 16 
4 I 0 1 I 

TABLE 3.--GROVINC SEASON 

[Data were recorded i n  t h e  per iod 1951-74 
a t  Hamilton F a i r f i e l d .  Ohio] 

. 
~ - 

.I 



CHAPTER I-CONCRETE A N D  CONCRETE MATERIALS 

d eye (open about 0.0015 
subjected to direct tension 
intervals of 28 days until 

f failure ranged from 70 to 
2.5 times as great as the ex- 
der  rapid loading. 
sxtensibility in which con- 
hes long were cast at 70' F 
tvith strain gages embedded 

-Jer-s-was-held-constant-by----- 
-- taken through a rising and 

:rature cycle in the interior 
emperatures reached maxi- 

were in compression. As 
> tension. Specimens made 
isile stresses of 210 to 225 
rting temperature of 70" F 
c'ment or a combination of 
d a n '  ruptured under tensile 
:h at approximately 60" F. 
lity measurements. they il- 
to cracking of concrete. 

lesirable. for it permits the 
hanges and .drying. 

__ 

Maximum 
size of  

aggregate. 
inches 

ies are significant in keeping 
mass concrete, extracting 

h similar operations involv- 
rate at which heat is trans- 
iickness when there is unit 
:es. When thermal conduc- 
it and unit weight. a single 
iffusivity is an index of the 
Beratwe change. The main 
mcrete is the mineralogic 
not definable in specifica- 

ozzolan, percent sand, and 
they have negligible effect. 
od insulator, but economic 

i' of entrained air outweigh 
nal properties. 

ortant in structures that rely 
Unit weight is increased by 

Unit weight. pounds per cubic foot I Average values 

Air Water. j Cement. Specific gravity of aggregate '. content. 1 pounds pounds - 
percent i per cubic per cubic 

I yard , yard 2.55 I 2.60 I 2.65 j 2.70 1 2.75 

the use of aggregate having high specific gravity and by the use of maxi- 
mum amounts of coarse aggregate well graded to the largest practicable 
size. Tests of the unit  weight of hardened concrete are readily made by 
displacement when the volume of the specimen cannot be computed 
accurately. 

The unit weight of fresh concrete is employed chiefly as a means for 
checking the yield of batches. the cement content. and air content. but it 
is also indicative of the uni t  weight of the hardened concrete. Average 
values are shown in table 4. - ---- 

Table 4.-Observed average weight of fresh concrete 

(Pounds per cubic foot) 

1 Weights indicated are for air-entrained concrete with indicated air conten 
On saturated surface-dry basis. 

Adr 147, 6: 2.65 
C. Effects of Various Factors on the Properties of Concrete 

14. Entrained Air Content, Cement Content, and Water Content.-Ex- 
perience in field and laboratory has conclusively demonstrated that dur- 
ability and other properties of concrete are materially improved by the 
purposeful entrainment of 2 to 6 percent air. Purposeful entrainment is 
accomplished by adding an air-entraining agent to the concrete mix. The 
use of an  agent results in the dispersion throughout the mix of non- 
coalescing spheroids of air having diameters of from 0.003 to 0.05 inch. 
The amount of air entrained is a function of the quantity of agent added. 
Current investigations indicate that various parameters of the air void sys- 
tems materially affect the properties of the concrete and that the most 
desirable parameter is that of small, closely spaced air bubbles obtainable 
with most of the commercial air-entraining agents in common use today. 

Since air content has an important effect on water content and also af- 
fects cement content to some extent, the effects of  these three factors on 
the properties of concrete are considered together. 

. -  

(a 1 Eflecrs on Workabilitv.-Entrainment of air greatly improves the 
workability of concrete and permits the use of aggregates less well graded 
than required if  air is not entrained. This explains why it is possible and 
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0.045 0.018 1.OE-02 1 COS GS 0.417 
2 S sw 
4 LS SR -0c437--0.-10S- Or047---- 

0.437 0.062 0.024 3.8E-03 
- 3 FS sn 0.457 0.083 0.033 3.lE-03 - --l-*-7E=03- - -- - - 

----- 
l . O E I O 3  LFS SR 0.457 0.131 O.OS8 I J 

- 6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

SL sn 0.433 0.190 0.085 
FSL sn 0.473 0.222 0.104 
L IlL 0.463 0.232 0.116 

s i 1  HL 0. so1 0.284 0.13s 
SCL sc 0.398 0.244 0.136 
CL a- 0.464 0.310 0.187 
SiCL CL 0.471 0.342 0.210 
sc CH 0.430 0.321 0.221 
sic CH 0.479 0.371 0.251 

C X L  0.47s 0.378 0.263 
Liner S o i l  0.430 0.366 oi. 280 
Liner Soil  0.400 0.356 0.290 
nun. u8#te 0.520 0.294 0.140 

USER SPECIFIED SOIL CHARACTERISTICS 
USER SPECIFIED SOIL CHARACTERISTICS 

~ ._ 

7.2E-04 
5.2E-04 

1.9E-04 
1.2E-04 
6.4E-OS 
4.2E-os 
3.30-03 
2. SE-os 
1.7t-OS 
1.OE-07 
1.OE-08 
2.OE-04 

3.7E-04 



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

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

TUMULUS LANDFILL 
FERNALD,OHIO 
JAN 20, 1993 

_-.__-. __.- 
.__ -- - -  - - -~ 

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

FAIR GRASS 

LAYER 1 -------- 
VERTICAL PERCOLATION LAYER 

36.00 INCHES - THICKNESS - 
POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - - 0.000570000033 CM/SEC 

0.5010 VOL/VOL 
0.2837 VOL/VOL 
0.1353 VOL/VOL 
0.2837 VOL/VOL 

- 
- 
- 
- 

LATERAL DRAINAGE 
THICKNESS - 
POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 
SLOPE - 
DRAINAGE LENGTH - 

- 
- 
- 
- 
- 
- 
- 
- 

LAYER 
24.00 INCHES 
0.4170 VOL/VOL 
0.0454 VOL/VOL 

0.0454 VOL/VOL 
0.000998999923 CM/SEC 
8.00 PERCENT 

0.0200 VOL/VOL 

600.0 FEET 

LAYER 3 -------- 

THICKNESS 
BARRIER SOIL LINER 

108.00 INCHES - - 



- - 
- - POROSITY 

FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 

- - 
- 
- 

6 4 2 v  Id 1 zb 
0.4300 VOL/VOL 

\ 0.3666 VOL/VOL 
0.2802 VOL/VOL 
0.4300 VOL/VOL 
0.000000100000 CM/SEC 

VERTICAL PERCOLATION LAYER - - - - 30,00-1-~~~~~-~-------- - - -  THICKNESS 

FIELD CAPACITY 
WILTING POINT - 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 

0.4096 VOL/VOL 
0.2466 VOL/VOL 
0.1353 VOL/VOL 
0.2466 VOL/VOL 
0.000009500000 CM/SEC 

- - 
- POROSITY 

- - 
- 
- 
- 

THICKNESS 
POROSITY 
FIELD CAPAC 

LAYER 5 -------- 
~ d e  

VERTICAL PERCOLATION LAYER 
- - 360.00 INCHES 

VOL/VOL 
VOL/VOL 

- - 
- - 
- - 
- - 0.0500 VOL/VOL 

SATURATED HYDRAULIC CONDUCTIVITY - - 0.000019989999 CM/SEC 
INITIAL SOIL WATER CONTENT 

T1 
WILTING POINT 

LAYER 6 -------- 
VERTICAL PERCOLATION LAYER 

12.00 INCHES - - 
- 0.1300 VOL/VOL 

THICKNESS 

- 0.0500 VOL/VOL 
POROSITY 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.0500 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY - - 0.000000100000 CM/SEC 

- 
- 
- 0.0200 VOL/VOL - 

LAYER 7 -------- 
- - 

_ _ _ _  

LATERAL DRAINAGE LAYER 
24.00 INCHES - - 

- 0.4 17 0 VOL/VOL 
THICKNESS 

- 0.0454 VOL/VOL 
POROSITY 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.0454 VOL/VOL 
WILTING POINT 

- 
- 
- 0.0200 VOL/VOL - 

0007ILG 



64.2 2 
SATURATED HYDRAULIC CONDUCTIVITY - - 0.000999989919 CM/SEC ?* I p b  
SLOPE - - 2.00  PERCENT 
DRAINAGE LENGTH = 1200.0 FEET 

LAYER a 

BARRIER SOIL LINER 
36.00 INCHES - THICKNESS - 

POROSITY - 

WILTING POINT - 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 

0.4300 VOL/VOL - 
- 
- FIELD CAPACITY - ----O- -3 6 6-3--VOL-/VOL - --- - 

0.2802 VOL/VOL 
0.4300 VOL/VOL 
0.000000100000 CM/SEC 

- 
- - 

- 

LAYER 9 

LATERAL DRAINAGE LAYER 
24.00 INCHES - THICKNESS - 

POROSITY - 
FIELD CAPACITY - 

INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 
SLOPE - 
DRAINAGE LENGTH = 1200.0 FEET 

0.4170 VOL/VOL 
0.0454 VOL/VOL 

0.0454 VOL/VOL 
0.000999999815 CM/SEC 
2.00 PERCENT 

- 
- 

WILTING POINT - - 0.0200 VOL/VOL 
- 
- 
- 

LAYER 10 -------- 
. -  BARRIER SOIL LINER 

- THICKNESS - 
- POROSITY - 

FIELD CAPACITY - 
WILTING POINT - 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 

- 
- 
- 
- 

36.00 INCHES 
0.4300 VOL/VOL 
0.3663 VOL/VOL 
0.2802 VOL/VOL 
0.4300 VOL/VOL 
0.000000100000 CM/SEC 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 

81.48 

15.00 INCHES 

- - 
= 1440000. SQ FT - - 

7.5150 INCHES 
4 . 1 4 1 1  INCHES 

- - 
- - 

09071,7 



642% 
0.0000 INCHES 

116.8800 INCHES 

- INITIAL SNOW WATER CONTENT - 
INITIAL TOTAL WATER STORAGE IN 
SOIL AND WASTE LAYERS - - 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 

CLIMATOLOGICAL DATA 

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO - - - _ _  - - -  - -  - -  - 

MAXIMUM LEAF AREA INDEX = 1.00 
START OF GROWING SEASON (JULIAN DATE) = 133 
END OF GROWING SEASON (JULIAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ------- ------- ------- ------- ------- 
PRECIPITATION ------------- 
TOTALS 1.58 2.59 4.21 2.57 3.63 4.93 

3.40 3.32 3.57 1.06 3.30- 2.17 

STD. DEVIATIONS 0.41. 1.24 1.38 0.93 0.88 2.78 
0.60 0.51 0.84 0.71 0.88 1.22 ’ 

RUNOFF 

TOTALS 0.000 0.000 0.007 0.000 0.012 0.174 
0.025 0.004 0.010 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.011 0.000 0.026 0.361 
0.053 0.008 0.013 0.000 . O . O O O  0.000 

TOTALS 1.005 1.430 2.581 3.429 3.090 4.579 
3.921 3.543 2.823 1.493 1.394 0.927 

STD. DEVIATIONS 0.100 0.083 0.223 0.795 0.857 1.477 
1.168 0.999 1.329 0.669 0.432 0.207 



LATERAL DRAINAGE FROM LAYER 2 

TOTALS 0.2383 0.2297 0.2794 0.2710 0.2875 0.2764 
0.2815 0.2758 0.2610 0.2625 0.2470 0.2551 

STD. DEVIATIONS 0.0674 0.0546 0.0677 0.0468 0.0498 0.0504 
0.0550 0.0584 0.0604 0.0665 0.0687 0.0615 

PERCOLATION FROM LAYER 3 ......................... 
TOTALS 0.1230 0.1124 0.1270 0.1262 0.1306 0.1258 

0.1301 0.1288 0.1231 0.1260 0.1207 0.1250 
~~- .- - 

- STD. DEVIATIONS 0.0129 0.0124 0.0149 0.0154 0.0148 0.0138 
0.0142 0.0135 0.0123 0.0121 0.0110 0.0112 

LATERAL DRAINAGE FROM LAYER 7 .............................. 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 8 ......................... 
TOTALS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 

LATERAL DRAINAGE FROM LAYER 9 .............................. 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 10 ......................... 
TOTALS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 

*********t************************************************************* 

* * ** ** * * * * * * * * * * *-*-*.*.* * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * *-* *-*-*-*-*-*-*-*-*--*-*-- - - - 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 ....................................................................... 
(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 



RUNOFF 0 . 2 3 1  ( 0.396) 

I 

33 V’”J 
27756. 0.64 

EVAPOTRANSPIRATION 30.216 ( 3.391) 3625971. 83.19 

LATERAL DRAINAGE FROM 3.1653 ( 0.6791) 379833. 8 . 7 1  

179854.  ur9 Io. ga 4.13 

LAYER 2 

PERCOLATION FROM LAYER 3 1.4988 ( 0.1521) 

LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00 
LAYER 7 

- PERCOLATION FROM -LAYER-8~0...002-l-(--O..-OOO5-)-- - - --2 527174- 0:01------- - 

LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00 
- rr I r0’4~ 

LAYER 9 

PERCOLATION FROM LAYER 10 0 .0021  ( 0.0005) 2 5 2 . 7 6  0.01 
[ J  %ldUJ 

CHANGE IN WATER STORAGE 2.709 ( 3.452) 325067. 7.46 

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

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 ac/z ________________________________________---------------------e tqP4 
(INCHES) (CU. FT.) -------- --------- 

PRECIPITATION 2.28 273600.0 

RUNOFF 0.694 83236.5 

LATERAL DRAINAGE FROM LAYER 2 0.0136 1632.4 

PERCOLATION FROM LAYER 3 

HEAD ON LAYER 3 

598.5 [o.bsJ 
. .  

0.0050 

50.4 

LATERAL DRAINAGE FROM LAYER 7 0.0000 0.0 
-IC 

PERCOLATION FROM LAYER 8 0.0000 1.1 0*”3 fiWJ 3 

HEAD ON LAYER 8 0.0 

LATERAL DRAINAGE FROM LAYER 9 0.0000 0.0 

PERCOLATION FROM LAYER 10 0.0000 1.1 0.03 ( ) . C Y ’  

oTo - . _ _  - ~ HEAD-ON-LAYER20 

SNOW WATER 0.74 88729.1 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3885 



MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1352 

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

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

2 9.21 0.3836 

3 46.44 0.4300 

4 9.06 0.3018 

5 25.03 0.0695 

6 0.65 0.0545 

7 1.09 0.0454 

8 15.48 0.4300 

9 1.09 0.0454 

10 15.48 0.4300 

SNOW WATER 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS - - 36.00 INCHES 
POROSITY - - 0.5010 VOL/VOL 
FIELD CAPACITY - - 0.2037 VOL/VOL 
WILTING POINT - - 0.1353 VOL/VOL 
INITIAL SOIL WATER CONTENT - - 0.2837 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY - - 0.000570000033 CM/SEC 

LAYER 2 

LATERAL DRAINAGE LAYER 
THICKNESS - - 24.00 INCHES 
POROSITY - - 0.4170 VOL/VOL 
FIELD CAPACITY - - 0.0454 VOL/VOL 

INITIAL SOIL WATER CONTENT - - 0.0454 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY - - 0.009990000166 CM/SEC 
SLOPE - - 8.00 PERCENT 
DRAINAGE LENGTH - - 600.0 FEET 

WILTING POINT - - 0.0200 VOL/VOL 

THICKNESS 
BARRIER SOIL LINER 

- - 108.00 INCHES 



- - 0.4300 VOL/VOL 
FIELD CAPACITY - - 0.3666 VOL/VOL 
POROSITY 

- - 0.2802 VOL/VOL 
INITIAL SOIL WATER CONTENT - - 0.4300 VOL/VOL 
WILTING POINT 

SATURATED HYDRAULIC CONDUCTIVITY - - 0.000000100000 CM/SEC 

LAYER 4 

VERTICAL PERCOLATION LAYER 
~OYOO-INCHES---- - - THICKNESS 

POROSITY - 
___ - -__ _- - 

0.4096 VOL/VOL - 
-~ 

- - 0.2466 VOL/VOL 
0.1353 VOL/VOL 

- 0.2466 VOL/VOL 
0.000009500000 CM/SEC 

- - FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY - 

- 
- 

LAYER 5 -------- 
i 

VERTICAL PERCOLATION LAYER 
360.00 INCHES - THICKNESS - 

- - 0.3000 VOL/VOL 
FIELD CAPACITY - - 0.0500 VOL/VOL 
POROSITY 

0.0500 VOL/VOL INITIAL SOIL WATER CONTENT - 
0.000019989997 CM/SEC SATURATED HYDRAULIC CONDUCTIVITY - 

WILTING POINT - - 0.0200 VOL/VOL - 
- 

LAYER 6 -------- 
VERTICAL PERCOLATION LAYER 

12.00 INCHES - THICKNESS - 
POROSITY - 
FIELD CAPACITY - 

INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 

0.1300 VOL/VOL 
0.0500 VOL/VOL 

0.0500 VOL/VOL 
0.000000100000 CM/SEC 

- 
- 

WILTING POINT - - 0.0200 VOL/VOL - 
- 

LAYER 7 -------- 
- -  -- - 

LATERAL DRAINAGE LAYER 
24.00 INCHES - THICKNESS - 

POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 
INITIAL SOIL WATER CONTENT - 

0.4 17 0 VOL/VOL 
0.0454 VOL/VOL 

0.0454 VOL/VOL 

- 
- 

0.0200 VOL/VOL - 
- 

000723 



SATURATED HYDRAULIC CONDUCTIVITY - - 0.009999900125 CM/SEC 
SLOPE - - 2.00  PERCENT 
DRAINAGE LENGTH = 1200.0  FEET 

LAYER 8 -------- 
BARRIER SOIL LINER 

36.00  INCHES - THICKNESS - 
POROSITY - 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT - 
SATURATED HYDRAULIC CONDUCTIVITY - 

0.4300 VOL/VOL - 
- 

07-3 66-3-VOL-/VOL- - - - - - ~- - - 

0.2802 VOL/VOL 
0.4300 VOL/VOL 
0.000000100000 CM/SEC 

- - 
- 
- 

LAYER 9 -------- 
LATERAL DRAINAGE LAYER 

24.00 INCHES - THICKNESS - 
POROSITY - - 0.4 17 0 VOL/VOL 
FIELD CAPACITY - - 0.0454 VOL/VOL 

INITIAL SOIL WATER CONTENT - - 0.0454 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY - - 0.009999999776 CM/SEC 
SLOPE - 
DRAINAGE LENGTH = 1200.0 FEET 

WILTING POINT - - 0.0200 VOL/VOL 

2.00  PERCENT - 

LAYER 10 -------- 
BARRIER SOIL LINER 

36.00  INCHES - THICKNESS - 
POROSITY - - 0.4300 VOL/VOL 

- - 0.3663 VOL/VOL 
WILTING POINT - - 0.2802 VOL/VOL 
FIELD CAPACITY 

INITIAL SOIL WATER CONTENT - - 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY - 0.000000100000 CM/SEC - 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 

81.48 

15.00 INCHES 

- - 
= 1440000. SQ FT - - 

7.5150 INCHES 
4.2555 INCHES 

- - 

000724 - - 



INITIAL SNOW WATER CONTENT - - 0.0000 INCHES 

SOIL AND WASTE LAYERS - - 116.8800 INCHES 
INITIAL TOTAL WATER STORAGE IN 

SOIL WATER CONTENT INITIALIZED BY USER. 

CLIMATOLOGICAL DATA ------------------- 
USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CINCINNATI OHIO 

- -____----- - 

MAXIMUM LEAF AREA INDEX = 1.00 
START OF GROWING SEASON (JULIAN DATE) = 133 
END OF GROWING SEASON (JULIAN DATE) = 300 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

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

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION ------------- 
TOTALS 1.58 2.59 4.21 2.57 3.63 4.93 

. -  3.40 3.32 3.57 1.06 3.30 2.17 

STD. DEVIATIONS 0.41 1.24 1.38 0.93 0.88 2.78 
0.60 0.51 0.84 0.71 0.88 1.22 

RUNOFF ------ 
TOTALS 0.000 0.000 0.007 0.000 0.011 0.174 

0.025 0.004 0.009 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.011 0.000 0.025 0.361 
0.053 0.008 0.013 0.000 0.000 0.000 

--__- _- EVAPOTRANSPIRATION ------------------ 
TOTALS 1.009 1.432 2.586 3.432 3.082 4.560 

3.903 3.544 2.880 1.438 1.393 0.927 

STD. DEVIATIONS .0.105 0.084 0.227 0.795 0.864 1.498 
1.167 0.999 1.260 0.602 0.430 0.206 (1 .'; 



LATERAL DRAINAGE FROM LAYER 2 .............................. 
TOTALS 0.2716 0.3084 0.6544 0.9496 0.7876 

0.4130 0.2761 0.1587 0.0882 0.0398 

STD. DEVIATIONS 0.3287 0.2589 0.5600 0.8230 0.5895 
0.3744 0.2766 0.1719 0.1103 0.0633 

PERCOLATION FROM LAYER 3 ......................... 
TOTALS 0.1032 0.0972 0.1082 0.1060 0.1088 

0.1072 0.1066 0.1027 0.1002 0.0908 

STD. DEVIATIONS 0.0078 0.0023 0.0024 0.0035 0.0025 
0.0016 0.0012 0.0007 0.0127 0.0168 

LATERAL DRAINAGE FROM LAYER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 8 ......................... 
TOTALS 0.0002 0.0001 0.0002 0.0001 0.0002 

0.0002 0.0002 0.0002 0.0002 0.0002 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE FROM LAYER 9 .............................. 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION FROM LAYER 10 

0.5023 
0.1023 

0.3423 
0.1364 

0.1042 
0.0939 

0.0014 
0.0182 

0.0000 
0.0000 

0.0000 
0.0000 

0.0002 
0.0002 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

TOTALS 0.0002 0.0001 0.0002 0.0001 0.0002 0.0002 
0.0002 0.0002 0.0002 0.0002 0.0002 0 .'0002 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

* * * * * * * * * ** * * * * * * * * * * * * * * *-** * * * * * * * * * * ** * * * * * * * ** * * * * * * * * * * * *-*-*-*-*-*-*-*-*-*-*- - - - 
- ~ 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 ....................................................................... 
(INCHES) (CU. FT.) PERCENT ------- ---------------- ----------- 

PRECIPITATION 36.32 ( 5.061) 4358880. 100.00 



RUNOFF 0.230 ( 0.397) 27596. 

EVAPOTRANSPIRATION 30.184 ( 3.442) 3622078. 83.10 

LATERAL DRAINAGE FROM 4.5521 ( 3.4737) 546249. 12.53 
LAYER 2 

PERCOLATION FROM LAYER 3 1.2289 ( 0.0425) 147466.  3.38 

LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00 
LAYER 7 

- 
LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00 

LAYER 9 

PERCOLATION FROM LAYER 10 0.0018 ( 0.0002) 222. 0.01 

CHANGE IN WATER STORAGE 1.356 ( 2.409) 162735.  3.73 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

PRECIPITATION 

RUNOFF 0.694 83236.5 

LATERAL DRAINAGE FROM LAYER 2 0.0736 8833.0 

PERCOLATION FROM LAYER 3 0.0037 445.3 
- -  

HEAD ON LAYER 3 

LATERAL DRAINAGE FROM LAYER 7 0.0000 0.0 

PERCOLATION FROM LAYER 8 0.0000 0.8 

HEAD ON LAYER 8 0.0 

LATERAL DRAINAGE FROM LAYER 9 0.0000 0.0 

PERCOLATION FROM LAYER 10 0.0000 0.8 
- o,o-- ~- __ - - -  - - -  ___- - HEAD-ON-LAYER-~ 0 - -_-- 

SNOW WATER 0.74 8 8 7 2 9 . 1  

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3885 



. 
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1352 

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

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

2 

3 

4 

5 

6 

7 

8 

9 

10 

SNOW WATER 

1.15 

46.44 

8.89 

22.62 

0.62 

1.09 

15.48 

1.09 

15.48 

0.00 

0.0481 

0.4300 

0.2962 

0.0628 

0.0521 

0.0454 

0.4300 

0.0454 

0.4300 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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APPENDIX L 
LIQUEFACTION ANALYSIS 
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