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1. GENERAL DESCRIPTION 

1.1 P u r ~ o s  and Ormnhation 

1.1.1 Purpose 

This Design Criteria Package (DCP) identifies functional requirements and 
associated performance requirements that will be used as the basis for design of the 
Fernald Environmental Management Project (FEMP) On-Site Disposal Facility (OSDF) . 
The conceptual design of the OSDF was developed as an alternative in the Operable 
Unit 2 (OU2) feasibility study and identified as the selected remedial alternative in the 
OU2 Record of Decision (ROD) [U.S. Department of Energy (DOE), 1995~1. 

On-site disposal of impacted material is also the preferred alternative for Operable 
Unit 3 and Operable Unit 5 at the FEMP. The final Records of Decision for these 
operable units are anticipated in July 1996 and December 1995, respectively. DOE 
intends to build only one On-Site Disposal Facility; therefore, the disposal facility will 
be designed to accommodate all or any portion of the total volume of impacted material 
resulting from the remediation of Operable Units 2, 3, and 5. The total volume from 
these operable units is estimated to be 2.5 million cubic yards (1.9 million cubic 
meters) bank/unbulked. 

The construction, filling, and closure of the OSDF is scheduled to occur over a 
period of approximately seven years, as described in the Accelerated Remediation Plan. 
[$276 million case]. However, due to the potential for variations in funding (which 
would lead to variations in the pace of remedial action activities), the OSDF must be 
designed to be constructed, filled, and closed in phases for up to 25 years, with the 
possibility of closure on an interim basis should it be required. 

The design approach for the OSDF, as well as the other portions of the operable 
unit selected remedy, are presented in the document, “Final Remedial Design Work 
Plan for Remedial Actions at Operable Unit 2” [DOE, 1995dl. The design will be 
implemented in the following three phases: 
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Phase I :  design of an impacted material haul road from the south field and 
inactive and active fly ash pile areas to the OSDF: 

Phase 2: design of the OSDF; and 

Phase 3: design of the excavation and restoration of the waste unit areas. 

This DCP addresses design activities associated with Phase 2 of the Final Remedial 
Design Work Plan for Remedial Actions at Operable Unit 2 .  The DCP provides criteria 
for the design of each element of the OSDF that is located within the OSDF battery 
limit. The elements in the OSDF battery limit include the OSDF structure, soil liner 
test pads, perimeter drainage swales, roads, berms, temporary and permanent surface- 
water management and erosion control features, and temporary construction features 
such as soil stockpile areas, impacted material staging areas, personnel and equipment 
decontamination facilities, and other features. Other design packages consistent with 
the integrated approach to FEMP remediation will be prepared for features of the OSDF 
that are to be located beyond the battery limit, such as the forcemain from the leachate 
transmission lift station manhole to the Advanced Wastewater Treatment (AWWT) 
facility. "Design interfaces" exist for those locations where a design component crosses 
the battery limit. 

1.1.2 Organization 

This DCP is organized as follows. 

The remainder of Section 1 presents additional information on the project 
scope and design. 

In Section 2, specific design criteria for each component of the OSDF are 
presented. 

In Section 3, the design deliverables are identified and brief descriptions of 
the contents of the deliverables are described. 
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1.2 Proiect ScoDe 

1.2.1 Introduction 

The purpose of this section of the DCP is to briefly describe the major design steps 
for the OSDF elements described in Section 1.1 above. These steps include, but are 
not limited to: finalization of this DCP; preparation of preliminary (30%), intermediate 
(60%), pre-final (go%), and final (100%) design packages; preparation of a certified- 
for-construction (CFC) package; development and implementation of a soil liner test 
pad program; development and implementation of a geomembrane liner compatibility 
study; and interface activities. 

1.2.2 Design Steps 

The major design steps for the OSDF project are summarized below 

Preparation of Design Criteria Package. This DCP identifies the criteria that 
will be used to design the OSDF. 

Development and Implementation of Soil Liner Test Pad Program. The soil 
liner test pad program will be used to evaluate the performance of candidate 
materials and construction methods for the clay components of the liner and 
final cover systems of the OSDF. 

Development and Implementation of Geomembrane Liner Compatibility Study. 
The geomembrane liner compatibility study will be used to evaluate the 
durability characteristics of the geomembrane materials that will be used in 
the liner and final cover systems of the OSDF. 

Preparation of Preliminary Design Package. The preliminary design package 
will be prepared in a manner that addresses the design criteria identified in 
this DCP and that illustrates the concepts of the design for review by DOE, 
USEPA, and OEPA. 
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Preparation of Intermediate Design Package. The iniemediate design 
package will contain the same elements as the prehminary design package, 
plus: (i) revisions based on USEPA, and OEPA comments on the preliminary 
design; (ii) revisions based on the results of the value engineering session; 
and (iii) notes added to the preliminary design dr 'i -ings that are necessary to 
describe the proposed plan for construction of the S D F .  

Preparation of Pre-Final Design Package. The pre-final design package will 
contain the same elements as the intermediate design package, plus: (i) 
revisions based on DOE, USEPA, and OEPA comments on the detailed 
design; (ii) all drawings and calculations essentially complete; and (iii) pre- 
final design construction cost estimate. 

Preparation of Final Design Package. The final design package will include 
the elements of the pre-final design package, plus: (i) revisions based on 
DOE, USEPA, and OEPA comments on the pre-final design; and (ii) final 
design cost estimate. 

Preparation of CFC Design Package. The CFC design package will include 
the elements of the final design package as well as revisions to the drawings 
based on comments on the final design package, engineer's certification of the 
drawings, and certified specifications that are suitable for construction 
purposes. 

ZnterSQce Activities. Design interface activities will relate to: 
- transmission of leachate; 
- stormwater management; 

waste availability and transport; 
- stakeholder communication and input; 
- utility support involvement; and - environmental and health and safety monitoring. 
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1.2.3 Schedule for Design and Support Activities 

The schedule for design of the OSDF is presented in the Final Remedial Design 
Work Plan for Remedial Actions at Operable Unit 2 .  Key milestones and dates are as . 
follows: 

Submit OSDF Preliminary Design Package to USEPA: 21 December 1995; 

Submit OSDF Pre-Final Design Package to USEPA: 28 June 1995; and 

Submit OSDF Final Design PackageKFC to USEPA: 14 October 1996. 

1.3 Primarv ComDonents of the OSDF 

The primary components of the OSDF, as identified in the Detailed Facility 
Description/Functional Requirements (presented in Appendix A of this document), are 
the liner system, final cover system, leachate management system, surface-water 
management system, support elements, utilities, and temporary support facilities. 0 

Liner and Final Cover Systems. The liner and final cover systems will be 
constructed using both soil and geosynthetic components. The conceptual 
design of the liner and final cover systems are presented in Appendix B. The 
preliminary designs for these systems, as currently developed, are shown in 
Figure 1-1. As shown in this figure, the liner system will consist of a double- 
composite liner that will have a leachate collection system (LCS) above the 
primary liner and a leakage detection system between the primary and 
secondary liners. The final cover system will include a composite cap 
overlain by the following layers: drainage layer; biointrusion barrier; granular 
filter layer; vegetative soil layer; and topsoil. The liner system and final 
cover system designs will be prepared considering material borrow 
requirements, seasonal (i.e., winter) closure, interim (i.e., multi-year) 
closure, and site preparation requirements. 
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Leachate Management System. The leachate management system will be 
designed to collect leachate generated by the OSDF and convey it to the 
AWWT facility. Components of the leachate management system within the 
battery limit will include: double-walled gravity drain pipes from each OSDF 
cell, detection and collection manholes, double-walled gravity transmission 
pipe, permanent valve manhole, permanent lift station, temporary valve 
manhole, temporary lift station, and temporary forcemain. 

Suqace- Water Management System. The surface-water management system 
will be designed to manage surface water under both short-term (i.e. , during 
construction and impacted material placement) and long-term (Le. , after 
closure) conditions. The design will address perimeter drainage, management 
of stormwater during construction, management of stormwater in the OSDF, 
and management of stormwater after final closure of the OSDF. 

Support Elements and Utilities. Both permanent and temporary support 
elements will be designed for the OSDF. Permanent support elements include 
a perimeter access corridor and a facility access road. Temporary support 
elements include construction security fencing , administrative support trailers, 
decontamination facilities for both personnel and equipment, one or more 
impacted material staging areas, equipment maintenance facilities , and 
construction materials staging areas. Required utilities include electrical, 
natural gas, water, telephone, and wastewater lines for the administrative 
support areas, and water and power for other specified areas. The 
administrative support trailers must also be provided with parking, security 
fencing, and all-weather ingress and egress. 

1.4 Design Interfaces 

There are a number of issues and activities at the FEMP site that will be impacted 
by the design, construction, filling, and closure of the OSDF. The identified design 
interfaces are: 
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the capacity and treatment capability of the AWWT facility and the piping tie- 
irr iy: forcemain from the OSDF permanent lift station to the AWWT fxility; 

'ie-in of required new utilities at the battery limit, irxluding: 
.. power; 
- water; 

- wastewater; and 
- telephone; 

security system wiring; 

relocation of existing utilities within the battery limit; 

design and construction of access road haul roads and relocation of the north 
entrance road; 

remediation of the FEMP operable units; and 

architectural landscape design for enhanced community accepmce of the 
OSDF. 

1.5 Sources of Information 

1.5.1 Information Categories 

Information from a variety of sources should be used to design the OSDF. These 
sources include: 

FEMP site-specific investigations, studies, and plans developed pursuant to 
the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), as amended; 

DOE/USEPA orders, standards, and guidance; 

, 
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FEMP site-specific pre-design investigations and studies; and 

general technical literature. 

1 S.2 CERCLA-Related Documents 

The CERCLA-related documents relevant to design of the OSDF are: 

Final Remedial Investigation Report for Operable Unit 2 [DOE, 1995al; 

Final Feasibility Study Report for Operable Unit 2 [DOE, 1995bl; 

Final Record of Decision for Remedial Actions at Operable Unit 2 [DOE, 
1995cl; 

Final Remedial Design Work Plan for Remedial Actions at Operable Unit 2 
[DOE, 1995dl; 

Final Feasibility Study Report for Operable Unit 5 [DOE, 1995el; and 

Draft Record of Decision for Remedial Actions at Operable Unit 5 [DOE, 
1995fJ. 

Select portions of the Final Record of Decision for Remedial Acrions at Operable 
Unit 2 are included in Appendix B of this document. The OU2 Record of Decision also 
contains the Applicable or Relevant and Appropriate Requirements (ARARs) for OU2. 
These ARARs are presented in Appendix C. The ARARs for OU5, which are 
contained in the Draft Record of Decision for Remedial Actions at Operable Unit 5,  are 
presented in Appendix D. 
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1 S . 3  DOE/USEPA OrderdStandarddGuidance 

The primary DOE and USEPA orders, standards, and guidance relevant tfi the 
design of the OSDF are: 

Project Management system [DOE, 19921; 

Natural Phenomena Hazards Design and Evaluation Criteria for Depanment 
of Energy Facilities [DOE, 19941; and 

Guidance on EPA Oversight of Remedial Gzsigns and Remedial Actions 
Performed by Potentially Responsible Parties [USEPA, 19901. 

1.5.4 Site-Specific Design Documents 

The primary site-specific predesign studies and investigations are: 

" Predesign Investigation and Site Selection Report for the On-Site Disposal 
Facility" [DOE, 1995g1. This  report contains data and information on 
subsurface conditions with the portion of thc FEMP Fri>perty (east of the 
former production area) having favorable hydrogeology fa- siting the OSDF. 

" Conceptual Design, Report for the Engineerid Waste Management Facility" 
[Parsons, 19921. This  report presents a conceptual design for the engineered 
waste management facility (now referred to as the OSDF). The report 
contains criteria for the layout, design, construction, and operation of the 
OSDF. 

"100- and 500-Year Flood Plain Determination Sitewide" [Parsons, 19931. 
Thi s  report establishes the flooapl3in boundaries of Paddy's Run within the 
FEMP property as a result of thc 100- and 500-year rainfall events. 

GE3900-03.1 IF9530004.CDO 1-9 0 95.10.24 

~~ 



-- 

FEMP OSDF-DCP-REV 0 

On-Site Disposal Cell Pre-Design Activities Engineering Repon, Operable 
Unit 2" [Parson, 19941. This report presents results of a subsurface 
investigation in the currently-proposed area at the southeast comer of the 
F E W  property that will be developed for soil borrow to be used in OSDF 
(which, at the time of the report, was a candidate location for the OSDF). 

"2,000-Year Flood and Probable Maximum Flood Sitewide Flood Plain 
Determination" [Parsons, 1995al. This report establishes the 2,000-year and 
probable maximum precipitation events and the corresponding sitewide 
floodplain boundaries. 

Geotechnical Investigation Report, On-Site Disposal Facility" [Parsons, 
1995bl. This report contains geotechnical data for the subsurface soils in the 
OSDF area, including data compiled from previous investigations performed 
at the FEMP. 

"Disposal Facility Pre-Design Geotechnical Investigation, Soil Investigation 
Data Report, CERCLMRCRA Unit 2" [Science Applications International, 
19951. This report presents geotechnical data for the subsurface soils in the 
OSDF area. The report contains data that is subsequently summarized and 
presented by Parsons [ 1995bl. 

1.5.5 General Technical Information 

In addition to the project-specific information described above, a significant body 
of general technical information (e.g., textbooks, technical manuals, computer software) 
will be used in preparation of the OSDF design. This information is referenced where 
cited throughout this DCP. 

GE3900-03.1 lF9530004. CDO 1-10 95.10.24 



FEMP OSDF-DCP-REV 0 

1.6 Proiect Deliverables 

The design of the OSDF will be documented in the project deliverahles, including 
calculations, drawings, specifications, and reports. The DCP identifies the contents of 
these deliverables and establishes the criteria to be considered in preparing each 
deliverable. Preliminary lists of calculations, drawings, and specifications are presented 
in Tables 1-1, 1-2, ana 1-3, respectively. Reports that will be prepared as part of the 
design process for the OSDF include: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

design criteria package (DCP); 

geomembrane liner compatibility study work plan and report; 

soil liner test pad work plan and report; 

construction quality assurance (CQA) plan; 

impacted material placement plan; 

stormwater management and erosion control plan; 

borrow area management and restoration plan; 

OSDF construction cost estimate; 

value engineering report; and 

responses to DOE, OEPA, and USEPA comments on project deliverables. 
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1.7 Revision of this DCP 

Compilation, review, and acceptance of this DCP precedes preparation of the other 
design deliverables. It is anticipated that, as design and review proceed, better 
approaches, details, etc. will be identified. As a result, this DCP will be modified to 
reflect these changes. Because this DCP will be a control document after it has been 
approved, changes to the DCP will be documented in an appendix. 
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TABLE 1-1 

PRELIMINARY LIST OF CALCULATIONS 
On-Site Disposal Facility 

Fernald Environmental Management Project 

1 .  SETTLEMENT 
1 . 1  Foundation Settlement 
1.2 Impacted Material Settlement 

2. SLOPE STABILITY 
2.1 Foundation 
2.2 Liner System 
2.3 Interim Impacted Material 

Configuration 
2.4 Final Impacted Material 

Configuration 
2.5 Cover System 
2.6 Perimeter Berm 
2.7 Borrow Area Cut Slopes 

3.  SEISMIC STABILITY 
3.1 Seismic Hazard Assessment 
3.2 Seismic Site Response Analysis 
3.3 Seismic Performance Evaluation 

4. HYDROSTATIC UPLIFT 
4.1 Hydrostatic Uplift 

5. LEACHATE GENERATION RATE 
5.1 Leachate Generation Rate 

6. LEACHATE COLLECTION SYSTEM 
Maximum Head in LCS Drainage 
Layer 

6.1 

6.2 Geotextile Filter Design 
6.3 Soil Filter Design 
6.4 LCS Pipe Flow Capacity 
6.5 LCS Pipe Perforation Sizing 
6.6 Pipe Structural Stability 
6.7 LCS Clogging Potential 

. I  
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7.  LEAK DETECTION SYSTEM 
7.1 Migration through Primary Liner 
7.2 Maximum Head in LDS Drainage 

Layer 
7.3 Time of Travel in LDS Drainage 

Layer 
7.4 LDS Pipe Flow Capacity 
7.5 LDS Pipe Structural Stability 
7.6 Action Leakage Rate 

8. LEACHATE TRANSMISSION SYSTEM 
8.1 LTS Pipe Flow Capacity 
8.2 LTS Pipe Structural Stability 
8.3 LTS Pump Capacity Requirements 
8.4 LTS Lift Station Storage 

Requirements 

9. LINER SYSTEM 
9.1 Geomembrane Selection 
9.2 GCL Selection 
9.3 Geotextile Cushion Selection 
9.4 Evaluation of Puncture Protection 

9.5 

9.6 Liner System Frost Protection 

for Geomembranes 
Evaluation of Tensile Stresses in 
Geosynthetics 

10. FINAL COVER SYSTEM 
10.1 Cover System Infiltration 
10.2 Cover Drainage Layer Capacity 
10.3 Filter Material Selection and Design 
10.4 Biointrusion Barrier Design 
10.5 Frost Penetration Depth Design 
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1 1 .  SURFACE-WATER MANAGEMENT 
1 1 . 1  OSDF Stormwater Management 

11.2 OSDF Erosion and Sediment Basin 
Calculation 

sizing 

12. EROSION-SEDIMENT CONTROL 
12.1 OSDF E&S Basin Sizing 
12.2 Borrow Area E&S Basin Sizing 
12.3 Impacted Runoff Catch Basin Sizing 
12.4 Revegetation Design(to be provided 

12.5 Final Cover System Erosion 

12.6 Drainage Swale Erosion Resistance 

by FERMCO) 

Resistance 

13. WATER DEMAND 
13.1 Decontamination Water Demand 
13.2 Construction Water Demand 
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14. VOLUME CALCULATIONS 
14.1 OSDF Required Volume 
14.2 OSDF Capacity Verification 
14.3 Earthwork Required Volume 
14.4 Borrow Area Capacity Verification 

15. ROADS AND PAVEMENTS 
15.1 Unpaved Access Roads 
15.2 Paved Access Roads 
15.3 Staging Area Pavement 
15.4 Equipment Decon Area Pavement 

16. UTILITY REQUIREMENT 
16.1 Power 
16.2 Potable Water 
16.3 Wastewater 
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TABLE 1-2 

PRELIMINARY LIST OF DRAWINGS 
On-Site Disposal Facility 

Fernald Environmental Management Project 

GENERAL DRAWING 
Drawing X-1: 
Drawing X-2: 
Drawing X-3: 
Drawing X-4: 
Drawing X-5: 
Drawing X-6: 
Drawing X-7: 

Drawing X-8: 

Drawing X-9: 

Drawing X-10: 

Drawing X- 1 1 : 
Drawing X-12: 

Drawing X-13: 
Drawing X-14: 

CIVIL 
Drawing G-1: 

Drawing G-2: 

Drawing G-3: 

Drawing G-4: 

Drawing G-5: 
Drawing G-6: 
Drawing G-7: 
Drawing G-8: 

Title Sheet 
Legend and Symbols 
Facility Plot Plan 
Site Plan 
Existing Site Utility Map 
Surrounding Land Use Map 
Geotechnical Data Point 
Location Plan 
Great Miami Aquifer 
Ground-Water Contour Map 
Perched Zone Ground- 
Water Contour Map 
Brown Till-Gray Till 
Interface Contour Map 
Gray Till Isopach Map 
Surface Geology and 
Geologic Section Location 

Geologic Section A-A 
Geologic Section B-B 

Map 

Site Development Plan Early 
Stages 
Site Development Plan 
Middle Stages 
Site Development Plan Final 
Stages 
Impacted Material Removal 
Plan within Battery Limit 
Subgrade Grading Plan 
Subgrade G r a m  Plan North 
Subgrade Grading Plan South 
Compacted Clay Liner 
Grading Plan North 

CIVIL (continued) 
Drawing G-9: 

Drawing G-10: 

Drawing G- 1 1 : 

Drawing G-12: 

Drawing G-13: 

Drawing G-14: 

Drawing G-15: 

Drawing G-16: 

Drawing G-17: 

Drawing G-18: 

Drawing G-19: 

Drawing G-20: 
Drawing G-2 1 : 

Drawing G-22: 

Drawing G-23: 

Drawing G-24: 

Drawing G-25: 

Drawing G-26: 

Compacted Clay Liner 
Grading Plan South 
Leak Detection System 
Grading Plan North 
Leak Detection System 
Grading Plan North 
Leachate Collection System 
Grading Plan 
Leachate Collection System 
Grading Plan North 
Leachate Collection System 
Grading Plan South 
Contouring Layer Grading 
Plan North 
Contouring Layer Grading 
Plan South 
Final Cover System Grading 
Plan 
Final Cover System Grading 
Plan North 
Final Cover System Grading 
Plan south 
North-South Section 
East-West Section at Cell 1 
and Cell 2 Intercell Berm 
East-West Section at Cell 4 
Base 
East-West Section at Cell 7 
Drainage Corridor 
Liner and Cover System 
Details I 
Liner and Cover System 
,-Mails I1 
Liner and Cover System 
Details 111 
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CIVIL (continued) 
Drawing G-27: 

Drawing G-28: 
Drawing G-29: 
Drawing G-30: 
Drawing G-3 1 : 

Drawing G-32: 

Drawing G-33: 

Drawing G-34: 

Drawing G-35: 

Drawing G-36: 

Drawing G-37: 

Drawing G-38: 

Drawing G-39: 

Drawing G-40: 

Drawing G-41: 

Drawing G-42: 

Drawing G-43: 

Drawing G-44: 

Drawing G-45: 

Drawing G-46: 

Drawing G-47: 

Drawing G-48: 

TABLE 1-2 (continued) 

Liner and Cover System 
Details IV 
Cell Outlet Grading Plans I 
Cell Outlet Grading Plans I1 
Cell Outlet Sections 
Leachate Transmission 
System Plan and Profile 
Data I 
Leachate Transmission 
System Flow Schematic 
Leachate Transmission 
System Gravity Line and 
Manhole Details I 
Leachate Transmission 
System Gravity Line and 
Manhole Details I1 
Leachate Transmission 
System Gravity Line and 
Manhole Details 111 
Leachate Transmission 
System Valve Manhole and 
Lift Station Details I 
Leachate Transmission 
System Valve Manhole and 
Lift Station Details I1 
Cell Perimeter Berm East 
Plan and Profile Data I 
Cell Perimeter Berm East 
Plan and Profile Data I1 
Cell Perimeter Berm West 
Plan and Profile Data I 
Cell Perimeter Berm West 
Plan and Profile Data I1 
Perimeter Drainage Swale 
East Plan and Profile Data I 
Perimeter Drainage Swale 
East Plan and Profile Data I1 
Perimeter Drainage Swale 
West Plan and Profile Data I 
Perimeter Drainage Swale 
West Plan and Profile Data I1 
Access Corridor East Plan 
and Profile Data I 
Access Corridor East Plan 
and Profile Data I1 
Access Corridor West Plan 
and Profile Data I 
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CIVIL (continued) 
Drawing G-49: 

Drawing G-50: 

Drawing G-5 1 : 

Drawing G-52: 

Drawing G-53: 

Drawing G-54: 

Drawing G-55: 

Drawing G-56: 

Drawing G-57: 
Drawing G-58: 

Drawing G-59: 

Drawing G-60: 

Drawing G-61: 

Drawing G-62: 

Drawing G-63: 

Drawing G-64: 
Drawing G-65: 

ELECTRICAL 
Drawing E-1: 
Drawing E-2: 
Drawing E-3: 

MECHANICAL 
Drawing M-1: 

Drawing M-2: 

Drawing M-3: 
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Access Corridor West Plan 
and Profile Data I1 
Storm-Water Management 
System Details I 
Storm-Water Management 
System Details I1 
Erosion and Sediment 
Control System Early Stages 
Erosion and Sediment 
Control System Middle 
Stages 
Erosion and Sediment 
Control System Final Stages 
Borrow Area Development 
Plan 
Borrow Area Restoration 
Plan 
Borrow Area Sections 
Borrow Area Erosion and 
Sediment Control Details I 
Borrow Area Erosion and 
Sediment Control Details I1 
Staging Area Plan and 
Details I 
Staging Area Plan and 
Details I1 
Equipment Decontamination 
Facility Plan and Details 
Construction Administration 
Area Plan and Details 
Road Details 
Construction Security Fence 
Details 

Electrical Plan 
Electrical Schematic 
Electrical Details 

Mechanical Process Piping 
and Instrumentation 
Diagram I 
Mechanical Process Piping 
and Instrumentation 
Diagram I1 
Mechanical Details 
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TABLE 1-3 

PRELIMINARY LIST OF SPECIFICATIONS 
On-Site Disposal Facility 

Fernald Environmental Management Project 

DIVISION I: GENERAL REQUIREMENTS 

Section 01010 - Summary of Work 
Section 01012 - General Requirements 
Section 01025 - Measurement and Payment 
Section 01050 - Surveying 
Section 01330 - Project Control 
Section 01350 - Submittals 
Section 01500 - Temporary Facilities and 

Controls 
Section 01525 - Health and Safety 
Section 01570 - Traffic Requirements 
Section 01700 - Site Cleanup 

DIVISION 11: SITE WORK 

Section 021 10 - Clearing and Grubbing 
Section 02200 - Earthwork 
Section 02225 - Compacted Clay I.iner and Cap 
Section 02230 - Maintenance Access Corridor 
Section 02240 - Protective and Contour Layers 
Section 02250 - Vegetative Soi! Layer 
Section 02270 - Erosion and Se:' .;tent Control 
Section 02271 - Riprap 
Section 02280 - Biointrusion Barrier 
Section 02605 - HDPE Manholes 
Section 02610 - High Density Polyethylene 

Pipe, Fittings, and Valves 
Section 02710 - Granular Drainage Layer 
Section 02712 - Granular Filter 
Section 02714 - Geotextile Filter and Cushion 
Section 02716 - Geocomposite Drainage Layer 
Section 02721 - Corrugated Metal Pipe 

1-17 

DIVISION I1 (continued) 

Section 02770 - Geomembrane Liner and Cover 
Section 02772 - Geosynthetic Clay Liner 
Section 02831 - Chain Link Fence and Gates 
Section 02923 - Topsoil 
Section 02930 - Vegetation 

DIVISION 3: CONCRETE 

Section 033 10 - Cast-in-Place Concrete 

DIVISION 13: SPECIAL CONSTRUCTION 

Section 13000 - Borrow Area Operations 
Section 13005 - Sump.Construction 
Section 13010 - Impacted Material Placement 
Section 13020 - Construction-Phase Leachate 

Management 
Section 13030 - Seasonal and Interim Cell 

Closure 
Section 13040 - Control of Fugitive Emissions 

DIVISION 15: MECHANICAL 

Section 15000 - Mechanical 

DIVISION 16: ELECTRICAL 

Section 16000 - Electrical 
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2. 

2.1 

DESIGN CRITERIA 

OSDF Location 

2.1.1 Functional Requirements 

The functional requirements for the location of the OSDF are as follows. 

The location should result in safe construction (to include impacted material 
placement) and long-term performance of the OSDF. 

The location should result in protection of human health and the environment 
and cost-effective development of the OSDF. 

The location should comply with A M s .  

The location should minimize interference with remediation and 
decommissioning activities in the former production area. 

The OSDF should be located entirely within the FEMP property in the area of 
most favorable hydrogeology. The general area identified as such is located east of the 
former production area, rectangular in shape, with approximate dimensions of 800 ft  
by 4,300 ft  (240 m by 1,310 m). This area is shown in Figure 1 of Appendix A. 

2.1.2 Location Criteria 

The OU2 ARARs (Appendix C) provide siting criteria for the OSDF derived 
These primarily from the Ohio Administrative Code (OAC) 3745-27-07 and -20. 

criteria require that a disposal facility not be located within the following areas: 
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within 300 ft (90 m) of the property boundary to the limit of waste placement; 

within 1,OOO ft (300 m) of an existing domicile, existing water supply well, 
or developed spring; 

within 15 ft (4.5 m) of the elevation of the uppermost aquifer; 

within a regulatory floodplain; or 

within 200 ft (60 m) of a stream, lake, or natural wetland. 

In addition, the OU5 ARARs (Appendix D) require that a disposal facility not be 
located within 200 ft (60 m) of a fault that has undergone displacement during the 
Holocene Epoch. 

Other criteria that should be considered in locating the OSDF on the FEMP 
property are given below. 

The centerline of the relocated north entrance road (designed by others) will 
be offset approximately 150 ft  (45 m) from the property line on the eastern 
side of the site. The toe of the east access corridor slope for the OSDF 
should not interfere with the ditch or shoulder of the relocated north access 
road (design consideration). 

The limit of the toe of cover of the OSDF on the western side of the site must 
be located to provide sufficient area for impacted material removal traffic 
between the toe of the west access corridor slope and the eastern fence line 
(northeast comer) of the process area (design consideration). 

The OSDF should be sited such that a perimeter access corridor and perimeter 
drainage swale can be constructed around the OSDF and within the battery 
limit (design consideration). 

2-2 95.10.24 
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2.2 OSDF Lavout 

2.2.1 Functional Requirements 

The OSDF will be a new feature of the FEMP property and must resist 
degradation during its design life due to wind, precipitation, temperature, runoff, runon, 
erosion, and other natural influences. A primary functional requirement is therefore 
to appropriately layout OSDF as a natural, stable, geomorphologic landform resistant 
to the natural influences present in an around the FEMP property. 

In addition, the layout of the OSDF must be such that the features of the design 
(e.g., liner system, final cover system, perimeter drainage swale) function as an 
integrated unit that completely isolate impacted material from the surrounding 
environment and that result in a constructable, maintainable, and cost effective facility. 

Lastly, the OSDF should be laid out so that it can be progressively developed in 
phases, utilizing contiguous cells that can be constructed, filled, and closed on a flexible 
schedule consistent with the final schedule for remediation of the FEMP operable units. 
The design of the OSDF must be flexible to accommodate an active life ranging from 
seven to 25 years. 

2.2.2 Layout Criteria 

2.2.2.1 Horizontal Limits 

The length and width of the OSDF must satisfy the location criteria identified 
in Section 2.1 of this DCP. 

' 

The horizontal layout should be adequate to provide a disposal capacity 
sufficient for 2.5 million cubic yards (1.9 million cubic meters) bank/ 
unbulked impacted material (functional requirement). The OSDF should 
provide sufficient capacity for anticipated bulking of impacted material as a 
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result of excavation, transport, and placement. The OSDF should also 
provide sufficient capacity to accommodate seasonal (winter) cover soil. 
Consideration should also be given to providing a "contingency" disposal 
capacity to be used in the event that the volume of impacted material 
requiring disposal increases as a result of remediation-phase confirmatory 
sampling and to provide additional capacity for potential partial closure 
activities. 

For cost effectiveness, the OSDF should be regularly shaped, to the extent 
possible, with as few changes in geometry as possible and with smooth 
transitions between changes in geometry (design consideration). 

2.2.2.2 Final Height and Slope Limits 

The maximum height of the OSDF from the top of the final cover system to 
existing grade (measured at the crest of the facility) must not exceed 65 ft 
(20 m) (functional requirement). 

The final cover system slopes must be between five percent and twenty-five 
percent (ARAR: OAC 3745-27-08(C)( lS)(f)(ii)). The slopes should be flat 
enough to satisfy slope stability factor of safety criteria and erosion control 
criteria. Within these constraints, slopes should be as steep as possible to 
achieve a cost effective design (design consideration). 

The transitions between topslope and sideslope areas of the f i i l  cover system 
should be gradual to prevent erosion caused by transitional flow of surface- 
water runoff (design consideration). 

2.2.2.3 Foundation Grade and Slope Limits 

The bottom of the OSDF (i.e., bottom of the liner system) should overlie at 
least 12 ft (3;6 m) of undisturbed gray clay (functional requirement). 
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The distance between the bottom of the OSDF liner system and the Great 
Miami Aquifer should be at least 15 ft (4.5 m) (ARAR: OAC 3745-27- 
07(H)(2)(e)). 

The OSDF liner system should be founded in native brown clay to the extent 
feasible. Construction of the liner system on fill should be minimized 
(functional requirement). 

The OSDF should be laid out such that the top of the protective layer for the 
liner system is at or near existing grade (functional requirement). However, 
based on geometric considerations, founding of the liner system below 
existing grade in the northern portion of the OSDF is permitted (design 
consideration). 

The leachate collection system must be constructed with a slope of at least 2 
percent. The leachate collection system pipe drain must be constructed with 
a minimum slope of 0.5 percent (ARAR: OAC 3745-27-O8(C)(l) and (4)). 

The OSDF should be laid out such that leachate transmission system manholes 
are not too deep, preferably not more than 12 to 15 ft (3.6 to 4.6 m). The 
double-walled gravity leachate transmission pipe should be located in brown 
clay, not gray clay, to the extent reasonably achievable (design consideration). 

2.2.2.4 Perimeter Features 

The OSDF should be laid out having an access corridor around its entire 
perimeter. The access corridor berm must prevent runon from upgradient 
areas during all design storm events. 

The OSDF access corridor should include an access road with a minimum 
width of 15 ft (4.5 m). The road is to provide access for OSDF maintenance 
and monitoring vehicles during the post-closure period (design consideration). 
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The OSDF should be laid out having a perimeter drainage swale. The swale 
should the designed to accommodate surface-water runoff from the OSDF 
final cover system slopes during all design storm events. 

2.2.3 Calculations 

Calculations required to establish the location and layout of the OSDF are as 
follows: 

OSDF required volume; 

OSDF capacity verification; and 

OSDF cost estimates. 

2.2.4 References 

FEMP property data and information required to locate and layout the OSDF 
should be obtained from the references cited in Section 1.5 of this DCP. 

2.3 OSDF Performance 

2.3.1 Design Life 

The function of the OSDF is to isolate impacted material from the environment 
throughout the facility design life (Le., for 1,OOO years, to the extent reasonable, and 
in any case for 200 years) (ARAR: 40 CFR 6 192.02(a)). The OSDF design must be 
developed to achieve this design life goal. Requirements to achieve the goal fall into 
five categories, defined as follows: 
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hydrologic control - provide resistance to hydrologic impacts, including 
infiltration through the cover system and damage by surface-water runon or 
rUnOff, 

ground-water protection - provide a high level of leachate containment and 
collection capability to prevent OSDF-related impacts to ground water; 

geotechnical stability - ensure stability of the OSDF throughout construction, 
filling, and closure, and then through the post-closure period, including 
impacts associated with potential long recurrence-interval earthquake events; 

erosion resistance - minimize erosion of the OSDF area to assure minimal 
erosional impacts throughout the design life; and 

biointrusion control - prevent intrusion by plant roots and burrowing animals. 

The requirements described above should be achieved in the OSDF design in the 
manner indicated in Table 2-1. Also, as shown in this DCP, the requirements should 
be achieved by: 

using natural (i .e. , geologic), durable construction materials wherever 
- possible (e.g., clay liners, gravel drainage layers, etc.); 

selecting the most durable geosynthetic construction materials available; 

providing synergistic (e.g., adjacent geomembrane, GCL, and compacted clay 
liner and final cover system components) and redundant (e.g., dual leachate 
collection system drain pipes) design components; and 

designing a final facility geometry that replicates natural geomorphologic 
landforms. 
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TABLE 2-1 

FUNCTIONAL REQUIREMENT - DESIGN FEATURE MATRIX 
ON-SITE DISPOSAL FACILITY 

FUNCTIONAL REQUIREMENT 

Hydrologic Control 
LOW- 

permeability 
cover to 
minimize 
infiltration into 
the OSDF 

Site graded to 
route clean 
runoff from the 
OSDF and to 
prevent runon 
to the OSDF 
under 2.000- 
year storm 
event 

Facility sited 
out of 2,000- 
year floodplain 

Runoff from 
impacted areas 
collected and 
treated 

GE3900-03.1 lF9530004. CDO 

Ground-Water 
Proteetion 

Liner and final cover 
systems completely 
encapsulate impacted 
material 

Geomembrane liner 
and cap present 
through at least the 
initial and steady- 
state periods 

Compacted clay liner 
and cap remains 
functional through 
very long-term perioc 

Leachate collection 
system remains 
functional through at 
least the initial and 
steady-state periods 

Geochemical 
attenuation provided 
by at least 3 ft of 
compacted clay liner, 
in-situ native brown 
clay, and at least 12 
ft of in-situ native 
gray clay 

kotechnieal Stability 
OSDF located on 
stable glacial till 
foundation 

OSDF slopes 
designed to be very 
stable 

OSDF designed to 
be resistant to 
deformation under 
2.400 year design 
seismic event 

Impacted material 
placed and 
compacted in stable 
configuration 

Construction 
materials selected tc 
enhance stability 
(e.g., textured 
geomembrane) 

2-a 

Erosional 
Stability 

Geomorphically 
stable OSDF layout 

Smooth ttansition o 
cover top slope to 
side slope 

Rounded OSDF 
final cover system 
comers 

Final cover system 
designed for erosioi 
resistance under 
design storm 
conditions 

Flat cover slopes to 
minimize runoff 
velocity 

Biointrusion barrier 
beneath entire cove 
and perimeter 
drainage swde 
blocks potential 
depth of erosion or 
gullying 

5iointrusion Control 
Biointrusion barrier 
to impede plant 
root and arumal 
intrusion 

Primarily above- 
ground facility 
facilitates visual 
monitoring and 
maintenance 

Continuing 
maintenance 
through the initial 
and steady-state 
period 

Access to site 
limited and 
institutional 
controls can be 
implemented if 
necessary 
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The design of OSDF must be considered within a temporal framework. Over the 
OSDF design life (up to 1,000 years), the properties of some of the materials of 
construction, particularly the geosynthetics, may change. In addition, over time, and 
in the absence of external inputs, the impacted material will cease to generate leachate. 
To describe the behavior of the OSDF over time, three primary periods of behavior 
may be defined. 

Initial Period. The initial period is defined as the period from initial 
construction until steady-state conditions prevail ("steady-state" refers to the 
time when leachate ceases to be generated by the facility, or continues to be 
generated, but at a very low, steady-state rate). Throughout the initial period, 
the geosynthetic components of the OSDF may be expected to be fully 
functional. The duration of the initial period may be on the order of 10 to 20 
years after closure. 

Steudy-State Period. The period of steady-state conditions may start at 10 to 
20 years after closure of the OSDF and should last for at least 200 years, and 
up to 1,000 years to the extent reasonably achievable. It may be 
conservatively assumed that, at the end of this period, the critical geosynthetic 
components of the liner system are no longer fully functional. 

Very Long-Term Period. The very long-term period is defined as the period 
during which the performance of the OSDF has stabilized to its permanent 
state. During this period, natural earth components of the liner and final 
cover systems continue to function. 

The design criteria presented in this DCP are intended to meet the design life goals 
of the OSDF under the assumptions of the "behavior periods" identified above. Table 
2-1 shows how, for each of the project functional requirements, this DCP establishes 
criteria to achieve a design that will provide for the required performance. Also, the 
calculations that will be performed for the OSDF design packages (which are identified 
on Table 1-1) are intended to demonstrate the manner in which the OSDF design can 
achieve the design life criteria. 
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2.3.2 Geotechnical Stability and Settlement 

2.3 2 . 1  Static Slope Stability 

A. Criteria 

Static slope stability analyses should be performed for the following conditions at 
a minimum (design consideration): 

OSDF Foundation 

interim impacted-material configuration 
final OSDF configuration 

OSDF Liner System and Impacted Materials 

interim impacted-material configuration 
short-term (i.e., end-of-construction) liner system on side slope 

long-term (i. e. , final OSDF configuration) condition 

OSDF Interim Cover System 

short-term condition on interim slope 
long-term condition on interim slope 

OSDF Final Cover System 

short-term condition on final side slope 
long-term condition on final side slope 

Perimeter Berm 

short-term condition 
long-term condition 
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Long-term with flood stability 
(including rapid drawdown) 

a -  

1.2 

@ BOKOW Area Cut Slopes 

long-term condition 

Minimum acceptable factors of safety for the above analysis conditions shall be 
developed considering the criticality of the OSDF, the consequences of failure, and 
guidance provided by: 

Duncan [ 19921. 

UMTRA Technical Approach Document [DOE, 19891 ; 
NAVFAC Design Manual [U.S. Navy, 19711; and 

Minimum acceptable factors of safety for static conditions should be at least those 
from the UMTRA Technical Approach Document. Minimum acceptable factors of 
safety from that document are listed below. 

Minimum Acceptable 
Factor for Safety Condition 

Stability during construction I 1.3 I 
End of construction stability I 1.3 I 
Long-term stability I 1.5 1 

B. Calculations 

For each condition defined in (A) of this section, the engineer should define the 
critical conditions for stability and perform an analysis to confirm that the calculated 
factors of safety for the critical conditions are larger than the minimum acceptable 
values. In performing the analyses, the engineer should follow guidance provided in 
Holtz and Kovacs [1981], Duncan et al. [1987], and Kulhawy and Mayne [1990], for 
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example, in choosing between total-stress and effective-stress analysis approaches and 
in choosing between unconsolidated-undrained (VU), consolidated-undraid (CU), and 
consolidated-drained (CD) shear strength parameters. In establishing shear strength 
parameters for geosynthetic interfaces, the engineer should consider not only the above 
factors, but also the differences between peak and large-displacement shear strength 
values. Proven approaches should be used that are consistent with the requirements of 
DOE and USEPA standards and guidelines. Acceptable approaches are described 
below. 

OSDF Foundation. For the OSDF foundation stability condition, use two- 
dimensional limit equilibrium analysis methods; for example, use Bishop’s 
simplified method [Bishop, 19551 for circular potential slip surfaces and 
Janbu’s simplified method [Janbu, 19731, Spencer’s method [Spencer, 19731, 
or the Morgenstern and Price [1965] method for noncircular potential slip 
surfaces. Use the computer program XSTABL [Sharma, 1991; 19921, 
UTEXAS3 [Wright, 19911, or other widely-accepted and validated program. 

OSDF Liner System. 

For the short-term liner system on side slope, use the two-dimensional 
limit equilibrium method of Giroud et al. [1995a], or other comparable 
method. If seepage forces are potentially significant, use the approach 
in Giroud et al. [1995b], or other suitable method. 

For interim and final waste mass configurations, use the techniques listed 
under OSDF foundations above. 

OSDF Cover System. For the interim and ftnal cover systems, use the 2-D 
limit equilibrium methods of Giroud et al. [1995a,b] listed above under OSDF 
liner system, or other suitable method. 

Perimeter Bern. For short-term and long-term analyses, use the methods 
listed above under OSDF foundation, or other suitable method. 
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Borrow Area Cut Slopes. For long-term analyses, use the methods listed 
above under OSDF foundation, or other suitable method. 

2.3.2.2 Seismic Slope Stability 

A. Criteria 

A seismic hazard assessment should be performed to evaluate potential 
seismically-induced peak horizontal accelerations of the OSDF foundation, liner system, 
and final cover system. The seismic hazard assessment should be based on the 
conservative assumption that the OSDF will be a Performance Category 2 facility as 
defined in DOE Order 5480.28 (i.e., also equivalent to Performance Grade 3 in DOE 
Order 5480.28). The OSDF foundation, liner system, and final cover system should 
be designed to comply with the more stringent of the criteria and guidance given below 
(design consideration). 

DOE-STD- 1020-94. This DOE standard requires that Performance 
Category 2 facilities be designed for a peak ground surface acceleration 
having an annual probability of occurrence of 1 x 

USEPA/600/R-95/05 1. This USEPA guidance document requires that new 
municipal solid waste disposal facilities be designed to resist the peak bedrock 
acceleration of a seismic event having a probability of occurrence of no 
greater than 10% in 250 years. 

The minimum peak ground surface acceleration at the FEMP satisfying the DOE- 
STD-1020-44 requirement is 0.13 g, where "g" is the gravitational acceleration at the 
surface of the earth (32.2 Ws2 (9.8 m / s 2 ) ) .  This acceleration value is obtained from 
Table C-5a of the DOE-STD-1020-94. The peak bedrock acceleration at the FEMP 
site, according to USEPA/600/R-95/05 1, is 0.16 g. 

The maximum acceptable permanent seismic deformation for all analysis conditions 
is 6 to 12 in. (0.15 to 0.3 m) based on Seed and Bonaparte [1992], and Anderson and 
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Kavazanjian [ 19951. For most conditions, a smaller acceptable permanent seismic 
deformation should be defined by the engineer based on the potential adverse 
consequences of excessive movement of OSDF components. 

B. Calculations 

Site Response Analysis 

Site response analyses should be performed to evaluate peak horizontal 
accelerations of the OSDF foundation, liner system, and final cover system. Site 
response analyses should be performed using established one-dimensional or two- 
dimensional computer models such as SHAKE [Schnabel et al., 19721, as updated by 
Idriss and Sun [1992] for one-dimensional analyses, and QUAD4M [Hudson et al., 
19941 for two-dimensional analyses. The selection of impacted-material parameters for 
seismic analyses should fully consider the existing site stratigraphy and subsurface 
conditions. The nature of the impacted materials that will be disposed in the OSDF 
(i.e., primarily soil, but also flyash, sludge, and building debris) should also be 
carefully considered in establishing these parameters. 

The site response analyses will also require selection of representative earthquake 
magnitudes and strong motion acceleration-time histories. Guidelines that should be 
used to establish these inputs to the site response analyses include: 

Natural Phenomena Hazara3 Design and Evaluation Criteria for Department 
of Energy Facilities [DOE, 19941; 

RCRA Subtitle D (258) Design Guidance for Municipal Waste Landfill 
Facilities [USEPA, 19951; 

UMTRA Technical Approach Document [DOE, 19891; and 

Pre-Design Investigation and Site Selection Report for the On-Site Disposal 
Facility [DOE, 1995g1. 
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The site response analyses should be used to obtain the peak average acceleration 
of the OSDF for evaluating stability of the OSDF liner system and foundation. The 
analyses should also be used to obtain the peak horizontal acceleration of the final cover 
system (at the level of the critical cover system interface for the evaluation of seismic 
performance of that component of the OSDF). 

Pseudo-Static Stability Analysis 

Pseudo-static stability analyses should then be performed using the acceleration 
values identified above. The evaluation should establish whether the pseudo-static 
factor of safety for the critical case for each stability condition is larger than 1.0. This 
minimum acceptable pseudo-static factor of safety is consistent with the UMTRA 
Technical Approach Document [DOE, 19891 and other engineering guidance. The 
stability conditions for which pseudo-static analyses should be performed are as follows: 

OSDF Foundation 

interim impacted-material configuration 
final OSDF configuration 

OSDF Liner System and Impacted Materials 
- 

interim impacted-material configuration 
final OSDF configuration 

OSDF Final Cover System 

long-term condition on final side slope 

OSDF Perimeter berm 

long-term conditions 
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Defomt ion Analysis 

If any of the above analyses result in a factor of safety less than 1 .O, seismic 
deformation analyses shall be performed to establish whether calculated deformations 
are within acceptable limits. If the calculated deformations are acceptable, then the 
adequacy of the design with respect to the specific design criteria should be considered 
acceptable. Deformation analyses should be performed using a Newmark [ 19651 sliding 
block approach, as coded in the computer program Y-SLIP [Yan, 19911, or other 
suitable method. In performing these analyses, large-displacement shear strengths 
should be assumed for liner and cover system geosynthetic interfaces. 

The maximum acceptable permanent seismic deformation for all analysis conditions 
is 1.0 ft (0.3 m). For most stability conditions, a smaller acceptable deformation 
should be defined by the engineer based on the potential adverse consequences of 
excessive movement of OSDF components. Guidance on selecting limiting deformation 
values for liner and cover systems can be found in USEPA/600/R-95/05 1 ,  Seed and 
Bonaparte [ 19921, and Anderson and Kavazanjian [ 19951. 

2.3.2.3 Foundation Settlement 

A. Criteria 

The settlement of the foundation should not cause grade reversal of the 
leachate collection layer or ponding of leachate on the liner system. 

Geomembrane and geosynthetic clay liner materials and their seams, as well 
as leachate collection and leak detection piping, should be able to withstand 
stresses and deformations resulting from settlement of adjacent materials 
without exceeding allowable tensile strains and elongations (design 
consideration). 

The post-settlement slopes of the leachate collection system should be no less 
than needed to convey leachate from the OSDF to the leachate transmission 
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system gravity line (design consideration). The post-settlement slopes of the 
leachate transmission gravity line should be no less than needed to effectively 
convey leachate by gravity to the temporary or permanent lift stations (design 
consideration). 

B. Calculations 

Calculations should be performed to evaluate the settlement of the foundation 
beneath the OSDF. The calculations should be performed as described below. 

The geotechnical characteristics (Le., consolidation properties, unit weights, 
moisture characteristics, etc.) of the foundation materials and impacted 
materials should be evaluated using the site-specific data identified in Section 
1.5 of this DCP. Correlations between soil index and compressibility 
properties can be obtained from Duncan and Chang [ 19701, Holtz and Kovacs 
[1981], Kulhawy and Mayne [1990], or other suitable references. 

The depth of influence should be estimated for the stress that will be applied 
to the foundation soils by the OSDF. The depth of influence may be 
estimated based on methods presented by Perloff et al. [1967], Poulos and 
Davis [ 19741, or others, and should consider the effects of varying heights of 
fill at different locations within the OSDF. 

The settlement of each layer of the foundation should be calculated based on 
the calculated stress increase and the properties of the foundation materials 
using standard settlement calculation methods, such as those presented by 
Lambe and Whitman [1969], Duncan [1992], Duncan, et al. [1987], Holtz 
and Kovacs [1981], or others, as appropriate. 

The impact of the calculated settlement should be evaluated. The calculation 
results should be evaluated in terms of total settlements, differential 
settlements, change in slope of the leachate collection system, change in slope 
of the leachate transmission system gravity line, and impacts (if any) to the 
liner system components. 
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2.3.2.4 Impacted Material Settlement 

A. Criteria 

Final cover system slopes after settlement must be large enough to prevent 
ponding of water on the final cover system (ARAR: OAC 3745-27- 
08(C)(15)>. 

Differential settlement of the OSDF final cover system resulting from 
compression of impacted material placed in the OSDF should not cause grade 
reversal of the final cover system (design consideration). 

The OSDF cover system drainage layer should be designed to function under 
the post-settlement grades of that system (design consideration). 

Tensile strains in geosynthetic and soil components of the final cover system 
due to differential settlement must not cause damage to the components 
(design consideration). 

B. Calculations 

Calculations should be performed to evaluate .the settlement of the OSDF final 
cover system. The calculations should be performed as described below. 

The geotechnical characteristics @e., consolidation properties, unit weights, 
moisture characteristics, etc.) of the impacted materials should be evaluated 
using the site specific data described in Section 1.5 of this DCP, other 
available information on the characteristics of materials to be placed in the 
OSDF, and information in the OSDF Impacted Materials Placement Plan. 

Calculations should be performed to evaluate the potential magnitude of 
settlement of the impacted material placed in the OSDF. The settlement 
calculation should use the same techniques as for foundation settlement (cited 
above), taking into account the specific geotechcal characteristics of the 
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impacted material when placed in the OSDF in the manner required by the 
Impacted Material Placement Plan. The potential for localized settlement due 
to impacted material non-homogeneity should be considered. If a significant 
degree of localized non-homogeneity is identified, the potential for localized 
differential settlements should be evaluated using techniques such as those 
presented by Giroud et al. [ 19901, Othman et al. [ 19951, or other suitable 
methods. 

Potential effects of the calculated settlement of both the foundation and 
impacted materials on the final cover system should be evaluated. The impact 
may be evaluated in terms of  total settlements, differential settlements, 
changes in slope to the cover system drainage layer, and stresses and strains 
in final cover system components. 

2.3.3 References 

FEMP property data and information required for geotechnical slope stability and 
settlement analyses should be obtained from the references cited in Section 1.5 of this 
DCP. Additional information may be obtained for the general technical literature cited 
below. 

- 

Anderson, D.C. and Kavazanjian, E. Jr., "Performance of Landfills Under Seismic 
Loading", Proceedings of the Third International Conference on Recent Advances in 
Geotechnical Earthquuke Engineering and Soil Dynamics, Vol. 3 ,  University of 
Missouri Press, 1995. 

Bishop, A.W., "The Use of the Slip Circle in the Stability Analysis of Slopes", 
Geotechnique, Vol. 5 ,  No. 1, March 1955, pp. 7-17. 

Duncan, J.M., "State-of-the-Art: Static Stability and Deformation Analysis", ASCE 
Specialty Conference on Stability and PerjGonnance of Slopes and Embankments, 
Berkeley, California, 29 June - 1 July 1992. 
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Janbu, N., "Slope Stability Computations in Embankment Dam Engineering ' I ,  

Cassagrande Memorial Volume, Hirschfield and Poulos (Eds.), John Wiley, New York, 
1973, pp. 47-86. 

Kulhawy, F.H., and Mayre, P.W., "Manual on Estimating Soil Properties for 
Foundation Design", Report No. EL-6800 Electric Power Research Institute, Palo Alto, 
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Surfaces, Geotechnique, Vol. 15, No. 1 ,  March 1965, pp. 79-93. 

Newmark, N.M., "Effects of Earthquakes on Dams and Embankments", Geotechnique, 
Vol. 15, No. 2, June 1965, pp. 139-159. 

Parsons, Inc., It Geotechnical Investigation Report, On-Site Disposal Facility", Operable 
Unit 2, Project Order 140, Fernald Environmental Management Project, 90%, Rev. A, 
Fairfield, OH, September 1995b. 

Parsons, Inc . , "2000- Year Flood and Probable Maximum Flood Study , CERCLAI 
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Poulos, H.G. and Davis, E.H., "Elastic Solutions for Soil and Rock Mechanics", John 
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Sagaseta, C., "Analysis of Undrained Soil Deformation Due to Ground Loss", 
Geotechnique, 37(3), 1987, pp. 301-320. 

Schnabel, P., Lysmer, J., and Seed, H.B., "SHAKE: A Computer Program for 
Earthquake Response Analysis of Horizontally Layered Sites", Report No. EERC 72-2, 
Earthquake Engineering Research Center, University of California at Berkeley, 1972. 

Seed, R.B., and Bonaparte, R., "Seismic Analysis and Design of Lined Waste Fills: 
Current Practice ' I ,  Proc., ASCE Specialty Conference on Stability and Performance of 
Slopes and Embankments - 11, Berkeley, California, June 28 - July 1 ,  pp. 1521-1545. 
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Sharma, S. , "Slope Analysis with XSTDL",  Research 
Engineering, University of Idaho, Moscow, Idaho, U.S.A. , 

Report, Dept. of Civil 
149 pages, 1992. 

Spencer, E., "The Thrust Line Criterion in Embankment Stability Analysis", 
Geotechnique, Vol. 23, No. 1, pp. 85-100, March 1973. 

U . S . Department of Energy (DOE) , Uranium Mine Tailings Remediation Control Act, 
Remedial Action Design 'I, Technical Approach Document, Rev. I1 , December 1989. 

U. S . Department of Energy (DOE), 'I Uranium Mine Tailings Remediation Control Act, 
Remediation Action Design , Technical Approach Document, Rev. 11, December 1989. 

U. S . Department of Energy (DOE), 'I Pre-Design Investigation and Site Selection Report 
for the On-Site Disposal Facility" , Fernald Environmental Management Project, DOE 
Fernald Field Office, Fernald, OH, July 1995. 

U .S. Navy, "Soil Mechanics, Foundation and Earth Structures", NAVFAC Design 
Manual DM-7, Washington, D.C., 1971. 

Wright, S .G. , 
Department of Civil Engineering, University of Texas, Austin, Texas, Sep 1991. 

IITExAS3 - A Computer Program for Slope Stability Calculations" , 

Yan, L.P., "Seismic Deformation Analysis of Earth Dams: A Simplified Method", 
Research Report No. SML 91-01, California Institute of Technology Soil Mechanics 
Laboratory, Pasadena, California, 1991. 

2.4 Liner Svstem 

2.4.1 Functional Requirements 

The function of the liner system is to isolate impacted material from the 
environment while containing and collecting leachate generated by the material. As 
shown on Figure 1-1, the liner system will contain two liners (Le., primary and 
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secondary liners), separated by a leak detection system, with the primary liner overlain 
by a leachate collection system (OW ARAR: 40 CFR 8 265.301(a)). Both the primary 
and secondary liners will consist of a geomembrane overlying a geosynthetic clay liner; 
in addition, these components of the secondary liner will be underlain by a 3-ft (0.9-m) 
thick layer of compacted, low-permeability clay. 

Additional functional requirements of the OSDF liner system are as follows: 

The liner system must extend completely under all areas where impacted 
material will be placed in the OSDF (ARAR: OAC 3745-27-08(C)(l)(h)). 

The liner system must be effective for up to 1,000 years, to the extent 
reasonably achievable, and in any case for at least 200 years (ARAR: 40 CFR 
0 192.02(a)). 

The liner system should effectively resist the applied stresses that will be 
applied to during construction, filling, closure, and post closure (ARAR: 
OAC 3745-27-08(C)). 

The liner system should be constructed in a manner that, after placement of 
the final cover system, completely encapsulated the impacted material placed 

- in the OSDF (design consideration). 

2.4.2 Design Criteria 

The number of penetrations through the liner system by leachate collection 
and leak detection piping should be minimized. In particular, there should be 
no more than one penetration each for the leachate collection pipe, redundant 
leachate collection pipe, and leak detection pipe for each cell of the OSDF 
(design consideration). 
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The liner system should allow monitoring of the leachate generation rate of 
the entire OSDF and flows from the leak detection system of each OSDF cell 
(design consideration). 

The liner system components must be compatible with the impacted material 
and leachate (ARAR: OAC 3745-27-08(E)). 

The liner system must be designed to resist upward pressures (with a factor 
of safety of at least 1.4) on the bottom of the liner that may be caused by 
ground water (ARAR: OAC 3745-28-08(C)( 1)). 

The liner system must be designed to resist damage caused by the loads 
applied during construction, placement of impacted material, closure, and 
post-closure care (design consideration). 

The liner system should be installed on the bottom and exterior excavated 
sides of the landfill and be constructed with a minimum bottom slope of 2 
percent and a maximum slope based on: (i) compaction equipment limitations; 
(ii) slope stability considerations; and (iii) resistance of geosynthetics and 
geosynthetic seams to tensile stresses (design consideration). 

The liner system should be constructed on a prepared surface that is: (i) free 
of debris, foreign material, and deleterious material; (ii) able to bear the 
weight of the OSDF without causing or allowing a failure of the liner to occur 
through settling; and (iii) without abrupt changes in grade that could cause 
damage to the geosynthetics (design consideration). 

The liner system must be adequately protected from damage due to 
desiccation, freezehaw cycles, wetldry cycles, and the intrusion of objects 
during construction, filling, and closure (design consideration). 
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2.4.3 Hydrostatic Uplift 

An analysis should be performed of the impacts of hydrostatic forces on the liner 
system. The analysis should consider the potential range of perched-zone ground-water 
levels within the OSDF foundation. If the highest elevation of perched ground water 
exceeds the elevation of the bottom of the liner system, an analysis should be conducted 
to evaluate the uplift potential of the liner system under the anticipated hydrostatic uplift 
pressure. The analysis should be performed for both end-of-construction and long-term 
conditions. Procedures for calculating uplift pressures due to high ground water are 
given in Lambe and Whitman [1969] and Hole and Kovacs [1981], for example. 

2.4.4 Geomembrane Liner 

Basic Requirements 

The geomembrane liner should be (functional requirements) : 

manufactured from high density polyethylene (HDPE) and be at least 80-mil 
(2.0-mm) thick (nominal thickness); 

placed in intimate contact with the geosynthetic clay liner; and 

protected from damage by drainage layer material by a geotextile cushion 
layer placed over the geomembrane. 

Geomembrane Selection 

An evaluation should be performed to c o n f i i  that a geomembrane constructed of 
HDPE and of 80 mil (2.0 mm) thickness is the most appropriate type of geomembrane 
(in terms of composition, thickness, surface texturing, etc.) for use in the OSDF liner 
system. The evaluation should consider physical and mechanical properties, durability, 
and chemical compatibility. 
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Primary Liner Per$onnance 

The performance characteristics of the primary liner should be evaluated in terms 
of the potential for leachate migration through the liner and into the leak detection. 
system. This information is needed for the design of the leak detection system. The 
USEPA HELP model [Schroeder et al., 1994a,b], which uses the liner performance 
models of Giroud and Bonaparte [1989a,b] and Giroud et al. [1992], should be used to 
evaluate the performance of the primary liner. 

Geosynthetic Tension and Anchor Trench Capacity 

The geosynthetic components of the liner system should be designed to prevent 
slippage at their interfaces with adjacent materials and, thus, to preclude the 
development of tension in these materials. Design methods to establish the 
requirements to prevent tension are the same as those used to assess liner system 
stability (described in Section 2.3.2 of this DCP). 

Notwithstanding the fact that the geosynthetics will be designed to preclude the 
development of tensile stresses, an anchor trench should be constructed at the top of the 
OSDF side slope to anchor the geosynthetic components of the liner system. The 
anchor trench should be 2 ft (0.6 m) deep to provide for secure anchoring of the liner 
system geosynthetics. 

Resistance to Puncture 

The geomembrane component of the liner system must be designed to resist 
puncture or damage from the stresses applied by overlying drainage layer material. The 
calculation procedure for this evaluation should consider two loading conditions: (i) 
long-term case assuming the OSDF is full; and (ii) short-term case assuming that 
construction equipment is working above the drainage layer material. Using the 
calculated loads, the geotextile cushion layer overlying the geomembrane should be 
designed to protect the geomembrane from puncture. Procedures such as those by 
Koerner et al. [1995], or other suitable procedures, should be used to calculate the 
required characteristics of the geotextile cushion. 
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The geotextile cushion layer should also be designed to be robust and have 
adequate construction survivability characteristics. Design for adequate construction 
survivability should be performed using the procedure described in Koerner [ 19941, or 
other suitable procedures. 

Frost Protection 

An evaluation should be performed to identify the minimum thickness of soil that 
must be placed over the geomembrane component of the secondary liner to protect the 
underlying compacted clay component from freeze-thaw due to winter weather. The 
evaluation should be performed using the Berggren method [Aldrich and Paynter, 
19531. 

2.4.5 Compacted Clay Liner 

The compacted clay liner must be constructed of soil that satisfies the following 
criteria (ARAR: 3745-27-08(~)): 

100 percent of the particles having a maximum dimension not greater than 2 
in. (50 mm); 

not more than 10 percent of the particles, by weight, having a dimension 
greater than 0.75 in. (20 mm); 

not less than 50 percent of the particles, by weight, passing through the 
standard U.S. No. 200-mesh sieve; and 

not less than 25 percent of the particles, by weight, having a maximum 
dimension not greater than 0.002 rnm (2 pm). 

The requirements of the final item are not met by the brown and gray clays that 
underlie the FEMP property. However, OAC 3745-27-08(C) states that alternatives to 
the prescriptive requirements for soil liner materials may be sued: 'I.. . i f  it is 
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demonstrated to the satisfaction of the Director that the materials and techniques will 
result in each lifr having a maximum permeability of 1 x 1 O7 cm/s. The available test 
data demonstrate that the brown and gray clays are capable of achieving a hydraulic 
conductivity of not greater than 1 x c d s .  Therefore, a demonstration will be 
required pursuant to OAC 3745-27-08(C) to obtain an acceptable alternate to the 
particle size requirement. The primary considerations in developing this demonstration 
are given below. 

The primary performance criterion for compacted soil liners in OAC 3645-27- 
08(C)(l)(a) requires that each lift of the liner have a maximum hydraulic 
conductivity of 1 x lo-’ c d s .  The hydraulic conductivity of a clayey soil is, 
in part, a function of the percentage of clay-size particles. However, other 
factors such as soil plasticity, compaction moisture content, and dry density 
also strongly influence hydraulic conductivity. Benson et al. [ 19941 
performed detailed analyses of how each of these parameters correlate with 
hydraulic conductivity. The results of their study, which was based on data 
from 67 landfills, indicate that an average (rather than a minimum) fraction 
of clay-sized particles exceeding 15 percent is an acceptable criterion for 
compacted soil liners. In addition, Benson et al. [1994] provided data on a 
large number of compacted soil liners which do not meet the clay-size particle 
criterion set forth in OAC 3745-27-08(C)( l)(c)(iv) , yet, when constructed 
using appropriate procedures, have measured hydraulic conductivities less 
than 1 x lo-’ c d s .  It is also noted that widely-accepted guidelines for clay 
liner materials (e.g., Daniel [1993]) do not contain criteria for the minimum 
acceptable percentage of clay-size particles. 

As part of the OSDF design, a test pad program will be conducted using soil 
obtained from the OSDF foundation excavation and the on-site soil borrow 
area. The test pads will be constructed using equipment and techniques that 
will subsequently be used to construct the OSDF clay liner. Laboratory and 
field permeability testing will be performed during the test pad program to 
define the compaction conditions that will yield a soil liner with a hydraulic 
conductivity of not greater than 1 x c d s .  The test pad program will 
meet the requirements for test pads set forth in OAC 3745-27-08(C)(l)(m). 
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The results of the test pad program, including all laboratory and field 
hydraulic conductivity test results from the program, will be presented in a 
report that DOE will provide to USEPA and OEPA. Thls report will specify 
construction equipment types and construction procedures that result in a 
compacted clay liner satisfying the hydraulic conductivity performance 
criterion of OAC 3745-27-08(C)(l). 

During construction of the OSDF liner system, a detailed construction quality 
assurance (CQA) program will be implemented. The CQA activities will 
include moisture/density testing of soil liner materials at the frequency 
required by OAC 3745-27-08(C)( l)(o) to verify that the compaction 
conditions are consistent with those established during the test pad program, 
and monitoring activities in accordance with 40 CFR 0 264.303(C). In so 
doing, a high level of assurance will be provided that the hydraulic 
conductivity of the soil liner material is not greater than 1 x lo7 cm/s. the 
CQA program will also include confirmatory hydraulic conductivity testing. 

2.4.6 Geosynthetic Clay Liner 

The geosynthetic clay liner must (ARAR: OAC 3745-27-08(C)): 

be negligibly permeable to fluid migration interpreted to require that the GCL 
have a minimum a hydraulic conductivity of 1 x cm/s); 

be installed having a minimum overlap of 6 in. (150 mm), or, for end of 
panel seams, a minimum over of 12 in. (0.3 m) (overlap shall be increased 
in accordance with manufacturers specifications or to account for shrinkage 
due to weather conditions); 

have a bentonite mass per unit area of at least one pound per square foot 
(2 kg/m2); 
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be installed in accordance with the manufacturer's specifications in regard to 
handling, overlap, and the use of granular or powdered bentonite to enhance 
bonding at the seams; and 

be constructed above the compacted clay liner. 

In addition to the foregoing requirements, the geosynthetic clay liner beneath the 
primary geomembrane should have a HDPE geomembrane backing on its bottom side 
to: (i) assure no long-term migration of bentonite into the leak detection system; and 
(ii) limit hydration of the bentonite and thus improve short-term and interim liner 
system stability. The geosynthetic clay liner beneath the secondary liner may be similar 
to the one beneath the primary liner. Alternatively, the geosynthetic clay liner beneath 
the secondary liner may be of the "internally reinforced" type, which will improve 
short-term and interim liner system stability compared to the level of stability achieved 
with an "unreinforced" type geosynthetic clay liner. The benefits of geosynthetic clay 
liner internal reinforcement or partial hydration should be discounted in evaluating the 
long-term stability of the liner system. 

2.4.7 Chemical Compatibility 

Geosynthetic materials used in the OSDF liner system must be physically and 
chemically resistant to attack by the leachate that will be generated by the facility 
(ARAR: OAC 3745-27-08(E)). To satisfy this requirement, a liner compatibility study 
must be implemented to demonstrate the compatibility of the geomembrane component 
of the liner and final cover systems with the anticipated OSDF leachate. The liner 
compatibility study should be performed in two parts with the first part consisting of 
a review of published data on: (i) the general chemical compatibility and durability 
characteristics of HDPE geomembranes; and (ii) the performance of HDPE 
geomembranes in similar applications. If the available published data are not adequate 
to draw conclusions for design, a physical/chemical testing program should be 
undertaken to generate additional data. The testing program should include: 
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immersion of representative geomembrane specimens in simulated OSDF 
leachate; the immersion procedures should be in accordance with USEPA 
Method 9090; 

pre- and post-immersion physical, mechanical, and micro-structural testing of 
the geomembrane specimens; and 

evaluation of the test results for evidence of any adverse impacts of leachate 
immersion on the geomembranes. 

The scope of the liner compatibility study should be described in a work plan that 
addresses both the literature review and the physicalkhemical laboratory testing 
program. The work plan should provide a detailed description of the immersion testing 
procedures and the procedures that will be used to evaluate the test results, should 
testing prove necessary. The work plan should first be developed in draft form for 
DOE, USEPA, and OEPA review and approval. A final work plan should be issued 
after incorporation of comments on the draft. A final report should be submitted to 
DOE, USEPA, and OEPA upon completion of the study. 

The liner compatibility study must be complete prior to completion of the pre-final 
design package. 

2.4.8 References 

FEMP property data and information required for design of the liner system should 
be obtained from the references cited in Section 1.5 of this DCP. Additional 
information for design may be obtained from the general technical references listed 
below. 

Aldrich, H.P. and Paynter, H.M., "Frost Investigations, Fiscal year 1953, First Interim 
Report", Analytical Studies of Freezing and Thawing Soils, Arctic Construction and 
Frost Effects Laboratory, New England Division, U.S. Army Corps of Engineers, 
Boston, MA, 1953. 
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Benson, C.H., Zhai, H., and Wang, X., "Establishing Hydraulic Conductivity of 
Compacted Clay Liners", ASCE Journal of Geotechnical Engineering Vol. 120, No. 2, 
Feb 1994, p. 366 to 387. 

Christopher, B.R., Holtz, R.D., and DiMaggio, J.A., Geotextile Engineering Manual, 
U.S. Dot, FHWA Contract No. DTFH 61-80-C-OOO94, February 1984. 

Daniel, D.E., Geotechnical Practice for Waste Disposal, Chapman and Hall, 1993, 683 
PP. 

Giroud, J.P. and Bonaparte, R., Leakage through Liners Constructed with 
Geomembranes, Part I: Geomembrane Liners", Geotextiles and Geomembranes, 
Vol. 8, No. 1, 1989a, pp. 27-67. 

Giroud, J.P. and Bonaparte, R. "Leakage through Liners Constructed with 
Geomembranes, Part 11: Composite Liners", Geotextiles and Geomembranes, Vol. 8, 
NO. 2, 1989b, pp. 71-111. 

Giroud, J.P., Badu-Tweneboah, K., and Bonaparte, R., "Rate of Leakage Through a 
Composite Liner Due to Geomembrane Defects", Geotextiles and Geomembranes, 
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2.5 Leachate Management 

2.5.1 Leachate Collection System 

A. Design Criteria 

The function of the leachate collection system (LCS) is to collect leachate, route 
it from the OSDF to the leachate transmission system, and limit the buildup hydraulic 
head on the underlying primary liner to not more than 12 in. (0.3 m). The leachate 
collection system is also required to: 

0 

extend over all areas that will subsequently be used for impacted material 
disposal; 

function with minimal maintenance and monitoring; 

function without excessive clogging throughout the design life of the OSDF; 

withstand the stresses that will be imposed during construction, filling, 
closure, and post-closure care of the OSDF; and 

occupy a minimum volume within the OSDF. 
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In addition to the foregoing requirements, the leachate collection system should 
comply with the design criteria given below. 

The maximum permissible leachate head within the leachate collection system 
is 12 in. (0.3 m) (ARAR: OAC 3745-27-08(C)(4)). The evaluation of 
maximum head must consider initial and intermediate filling conditions in a 
cell, as well as conditions after closure. The evaluation need not consider 
potential transient higher heads due to rainfall that might fall into an open cell 
during cell start-up activities. 

The leachate collection system must be constructed at a slope of at least 2 
percent (ARAR: OAC 3745-27-08(C)(4)). 

The leachate collection system material must have a hydraulic conductivity, 
k, of at least 1 x cm/s and have a negligible amount of fines ( A M :  
OAC 3745-27-08(C)(4)). The fines content requirement is interpreted to 
mean not more than 2 percent of the particles passing 'a U.S. No. 200 
standard sieve. 

The leachate collection system material must not contain carbonate material 
(ARAR: OAC 3745-27-08(C)(4)), unless it is shown to the satisfaction of 
USEPA and OEPA that a material with carbonate meets the design 
requirement. 

. 

Earth materials (i . e., non-carbonate , durable, sound aggregate), not 
geosynthetic drainage layers, should be used in the leachate collection system 
to extent possible. An alternative material requirement may be used for the 
leachate collection system if it is demonstrated to the satisfaction of the 
USEPA and OEPA that the alternative satisfies all other design requirements. 

The leachate collection system must be designed to resist clogging and 
Crushing (ARAR: OAC 3745-27-08(B)(3)). 
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The leachate collection system should be overlain by a filter layer to prevent 
clogging of the drainage layer (AFUR: OAC 3745-27-08(B)(3)). 

Leachate collection system pipes must (as required by OAC 3745-27- 
08(C)(4)) : 

- be imbedded in the drainage layer; 

- be constructed with a minimum slope of 0.5 percent; 

- be provided with access for clean-out devices; 

* have lengths and a configuration that do exceed the capabilities of clean- 
out devices; 

be designed to resist drainage caused by differential settlement; 

- have joints sealed to prevent separation; and 

be physically and chemically resistant to attack by the OSDF leachate. 

Leachate collection system pipes should be at least 6 in. (15 cm) in diameter 
to minimize clogging potential and to provide ample access for clean-out 
equipment (design consideration). 

Leachate collection system pipes should be manufactured from HDPE for 
durability and chemical compatibility. These pipes should have a standard 
dimension ratio (SDR) of at least 11 to provide both a high degree of 
structural stability and a significant wall thickness to minimize the potential 
for surface degradation (e.g., oxidation) (design consideration). 

Leachate collection system pipes should be perforated to allow inflow of 
leachate. Perforations must be designed to prevent plugging or clogging by 
the adjacent -drainage material (design consideration). 
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The leachate collection system should be provided with a redundant drain pipe 
to serve as a back-up in the event of unforeseen problems with the main 
leachate collection system pipe. 

A one-foot (0.3-m) thick protective layer should be placed above the leachate 
collection system to protect the underlying liner system from damage due to 
intrusion of objects during construction and filling of the OSDF (ARAR: 
OAC 3745-27-08(C)(4)). 

The protective layer should consist of impacted or clean soil that contains no 
sharp objects, debris, or other material that could damage the liner system 
(design consideration). 

The number of pipes in the leachate collection system should be minimized 
(design consideration); at a minimum, at least one leachate collection system 
pipe must be incorporated into the design of each cell. 

The factory of safety for the leachate collection system pipe under initial, 
intermediate, and long-term flow conditions should be at least 5 and 
preferably 10 (design consideration). 

The hydraulic conductivities of candidate granular drainage layer materials for 
the leachate collection system should be evaluated by testing prior to selection 
of a borrow source (design consideration). 

B. Calculations 

The quantity of leachate generated in a OSDF cell during filling and after closure 
must be evaluated as part of the design process. The quantity of leachate should be 
calculated using the USEPA Hydrologic Evaluation of Landfill (HELP) model, Version 
3.03 [Schroeder et al., 1994a,b]. Leachate generation estimates should be made for 
each representative step in the filling of a OSDF cell (i.e., after placement of an initial 
thickness of impacted material (initial filling), intermediate filling, and post-closure) and 
for each representative phase of OSDF development. The results of the calculations 
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should be used to design the leachate collection system and leachate transmission 
system. 

Based on the calculated leachate generation rates, the following leachate collection 
system evaluations should be performed: 

maximum head in the leachate collection system, as calculated using the 
USEPA HELP computer model and checked using procedures presented by 
Giroud and Houlihan [1995], or other suitable methods; 

geotextile filter design, using procedures presented by Giroud [ 19821 or 
Christopher and Holtz [1984], or other suitable methods; 

flow capacity of leachate collection system pipes (using standard pipe capacity 
calculation methods); 

potential for clogging of the leachate collection system using procedures 
described by Koerner and Koerner [ 19941, or other suitable methods; 

leachate collection system pipe perforation sizing (using grain size distribution 
analyses); and 

leachate collection system pipe structural stability (using standard methods for 
evaluating the strength and stability of buried flexible pipes). 

2.5.2 Leak Detection System 

A. Design Criteria 

The following design criteria apply to the leak detection system. 

The leak detection system should allow monitoring of any leachate migrate 
through the primary liner of each cell of the OSDF (functional requirement). 
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The leak detection system should provide for efficient and reliable 
containment and collection of any leachate migration through the primary 
liner (design consideration). 

The leak detection system should minimize the buildup of head on the 
secondary liner under normal and extreme operating conditions, be 
constructed of durable material, and not be prone to clogging or other form 
of deterioration (design consideration). 

The leak detection system should be designed to route liquid that enters the 
system to a collection and measurement location (e.g., manhole or sump) 
outside of the OSDF (functional requirement). 

The leak detection system should be independent of the leachate collection 
system (functional requirement). 

The leak detection system drainage material should meet the same design 
criteria identified in Section 2.5.1 for leachate collection system drainage 
material (design consideration). 

B. Calculations 
- 

The following calculations should be performed as part of the design of the leak 
detection system. 

Flow capacity of the leak detection system and hydraulic head in the leak 
detection system using the procedure described in Bonaparte and Giroud 
[ 19951, or other suitable methods. 

Time of travel in the leak detection system calculated using the procedure 
described in Bonaparte and Giroud [1995], or other suitable methods. 

Leak detection system pipe flow capacity and factor of safety (using standard 
pipe capacity calculation procedures). 
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Leak detection system structural stability (using standard methods for 
evaluating the strength and stability of buried flexible pipes). 

An action leakage rate (ALR) should be defined for the leak detection system that 
establishes a threshold for response actions in the event of excessive flow rates from 
the leak detection system drain pipe. The ALR should be established in accordance 
with procedures for RCRA Subtitle C facilities, as described in 40 CFR 8 264. 
Response actions will be described in the Remedial Action Contingency Plan that will 
be prepared for the OSDF. 

2.5.3 Leachate Transmission System 

A. Design Criteria 

The leachate transmission system must be designed to convey leachate (and liquids 
in the leak detection system) from the OSDF cells to a permanent lift station at the 
OSDF battery limit. From the lift station, the leachate will be pumped through a 
double-wall forcemain pipe to the AWWT facility. This DCP addresses design of the 
leachate transmission system up to, and including, the permanent lift station. The 
design of the forcemain from the lift station to the AWWT facility will be addressed 
in a separate design package. 

The leachate transmission system must be designed to achieve the following 
(functional requirements). 

Liquid in the leak detection system of a OSDF cell must flow by gravity 
through a double-wall HDPE pipe (that penetrates the liner system) to a leak 
detection system manhole located in the perimeter berm on the west side of 
the OSDF. 

Each OSDF cell must have its own leak detection system manhole. The 
volume of liquid in the manhole should be monitored on a regular basis. The 
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design must allow for accumulated liquids in the leak detection system 
manhole to be pumped from the manhole into a discharge port in the leachate 
collection system manhole where it should discharge directly into the leachate 
transmission system gravity line. 

Liquid in the leachate collection system of a OSDF cell must flow by gravity 
through a double-wall HDPE pipe (which penetrates the liner system) to a 
leachate collection system manhole located in the perimeter berm on the west 
side of the OSDF; in the manhole, the leachate should discharge directly into 
the leachate transmission system gravity line. 

Each OSDF cell must have its own leachate'collection system manhole. Each 
manhole should have a cleanout for maintaining the leachate transmission 
system gravity line. Each manhole should also have a temporary gate valve 
on the leachate collection system pipe from the OSDF to prevent flow into the 
gravity line during periods of gravity line maintenance, extension, repair, etc. 
The temporary gate valve should also be used to regulate potential storm 
surge flows that could occur as a result of heavy precipitation into a newly 
opened cell. The temporary gate valve must be removed from each cell prior 
to final closure of the OSDF, and preferably sooner. 

All liquid that drains from the OSDF leachate collection system should 
discharge into the leachate transmission system gravity line. This line should 
consist of double-wall HDPE pipe having a minimum diameter for the carrier 
pipe of 8 in. (200 mm). The minimum pipe SDR should be 11. The factor 
of safety for flow of the leachate transmission system gravity line should be 
at least 5 and preferably 10. 

The gravity line should be located in the perimeter berm on the west side of 
the OSDF. The gravity line should run the length of the OSDF, from the 
first cell near north end of the facility to the last cell near the south end. 
From the last cell, the gravity line should run to the permanent lift station. 
To promote gravity flow, the gravity line should be constructed with a 
minimum slope of 0.25 percent. The gravity line should be buried in a trench 
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at a sufficient depth below ground to prevent freezing of liquids in the line. 
The gravity line should be adequately bedded in the trench. 

The inner carrier pipe of the gravity line must be continuous over its entire . 
length (Le., from its upgradient end to its discharge point at the permanent 
lift station). The outer containment pipe should be continuous between 
leachate collection system manholes. These manholes should be periodically 
inspected for discharge from the containment pipe (which could be indicative 
of a possible leak in the carrier pipe). 

Leachate collection system manholes for those cells north of the existing east- 
west utility corridor that transects the battery limit should be installed in 
conjunction with construction of the first OSDF cell. The leachate 
transmission gravity line should run through all of these manholes and 
initially discharge into a temporary lift station located north of the utility 
corridor. Liquids discharged into the temporary lift station should be pumped 
through a temporary forcemain to the permanent lift station. 

The permanent lift station should be located near the southwest comer of the 
battery limit. The permanent lift station should also be installed concurrent 
with construction of the first OSDF cell. The pumps in the temporary lift 
station should be sized to pump discharged liquids through a double-wall 
forcemain to the permanent lift station. The pumps for the permanent lift 
station should be sized to pump discharged liquid through a forcemain to the 
AWWT facility. (Note: The pumps for the permanent lift station will be 
designed as part of the design package for the forcemain that will convey 
leachate from the permanent lift station to the AWWT facility.) 

The temporary lift station and forcemain should be *en out of service after 
removal/decommissioning of utilities within the utility corridor. At that time, 
the leachate transmission system gravity line should be extended to the 
permanent lift station. 
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The temporary forcemain between the temporary and permanent lift stations 
should consist of double-wall HDPE pipe. The pipe should be installed in a 
trench at a depth that does not interfere with the existing utilities. The pipe 
should be adequately bedded in the trench. Alternatively, the forcemain may 
be placed on existing ground and covered with a soil berm of sufficient 
thickness to protect the pipe from trafflc loads, freeze-thaw, and other 
stresses. Layout of the forcemain to avoid interference with the utility 
corridor should be coordinated with the FEMP coordination teams. 

The permanent lift station must be capable of storing the quantity of leachate 
generated during an average of one-week period at the beginning of the post- 
closure period (OAC 3745-27-08(C)(5)). The permanent lift station should 
also have sufficient capacity to store one hour of peak flow from the OSDF 
under active cell condition (design consideration). Potential storm surge 
flows from an OSDF cell into the leachate transmission gravity line due to 
heavy precipitation into a newly opened cell may be regulated using the 
temporary gate valve in the leachate collection system manhole for that cell. 

Both the temporary and permanent lift stations should contain pump odoff 
controls, high level alarms, and controls for automatically closing the gravity 
line in the event of: 

- - power failure, or - high liquid level in the lift station manhole. 

The lift stations should also have provisions for manually closing the gravity 
line. 

The lift stations must have sufficient pump capacity to prevent the buildup of 
liquid in the manhole for maximum discharge conditions from the gravity 
line. The lift stations should have redundant pump capacity and automatic 
controls (with manual overrides) for operating the pumps. 
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The pumps should be designed to be conveniently removed from the lift 
stations for periodic maintenance. An extra pump should be maintained on 
the FEMP property for use during periods of pump servicing. 

B. Calculations 

Calculations should be performed to ensure that the leachate transmission system 
can transmit the required quantity of liquid and store leachate as required by the design 
criteria. Calculations should include the following. 

Leachate Transmission System Pipe Capacity. The capacity of the leachate 
transmission system gravity line should be evaluated using standard pipe 
capacity calculation methods to ensure that the pipe has sufficient capacity to 
maintain gravity flow conditions at peak leachate generation rates. 

Leachate Transmission System Pipe Structural Stability. The strength and 
stability of the leachate transmission system gravity line should be evaluated 
using standard methods for evaluating buried flexible pipes. 

Leachate Transmission System Pump Requirements. The pressure head, 
efficiency, and pumping rate requirements of the pumps that will be installed 
in the temporary and permanent lift stations should be evaluated using 
standard pump design procedures. The pumps for the temporary lift station 
will be designed as part of this design package. The pumps for the permanent 
lift station will be designed as part of the different design package addressing 
design of the forcemain from the permanent lift station to the AWWT facility. 

Leachate Storage Volume. The permanent lift station should be designed with 
sufficient volume to contain the peak quantity of leachate generated by the 
OSDF during a one-hour period under active cells condition and the quantity 
of leachate generated over a one-week period at the start of the post-closure 
period. The calculation must demonstrate that the lift station has adequate 
storage capacity for these quantities of leachate. 
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2.5.4 References 

FEMP property data and information required for design of the leachate 
management system should be obtained from the references cited in Section 1.5 of this 
DCP. Additional information for design may be obtained from the general technical 
references listed below. 

Bonaparte, R. and Giroud, J.P., "Waste Containment Systems for Pollution Control: 
Part 11-Hydraulic Design and Performance", Proceedings, NATO Advanced Study 
Institute, Recent Advances in Ground- Water Pollution Control and Remediation, 
Springer-Verlag, New York, 1995. 

Christopher, B.R. and Holtz, R.D., "Geotextile Engineering Manual", FHWA- 
DTFH6 1-80-C-00094, U. S. Department of Transportation, Federal Highway 
Administration, 1984. 

Giroud, J. P., "Filter Criteria for Geotextiles" , Proceedings, Second International 
Conference on Geotextiles, Vol. 1, Las Vegas, NV, Aug 1982, pp. 37-42. 

Giroud, J.P. and Houlihan, M.F., "Design of Leachate Collection Layers", Proceedings 
of the Fifth International Landfill Symposium, Sardinia, Italy, October 1995, 28 p. 

Gross, B.A., Bonaparte, R., and Giroud, J.P., "Evaluation of Flow from Landfill 
Leakage Detection Layers", Proceedings of the Fourth International Conference on 
Geotextiles, Geomembranes and Related Products, The Hague, May 1990, pp . 4 8  1-486. 

Koerner, G.R. and Koerner, R.M., "Biological Activity and Potential Remediation 
Involving Geotextile Landfill Leachate Filters", Geosynthetic Testing for Waste 
Containment Applications, ASTM STP 1081, R.M. Koerner, Ed., American Society for 
Testing and Materials, Philadelphia, 1990. 
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Schroeder, P.R., Aziz, N.M., Lloyd, C.M., and Zappi, P.A., “The Hydrologic 
Evaluation of Landfill Perfomnce (HELP) Model: User’s Guide for Version 3 ” ,  
EPA/600/R-94/ 168a, U. S. Environmental Protection Agency, Office of Research and 
Development, Washington D.C., 1994a. 

Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and 
Peyton, R.L., “The Hydrologic Evaluation of Landfill Perfomnce (HELP) Model: 
Engineering Documentation for Version 3 ” ,  EPA/600/R-94/ 168b, U. S . Environmental 
Protection Agency, Office of Research and Development, Washington D .C., 1994b. 

USEPA, “Action Leakage Rates for Leak Detection @stems“, Supplemental Background 
Document for the Final Double Liners and Leak Detection Systems Rule for Hazardous 
Waste Landfills, Waste Piles, and Surface Impoundments, U. S. Environmental 
Protection Agency, Office of Solid Waste, 1994. 

2.6 

2.6.1 

The 

Final Cover Svstem 

Functional Requirements 

final cover system must isolate impacted material in the OSDF, protect the 
OSDF from inadvertent intrusion, promote vegetative growth, and greatly limit 
infiltration into the facility after closure. The final cover system must also be designed 
to minimize requirements for long-term monitoring, maintenance, and repair. The 
components of the final cover system are shown in Figure 1-1 and include (in 
descending order), topsoil, vegetative soil layer, filter layer, biointrusion barrier, cover 
drainage layer, composite cap, and impacted-material contouring layer. 

Closure of the OSDF, which includes installation of the final cover system, must 
be performed in a manner that minimizes the need for further maintenance and the 
potential for release of leachate to the environment to the extent needed to protect 
human health and the environment (ARAR: OAC 3745-27-ll(0)). The final cover 
system requirements must also be designed to be effective for 1,000 years, to the extent 
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reasonable, and in any case, for at least 200 years (ARAR: 40 CFR 0 192.02(a)). In 
addition, the final cover system should meet the following OU2 and OU5 ARARS (40 
CFR 265 0 310): 

e 

0 

0 

e 

2.6.2 

minimize liquid infiltration into the closed OSDF; 

function with minimal maintenance; . 

promote drainage and minimize erosion or abrasion of the cover; 

accommodate settling and subsidence so that the integrity of the cover is 
maintained; and 

have a permeability less than or equal to the permeability of any bottom liner 
system or natural subsoils present. 

Topsoil 

A. Design Criteria 

The topsoil layer should promote both short-term vegetation and climax 
vegetation that is self-sustaining (design consideration). 

The topsoil layer should be designed for minimal erosion by wind and water 
and to preclude the development of gullies (design consideration). 

Topsoil must have a maximum projected erosion rate of 5 tons/acre/year (1 1 
tonnes/ha/yr) (ARAR: OAC 3745-27-0qC) 15)). In addition, the properties 
of the topsoil and vegetative soil layers must be adequate to result in a 
cumulative projected volume of eroded material over the design life of the 
facility that is less than the volume of material contained in the topsoil and 
vegetative layers. 
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Topsoil and vegetation should. resist gullying under the tractive forces of 
surface-water runoff from the cover. ' 

The characteristics of the topsoil layer material should be selected considering 
any specific requirements of the vegetative seed mix (design consideration). 

The final vegetation shall be self-sustaining and require minimal maintenance 
(design consideration). 

B. Calculations 
d 

Final cover system erosional resistance should be evaluated as described in Section 
2.9 of this DCP. 

2.6.3 Vegetative Soil Layer 

A. Design Criteria 

The vegetative soil layer shall be a well-graded mixture of clayey, silty, and 
sandy material, at least 21 in. (0.54 m) thick (functional requirement). 

The vegetative soil layer should be designed for minimal erosion by wind and 
water and to preclude the development of gullies. 

The vegetative soil layer must have sufficient thickness to protect the 
compacted clay cap from root penetration and the effects of freeze-thaw 
(ARAR: OAC 3745-27-08(C)(15)). 

For freeze-thaw protection of the compacted clay cap, .the vegetative soil 
layer, together with the overlying topsoil layer and underlying granular filter 
and biointrusion barrier layers, must have a thickness of at least 30 in. 
(0.75 m) (ARAR: OAC 3745-27-08(C)(15)). 
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B. Calculations 

Cover system erosional resistance should be evaluated as described in Section 2.9 
of this DCP. In addition, calculations must be performed to establish that the thickness 
of the vegetative soil layer, coupled with the topsoil, granular filter, and biointrusion 
barrier layers, is adequate to prevent adverse freeze-thaw effects to the final cover 
system clay cap. These calculations should be performed using the Berggren method 
[Aldrich and Paynter, 19531. 

2.6.4 Granular Filter Layer 

A. Design Criteria 

A granular filter layer will be constructed above biointrusion barrier component 
of the OSDF final cover system. The filter must comply with the following design 
criteria. 

The filter layer should be at least 6 in. (0.15 m) thick (functional 
requirement). 

The filter layer should be designed using granular earth materials if possible. 
If a suitable filter cannot be designed using granular earth materials, then 
geosynthetic materials may be considered (design consideration). 

The granular filter layer should be designed to prevent migration of soil from 
the vegetative support soil layer through the fdter to the biointrusion barrier 
layer (design consideration). 

The granular filter layer should be continuous over the surface of the 
biointrusion barrier layer (design consideration). 
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B. Calculations 

Industry standard procedures should be used to establish the opening size and 
distribution requirements of the granular filter layer. Procedures such as those 
presented in the UMTRA Technical Approach document [1989] or Cedegren [1977], 
or other appropriate procedures, should be used. If geotextile filters are needed, the 
procedures of Giroud [1982] or Christopher and Holtz [1984], or other appropriate 
references, should be applied. 

2.6.5 Biointrusion Barrier 

A. Design Criteria 

The biointrusion barrier layer will be constructed immediately above the cover 
drainage layer component of the OSDF final cover system. The purpose of this layer 
is to prevent intrusion of plant roots and burrowing animals into the OSDF. The 
biointrusion barrier layer must comply with the following design criteria. 

The biointrusion barrier should consist of durable cobbles (possibly with 
gravel and boulder size fractions) at least 3 ft (0.9 m) thick (functional 
requirement). 

The biointrusion barrier should extend at least 40 ft (12 m) laterally beyond 
the limit of impacted material placement in OSDF. Alternatively, the 
biointrusion barrier may be terminated in a trench around the perimeter of the 
OSDF. The bottom elevation of the trench must be no higher than the 
elevation of the bottom of the adjacent OSDF liner system (design 
consideration). 

The biointrusion barrier should be designed to prevent plant root or animal 
intrusion into the OSDF (functional requirement). 
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The maximum dimension of the biointrkion barrier material should be 18 in. 
(0.45 m). The material should consist of sound, dense, and durable crushed 
rock or natural stone (design considerations). 

The biointrusion barrier material should be free draining (design 
consideration). 

The biointrusion barrier material should meet the rock durability criteria 
presented in the UMTRA Technical Approach Document [DOE, 19891 
(design consideration). 

B. Calculations 

The biointrusion barrier should be designed to have rock of sufficient size to deter 
burrowing animals, yet open void space to allow rapid drainage and discourage root 
growth. Guideline presented in Hakonson [1986] should be used to establish 
biointrusion barrier gradation requirements. Information presented in the UMTRA 
Technical Approach Document [DOE, 19891 should be used to establish the durability 
requirements of the barrier material. The filter criteria in the UMTRA document or 
Cedegren [1977], or other suitable methods, should be used to evaluate filter 
requirements of the biointrusion barrier. 

2.6.6. Cover Drainage. Layer 

A. Design Criteria 

The cover drainage layer will be constructed immediately above the geotextile 
cushion that will, in turn, overlie the geomembrane cap component of the OSDF final 
cover system. The cover drainage layer must satisfy the following design criteria. 

The drainage layer should limit the buildup of hydraulic head on the 
geomembrane cap to not more than 1 ft (0.3 m) (design consideration). 
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The drainage layer should be designed to rapidly convey infiltrating liquid off 
of the OSDF final cover system (design consideration). 

The drainage layer must consist of at least a 1-ft (0.3-m) thick layer of 
granular material or a geosynthetic drainage layer having equivalent 
performance capabilities (ARAR: OAC 3745-27-08(~)( 15)). The use of a 
granular drainage material is to be preferred to a geosynthetic material (design 
consideration). 

B. Calculations 

Final cover system infiltration potential should be evaluated using the USEPA 
HELP model, Version 3, [Schroeder, 1994a,b] or other appropriate method. The 
calculation should be performed, assuming representative properties for the cover 
system components. 

The hydraulic head buildup in the cover drainage layer should also be evaluated 
using the USEPA HELP model. The procedure presented in Giroud and Houlihan 
[1995] should be used to confirm the help model results. The calculations should 
evaluate both the maximum and average head buildup conditions. The maximum head 
should be compared to the thickness of the drainage layer to confirm that the layer 
thickness is greater than the maximum head and that the maximum head is less than 1 
ft (0. 3 m). The average hydraulic head thickness should be used in calculations to 
evaluate the slope stability factor of safety of the final cover system. Cover system 
slope stability calculation requirements are described in Section 2.3.2 of this DCP. 

2.6.7 Geotextile Cushion Layer 

A. Design Criteria 

A geotextile cushion layer must be installed above the geomembrane cap 
component of the OSDF final cover system to protect the geomembrane from puncture 
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by particles in the overlying granular filter layer. The geotextile should also be robust 
enough to resist the effects of construction (i.e., termed construction survivability). 

B. Calculations 

The design of the geotextile cushion layer to have adequate puncture resistance 
should be performed using the procedure described by Koerner et al. [1995]. The 
design of the geotextile cushion layer to have adequate construction survivability should 
be performed using the procedure described in Koerner [ 19941. 

2.6.8 Composite Cap 

A. Design Criteria 

The functional requirements (Appendix B) for the OSDF call for the OSDF final 
cover system to contain three low-permeability infiltration barrier layers designed to 
isolate impacted material from the surrounding environment while minimizing liquid 
infiltration into the OSDF. These three layers are, from top to bottom (Figure 1-1): 

60-mil (1.5-mm) thick geomembrane cap; 

geosynthetic clay cap; and 

2-ft (0.6-m) thick compacted clay cap. 

Taken together, these three layers are called the "composite cap". Design criteria 
for the composite cap are as follows: 

The composite cap should overlie all areas where impacted material has been 
placed (ARAR: OAC 3745-27-08(C)( 15)). 

The composite cap must have a permeability less than or equal to the 
permeability of the liner system (ARAR: 40 CFR 0 265.310). 
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The HDPE geomembrane component of the composite cap must have a 
minimum thickness of 60 mi ls  (1.5 mm) and be negligibly permeable to fluid 
migration (ARAR: OAC 3745-27-08((3)(2)). 

The compacted clay component of the composite cap must have a minimum 
thickness of 24 in. (0.6 m) (functional requirement) and a maximum hydraulic 
conductivity of c d s  (ARAR: OAC 3745-27-08(C)(15)). 

The slope of the composite cap must be between 5 and 25 percent (OAC 
3745-27-08(C)(15)). A flatter maximum slope should be used if necessary to 
achieve required slope stability factors of safety. 

The geosynthetic clay cap component of the composite cap should have a 
hydraulic conductivity of no greater than 1 x c d s  (design consideration). 
The geosynthetic clay cap should be of the "internally-reinforced" or "HDPE- 
geomembrane backing" type, which will improve short-term and interim 
cover system stability compared to the level of stability achieved with an 
"unreinforced" type geosynthetic clay liner. The added strengths associated 
with the use of these materials should be discounted in evaluating the long- 
term stability of the final cover system. 

The geosynthetic clay cap must be designed to prevent failure due to long- 
term creep down the cover system sideslopes (design consideration). 

B. Calculations 

The potential for infiltration through the f i i l  cover system should be evaluated 
using the USEPA HELP (Version 3) computer model. This computer model has been 
previously described in this DCP. The results of the evaluation should be used in the 
leachate generation analysis to estimate leachate generation rates after the fiml cover 
system is installed over the OSDF. 
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2.6.9 References 

FEMP property data and information required to design the OSDF final cover 
system should be obtained from the references cited in Section 1.5 of this DCP. 
References from the general technical literature that may be used in the design of the 
final cover system are given below. 

Aldrich, H.P. and Paynter, H.M., "Frost Investigations, Fiscal Year 1953, First 
Interim Report, 'I Analytical Studies of Freezing and Thawing Soils, Arctic Construction 
and Frost Effects Laboratory, New England Division, U.S. Arm Corps of Engineers, 
Boston, MA, 1953. 

Cedegren, H.R., "Seepage, Drainage, and Flow Nets," 2nd Edition, John Wiley and 
Sons, New York, New York, 1977. 

Christopher, B.R. and Holtz, R.D., "Geotextile Engineering Manual", FHWA- 
DTFH61-80-C-00094, U. S. Department of Transportation, Federal Highway 
Administration, 1984. 

Giroud, J.P., "Filter Criteria for Geotextiles" , Proceedings, Second International 
Conference on Geotextiles, Vol. 1, Las Vegas, NV, Aug 1982, pp. 37-42. 

Giroud, J.P. and Houlihan, M.F., "Design of Leachate Collection Layers", Proceedings 
of the Fifrh International Larui?'ll-Symposium, Sardinia, October 1995, in press. 

Hakonson, T.H., "Evaluation of Geologic Materials to Limit Biological Intrusion into 
Low-Level Radioactive Waste Disposal Sites", LA-10286-MS/UC-70B, Los Alamos, 
National Laboratories, Los Alamos, New Mexico, 1986. 

Koerner, R.M., "Designing with Geosynthetics" , Third Edition, Prentice Hall, 
Englewood Cliffs, NJ, 1994, 783 p. 

GE3900-03.1 IF9530004 .CDO 2-54 95.10.24 



FEMP OSDF-DCP-REV 0 

Koerner, R.M., Wilson-Fahmy, R., and Narejo, D., "Puncture Protection of 
Geomembranes, Part I: Theory, Part 11: Experimental, and Part III: Examples", 
Geosynthetic Research Institute, 1995. 

Schroeder, P.R., Aziz, N.M., Lloyd, C.M., and Zappi, P.A., "The Hydrologic 
Evaluation of Land'll Peflonnance (HELP) Model: User's Guide for Version 3",  
EPA/600/R-94/168a, U. S. Environmental Protection Agency, Office of Research and 
Development, Washington, D.C., 1994a. 

Schroeder, P.R., Dozier, T. S., Zappi, P.A., McEnroe, B.M., Sjostrom, J. W., and 
Peyton, R.L., "The Hydrologic Evaluation of Landfll Peflonnance (HELP) Model: 
Engineering Documentation for Version 3", EPA/600/R-94/ 168b, U. S . Environmental 
Protection Agency, Office of Research and Development, Washington D.C., 1994b. 

U. S. Department of Energy, 'I Uranium Mine Tailings Remediation Control Act, 
Remediation Action Design", Technical Approach Document, Rev. 11, December 1989. 

0 2.7 Test Pad Promam 

2.7.1 Functional Requirements 

The function of the test pad program is to provide information regarding the 
hydraulic conductivity characteristics of the soils that will be used for construction of 
the compacted clay liner and cap components of the OSDF. The information obtained 
during the test pad program will be used to qualify the clay borrow source(s) and define 
construction procedures for the compacted clay liner and cap materials. 

To demonstrate that the clay from each borrow source (presently anticipated to 
include both the OSDF foundation excavation and the on-site borrow area) can meet the 
criteria for clay liner and cap materials and construction methods, the test pad program 
should establish that: 
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the clay material can be compacted under the anticipated construction 
conditions to a maximum in-place hydraulic conductivity of 1 x c d s  for 
the clay liner and 1 x lo6 c d s  for the clay cap; and 

on-site sources exist for clay borrow materials that meet the other design 
criteria for clay liner and cap material (see Section 2.4.4 of this DCP). 

Also, to meet the requirements of OAC 3745-27-08(C)( l)(m), the test pad program 
must: 

be designed such that the proposed tests are appropriate and their results are 
valid; 

be designed to establish construction procedures that result in a clay liner or 
cap with satisfactory hydraulic conductivity; the construction procedures 
include : 
- borrow material processing requirements; 
. lift thickness; 
. compaction moisture content; 
- compaction dry density; and 
. type, weight, and number of passes of construction equipment; and 

be completed prior to construction of the disposal facility component which 
the test pad will model. 

Lastly, construction procedures for the clay liner and cap should be in general. 
accordance with industry established guidelines, such as those in USEPA [1989, 19931. 

2.7.2 Clay Borrow Material Criteria 

The clay material used in the test pad program must be obtained from the same 
sources as the clay material that will be used in the OSDF construction project. The 
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clay material must satisfy the following material property requirements (ARAR: OAC 
3745-27-08(C)( 1)): 

100 percent of the particles must have a maximum dimension not greater than 
2 in. (50 mm); 

not more than 10 percent of the particles, by weight, must have a dimension 
greater than 0.75 in. (1.9 cm); 

at least 50 percent of the particles, by weight, must pass through the U.S. 
Standard NO. 200 sieve; and 

at least 25 percent of the particles, by weight, must have a maximum 
dimension less than 0.002 (2 pm). 

As described in Section 2.4.4 of this DCP, available borrow at the site may not 
meet the requirement for the fraction of particles smaller than 0.002 mm (2 pm). A 
demonstration will need to be submitted to USEPA and OEPA pursuant to OAC 3745- 
27-08(C)( 1) to obtain acceptance of the on-site borrow materials. The test pad program 
will be an integral part of that demonstration. 

2.7.3 Test Pad Layout and Construction Criteria 

The test pads should be constructed at one or more locations within the battery 
limit that meet the following criteria: 

The test pad should be located in an area where the soil conditions are similar 
to the subgrade conditions that will be encountered in the OSDF construction 
area (design consideration). 

If possible, the test pad should be located outside the limits of impacted soil 
removal and remediation (design consideration). 
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The location for the test pad should be selected considering ease of access for 
construction vehicles , presence of perched ground water, surface-water 
management, etc. (design consideration). 

The test pad construction program should adhere to the following basic procedures 
(design considerations). 

Prior to the start of construction, surface-water management and erosion and 
sediment controls should be established, and clearing and grubbing should be 
performed. 

Soils for test pad construction should be obtained from the identified on-site 
borrow sources. 

The test pads should be constructed using loose lifts of approximately 8 in. 
(200 mm) in thlckness, with a maximum clod size of 3 in. (75 mm) or half 
of the compacted lift thickness. 

The test pads should be constructed using varying numbers of passes of 
compaction equipment and specified ranges of moisture content so that a 

- relationship can be established between compaction effort, moisture content, 
and hydraulic conductivity. 

The target compaction criteria should be established prior to the start of test 
pad construction. The criteria should be based on the results of pre- 
construction laboratory testing of samples of the soils to be used to construct 
the test pads. The target compaction dry density should be at least 95 percent 
of the maximum standard Proctor dry unit weight according to test method 
ASTM D 698; target moisture contents should be between the optimum 
moisture content and 4 to 5 percentage points wet of -the optimum moisture 
content (ARAR: OAC 3745-27-08(C)( 1)). 
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Specific equipment requirements should be identified for moisture 
conditioning, clod breakdown, and compaction before the start of the test pad 
construction project. 

Once constructed, in-situ testing techniques should be used to establish the 
field hydraulic conductivity of each test pad. 

After testing is complete, the test pad should be decommissioned. 

To meet the requirements of OAC 3745-27-08(C)(l), the test pad must: 

be constructed whenever, during construction, there is a significant change in 
soil material properties; 

have a minimum width three times the width of the compaction equipment and 
a minimum length two times the length of compaction equipment, including 
any attachments; 

be comprised of at least four lifts; for each lift a minimum of 3 tests for 
moisture content and density must be performed; 

be tested for field permeability, following the completion of test pad 
construction; and 

be reconstructed as many times as necessary to meet the permeability 
requirement. 

2.7.4 Field Test Pad Program Evaluation 

The test pad program should involve both pre-construction and construction-phase 
testing of clay liner and cap materials. 
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Pre-Construction Testing Program 

Pre-construction laboratory testing should be performed on the material that will 
be used for test pad construction to establish the soil compaction conditions that will be 
used in test pad construction. The steps that should be included in the pre-construction 
testing program are given below. 

Step 1 .  Perform soil index testing of materials from the borrow sources; at 
a minimum soil index testing should include natural moisture content (ASTM 
D 2216), grain size distribution (ASTM D 422), and Atterberg limits (ASTM 
D 4318). 

Step 2. Establish soil moisture-density relationships for several different 
compactive efforts. 

Step 3.  Perform soil hydraulic conductivity testing to evaluate hydraulic 
conductivity as a function of compaction moisture content and dry density. 
Hydraulic conductivity testing should be performed in accordance with ASTM 
D 5084. 

Step 4.  Based on the results of Steps 2 and 3, select field target compaction 
conditions (i.e., acceptable range of moisture contents and dry densities), to 
be used for each lane of the test pad. Procedures as described by Daniel and 
Benson [1990] may be used for guidance in establishing moisture-density 
criteria. 

Construction-Phase Testing Program 

Field and laboratory testing should be performed during and after test pad 
construction to verify the adequacy of the construction materials and methods. Testing 
should include: 
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field moisture content and dry density of each lift of the test pad using a 
nuclear gauge (ASTM D 2922 and D 3017), periodically checked using a 
sand cone test (ASTM D 4914) and oven moisture content test; 

laboratory confirmatory standard Proctor compaction testing (ASTM D 698); 

laboratory hydraulic conductivity testing using a flexible wall permemeter 
(ASTM D 5084) and undisturbed specimens of compacted material obtained 
using a Shelby tube; and 

field sealed double-ring infiltrometer (SDRI) testing of each completed test 
pad (ASTM D 3385). 

2.7.5 Certified Construction Package Criteria 

A certified for construction package (CFC) must be prepared for contracting of the 
test pad construction work (functional requirement). The construction package should 
include the following basic components. a 

contract documents; 

construction drawings; 

technical specifications; 

construction quality assurance plan; and 

health and safety plan. 
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2.7.6 Work Plan 

A work plan should be prepared to describe the proposed test pad program. The 
work plan should include drawings showing the test pad layout, typical sections, 
surface-water management plan, and specifications for construction of the test pad. The 
work plan should also include the basis for test pad design, requirements for laboratory 
and field testing, and requirements for construction quality assurance (CQA) monitoring 
and documentation. The test pad work plan should first be prepared at the pre-final 
(90%) level of completeness for submittal for review by DOE, USEPA, and OEPA. 
A final certified for construction (CFC) work plan should be issued after incorporation 
of review comments. 

2.7.7 Cost Estimate 

A test pad program cost estimate should be prepared based on the pre-final test pad 
program work plan. The cost estimate must be in FERMCO format. This format is 
illustrated by the FERMCO baseline OSDF cost estimate presented in Appendix E of 
this document. 

2.7.8 Report 

The results of the test pad program should be analyzed and a report prepared to 
present the program results. The report should contain: (i) recommendations regarding 
the suitability of the borrow sources for use as clay liner and cap material;. (ii) 
requirements for borrow source processing; and (iii) recommended criteria for clay 
liner and cap construction. 
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2.7.9 Schedule 

The CFC test pad work plan must be completed prior to the completion of the 
The test pad program final report must be OSDF intermediate design package. 

completed prior to completion of the OSDF final design package. 

2.7.10 References 

FEMP property data and information required to develop the test pad program 
should be obtained from the references cited in Section 1.5 of this DCP. References 
from the general technical literature that may be used to develop the test pad program 
are given below. 

Daniel, D.E. and Benson, C.H., "Water Content-Density Criteria for Compacted Soil 
Liners", ASCE Journal of Geotechnical Engineering, 1990, Vol. 116, No. 12, 1990, 
pp. 181 1-1830. 

USEPA, 'I Seminar Publication - Requirements for Hazardous Waste Landfill - Design, 
Construction, and Closure, EPA/625/4-89/022, U. S. Environmental Protection Agency, 
1989. 

0 

USEPA, "Technical Guidance Document - Quality Assurance and Quality Control for 
Waste Containment Facilities", EPA/600/R-93/ 182, U. S . Environmental Protection 
Agency, 1993. 

2.8 Surface-Water Manapement 

2.8.1 Categories of Surface Water 

Surface-water management for the OSDF must consider three categories of surface 
water: 
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stormwater runon from outside the battery limit into the battery limit; 

stormwater runoff, whch includes all runoff from disturbed areas within the 
battery limit, except for wastewater explicitly identified below; and 

wastewater, which includes all waters that must be contained, collected, and 
ultimately discharged to the AWWT facility. 

Wastewater generated as a result of development of the OSDF area includes: 

leachate and runoff from impacted material within the OSDF; these 
wastewaters will be contained in the OSDF, allowed to percolate into the 
leachate collection system, and discharged to the OSDF leachate transmission 
system, as described in Section 2.5 of this DCP; 

runoff from impacted-material staging areas and equipment decontamination 
facilities; these wastewaters will be contained, collected, and discharged to 
either the leachate transmission system or the FEMP former production area 
storm drainage control system; 

runoff from impacted-material haul roads; these wastewaters will be 
contained, collected, and discharged to either the leachate transmission system 
or the FEMP former production area storm drainage control system; and 

perched ground water that seeps into excavations; these wastewaters will be 
contained, collected, and discharged to the leachate transmission system. 

The remainder of this section of the DCP presents design criteria for management 
of stormwaters and wastewaters. 

. .  
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2.8.2 Functional Requirements 

The functions of the surface-water management system are to: (i) route surface 
water to a location where it can be either discharged to surrounding surface waters (in 
the case of stormwater) or treated (in the case of wastewater); and (ii) protect the OSDF 
from damage caused by precipitation and stormwater runon and runoff. The systems 
for control of stormwater and wastewater must be kept separate. To minimize 
wastewater quantities, separate management systems should exist for stormwater and 
wastewater. 

The surface-water management system must perform in a manner that meets the 
project requirements for both temporary conditions (i.e., during construction, filling, 
and closure of the OSDF) and long-term conditions (Le., after closure of the OSDF). 
The system must prevent stormwater runon to the OSDF and uncontrolled stormwater 
and wastewater runoff from the OSDF. Features of the permanent surface-water 
management system must be designed to require minimal monitoring and maintenance. 
The system should be integrated, to the extent possible, with existing topography, 
features, and facilities. 

2.8.3 Stormwater Management During OSDF Construction/Filling/Closure 

A. Design Criteria 

Stormwater management facilities must be designed for the 25-year, 24-hour 
storm event (ARAR: EPA 40 CFR 6 258.40 and OAC 3745-27-08(C)(6)). 
For the FEMP property, this event has an intensity of 4.5 in (1 14 mm). 

Construction-phase runon control measures should meet the following criteria 
(design considerations). 

- Upgradient runon should be prevented from entering active working 
areas. Such runon should be diverted around work areas using berms, 
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dikes, or channels as appropriate. This runon should not be allowed to 
mix with wastewater. 

Runon to temporary excavations should be prevented. 

- Runon to areas of stockpiled and/or uncovered impacted material should 
be prevented to the extent possible using berms and other surface-water 
control features. 

- Prior to placement of impacted material into an OSDF cell, permanent 
runon controls must be in place to prevent runon into the cell resulting 
from the 2,000 year, 24-hour storm event. The requirements for 
permanent runon control are described in more detail in Section 8.4 of 
this DCP. 

Runoff from all disturbed areas should be routed to the appropriate temporary 
erosion and sediment (E&) control basin. There must be no mixing of 
stormwater runoff and wastewaters (functional requirement). 

Temporary E&S basins must also meet the following criteria of OEPA 
(ARAR: OAC 3745-27-08(C)(6)): 

- the minimum acceptable basin storage should be established as the larger 
of the calculated runoff volume from a 10-year, 24-hour storm event, or, 
0.125 acre-ft (0.015 ha-m) per year (for each acre (ha) of upgradient 
disturbed area) multiplied by the scheduled frequency of basin cleanout 
(in years); 

- the principal spillway should be capable of safely discharging the flow 
from a 10-year, 24-hour storm event; the inlet elevation of the 
emergency spillway should be designed to provide flood storage, with no 
flow entering the emergency spillway during a 25-year, 24-hour storm 
event, with allowance provided for the flow passed by the principal 
spillway during the event; 
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the combination of principal and emergency spillways should be capable 
of safely discharging the flow from a 100-year, 24-hour storm event; the 
basin embankment design should provide for no less than 1 ft  (0.3 m) of 
net freeboard when flow is at the design depth, after allowance for 
embankment settlement; and 

- the basin should be constructed using a compacted soil liner, a 
geomembrane, or a combination thereof. 

Open channels for stormwater runoff should be designed to meet the 
following criteria (design consideration). 

Channel lining: 
peak flow velocity in riprap-lined channels should be less than 12 ft 
per second (3.7 d s ) ,  unless it is demonstrated that greater 
velocities will not cause erosion or malfunction of the surface-water 
management feature; and 
peak flow velocities in grass-lined channels should be less than 5 ft  
per second (1.5 m/s). 

- Channel sideslopes should be no steeper than 3 horizontal to 1 vertical. 

- Bottom widths may be zero for roadside ditches. The bottom width 
should be at least 2 ft (0.6 m) in other temporary drainage channels. If 
the channels is greater than 4 ft (1.2 m) deep, the bottom should be 
sloped at a minimum of 5 percent toward the ditch center. 

The ditch freeboard should be at least 0.5 ft  (0.15 m) under the design 
storm event. 

* Channels should be sloped at no less than 0.5 percent to prevent 
sediment buildup and clogging, unless it can be established by calculation 
that a lesser slope will not clog or build up sediment that will cause loss 
of flow capacity in the design storm event. Channel slopes should be no 
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steeper than 5 percent unless it can be established by calculation that a 
steeper slope will not cause unacceptable erosion or other malfunction. 

Culverts should be designed according to the following criteria (design 
consideration). 

Culverts may be used in locations as needed and where cost-effective. 
Culverts upgradient of the OSDF should be removed at the completion 
of construction and should not be incorporated into the permanent 
stormwater management system. Permanent culverts may be used 
downgradient of the OSDF if necessary to provide permanent access to 
the perimeter access corridor if failure ‘of the culvert would not result in 
damage or interruption of the OSDF. 

* Channels should be protected from erosion using riprap or erosion mats 
for a distance of at least two culverts diameters upstream and four 
culvert diameters downstream of the culvert inlet or outlet, respectively. 

Riprap shall be designed according to the following criteria (design 
consideration). 

- Riprap should meet the following particle size criteria [USDA SCS, 
19871 : 
.. 
- -  
- -  

D, = 1.5 x Dso 
D,, = 0.5 to 0.75 x D,, 
minimum thickness of riprap lining = 2 x Dso, where: Dso = 
theoretical spherical diameter of average stone size; D, = 
theoretical spherical diameter of largest stone size; and D,s = 
theoretical spherical diameter of the stone size for which 15 percent 
of the material is smaller. 

- Riprap used at channel transitions should extend upstream and 
downstream of the transition a distance of five times the downstream 
channel depth; the minimum extension should be 15 ft (4.5 m). 
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- Geotextile filters may be used to control piping and erosion beneath 
riprap in temporary facilities. Granular soils should be used for filters 
in permanent structures containing riprap. 

Rock, grade control structures should be designed according to the following 
criteria. 

- Rock, grade control structures may be used in temporary facilities. They 
should be designed in accordance with standard design procedures. 

- The minimum dike height of rock grade control structures should be 
1.5 ft (0.45 m) and the minimum top width should be 2 ft (0.6 m). 

B. Calculations 

The runoff to each temporary E&S basin should be calculated for each contributory 
area during each representative phase of OSDF development. Runoff to the basin 
should be used as the basis for basin design. Calculations should be performed using 
the design storm precipitation events identified previously. Runoff volumes may be 
calculated as described in Technical Release 55 ,  published by the United States 
Department of Agriculture Soil Conservation Service [USDA SCS, 1986al. Basin 
design should be based on the information and guidance contained in USDA SCS 
[1986a,b, 1987, and 19891. 

a 

Stormwater routing calculations should be performed using either Technical 
Release 55,  published by the USDA SCS [1986a], or the computer program "Pond 
Pack" [Haestad Methods, 19891, which uses Technical Release-20 [USDA SCS, 19751 
techniques. Temporary E&S basins should be designed to release the runoff from the 
design storm at a rate not larger than the predevelopment discharge rate. 

Impacted runoff should be routed to either the leachate transmission system or 
other controlled discharge points acceptable to the integrated FEMP remediation 
activities. 

2-69 95.10.24 



FEMP OSDF-DCP-REV 0 

2.8.4 Stormwater Management After Closure 

A. Design Criteria 

Permanent runon control for the OSDF must be designed to limit damage 
(i.e., washout) and interruption of the OSDF for the 2,000-year storm event 
(design criterion for assumption of a DOE Performance Category 2 facility). 
Runon should be controlled and diverted away from and around the OSDF 
using swales, channels, or diversion berms (design consideration). 

Runoff control measures must be designed according to the following criteria 
(design consideration). 

- Runoff from the closed OSDF facility should be conducted by sheet flow 
to a perimeter drainage swale constructed around the entire perimeter of 
the OSDF. 

The perimeter drainage swale should outlet to existing drainage features 
at the battery limit. The location of the outlet should progress from 
north to south concurrent with the progressive development of the 
OSDF. The final outlet location should be immediately southwest of the 
southern limit of the OSDF. - 

The perimeter drainage swale for the OSDF must be designed to limit damage 
(Le., washout) and interruption of the facility during the 2,000-year storm 
event (design criterion for assumption of a DOE Performance Category 2 
facility). The perimeter drainage system outlet at the battery limit should also 
be designed to limit damage and interruption to the OSDF during the 2,000 
year storm event. 

Stormwater routing and stormwater management system design for 
watercourses and structures beyond the battery limit will be addressed in other 
design packages prepared as part of the integrated FEMP remediation. 
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The perimeter drainage swale must be designed to meet the following criteria 
(design considerations). 

The dimensions of the swale must be designed to accommodate both 
normal low flows and peak precipitation runoff flows. 

- The perimeter drainage swale final grade should be no less than 
0.5 percent to prevent sediment buildup and clogging, unless it can be 
established by calculation that a lesser slope will not clog or buildup 
sediment that will cause loss of flow capacity in the design storm event. 
Swale slopes should be no steeper than 5 percent unless it can be 
established by calculation that a steeper slope will not cause unacceptable 
erosion or other malfunction. 

Peak flow velocity in swales should not initiate scour in the channel. 
Flow velocity of runoff during high frequency (e.g., 2-year return 
frequency) and low-intensity (Le., approximately 1 in. (125 mm) per 
hour) storm'events should be large enough to limit sedimentation in the 
channels, to the extent possible. 

- Swale sideslopes should be no steeper than 3 horizontal to 1 vertical. 

- The minimum bottom width for the perimeter drainage swale should be 
at least 10 ft (3 m). The bottom should have a minimum slope of 
5 percent toward the center of the swale. 

- The freeboard in the perimeter drainage swale should be at least 6 in. 
(0.15 m) during the design storm event. 

Culverts upgradient of the OSDF, if needed, should be removed at completion 
of construction and should not be incorporated into the permanent stormwater 
management system. Permanent culverts may be used downgradient of the 
OSDF if necessary to provide permanent access to the facility and if failure 
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to the culvert would not result in damage or interruption of the OSDF (design 
consideration). 

Riprap, if needed, should be designed as described in Section 2.8.3 of this 
DCP (design consideration). 

Permanent riprap should consist of field stone or rough unhewn quarry stone 
of approximately rectangular shape. The stone should be hard and angular 
and of a good quality, consistent with the UMTRA Technical Approach 
Document [DOE, 19891. 

Granular soils should be used as filters and bedding for permanent riprap 
features (design consideration). 

Rock, grade control structures, if used, should be designed to meet the 
criteria listed in Section 2.8.3 of this DCP (design consideration). 

B. Calculations 

Runoff to the perimeter drainage swale may be calculated as described in Technical 
Release 5 5 ,  published by the USDA SCS [1986a], or other suitable method. Analysis 
of sheet flow on long surfaces and formation of gullies on such surfaces should also be 
evaluated using the methods published by Temple [1980] and Temple et al. [1987]. 

Stormwater routing calculations should be performed using either Technical 
Release 55,  published by the USDA SCS [1986a], or the computer program "Pond. 
Pack", by Haestad Methods [1989], which uses the Technical Release-20 [USDA SCS, 
19751 techniques. 

2.8.5 Wastewater Management 

Wastewaters that will be encountered in development of the OSDF were identified 
in Section 2.8.1 of this DCP. These wastewaters should be managed as follows. 
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Leachate - All precipitation or other water that falls into an active OSDF cell 
will be considered leachate and allowed to percolate into the cell leachate 
collection system. Placement-of impacted material in OSDF cells should be 
performed such that the cells can always store runoff from active and open 
portions of the cell resulting from the 25-year, 24-hour storm event (ARAR: 
OAC 3745-27-08(C)(6)). Leachate will be managed as described in Section 
2.5 of this DCP. 

Impacted Runoff - Impacted material staging areas and equipment 
decontamination facilities will be constructed of concrete. Runoff from these 
areas should drain to sumps. Liquid in the sump of a equipment 
decontamination facility should be discharged into the leachate transmission 
system. Liquid from the staging areas should be discharged into the leachate 
transmission system if the area is located within the battery limit, and to the 
FEMP former production area storm drainage control system if the stating 
area is situated in the former production area. Additional discussion of the 
equipment decontamination facility and the impacted material staging area is 
presented in Section 2.10 of this DCP. Impacted runoff from impacted 
material access roads should be contained, collected, and discharged into the 
leachate transmission system, or if feasible, allowed to flow by gravity to the 
FEMP former production area storm drainage control system. 

Perched Ground Water - Perched ground water that enters the OSDF 
excavation should be collected in a toe drain, or other suitable drain, and 
pumped into the leachate transmission system. 

2.8.6 References 

FEMP property data and information required to design the surface-water 
management system should be obtained from the references cited in Section 1.5 of this 
DCP. References from the general technical literature that may be used to design these 
systems. 
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Haestad Methods, "Pond Pack," Waterbury, CT, 1989. 

Temple, D.M. , "Tractive Force Design of Vegetated Channels" , in Transactions, 
American Society of Agricultural Engineers, Vol. 23, 1980, No. 4, p. 884-890. 

Temple, D.M., Robinson, K.M., Ahring, R.M., and Davis, A.G., Stability Design of 
Grass-Lined Open Channels" , U. S. Department of Agriculture, Agriculture Researc;: 
Service, Agriculture Handbook Number 667, 1987. 

USDA-SCS , I' Computer Program for Project Formulation, Hydrology", Technical 
Release 20 (TR20), U.S. Department of Agriculture, Soil Conservation Service. 
Washington, D.C., 1975. 

USDA-SCS , 'I Urban Hydrology for Small Watersheds" , Technical Release 55 (TR55). 
U.S. Department of Agriculture, Soil Conservation &mice, Washington, D.C. , 2nd 
Edition, 1986a. 

USDA-SCS , Engineering Field Manual for Conservation Practices, U. S . Department 
of Agriculture, Soil Conservation Service, 1986b. 

USDA-SCS , "Water Management and Sediment Control for Urbanized Areas" , U.S. 
Department of Agriculture, Soil Conservation Service, Washington, D.C. , 1987. 

USDA-SCS , Ponds - Planning, Design Construction, Agricultural Handbook Number 
590, U.S. Department of Agriculture, Soil Conservation Service, Washington, D.C., 
November 1988. 

U . S . Department of Energy (DOE) , It Uranium Mine Tailings Remediation Control Act, 
Remediation Action Design , Technical Approach Document , Rev. I1 , 1989. 
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2.9 Erosion and Sediment Control 

2.9.1 Functional Requirements 

The functional requirements for erosion and sediment control features for the 
OSDF are given below. 

Permanent erosion control features for the OSDF must be designed to 
minimize erosion under the design storm, which is a storm event having a 
recurrence interval of 2,000 years (functional requirement). This storm has 
a precipitation of 13 in. (330 mm) in a 24-hour time period [Parsons, 1995al. 

The final cover system should be designed to convey runoff to the perimeter 
drainage swale. 

The permanent drainage swale should be vegetated. A suitable stand of 
vegetation should be established as soon after grading of the swale as 
possible. The flow capacity of the swale should be estimated based on the 
anticipated climax vegetation in the swale (design consideration). The 
perimeter drainage swale should protect the final cover system from headward 
and lateral gully intrusion (design consideration). 

- 
Durable gravels, cobbles, or boulders should be placed in the swales, and/or 
mixed with the topsoil layer if necessary to provide, or augment, the erosion 
resistivity of the native soils and climax vegetation. The arrangement of the 
gravels (e.g., gradation, thickness, mix percentage, etc.) should not 
significantly impede the establishment and growth of climax vegetation in the 
swales (design consideration). 

During construction, filling, and closure of the OSDF, runoff from all 
disturbed areas should be routed to temporary E&S basins prior to discharge 
to natural watercourses, except for wastewaters which should be managed as 
described in Section 2.8 of this DCP. 
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The soil layers of the final cover system must be made thick enough to 
provide an adequate growing medium for the anticipated types of established 
and climax vegetation and to-provide for their anticipated root depths. The 
minimum thickness is 6 in. (0.15 m) for topsoil over at least 21 in. (0.53 m) 
of vegetative soil layer material (functional requirement). The soil should be 
sufficiently thick to maintain an adequate moisture content, under normal 
conditions, to support vegetation growth (design consideration). 

2.9.2 Erosion Control During OSDF Construction, Filling, and Closure 

A. Design Criteria 

Runoff from low intensity, high frequency storm events should not initiate 
sheet erosion or result in gully initiation or development in disturbed areas. 

The size of any open excavation or disturbed area should be limited to as 
small an area as possible to minimize the potential for erosion (design 
consideration). 

Temporary erosion control may be achieved using geosynthetic materials, 
vegetation, hay bales, silt fences, rock grade control structures, or other 
appropriate structures. 

To minimize the generation cf new contaminated materials, the use of erosion 
control materials should be avoided, if possible, in impacted soils requiring 
OSDF disposal. Preferer.:e should be given to runoff control, surface 
grading, and the selective *:se of erosion resistant impacted materials to 
control erosion of impacted areas (design consideration). 

To control erosion in temporary drainage ditches or swales, use may be made 
of shallow grades, gravelly soil, silt fences, hay bales, and the establishment 
and maintenance of vegetation. Swale erosion should also be controlled by 

GE3900-03.1 lF95300W. CDO 2-76 95.10.24 



1 8 6  
FEMP OSDF-DCP-REV 0 

limiting the flow velocity in swales, whenever possible, to less than that 
which would initiate gully erosion (design consideration). 

Maintenance and upkeep procedures for temporary erosion control features 
should be specified in the construction specifications (design consideration). 

2.9.3 Erosion Control After Closure 

A. Design Criteria 

The OSDF must be designed to limit erosion caused by the maximum design 
storm event, which for purposes of design is assumed to be 2,000-year, 24- 
hour recurrence interval storm event (based on the design assumption that the 
OSDF will meet the Performance Category 2 requirements of DOE Standard 
1020-94 [DOE, 19941). 

Erosion control of the OSDF final cover system should be achieved through 
combination of flat slopes, smooth slope transitions, and use of appropriate 
soil types and seed/fertilizer mixes (design consideration). 

Swale erosion control should be achieved by limiting the flow velocity to less 
than that whch would initiate gully erosion (design consideration). 

Erosion potential should be minimized at transitions by utilizing smooth, 
rounded, and graded transitions wherever possible (preferred) and erosion 
control structures only when needed (design consideration). 

B. Calculations 

Final Cover System 

The erosion resistance of the final cover system should be evaluated as follows: 

GE3900-03.llF9530004.CDO a 2-77 95.10.24 



FEMP OSDF-DCP-REV 0 

calculate the precipitation intensity for various storm recurrence intervals; 

establish the duration that is associated with the time of concentration that 
results in the peak runoff flow rates and velocities; 

establish the flow depth, velocity, and shear force for runoff on the cover 
using the methods established by Temple [1980] and Temple et al. [1987], as 
described in the DOE Technical Approach Document [ 19891 and referenced 
documents : 

establish the resistance to gully initiation of the selected soil and vegetation 
of the topsoil cover component, as described by Temple et al. [1987]; and 

using the Unified Soil Loss Equation, confirm that erosion of the topsoil and 
vegetative soil layer does not: (i) exceed 5 tons per acre per year (1 1.5 tonnes 
per hectare per year); and (ii) over the (up to) 1,000-year design life of the 
OSDF, result in exposure of the final cover system components beneath the 
vegetative soil layer. 

Perimeter Drainage Swale 

The erosion resistance of the perimeter drainage swale should be evaluated as 
follows: 

calculate the precipitation intensity and storm routing for various storm 
durations for the design precipitation recurrence interval to establish flow 
rates in the swale; 

establish the depth and velocity of flow in the swale using standard hydraulic 
calculation methods and then evaluate the shear stresses applied to the swale 
bed due to the flow using the methods established by Temple [1980] and 
Temple et al. [ 19871, as described in the DOE Technical Approach Document 
[DOE, 19891 and referenced documents; and 
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establish the resistance to gully initiation of the selected swale lining material 
(e.g., topsoil and vegetation) using data from specifications, on-site soil 
characterization, and local observations; also use standard technical references 
(for example, Chow [1959]) to compare the soil resistance to erosion by water 
flow at specific velocities to the calculated velocities in the swales. 

2.9.4 Sediment Control Design Criteria 

2.9.4.1 Sediment Control During OSDF Construction/Filing/Closure 

A. Design Criteria 

Temporary E&S basins should receive only stormwater runoff, not wastewater 
(design consideration). 

Temporary E&S basins should be designed to meet all relevant OEPA criteria 
cited in Section 2.8.3 of this DCP (design consideration). 

Temporary E&S basins should have sufficient sediment storage capacity to 
function without cleaning for at least one month, or longer if shown to be safe 
and cost-effective (design consideration). 

B. Calculations 

The capacity of the temporary E&S basins to remove sediment should be 
calculated. The calculation should be performed using standard USDA-SCS procedures 
[USDA SCS, 1986a,b, 1987, 19881 to calculate the sediment yield of soils, the rate at 
which they will be transported to the basins, and the rate of settlement of sediments 
within the basins. 
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2.9.4.2 Sediment Control After Closure 

After the OSDF is closed, sediment control should not be required (design 
consideration). The criteria for the layout and construction materials used for the 
components of the OSDF final cover system are intended to minimize erosion and off- 
site sedimentation so that sediment removal structures will not needed after closure of 
the OSDF. Furthermore, the perimeter drainage swale is designed to be vegetated and 
disturbed areas will be restored to a vegetated state. Therefore, after the OSDF has 
been closed and after disturbed areas have been stabilized with revegetation, sediment 
control structures should be decommissioned. 

2.9.5 References 

FEMP property data and information required to design erosion and sediment 
control facilities should be obtained from the references cited in Section 1.5 of this 
DCP. References from the general technical literature that may be used to design these 
facilities are given below. 

Chow, V.T., Open-Channel Hydraulics,, McGraw-Hill, Inc., 1959. 

Haestad Methods, "Pond Pack," Waterbury, CT, 1989. 
( 

Parsons, "2,000- Year Flood and Probable Maximum Flood Sitewide Flood Plain 
Determination ' I ,  CERCLNRCRA Unit 2, Project Order 148, Fernald Environmental 
Management Project, Rev. A, Fairfield, OH, August 1995a. 

Temple, D.M., "Tractive Force Design of Vegetated Channels", in Transactions, 
American Society of Agricultural Engineers, Vol. 23, 1980, No. 4, p. 884-890. 

Temple, D.M., Robinson, K.M., Ahring, R.M., and Davis, A.G., Stability Design of 
Grass-Lined Open Channels", U. S. Department of Agriculture, Agriculture Research 
Service, Agriculture Handbook Number 667, 1987. 
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USD A-SCS , It Computer Program for Project Formulation, Hydrology", Technical 
Release 20 (TR20), U.S. Department of Agriculture-Soil Conservation Service, 
Washington, D.C., 1975. - 

USDA-SCS, 'I Urban Hydrology for Small Watersheds", Technical Release 55 (TR55), 
U. S. Department of Agriculture-Soil Conservation Service, Washington, D. C., 2nd 
Edition, 1986a. 

USDA-SCS, Engineering Field Manual for Conservation Practices, U. S. Department 
of Agriculture-Soil Conservation Service, November 1986b. 

USDA-SCS, 'I Water Management and Sediment Control for Urbanized Areas", U.S 
Department of Agriculture-Soil Conservation Service, Washington, D.C., 1987. 

USDA-SCS, Ponds - Planning, Design Construction, Agricultural Handbook Number 
590, U.S. Department of Agriculture-Soil Conservation Service, Washington, D.C., 
November 1988. 

U. S . Department of Energy (DOE), 'I Uranium Mine Tailings Remediation Control Act, 
Remediation Action Design", Technical Approach Document, Rev. 11, 1989. 

8 

2.10 S u ~ ~ o r t  Facilities and Utilities 

2.10.1 hnctional Requirements 

The function of support elements and utilities is to provide support for, and 
enhance the performance of, the OSDF during construction, filling, closure, and post- 
closure care. As identified in Section 1.3 of this DCP, the support elements will 
include administrative support trailers, decontamination facilities for personnel and 
equipment, staging areas, equipment maintenance facilities, materials storage areas, and 
access control features. Utilities will include electricity, natural gas, water, wastewater, 
security, and telephone systems. Design criteria are presented separately in this section 
for each of these elements. 
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The support elements must provide adequate and reliable support for the 
construction activities that will be performed for the OSDF. Utilities must provide 
reliable service to the support elements for each type of utility. The support elements 
and utilities sho:dd be developed in a manner that is consistent with the requirements 
of applicable utility codes at the FEMP and with applicable health and safety 
requirements for the FEMP. 

2.10.2 Criteria 

2.10.2.1 Utilities 

The utility types and demand should be evaluated based on the requirements 
for both temporary construction facilities during each stage of construction, 
filling, and closure of the .OSDF and requirements for the post-closure care 
period (design consideration). 

The utility services design should be from the point of service to the battery 
limit. Design of the utilities from the battery limit to the utility sources will 
be performed as part of a separate design package being prepared under the 
integrated FEMP remediation. 

The design of the utilities must be performed using regulations and guidance 
from local and state governments, OEPA, Cincinnati Gas & Electric, other 
public utilities, ASTM, ASCE, ANSI, ACI, NEC, and other groups which 
promote safety and design standards for utilities suwly. 

The routing of utilities should be based on consideration of avoiding areas that 
are to be demolished or developed, on-site soil remediation areas, and borrow 
areas in which excavation is planned. 

The utilities should be installed at a depth sufficient to prevent damage due 
to freeze-thaw effects. 
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The utility lines should be designed to accommodate vehicle and/or railroad 
loadings at locations where the utilities will cross beneath haul roads, access 
roads, or railroads. 

A water supply should be provided for dust suppression and moisture control 
during placement of material in the OSDF. Multiple hose connections should 
be provided along the western side of the OSDF. 

2.10.2.2 Administrative Support Trailers 

A personnel decontamination trailer should be provim in order to pass from 
the construction staging area to the active work area in an OSDF cell 
(functional requirement) 

Trailers should be located within a paved or gravel-surfaced construction 
administration area within the battery limit (design consideration). 

Trailers should be designed having an adequate amount of space for the 
activities that will occur in the trailer (design consideration). 

The trailers, including construction standards, tiedowns, utility provisions, 
and access provisions, must satisfy local codes and regulations. 

2.10.2.3 Decontamination Facilities 

Decontamination facilities will be used for decontamination of personnel and 
The equipment that are exposed to impacted material within the battery limit. 

equipment decontamination facilities must ' be designed to (design consideration): 

be capable of providing decontamination of the undercarriage and exterior of 
a vehicle to remove particulate matter, using high pressure spray from the 
sides and bottom; the decontamination stations may be temporary and 
transportable; side panels should be used to control fugitive emissions from 
the decontamination stations; 
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have a concrete pavement meeting American Association of State Highway 
and Trans? mation Officials (AASHTO) H-20 loading criteria; 

be large emugh to contain runoff and spray water from decontamination of 
construction equipment and other equipment that will be decontaminated; 

contain wastewater and solids that are generated by the decontamination 
process; 

have a secondary containment system beneath the equipment decontamination 
pad that includes, at a mifiimum, a HDPE geomembrane liner overlain by a 
granular drainage layer; tL: secondary containment system must convey any 
flow to the decontaminatic. .: facility sump; 

have a sump, pump, and forcemain system to evacuate decontamination water 
from the facility and route it to the leachate transmission system; and 

be resistant to chemical attack by the materials that will be contained in the 
facility. 

2.10.2.4 Impacted Material Staging Area 

Design criteria for impacted material staging areas are presented in Section 2.12 
of this DCP. 

2.10.2.5 Equipment Maintenance Facilities 

A site-wide fueling truck will service construction vehicles assigned to OSDF 
construction, filling, and closure. Therefore, a fueling station local to the OSDF will 
not be required. All day to day maintenance will be provided by the site-wide service. 
Major equipment repairs will be made in a central maintenance/ decontamination 
faciiity at the FEMP. Equipment requiring maintenance will first be decontaminated 
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at the OSDF equipment decontamination facility, then driven or transported to the 
central maintenance/decontamination facility, provided with further decontamination, 
if necessary, and then serviced. 

2.10.2.6 Materials Storage Area 

The materials storage area will be used by the construction contractor to store 
materials that will subsequently be used in constructing, filling, and closing the OSDF. 
The area must be: 

located within the battery limit; 

large enough to contain the materials that will be used during construction of 
each phase of the OSDF; 

located in an area that is convenient to the OSDF construction area; 

located within an area where runoff is routed to a temporary E&S basin; 

designed to divert runoff to the basin; and 

designed with runon diversion controls. 

2.10.2.7 Access Control 

The function of the access control system is to provide control over ingress to, and 
egress from, the OSDF. One of the primary features of the access control system is 
installation of a constructiodsecurity fence around the active construction area, with 
staging, support, and administration areas also enclosed by constructiodsecuxity 
fencing. The fencing is intended to prevent unauthorized access to the OSDF. The 
access control features must be designed as described below (design considerations). 
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2.10.3 

Constructiodsecurity fencing should be of chain link construction and satisfy 
Ohio Department of Transportation (ODOT) standard specifications. 

Signs warning unauthorized individuals to keep out should be placed on the 
fence at 50 ft (15 m) intervals. 

Authorized personnel and vehicle access should be through a lockable access 
control gate. 

Access gate(s) should be placed at location(s) that are convenient for 
controlling access to the facility, while not unnecessarily limiting access. 

The constructiodsecurity fence should be designed so that it does not inhibit 
flow at locations where it crosses surface-water drainage features. 

References 

FEMP property data and information required LO design the support facilities and 
utilities should be obtained from the references cited in Section 1.5 of this DCP. 

- 

2.11 

2.11.1 

The 

Borrow Area 

Functional Requirements 

function of the borrow area is to provide soil for construction of the4iner and 
final cover systems, and for other earthwork, related to-construction, filling; and 
closure of the OSDF. This includes soil borrow for construction of the compacted clay 
liner and cap, vegetative soil layer, compacted fill, and other earthwork associated with 
the project. The borrow area will be developed over a period of from seven to 25 
years, with a 10 year design life used for planning purposes. After the borrow area is 
restored, it should function with minimal maintenance. 
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The borrow area should be developed in a manner that results in efficient 
utilization of the available soils, provides soils with the required engineering properties 
at the appropriate phases of OSDF development, and minimizes the costs associated 
with the development and restoration of the area. In addition to these requirements, the 
design of the borrow area should consider the requirements described below. 

2.11.2 

The borrow area should be laid 'out in a manner that provides easy ingress 
and egress to prevent the possibility of accidents. 

The area should be development in a manner that requires minimal additional 
earthwork after borrow activities are complete to achieve the required 
restoration grades. 

Restoration should be performed progressively as work is completed in 
portions of the borrow area. 

Erosion and sediment controls should be implemented in the borrow area 
during construction and restoration. 

Design Criteria 

2.1 1.2; 1 Location 

The borrow area should be located in an area having material quantities and 
types sufficient for OSDF construction, filling, and closure (design 
consideration). 

The borrow area should be located within the FEMP property and should not 
encroach on the transmission line, oil pipeline, or other easements (design 
consideration). 

To the extent possible, the borrow area should not extend vertically into the 
gray clay. The borrow area should have sufficient final slope (e.g., at least 
0.25 percent) to promote drainage (design considerations). 

95.10.24 

000121 



FEMP OSDF-DCP-REV 0 

Withm the above constraints, the borrow area should be as deep as possible 
to minimize the size of the area (design consideration). 

The location of the borrow area should be chosen so that after restoration, 
minimal maintenance is required and the area is stable (design consideration). 

2.11.2.2 Layout 

A. Design Criteria 

The borrow area should be laid out to facilitate the phased development of the 
area (design consideration). 

The borrow area should be laid out to avoid interferences with roads, utility 
corridors, easements, etc. (design consideration). 

A soil contingency volume should be provided in the borrow area for possible 
use in (design consideration): 

- construction of a OSDF contkgency cell if disposal volumes are larger 
than anticipated; 

- backfilling to subgrade elevatims beneath the footprint of the OSDF in 
the event that additional excavation of impacted material is necessary; 

- constructing portions of the contouring layer of the cover system with 
"clean" soil in the event that suitable impacted soil is not available for 
this purpose; and 

- providing material for interim closure, should such closure be necessary. 

Intermediate borrow area slopes that will not be vegetated should be cut at a 
safe angle of repose for the material (design consideration). 

2-88 95.10.24 



FEMP OSDF-DCP-REV 0 

Permanent restored slopes within the borrow area should be no steeper than 
5H: 1V (design consideration). 

B. Calculation 

A analysis should be performed to evaluate the engineering properties and volumes 
of material available in the borrow areas. The available volume of borrow soil should 
be compared to the required volume taking into account shrinkage/bulking and the 
possible contingency volume. Calculations should be performed using computer-aided 
design techniques by comparing the volume between the existing ground surface and 
the final grades of the borrow area and then subtracting from that volume the estimated 
volume of impacted material that is expected to be excavated from the ground surface. 

2.1 1.2.3 Surface-Water Management 

Stormwater runoff and runon in the borrow area should be managed in 
general accordance with the criteria given in Section 2.8 of this DCP 
(functional requirement). 

During development of the borrow area, stormwater runoff should be 
discharged from temporary E&S basins at a rate not greater than the 
predevelopment runoff discharge flow rate (design consideration). 

Stormwater runoff should be managed so that, after restoration of the borrow 
area, the effects of erosion of the borrow area ground surface are minimal. 
Long-term erosion of the ground surface in the borrow area must not impact 
the OSDF (design considerations). 

Stormwater runoff should be routed to the tributary to Paddy's Run located 
near the southwest cover of the battery limit. During construction, 
stormwater runoff should be routed through a temporary E&S basin and then 
discharged to Paddy's Run. Following restoration of the site, stormwater 
runoff may be routed directly to the tributary to Paddy's Run (design 
consideration). 
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2.1 1.2.4 Development of Borrow Area 

The borrow area should be developed in a manner that produces consistent 
materials for construction of the OSDF. As part of design, the properties of 
the borrow area soils should be characterized and locations where suitable 
soils may be obtained for each component of the OSDF should be identified 
(design consideration). 

Requirements for processing of the borrow area soils should be identified 
during design. If possible, such processing should be performed in the 
borrow area. Such processing could include moisture conditioning, blending, 
screening, or crushing (design consideration). 

Before the start of borrow area development, the following activities should 
be performed (design considerations): 

\ 

- establishment of temporary stormwater management and erosion and 
sediment controls for the borrow area, including temporary EbrS basins; 
criteria and procedures described in Section 2.8 and 2.9 of this DCP 
should be used to design these controls; 

- establishment of perimeter access controls for the borrow area (consistent 
with the requirements of Section 2.10); 

- removal of impacted soils from within the borrow area (as identified by 
the applicable OU5 remedial design documents) and transport of the soils 
to the OSDF or the temporary stockpiling area (according to the 
procedures described in Section 2.12 of this DCP); and 

- establishment of soil processing facilities (if any are needed). 
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2.1 1.2.5 Material Suitability 

The suitability of the earth materials in the borrow area should be conf i ied  prior 
to establishing the final location and layout of the borrow area. Suitability should be 
based on a comparison of the characteristics of the available materials available in the 
required properties of the materials that will be used to construct the OSDF (based on 
information presented in other sections of this DCP) (design consideration). Section 
1.5 of this DCP cites references of site-specific studies that provide information on the 
properties and characteristics of candidate borrow soils. 

2.1 1 .2.6 Restoration 

The borrow area should be restored in accordance with the FEMP site-wide 
restoration plan (which is currently being developed) to a condition that requires 
minimal maintenance. The borrow area should be restored to a condition that is 
consistent with the geomorphological character of the area surrounding the FEMP. 
Accordingly, the following criteria should be followed in preparing the restoration plan 
for the borrow area. 

Final grades should be selected that minimize long-term erosion in the area. 
The final grades should not result in erosion that is greater than the calculated 
erosion rate for stabilized slopes in the vicinity of the FEMP that have similar 
grades and similar soil types (design consideration). 

- 

Stormwater runoff from the restored borrow area should drain to the tributary 
of Paddy’s Run located near the southwest comer of the battery limit (design 
consideration). 

The restored borrow area should be revegetated with plant species that 
minimize erosion, that can be successfully established on the design final 
grades and soil types, and that are self-propagating in the expected conditions 
of the restored borrow area (design consideration). 

2-91 95.10.24 

000125 



FEMP OSDF-DCP-REV 0 

The design of the restoration plan should provide for progressive restoration 
of the borrow are:i. with commencement of restoration in an area as soon as 
borrow activities been -completed. To the extent possible, activities 
should not be performed sin portions of the borrow area that have been 
restored (design consideration). 

2.11.3 References 

FEMP property data and information required for design of the borrow area should 
be obtained from the references cited in Section 1.5 of this DCP. 

2.12 Impacted Material ManaPement 

2.12.1 Functional Requirements 

The function of impacted material management activities is to excavate, handle, 
transport, and place impacted material in the OSDF in a safe and cost-effective manner 
that prevents the uncontrolled release of impacted material to the environment. In this 
section of the DCP, the criteria that should be followed for the design of impacted 
material management facilities associated with the OSDF are described. Impacted 
material should be placed in accordance with the report entitled "Zmpacted Material 
Placement Plan," whch will be prepared as described in Section 3.2.4.3. Impacted 
material management activities will include: (i) transporting impacted materials from 
areas within the battery limit where the materials are excavated to either temporary 
staging areas and/or the OSDF; (ii) transporting impacted nx?erial from operable units 
to either temporary staging areas and/or the OSDF; (iii) placicg the material within the 
OSDF; and (iv) managing the generation of fugitive emissions and wastewaters during 
impacted material placement operations. 

This DCP addresses impacted material management activities within the battery 
limit and related to the use of temporary staging areas. Other activities, primarily 
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associated with remediation of the operable units, will be addressed in other design 
packages to be prepared as part of the integrated FEMP remediation. 

2.12.2 Performance Requirements 

Facilities provided to meet the functional requirements for impacted material 
management should include: (i) constructiodsecurity fencing for control of access 
within the battery limit; (ii) impacted material access roads; (iii) impacted material 
staging areas; and (iv) equipment .and personnel decontamination facilities. Facilities 
for impacted material management must: 

be located within the battery limit or temporary extensions to the battery limit 
within the FEMP former production area; 

be located in areas that can easily and efficiently accommodate receipt of 
impacted material from the various FEMP operable units; 

be separated from clean areas; 

minimize uncontrolled discharge of fugitive emissions; 

minimize the generation of wastewaters; 

comply with project health and safety requirements; 

be removed at the completion of impacted material management activities, 
with the disposal of affected materials in the OSDF; and 

be designed to minimize the generation of affected materials. 
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2.12.3 Design Criteria 

2.12.3.1 Access From Operable Units 

Desigc of access from the operable units to the OSDF battery limit will be 
addressed as part of other design packages prepared as part of the integrated 
FEMP remediation. Access into the battery limit should be restricted using 
fences. gates, or other appropriate measures in accordance with the criteria 
given in Section 2.10.2.7 of this DCP (design consideration). 

6' Access control facilities should be designed to monitor equipment used to 
transport impacted material. Access controls within and at the battery limit 
should be managed and operated by the construction contractor (design 
consideration). 

Procedures should be prepared (and presented in the Impacted Material 
Placement Plan) to assure the proper routing of vehicles to the OSDF, 
temporary staging area, or other location within the battery limit designated 
to receive the impacted material (design consideration). 

2.12.3.2 Impacted-Material Haul Roads 

A. Design Criteria 

Separate temporary haul roads should be provided for the equipment that transports 
impacted materiai and the equipment that transports OSDF construction materials. The 
following criteria should be used in designing impacted material haul roads within the 
battery limit. 

Roads inust be designed for AASHTO H-20 loading (functional requirement). 

The maximum design yeed for haul roads should be 20 miles per hour (mph) 
(36 kilometerr. . :r how or kph) (design consideration). 

GE3900-03.1 IF9530004.CDO 2-94 95.10.24 

.> . .  . 0001Z8 



FEMP OSDF-DCP-REV 0 

The design life for on-site impacted material haul roads should be either five 
or ten years, depending on the anticipated service lives of the roads (design 
consideration). 

Road surfacing should be selected based on durability, ease of construction, 
minimizing maintenance requirements, and minimizing impacts to OSDF cell 
construction activities (design consideration). Unless otherwise designed, 
roads may be unpaved. The minimum acceptable road section, from top to 
bottom, must include: 

8-in. (0.2-m) thick layer of ODOT Type A bank or crusher run stone; 

- geotextile separator; and 

- prepared subgrade I 

Road widths should be as follows (design consideration): 

* one-way, single-lane roads for highway vehicles should be 12 ft (3.6 m) 
wide having shoulders 5 ft (1.5 m) wide on each side; 

- two-way, double-lane roads for highway vehicles should be 24 ft (7.3 m) 
wide having shoulders 5 ft  (1.5 m) wide on each side; 

- one-way, single-lane site roads used by off-highway vehicles should be 
16 ft (4.9 m) wide with shoulders of up to 5 ft (1.5 m) to accommodate 
vehicles having large widths; 

- two-way, double-lane roads for off-highway vehicles should be 32 ft 
(10 m) wide with shoulders of up to 5 ft  (1.5 m); and 

- two-way traffic should be allowed on single-lane roads only if such roads 
have turnoffs. 
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Roads should be designed with a 3 percent cross slope. 

Wherever possible, haul road grades should be 3 percent, or less. Where 
required to obtain cell access, road grades as steep as 10 percent may be 
allowed for short distances (design consideration). 

Road turning radii should be at least 50 ft (15 m) at the centerline of the road 
(design consideration). 

Cut and fill slopes for impacted material haul roads should be designed to have a 
maximum side slope of 3H:lV.  Where construction activities or other spatial 
constraints limit right of way, cut and fill having a maximum slope of 2H:lV may be 
used if shown to be stable. Drainage ditches should be used to convey impacted runoff 
from the haul roads to impacted-runoff sumps. Water collected in the sumps should be 
treated as wastewater and managed as described in Section 2.8.3 of this DCP. 

B. Calculations 

Impacred material haul roads should be designed for the anticipated type and 
quantity or traffic that will pass over the road. The roads should be designed using 
standard techniques for design of unpaved roads (for example, as described by Giroud 
and Noiray [1981] or using the AASHTO method [1972] for a zero thickness 
pavement). Roads should be designed using locally available aggregates and 
construction materials, such as identified in the ODOT standard specifications. 

2.12.3.3 Impacted Material Staging Areas 

A. Design Criteria 

Impacted material staging areas should: 

be constructed on clean foundation material (functional requirement); 
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incorporate a concrete working pad designed in accordance with ACI 3 18-93 
[ACI, 19931; if the staging area is located outside the FEMP former 
production area, the working pad should include a double-containment system 
that includes as a minimum, from top to bottom (functional requirement): 

* concrete working surface having a thickness of at least 8 in. (0.2 m) and 
capable of supporting both on-road and off-road impacted material haul 
vehicles; 

12-in. (0.3-mm) thick layer of ODOT Type A bank or crushed run 
stone; 

geotextile cushion layer; 

- 40-mil (1 .O-mm) thick HDPE geomembrane; and 

- prepared subgrade. 

If the impacted material staging area is within the FEMP former production area, 
the geomembrane secondary containment area described above is not necessary. 
Impacted-material staging areas should also: 

contain and control impacted runoff from the staging area and management 
of that runoff as wastewater using the criteria described in Section 2.8 of this 
DCP (functional requirement); 

transfer collected runoff to the leachate transmission system for transfer to the 
AWWT facility (functional requirement); 

prevent stormwater runon to the area through use of a perimeter curb or berm 
(functional requirement); 

enable access by equipment for placement and removal of material (functional 
requirement); and 
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have provisions for fugitive emissions control using either geosynthetics, 
water spray, crusting agents (e. g . , surfactants), or other appropriate methods 
(functional requirement). 

B. Calculations 

An evaluation should be performed of the required size and storage capacity of the 
impacted material staging area. The evaluation should verify that the maximum 
anticipated quantity of material requiring staging at any point in time (based on the 
impacted material receipt schedule presented in Appendix A-4) can be accommodated. 
Standard engineering methods for calculation of volumes should be used. 

2.12.3.4 Impacted Material Excavation, Removal, Handling, and Placement 

As Low As Reasonably Achievable (ALARA) goals should apply to all 
impacted-material excavation, removal, handling, and placement activities 
(DOE Order 5400.5, Chapter 1(4) and II(2)). 

Procedures should be employed that minimize the need for the use of 
respirators by on-site workers (design consideration). 

Material removal and handling performance specifications should be provided 
to allow the construction contractor maximum flexibility in selecting methods 
(design consideration). 

Impacted soil encountered in the OSDF area should be managed as follows 
(design considerations). 

* The top layers of soil in areas indicated on the drawings as impacted 
must be removed. The depth of removal should be addressed as part of 
other design packages prepared as part of the integrated FEMP 
remediation. Such soils should either be stockpiled for later placement 
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in the OSDF or transported and placed directly in the OSDF, depending 
on the availability of a suitable location within the OSDF. 

- Runon to temporarily stockpiled soils should be prevented using 
upgradient soil berms or perimeter drainage ditches. Stockpiled material 
should be promptly covered with plastic sheeting or other suitable 
material to prevent infiltration due to rainfall or snow. 

- Runon to excavation areas should be prevented to the extent possible, as 
described in Section 2.8 of this DCP. The size of the active excavation 
area should be limited to minimize the potential for stormwater runoff 
from the area. 

Overexcavation of impacted material should be minimized. 

The soil beneath the removed layer will be sampled and tested as 
addressed in other plans prepared as part of the integrated FEMP 
remediation. Additional excavation may be needed based on the results 
of confirmation sampling. 

Excavated areas that will not undergo further development should be 
promptly revegetated to minimize the potential for erosion. 

2.12.3.5 Impacted Material Transport 

A. Design Criteria 

The following criteria and requirements should be incorporated into the Impacted 
Material Placement Plan. 

The construction contractor must control the release of fugitive emissions 
(including dust, radiological, chemical, and asbestos materials) so that air 
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quality standards are not violated on the site and so that releases are 
controlled to acceptable levels at the fence line (design consideration). 

Material transport procedul-;-; should be designed to cause minimal 
disturbance to the site and ww!; area (design consideration). 

Material transport must be coordinated with impacted material removal and 
impacted material placement activities (design consideration). 

Material transport equipment should be capable of transporting a variety of 
materials so that the quantity of equipment used is minimized. 

Impacted material transport equipment should (design consideration) : 

lend itself to control of airborne particulate emissions; 

require low maintenance; 

* not require extensive modification for use; and 

- meet all project safety requirements. 

Acceptable emission control methods include (design consideration) : 

- transport in closed containers with metal or tarp lids; 

- keeping impacted material moist; and 

- spraying earthen material with a crusting agent. 

Acceptable material handling and transport equipment include backhoes front- 
end loaders, dozers, cranes, forklifts, scrapers, and trucks (dump and flatbed) 
(design consideration). 
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2.12.3.6 Impacted Material Placement 

Functional Requirements 

In addition to the functional requirements identified in Section 2.12.1 of this DCP, 
the following additional requirements should apply to impacted material placement 
activities. The function of placement activities is to dispose impacted material in the 
OSDF in a manner that prevents unacceptable exposure to impacted material 
constituents during placement and in a manner that achieves the long-term performance 
goals of the OSDF. The OSDF must be able to contain the anticipated volumes and 
types of impacted material. 

Material placement must take into account: 

the rate and time at which impacted material will be available for placement 
in the cell; 

the types of impacted material available for disposal (i.e., soil, flyash, lime 
sludge, solid waste, and building demolition debris); 

the potential for bulking/shrinkage of impacted material during placement; 

the availability of temporary stockpile capacity; 

the extent to which the disposal cell is constructed and available to receive 
impacted material; 

the need for suspended or reduced impacted material placement activities 
during winter and the need for seasonal (winter) cover; 

the potential for interim closure of the OSDF due to a lack of funding, or 
other reasons; and 

the phased development of the OSDF. 
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In addition to the foregoing requirements, impacted material placement activities 
should be designed to achieve the following. 

Impacted material must be placed in the OSDF so that it will achieve the 
design life goal of 1,000 years to the extent reasonable, and in m y  case at 
least 200 years. 

Impacted material must be placed in a manner that is protective of the liner 
system and final cover system. 

Impacted material must be placed so that it will remain stable under both 
static and earthquake loading conditions. 

Impacted material must be placed to minimize differential settlement to the 
extent reasonably achievable. 

Design Criteria 

A minimum of 4 ft (1 .3 m) of select impacted material should be placed 
directly over the leachate collection system to provide protection of the 
system against damage by building debris and other types of impacted 
material (design consideration). 

To reduce particulate emissions, generation of wastewaters, and erosion of 
impacted material, the sequence of placement should be arranged to minimize 
the area of exposed impacted material (design consideration). 

Placement of kzpacted material in OSDF cells should be performed such that 
the cells can always store runoff from active and open portions of the cell 
resulting from the 25-year, 24-hour storm event (ARAR: OAC 3745-027- 
08(C)(6)). 

Materials should be placed in a manner that achieves a homogenous structure, 
to the extent possible. Homogeneity should be achieved by distributing 
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impacted materials throughout the OSDF to avoid large pockets or distinct 
concentrations of any one type of impacted material in a particular area. The 
objective of achieving a homogenous waste mass is to minimize the potential 
for differential settlement (design consideration). 

/ Municipal solid waste material requiring disposal should be spread out in 
relatively thin lifts and covered with at least 12 in. (0.3 m) of cover soil. The 
purpose of this procedure is to minimize the potential for anaerobic 
decomposition of the waste (and, thus, the generation of landfill gas). 
Similarly, green waste from excavation activities should be spread out in thin 
lifts and completely covered with soil. Consideration should be given to 
chipping tree limbs and branches to reduce the size of the green waste 
particles prior to disposal (design consideration). 

Impacted material placed in the OSDF must comply with the disposal cell 
waste acceptance criteria (WAC) identified in the ROD. 

At the end of each work day, the impacted material surface should be graded 
and maintained to control precipitation runoff and impacted material erosion 
(design consideration). 

2.12.3.7 Seasonal (Winter) Shutdown 

Temporary shutdown of impacted material placement activities will be required 
during periods of freezing conditions and at locations where impacted material will not 
be placed for at least 30 days. In these cases, a "seasonal" cover should be provided 
for exposed surfaces. After the period of temporary shut-down is complete, the cover 
should be removed. If the cover is "clean" soil, the upper zone of the material may be 
salvaged for future use. However, soil in contact with impacted material should itself 
be considered impacted. Seasonal cover should meet the following criteria (design 
considerations) : 

have the least volume technically practical in order to limit loss of cell 
volume (Le., 6 to 12 in. (0.15 to 0.3 m)); 
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be cost effective to place; 

be of sufficient 
effects; 

ilckness to protect underlying ;Tosynthetics from frost 

control stormwater runoff and route runoff to a location where it can be 
properly managed; 

limit infiltration to the OSDF and minimize impacted material erosion; 

limit fugitive emissions to not more than acceptable levels; 

remain stable and durable for the anticipated period of seasonal shut-down; 
and 

acceptable interim cover materials include on-site clean soils, of. ;ite clean 
soils, and on-site impacted materials with suitable surface protection (e.g., 
Betz Flow-Pro, or equivalent); if the latter is used, a demonstration must be 
provided that runoff from the seasonal cover surface can be treated as 
stormwater and not wastewater. 

Interim Closure 

Interim closure refers to a one or more year closure of the OSDF as a result of 
insufficient funding or a prolonged closure necessitated by other factors. ~otti$i:jThe ....................... 

.............................. 
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2.12.5 References 

FEMP property data and information required to design the impacted material 
management activities should be obtained from the references cited in Section 1.5 of 
this DCP. References from the general technical literature that may be used to design 
these activities are given below. 

American Association of State Highway and Transportation Officials (AASHTO), 
"Interim Guide for Design of Pavement Structures," 1972. 

American Concrete Institute (ACI) , "Building Code Requirements for Concrete (ACI 
318-93)", Detroit, MI, 1993. 

Giroud, J.P., and Noiray, L., "Design of Geotextile Reinforced Unpaved Roads, I' J .  
Geotechnicaf Engineering Division, ASCE, Vol. 107, No. GT9, September 1981, pp. 
1233-1254. 

State of Ohio, Department of Transportation (ODOT), 
Specijicutions, Columbus, OH, January 1993. 
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3. PROJECT DELIVERABLES 

3.1 General Reauirements 

3.1.1 Introduction 

The purpose of this section of the DCP is to identify administrative and substantive 
requirements for preparation and issuance of project deliverables for this design 
package. Section 3.1  addresses general administrative requirements. Substantive 
requirements are addressed in Section 3.2. Required deliverables for other design 
packages being developed as part of the integrated FEMP remediation are not addressed 
in this DCP. These other deliverables will be addressed in other appropriate DCPs. 
The requirements described in this section could change slightly based on the specifics 
of the OSDF detailed design. 

3.1.2 Reports 

Reports that will be prepared for this design package are identified in Section 1.6 
of this DCP and described in more detail in Section 3.2. The reports must be prepared 
using the Wordperfect Version 5.1 word processing program and should be submitted 
both in bound (Le., assembled and bound in three-ring binders) and unbound, 
reproducible &e., "camera-ready ") format. Any spreadsheets that are included in the 
reports should be prepared in a format compatible with Lotus 123, Version 3.4 
software. Reports for regulatory submittal should be provided in sets of twenty bound 
copies, plus an unbound copy for reproduction. 

3.1.3 Calculations 

Calculations should be submitted with the preliminary, intermediate, pre-final, 
final, and CFC design packages. A preliminary list of calculations to be prepared for 
the OSDF project is presented in Table 1-1 of this DCP. Spreadsheets that are 
submitted with calculations should be prepared in a format compatible with Lotus 123, 
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Version 3.4 software. Calculations for regulatory submittal should be provided in 
twenty bound copies, plus an unbound copy for reproduction. 

3.1.4 Drawings 

Drawings should be compiled using computer-aided design (CAD) techniques using 
a system compatible with Microstation (Version 5.0) software. A preliminary list of 
OSDF drawings is presented in Table 1-2 of this DCP. The drawings should be 
prepared on 30 in. by 42 in. (76 cm by 110 cm) and half-size sheets. Full-size 
drawings intended for submittal to regulatory agencies should be printed on both mylar 
and bond media. Each drawing should be sequentially numbered with a fully-executed 
title block. Revision blocks should be prepared for each revision to reflect changes to 
the drawings. After the pre-final submittal, changes made to the drawings should be 
shown by "clouding" the area that is revised and making a keynote in the revision 
block; if this method of revision comprises the clarity of the drawings, then the drawing 
should be replaced and reissued. Drawings should be submitted with the preliminary, 
intermediate, pre-final, final, and CFC design packages. Drawings for regulatory 
submittal should be provided in twenty bound copies, plus an unbound copy for 
reproduction. 

3.1.5 Specifications 

Specifications should be submitted with the preliminary, intermediate, pre-final, 
final, and CFC design packages. A preliminary list of construction specifications for 
the OSDF is presented in Table 1-3. Specifications should be prepared using the 
standard Construction Specifications Institute (CSI) format for each construction 
activity. Specifications should provide sufficient detail to control the quality of 
construction materials and activities, while encouraging competitive procurement of 
materials and services. Specifications should be prepared using Wordperfect 5.1 
format. Specification for regulatory submittal should be provided in bound copies, plus 
on unbound copy for reproduction. 
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3.1.6 Field and Laboratory Test Results and Reports 

Field and laboratory test reports should be prepared using the WordPerfect 5.1 . 
word processing program. Reports issued for regulatory submittal should be provided 
in twenty bound copies, plus an unbound copy for reproduction. 

. .  3.1.7 Cost Estimates 

Cost estimates should be prepared for OSDF construction, filling, and closure, and 
for implementation of the test pad program. The cost estimates must be in FERMCO 
format. This format is illustrated by the FERMCO baseline OSDF cost estimate 
presented in Appendix E of this document. Cost estimate spreadsheets must be 
compatible with Lotus 123, Version 3.4 software. Cost estimates for regulatory 
submittal should be provided in twenty bound copies, plus an unbound copy for 
reproduction. 

3.1.8 Value Engineering 

A value engineering session will be conducted after the preliminary design package 
is prepared to identify and evaluate potential. cost-effective design alternatives. The 
results of the value engineering process must be presented in a report describing the 
alternatives considered, the advantages and disadvantages of the alternatives, and the 
recommended alternatives. The value engineering report should be prepared using the 
WordPerfect 5.1 word processing program. Value engineering reports for regulatory 
submittal should be provided in twenty bound copies, plus an unbound copy for 
reproduction. 

GE3900-03.llF9530004.CDO 0 3-3 95.10.24 
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3.2 DescriDtion of Design Deliverables 

3.2.1 Design Criteria Package 

This DCP should be submitted concurrently with the preliminary design package. 
This DCP contains criteria for use in the design of the OSDF and support facilities 
identified in this document. The DCP should be updated throughout the project as new 
or additional design criteria or design methods are identified and adopted. Updating 
should be carried out as described in Section 1.7 of this DCP. 

3.2.2 Liner Compatibility Study Report 

The liner compatibility study report should contain the results of the liner 
compatibility study. This study will be performed in accordance with the requirements 
described in Section 2.4.6 of this DCP. The report should describe the work performed 
to evaluate the durability and chemical compatibility characteristics of the geomembrane 
liner and final cover system components of the OSDF. The report should also contain 
conclusions and recommendations for use in selecting and specifying the geomembrane 
components of the OSDF. 

3.2.3 Drawings, Specifications, and CQA Plan 

Drawings 

Drawings should be prepared in a manner that fully and clearly presents the 
materials and work activities required of the construction contractor to construct, fill, 
and close the OSDF. A preliminary list of OSDF design drawings is presented in Table 
1-2 of this DCP. 

GE3900-03.1/F9530004.CDO 
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Spec@cations 

Specifications should be prepared for the purpose of defining the construction 
contractor’s responsibilities and duties, acceptable materials of construction, and 
standards for acceptable work. The specifications should address construction, filling, 
and closure of the OSDF, and construction, operation, and maintenance of appropriate 
support facilities. A preliminary list of specifications to be prepared for the OSDF 
project is presented in Table 1-3 of this DCP. The specifications are to be prepared 
in standard CSI format and should generally contain the following sections (note: all 
second level headings need not be used): 

PART 1 GENERAL 

Summary 

References 

Definitions 

System Description 

Submittals 

Quality Assurance 

Delivery, Storage, and Handling 

ProjectISite Conditions 

Sequencing and Scheduling 

Warranty 

Maintenance 

GE3900-03.llF9530004.CDO e 

PART 2 PRODUCTS 

Materials 

Manufactured Units 

Equipment 

Components 

Accessories 

Mixes 

Fabrication 

Source Quality Control 

3-5 

PART. 3 EXECUTION 

Examination 

Preparation 

Erection Installation 
Application 

Field Quality Control 

Adjusting 

Cleaning 

Demonstration 

Protection 

Schedules 

.- 
95.10.24 
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CQA Plan 

A Construction Quality Assurance-(CQA) plan should be prepared to describe the 
quality assurance monitoring, testing, documentation, and nonconformance resolution 
activities that will be undertaken during construction, filling, and closure of the OSDF. 
The CQA plan must address both material and construction method conformance with 
the requirements of the specifications, appropriate regulatory requirements and 
guidance, and good engineering practice. These activities should be undertaken by a 
qualified CQA team independent of the construction contractor. The CQA plan should 
be developed to conform to OEPA requirements (ARAR: OAC 3745-27-08(F)) and to 
USEPA guidance. 

3.2.4 Project Support Plans 

3.2.4.1 OSDF Phasing Plan 

The OSDF will be constructed in phases (i.e., cells), as discussed previously in 
this DCP. A phasing plan should be prepared to illustrate the sequence of development 
of the OSDF. The phasing plan may take the form of layout drawings, detail drawings, 
and notes included in the design drawing package. 

The number of phases should be optimized based on the various design 
considerations. The optimal number should be between 5 and 10. Inclusion of a 
"contingency" phase (cell) should also be considered. The layout and details of each 
phase should be designed based on the following project-specific considerations: 

the schedule of receipt of impacted material from the various operable units; 

the relationship between leachate generation rate and cell size; 

the length of time any one cell is not under cover; 

funding for the OSDF project; 

3 -6 95.10.24 
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the requirements for impacted-material placement and control; 

the need for work slow-down during winter and other adverse weather 
periods; and 

the capacity of temporary staging and stockpile areas. 

The design drawings should illustrate the phases of construction of the OSDF. The 
specifications should set out the requirements for construction of one or more phases 
of the OSDF and the requirements for continuity from one phase to the next. 

3.2.4.2 Impacted Material Placement Plan 

A written Impacted Materials Placement Plan should be prepared to describe 
' procedures to be followed by the construction contractor for handling impacted material 
within the battery limit and placing the material in the OSDF. The plan is intended for 
use by the construction contractor during construction, filling, and closure of the 
OSDF. The plan should augment the specifications for impacted material handling and 
placement. The plan should be developed to provide flexibility to the contractor in 
selecting efficient and cost-effective equipment and material placement procedures. 

The Impacted Materials Placement Plan must define the following: 

expected volumes of impacted material to be received and the anticipated 
schedule for receipt; 

expected types and allowable dimensions of impacted material; 

required preparation procedures and measures for impacted material (with 
particular attention to procedures required for placement of solid waste, lime 
sludge, and building debris); 

stockpile area locations and operating procedures; 

a 3-7 95.10.24 
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3.2.4.3 

impacted material handling and transport procedures within the battery limit; 

containment and collection of impacted runoff (wastewater) from impacted- 
material haul roads; 

protection of the liner system and other engineered components of the OSDF; 

impacted material placement procedures and methods; 

procedures for leachate and surface-water control in active cells; 

procedures to control fugitive emissions (primarily dust); 

procedures for seasonal (winter) closure and other short-term closure due to 
inclement weather; 

quality assurance and quality control procedures for impacted material 
placement activities (including quality assurance checks that incoming waste 
meets the waste acceptance criteria (WACS)); 

documentation and records of impacted material placement; and 

worker health and safety considerations. 

Stormwater Management and Erosion Control Plan 

A written Stomwater Management and Erosion Control Plan should be prepared 
to describe the procedures to be followed within the battery limit to control stormwater, 
minimize erosion, and minimize off-site sedimentation. The plan should be prepared 
for use by the construction contractor during construction, filling, and closure of the 
OSDF. The plan should be prepared in a manner that allows reasonable flexibility to 
the contractor in managing stormwater at the site. 

3-8 95.10.24 
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The Stonnwater Management and Erosion Control Plan should address at least the 
following: 

relevant stormwater management regulatory requirements and standards; 

OSDF design drawings and specifications relevant to stormwater management 
and erosion and sediment control; 

procedures to be used to manage and control runon from off-site; 

procedures to be used to manage runoff from within the battery limit; 

procedures for erosion and sediment control; 

maintenance practices for temporary E&S basins; 

criteria for installing and removing stormwater control and erosion protection 
facilities; 

discharge criteria for water to be released from the battery limit; and 

procedures to be followed to revise design drawings and specifications for 
stormwater management and erosion control. 

The plan should also incorporate the criteria set out in this DCP. 

3.2.4.4 Borrow Area Management and Restoration Plan 

A Borrow Area Management and Restoration Plan should be prepared to describe 
the procedures to be followed in developing and restoring the on-site borrow area. The 
plan is intended for use by the construction contractor during development and 
restoration of the borrow area. The plan should be prepared to augment the 
specifications and should incorporate the criteria set out in this DCP. The plan should 
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cross reference the Stormwater Management and Erosion Control Plan for borrow area 
stormwater management and erosion control requirements and procedures. 

The Borrow Area Management and Restoration Plan should contain information 
on at least the following aspects of borrow area development and restoration: 

layout; 

access and security; 

phasing; 

borrow area clearing; 

excavation procedures; 

stormwater management; 

erosion and sediment control; 

removal and management of impacted material (if any); 

stockpiling of topsoil and unsuitable borrow material; 

location and testing of acceptable material; 

borrow area restoration; and 

area closure. 

The location, layout, and phasing of the on-site borrow area should be shown on 
the design drawings. Results of field and laboratory testing of materials in the borrow 
area should be provided and summarized in tabular or graphical form in the plan. 
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3.2.5 Response Documents 

Written responses must be prepared for all  formal comments on project 
deliverables received from DOE and the regulatory agencies (OEPA and USEPA). 
Response documents are anticipated for the following: 

e 

e 

e 

e 

I 

e 

3.2.6 

Design Criteria Package; 

Test Pad Work Plan; 

Liner Compatibility Study Work Plan; 

Preliminary Design Package; 

Intermediate Design Package; 

Pre-Final Design Package; and 

Final Design Package. 

Cost Estimates 

A construction cost estimate must be prepared for the OSDF project. The cost 
estimate should include a detailed breakdown of material and construction quantities and 
a derivation of estimated unit costs for each element of construction. The unit costs 
should be presented in units similar to the proposed contract payment basis (e.g., time 
and material costs estimates should be prepared for items to be paid on a time and 
material basis). Construction cost estimates should be developed after preparation of 
the preliminary, pre-final, and final design packages. A cost estimate should also be 
prepared for implementation of the test pad program, as described in Section 2.7.7 of 
this DCP. 
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3.2.7 Value Engineering Report 

A value engineering report should be prepared that includes: 

description of OSDF preliminary design; 

description of OSDF preliminary construction cost estimate; 

description of value engineering process and procedures; 

alternative design measures considered; 

advantages and disadvantages of considered alternatives; and 

recommendations on alternatives to include in the OSDF design. 

Test Pad Report 

The results of the test pad program should be analyzed and a report prepared to 
present the program results. The report should describe the procedures followed for 
the test pad evaluation, the procedures used to analyze the field and laboratory test data, 
and the conclusions of the study. The report should contain: (i) recommendations 
regarding the suitability of the borrow sources for use as clay liner and cap material; 
(ii) requirements for borrow source processing; and (iii) recommended criteria for clay 
liner and cap construction. 

GE3900-03.llF9530004.CDO 3-12 95.10.24 
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U.S. Environmental Protection Agency, 1992a, "Guidance on Risk CharaaeriZation for Risk 
Assessors and Risk Maoagers," Memorandum dated February 26, 1992. 

U.S. Environmental Protection Agency, 1992b, "Health Effects Assessment Summary Tables, Annual 
Update FY 1992", including Supplement A, July, 1992, Prepared by the Environmental Criteria.and 
Assessment Office, Cincinnati, OH, for the office of Emergency and Remedial Response, 
Washington, DC. 

U.S. Environmental Protection Agency, 1993a. "Integrated Risk Information System (IRIS)," 
computer database, EPA, Washington, D.C. 

U.S. Environmental Protection Agency, 1993b, "Health Effects Assessment Summary Tables, FY- 
1993," OERR, EPA, Washington, D.C. 

U.S. Environmental Protection Agency, 1994, "Integrated Risk Information System (IRIS)," computer 
database, EPA, Washington, DC. 

Weston, Inc., Roy F., 1987, "Characterization Investigation Study," prepared for Westlnghouse 
Materials Company of Ohio, U.S. Department of Energy Feed Materials Production Center, Fernald, 
OH. 
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11.0 -ATION OF SIGNIFICANT CHANGES 

The Proposed Plan for Remedial Actions at Operable Unit 2 was released for public comment in 
October 1994. The Proposed Plan identified Alternative 6, Excavation and On-Site Disposal with 

Off-Site Disposal of Fraction Exceeding the Waste Acceptance Criteria, as the preferred alternative. 
All written and oral comments submitted during the public comment period were reviewed. Based on 
these comments, it was determined that no significant changes to the remedy, as it was originally 

identified in the Proposed Plan, were necessary. 

One significant change from the Proposed Plan to this ROD, is a change in the maximum waste 
acceptance criteria for the on-site disposal facility. The Proposed Plan provided a waste acceptance 

criteria of 360 pCi/g of Uranium-238 and 1,080 ppm of total uranium. A waste acceptance criteria of 

346 pCi/g of uranium-238 and 1,030 ppm of total uranium was proposed in the Operable Unit 5 

Proposed Plan. This difference in waste acceptance criteria is due to using different, but comparable, 

computer models for the calculations. The Operable Unit 2 and Operable Unit 5 waste acceptance 
criteria are essentially the same, however for consistency, Operable Unit 2 has adopted the Operable 

Unit 5 waste acceptance criteria of 346 pCi/g Uranium-238 and 1,030 ppm total Uranium. This 
significant change has been reflected in this ROD. 

It should be noted that EPA and OEPA approved the Operable Unit 2 FS Report with comments prior 

to the public comment period for Operable Unit 2. The Operable Unit 2 FS Report was revised to 

address the comments from EPA and OEPA. Those comments, and DOE'S proposed responses and 
revisions, were made known tq the public and made available for public reyieW during the public 
comment period; the comments did not result in si@caut changes or cbanges that could not be 
reasonably anticipated by the public. 

11-1 
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Aquatic habitats to be disturbed include wetlands, Paddys Run, and the Storm Sewer Outfall Ditch. 

On-property drainage ditchkwales support s h b  and/or emergent vegetation. Broad-leaf cattail 

(Typhu Iatifokz) is the most common species. Numerous woody species in swales include black 
willow (mix nigra), roughleaf dogwood, and American elm. Surveys found statelisted threatened 

Sloan’s crayfish (Orconectes s Z m . 0  residing in Paddys Run (St. John 1993 and 1994). Paddys Run 

also supports a diverse w d t y  of macroinvertebrates and fish. Habitat in the Storm Sewer 

Outfall Ditch is minimal, as the ditch is dry most of the year. 

The 100- and 5Wyear floodplain of Paddys Run will be directly and indirectly impacted as a resuit 

of remedial activities. Limited excavation in the floodplain will OCCUT during remedial activities at the 

flyash piles and South Field; however, changes in flood elevations are not be expected. Engrneering 

controls will be implemented to mhimize indirect impacts (i.e., runoff and sedimentatl ‘on). Activities 

performed in the Storm Sewer Outfall Ditch will be in accordance with 404 guidelines of the Clean 
Water Act. A Floodplain/Wetland Assessment was completed and is provided in Appendix H to the 

Operable Unit 2 FS Report. 

@ Additionally, consumptive use of geologic resources (e.g., quarried rock, sand, and gravel) and 
petroleum products (e.g., diesel fuel and gasoline) will be required for removal, construction, and 
disposal activities. Supplies of these materials will be provided by the construction contractor. 

Additional fuel use will result from limited off-site transport of the materials. Adequate supplies will 

be available without affecting local requirements for these products. The treatment processes for the 
remedial action alternative will require the consumptive use of materials and energy. The 

stabilization process will require additives such as flyash and lime sludge, which are readily available 

at the FEMP site. 

Approximately 35 acres of the FEMP site, including a 3Wfoot buffer zone, will be restricted for 
future use under the Operable Unit 2 selected remedial alternative. The committed land will be 
actively monitored and maintained. Periodic monitoring of surface water and groundwater at the 
‘disposal facility will be performed, and periodic site inspections will id- any damage to the 
disposal facility. Maintenance activities will be performed, as necessary. The off-site facility (for 
remediation waste exceeding the on-site waste acceptance criteria) is expected to implement similar 

measures as required under its specific regulatory criteria. e 
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through excavation and placement in an engmeered on-site disposal facility. By combining all the 

remediation waste into one disposal location, it can be managed more effectively over the long-term. 

The selected remedy also allows increased flexibility in land use options, a reduced size of buffer 

area, and centralized operations and maintenance . .  

The selected remedy does not provide a significant recfuction of toxicity, mobility, or volume through 

treatment. Treatment of leachate and construction water will take place at the on-site AWWT facility 
and l e a d a m e d  mixed waste from the South Field Firing Range will be treated before being 
transported to an off-site disposal facility. Except for the no action alternative, each alternative 
includes the same amount of treatment. 

The selected remedy provides adequate short-term effectiveness and is readily implementable. 

Because the majority of the waste material will remain on site during remediation, there is very little 

opportunity for public exposure to the contaminants. The exposure potential to remediation workers 
will be managed in accordance with a health and safety plan and is, therefore, considered acceptable. 

The on-site disposal alternative is considered to provide more short-term effectiveness and is more 

implementable than off-site disposal, but slightly less implementable than consolidation and 
containment. The selected remedy costs slightly more than consolidation and containment and is half 
the cost of off-site disposal. 

The major tradeoffs that provide the basis for the selection of on-site dqosal with off-site disposal of 

the fraction exceeding the waste acceptance criteria are long-term effectiveness and cost. The selected 

remedy provides the most reliable method of managing and monitoring the disposal of Operable Unit 
2 contaminated material for the least wst. For this reason, Alternative 6 is detexmhed to be the most 

appropriate remedy for the co ntamilrnted material from Operable Unit 2. 

10.5 PREFERENCE FOR TREATMENT AS A PRINCIPAL ELEMENT 
The selected remedy does not satisfy the statutory preference for trearment as a principal element. 

The NCP states in 40 CFR §300.43o(a)(iii)(A) and (B) that "EPA expects to use treatment to address 

the principal threats posed by a site" and "to use engineering controls, such as containment, for waste 

that poses a relatively low long-term threat." Operable Unit 2 wastes are considered to pose a low 
long-term threat in all subunits except a portion of the waste in the Inactive Flyash Pile and South 
Field. This waste is considered a principal threat due to the placement of the waste and the 
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0 Equivalent Standard 

This same definition has been used as a threshold criteria in evaluating alternatives in the 
CERCLA decision making process at the FEW and specifically in the Operable Unit 2 FS 
with the addition that constituents in groundwater should not be higher than ,the proposed 
MCLs. This alternative meets this threshold criteria. . 

Protection of human health has been determined through the risk assessment process based on 
COntamlnant * transport modering and the NCP acceptable ILCR range of 1 x 1 ~  to 1x104 and 
in compliance with promulgated and proposed MCLs. 

Reliabi1ity:into the future: 

The combination of hydrogeologic and engineering controls (including additional controls 
beyond the requirements for a solid waste dsposal facility) provides increased reliability into 
the future because of the following: 

The biotic barrier in the cap will prevent burrowing animais or vegetative roots 
from compromising the integrity of the cap and thereby increasing the infiltration. 

Leak detection monitoring will provide an early warning of any problem in leachate 
containment and allow corrective measures to be undertaken prior to adverse 
impact to the aquifer. 

Time required for results: 

Construction of a disposal facility with additional engineering controls will not take 

significantly longer than the time required for a disposal facility which strictly meets the Ohio 
Solid Waste Disposal Regulations. 

A CERCLA ARAR waiver of the OEPA prohibition of siting a disposal facility over a higbyield 

solesource aqwfer is justified based on an equivalent standard of performance [40 CFR 300.430 

(f)( l)(ii)(C)(4)] to the OEPA policies allowing an exemption to the siting requirements . This waiver 
is applicable only to Operable Unit 2 on-site remediation wastes. If on-site disposal is chosen as the 
selected remedy for other FEMP operable units, separate waivers from this Ohio requirement would 
be necessary. 

The disposal facility location and design will be subject to review and approval during the remedial 

design phase. DOE intends to construct only one disposal facility at the FEMP. Therefore, should 

10-9 
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0 Equivalent Standard 

The combination of engineering controls and existing hydrogeology proposed in this 
alternative will provide the same degree of protection to the aquifer as the hydrogeologic 
conditions described in the OEPA policy alone. Modeling with the combined controls shows 
that the leachate will not reach the aquifer during the active life of the landfill and a post 
closure period of hrty years. 

It should be noted that the modeling performed in the operable Unit 2 FS Report;(Appendix 
D.l) was performed for lo00 years and assumed that the liner system and man-made 
materials (e.g., leachate collection, leak detection, and synthetic liners) of the disposal facility 
would fail. This modeling showed that with the enhanced cap to reduce infiltration and the 
existing hydrogeology, leachate that may eventually reach the aquifer would not cause the 
constituent concentrations in the aquifer to exceed the promulgated and proposed MCLs. 

Level of performance (method based): 

0 OEPA Standard 

Significant thickness of low permeable material between the disposal facility and the aquifer 

0 Equivalent Standard 

Modeling has shown that the combination of 12 feet of gray clay with a minimum k,, of 3.1 
and a maximum waste acceptance criteria of 346 pCi/g of d u m - 2 3 8 ,  or 1,030 ppm total 
uranium, will not exceed the proposed MCL for total uranium at the boundary of the disposal 
facility or a concentration level based on the 106 ILCR at the boundary of the FEMP. Only 
the layers in the engineered cap and the gray clay and unwurated Great Miami 
Aquiferhydrogeologic layers were used in this modeling. The liner system and brown clay 
will increase the protection of the aquifer. 

e OEPA Standard 

Lack of interconnection between the sole source aquifer and any significant zones of 
saturation 

e Eqvalent Standard 
. .  . Any inter-connections will be rrrrmrmzed by: 

1) locating the disposal facility in an area with the greatest thickness of gray clay and the 
least OcCuTrence of interbedded granular material; and 

2) providing an increase in the engineered controls to compensate for any reduction of 
protection due to interbedded granular material; and/or 
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within 1,OOO feet of an existing residence whose owner has not consented in writing to 
the location of the facility; 

within 200 feet of a stream, lake, or wetland; 

the isolation distance between the uppermost m e r  system and the bottom of the 
recompacted soil liner of the dqosal facility cannot be less than 15 feet of in situ or 
added geologic material. 

The proposed feasible location of the on-site disposal facility is on the eastern side of the FEMP 

which is not in a floodplain; near a stream, lake, or wetland; within 1,OOO feet of an existing water 
supply well or developed.spring; near enough to an existing public water supply well so that 
contaminants may reach the well within a period of 5 years. The facility will not be placed within 
300 feet of the FEMP property line or within 1,OOO feet of an existing residential house. The 
isolation distance between the uppermost aquifer system and the bottom of the recompacted soil liner 
will be greater than 15 feet. 

The remaining two siting criteria (bullets two and three) cannot be met because of the FEh4P's 

location over a sole-source aquifer that is capable of sustaining a yield of 100 gallons per minute for a 
24-hour period. OEPA has established two specific policies (GD202.101 and GD202.102) that 

identlfy conditions that would be acceptable to allow an exemption to the siting criteria. While these 
policies state that several factors will be considered in evaluating an exemption, the specific factors 
identified indicate that the protection of human health and the environment should be provided solely 

by the existing hydrogeologic conditions. This has been reaffirmed by OEPA in several meecingS. 

1) 

The primary hydrogeologic stadanis established by these policies are: 

Sigmficant thickness of low permeable material between the disposal facility and the 
aquifer 

Lack of imer-connection between the solesource aqufer and any significant zones of 
saturation 

Significant amount of sediment [soil] between the disposal facility and the high-yield 
aquifer to prevent leachate from migrating to the high-yield aqwfer during the life of the 
landfill and the postclosure care period. The postclosure care period for a solid waste 
landfill is a minimum of 30 years [OAC 3745-17-14(A)]. 

. .  ' .. .. , . 
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COC ARAR Pod. of solid Lime InactiveRyash Active *-site 
?%i$ 

Slud e Pile/!huth FlyashPile 
Pon& Field 

Standard comphlce Waste 
Landfill 

Under Subunit 18 p g L  3.2 p g L  18.4 pg& 10.7 p g L  20 p g L  

FEMP Fenceline 0.7 p g L  0.1 p g L  2.2 p g L  1.5 p g L  2.1 pg& 
Total Uranium 20 p g n b  

1 

Table 10-1 illustrates that on-site disposal also brings Operable Unit 2 into compliance with the 

proposed groundwater MCL for uranium, which would not be met under the No Action Alternative. 
The maximum groundwater concentration is presented in the table (underneath subunit); therefore, the 

points of compliance, which are at.the boundaries of the subunit and the on-site disposal facility, 
will also comply with the proposed uranium MCL. Treated construction water will meet the Ohio 

Water Quality Standards found in Table A-1 of Appendix A. 

TABLE 10-1 

COMPLIANCE WITH OPERABLE UNIT2 CHDlICALSPECIFIC ARARs 
ALTERNATIVE6 

MAXIMUM CROSSMEDIA GROUNDWATER CONCENTRATIONSa 

a These concentrations are for the expanded trespasser scenario, which wiU have higher soil cleanup levels than the on- 
properly resident fanner. Therefore. since the expanded tcxyser +o will meet the ARAR standards, the 0n-p 
resident farmer scenano wdl meet them also. The groundw r modelmg procedurrs and results are pnsented m d a  
ifie FS Reen, yndix D. 

rty 

Prop0 MCL 6 Federal Register 33050) 

10.2.2 Action-SDecific ARARs/TBCs 

Alternative 6 will meet the principal action-specific ARARs/TBCs discussed in Section 7.5.3 and 
listed in Tables A-2, A-3, and A 4  of Appndix A. Because Operable Unit 2 includes both low-level 

radioactive wastdresidual radioactive material and solid waste, design and construction of the on-site 

disposal facility will meet the more stringent reqi?li:bments for the disposal of low-level radioactive 

waste/residual radioactive material. EPA states in 40 CFR §192.02(a) that the disposal facility must 

be designed to be effective for up to 1,OOO years, to the extent reasonably achievable, and in any 

case, for at least 200 years. DOE Order 5820.2A requires compliance with performance objectives 

for low-level radioactive waste disposal sites, including protection of public health and safety, 

protection of the public and the environment from releases of radioactivity, and protection of 
groundwater resources. DOE Order 5400.5 requires that the As Low As Reasonably Achievable 

(ALARA) policy to minimize radiation exposure be adopted during design a d  construction. 

10-3 
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10.0 STATUTORY DETERMINATIONS a 
In accordance with the statutory requirements of Section 121 of CERCLA, as amended, remedial 

actions taken pursuant to Sections 104 h d  106 must satisfy the following: 

Be protective of human health and the environment. 

Comply with all ARARS established under federal and state environmental laws (or 
justify a waiver). 

Be cost effective. 

Utilize permanent solutions and alternative technologies or recovery technologies to the 
maximum extent practicable. 

Satisfy the statutory preference for remedies that utilize trearment and also sigd%antly 
reduce the toxicity, mobility, and volume of the hazardous substances, pollutants, or 
contaminants. 

In addition, CERCLA 5121(c) requires five year reviews to determine if adequate protection of 

human health and the environment is being maintained where remedial actions result in hazardous 
substances remaining on-site above health-based levels. A discussion is provided below on how the 

selected response action for Operable Unit 2 satisfies these requirements. 

0 
10.1 

The selected remedy achieves the requirement of being protective of human health and the 

environment by removing the sources of contarmnatl * 'on and disposing of the excavated material in an 

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

engineered on-site disposal facility and a fraction of material at an off-site disposal facility. The on- 
site disposal facility will utilize engineering design features to prevent human and ecological 
contact with the contaminntPn material. The facility will also be designed so that based on current 

EPA standards and modeling/risk assessment methodologies, it will not pose unacceptable impactS to 
the Great Miaqi Aquifer. Baseline cancer risks from current conditions exceed the 10" to 106 

acceptable risk range established by EPA in the NCP. Under the future land use scenario of 
continued federal ownership, the residual cancer risk associated with Operable Unit 2 will be reduced 

to 2.5 x 106 which is within the acceptable target risk range. Non-carcinogenic hazards will be 
reduced to 2.0 x lo2 which is less than the EPA standard of 1.0. 

186 



FEMP-OrndFINAL 
May 15, 1995 

to be excavated under the selected alternative. The COCs for the smndary cleanup levels pose risks 
that are close to the 106 point of departure and contribute a small percentage to the overall risk from 
Operable Unit 2. Based on existing analytical results from the RI and the volume calculations from 

the FS, secondary cleanup levels will most likely be achieved by remediation to the primary levels, 

however, will be confirmed through post-remediation sampling. 



TABLE 9-1 
(Continued) 

aBackpund value from Operable Unit 2 RI Report, Table 4-1A, surface comtratim. 
bThe cleanup level is the lowest value of the 106 ILCR, 0.2 Hazard Index, or ARAR standard. 
'ILCR = incremental lifetime cancer risk. In the case of radionuclides, the cleanup level is the concentration 
responsible for the incremental risk plus the background concentration. 
dThis value determined by calculating the Uranium-238 comtrat ion in.uranium-total. 
eARAR = applicable or relevant and appropriate requiffment 
fBased on the proposed MCL for Uranium (56 Federal Register 33050). 
gcleanup level due to off-property resident farmer receptor 
hThe lead cleanup level applies to the Fixing Range only, not the entire South Field area. 
iBased on the EPA "Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action 
Facilities" (OSWER Directive 9355.4-12). 
JBased on DOE Order 5400.5, Chapter IV (4)(a)(2). 

Source: Table 2-23, operable Unit 2 FS Report. 
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9.0 SELECTED REMEDY 

Based upon consideration of the requirements of CERCLA, the detailed analysis of the alternatives 
using the nine criteria, and public comment; DOE and EPA have deterrmned that Alternative 6 is the 

most appropriate remedy for Operable Unit 2 at the FEMP. 

Alternative 6 will be protective of the federal ownership scenario through excavation of all waste 

materials and soils with COCs above the cleanup levels (presented in Section 9.2), material processing 

for size reduction and moisture control if required, on-site disposal in an engineered disposal facility, 
off-site disposal of a small fraction of the excavated material that exceeds the waste acceptance criteria 

of the on-site disposal facility, and continued federal ownership of the FEMP. The key components 
of the selected remedy are summanzed * below. 

9.1 KEycoMPoNENTs 

The selected remedy consists of the following key components: 

Construction of the engineered on-site disposal facility. The on-site disposal facility will 
be located within the limits of the potentially acceptable region shown on Figure 7-1 and 
will have at least a 300-foot buffer zone between the waste and the property boundary. 

The on-site disposal facility will be CoIlStNcted with a composite liner of soil and 
geosynthetics. The excavated material will be placed on the liner system. The 
composite cap of soil and geosynthetics will be constructed above the waste and tied-in 
with the liner system. Construction will also include associated site work and 
installation of monitoring wells. The composite liner and cap will be as shown on 
Figure 7-2, or equivalent. The design of the disposal facility is subject to review a d  
approval during remedial design based on additional investigations and the design 
process. 

Excavation at the Operable Unit 2 subunits to the required depth established by the RI 
and FS Reports to remove materials with COC concentrations above the cleanup levels 
(see Section 9.2). Excavation will be performed in such a way as to minimhe possible 
dilution of waste and the concept of ALARA will be documented in the Remedial Action 
Work Plan and implemented during construction. 

Verification sampling and testing in the excavated area to confirm that material with 
COC concentrations above the cleanup levels has been removed. If the results of the 
verification sampling and testing indicate that contamination above cleanup levels 
remains, then additional excavation and verification sampling and testing will be 
performed until acceptable results are obtained. 

FER\cRu2\RoD\QIREBc-9\hiry 10,1995 12- 9-1 
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Figure 7-1 depicts the proposed feasible location of the on-site disposal facility. Based on a series of 

soil borings made in the area, the geology of the disposal facility location identified in the figure in 

combination with the engineering controls will be protective of human health and the environment. 

However, the disposal facility location is subject to review and approval during the remedial design 

phase. DOE intends to construct only one -sal facility at the FEMP. Should on-site disposal be 

selected for other FEMP operable units, the disposal facility capacity and configuration would be 
adjusted accordingly during the remedial design process to accommodate other FEMP operable unit 

remediation wastes (that meet the established waste acceptance criteria). DOE will not dispose of any 
off-site waste in this on-site disposal facility. 

0 

9.2 CLEANUP LEVELS 

The goals for protecting human health and the environment depend on the contaminatPA mediaandthe 
exposure pathways. The exposure pathways are dependent on the future land use designated for the 
FEW site. The two land-use scenarios considered in the FS are continuing federal ownership of the 
FEW (with restricted access) and the site being used by a farmer with no use limitations. These 

scenarios represent two extremes of land use; future land use may be similar to either one of these 

scenarios or may fall between these two scenarios. Corresponding soil cleanup levels have been 
determined to meet the acceptable risk range (1 x 104 to 1 x 106 and a HI = 0.2). If found to be 
necessary, the Operable Unit 5 ROD will modify the Operable Unit 2 cleanup levels downward to 

ensure protectiveness of human health and the environment. 

The cleanup levels for the selected alternative were developed to protect the expanded trespasser 
under a future land-use scenario of conrinued federal ownership. A d t i - s t e p  process was followed 
to develop the Operable Unit 2 cleanup levels, which were called Prelimhry Remediation Levels 

(PRLs) in the FS/PP. The first step of the process was to develop risk-based Prelimbry 
Remediation Goals (PRGs), which are cleanup levels based on results of the Baseline Risk Aswmemt 

that are protective of human health. Risk-based PRGs were then modified based on a number of 

factors including access controls, such as fencing to keep intruders out, and proposed engineering 

controls. 

The Operable Unit 2 cleanup levels have been divided into primary and secondary cleanup levels, 

which are presented in Table 9-1 and Table 9-2, respectively. The COCs for the primary cleanup 
levels contribute over 90 percent of the risk from Operable Unit 2 and over. 99 percent of the volumes a 

9-3 
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1.0 INTRODUCTION AND BACKGROUND 

0 This document presents detailed information in support of the conceptual design for the On -Site Disposal 

Facility (OSDF) and presents the facility's functional requirements. This document presents that 

information necessary for inclusion in a Functional Requirements Document pursuant to FERMCO 

Engineering Procedure No. 124001, Revision D. Functional requirements are the fundamental technical 

criteria and design requirements necessary to develop facility design. 

The Fernald Environmental Management Project (FEMP) is a 1.050 acre Depmment of Energy (DOE) 

facility located in southwestern Ohio approximately 18 miles northwest of downtown Cincinnati, Ohio. 

An aboveground. engineered disposal facility for low level radioactive and Resource Conservation and 

Recovery Act (RCRA) wastes is to be constructed within the boundaries of the FEW. 

The OSDF is a component of the selected remedy for Operable Unit 2, the preferred remedial alternative 

for Operable Unit 5 ,  and the leading remedial alternative for Operable Unit 3. 

1 

0 

IO 

I I  

12 

13 

14 

I S  

16 

17 

111 

1-1 



2.0 DocuMENTscoPE. 
7 

The functional requirements identified in this document cover the OSDF. relocated entrance road, haul 

road, leachate conveyance system, and utility support to the OSDF. This disposal facility will encapsulate 

impacted soil and debris with contamination levels below the waste acceptance criteria (WAC) from 

operable units at the FEW. 
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i 3.0 GENERAL FUNCTIONAL REQUIREMENTS: . L,  

2 

Approximately 2.5 million cubic yards @ank/unbulked) of material will be removed from Operable Units 

majority of the material to be placed in the facility will be native soil and building materials impacted 

1 

2, 3. and 5 during mediation activities and will be placed in the OSDF for ultimate disposal. The 0 4 

S 

with radionuclides. 5 

The design life for the OSDF will be at least 200 years with continued effectiveness for up to lo00 years 

to the extent practical and reasonably achievable. The design life of specific OSDF components will be 

J 

? 

determined using a graded approach based on the repairability/maintainabiliry of the component. the 

consequences of failure to that component. and the ability to reasonably determine or extrapolate the 

design life of a specific componcnt based on existing data, information and calculation methods. The 

facility will remain under perpetual Federal control with active maintenance; however, maintenance 
in the engineering design-of the facility. requirements are to be mumuzed . .  . 

For planning purposes, it is assumed that the remediation activities will be completed over a 10 year 

period. Depending on availability of funding, the implementation period could be reduced to seven years 
or expanded to 25 years or more. e 
The facility will be sited in an area within the FEW property limits that has geology which is accepted 
as being protective of the underlying Great Miami Aquifer. A siting study has been conducted to 

delineate the most appropriate location. The siting is dependent on the most environmentally protective 

geology. The site selection and gametic configuation have ban.choscn U) impaas U) tbe 
environment as well as mbimhiq setlamu within the m b s t ~ & ~ -  The Fate aad,Tramspoxt Model 
indicates that a minimum of 12 fcet of native gray clay pro* protccaon ' oftheGreatMiami 
Aquifer from potential leachate from the facility. The preferred site is an area approximptely 800 feet 

wide and 3700 feet in length located east of thc former Roduaion Area. "his site iS ixkatedon 
Figure 1. 

The facility will be desi& to provide long-term protection from migration of constitwnn of concern 
(COCs). .A conceptual design for this facility is presented in Appeadk E.3 of the operable Unit 2 

Feasibility Study (FS), and Sections 7 and 9 of the Final Record of Decision (ROD) for RmaM Actions 

At Operable Unit 2. The Waste acceptance criteria (WAC) for this facility have been determined so that 
the proposed engineered capping and liner system, coupled with the existing geology, will provide 
adequate proteaion to human health and the enviromaent. The siting and design wil l  ensure that the 

10 

I I  

I2 

I1 

I4 

IS 

IO 

17 

I8 

I9 

21 

.. - 
n 

24 

J 

24 

3 

m 

29 

Y) 

II 

12 

.. 
J: 

u 

35 

3-1 000175 





contents of the facility will pose no unacceptable risks to potential humaa and environmental r&pton. I 

The conceptual design for the capping and liner systems of the OSDF is shown in Figurc 2. A conceptual 1 

0 cross-section is presented in Figure 3. 

To accommodate construction of the OSDF, the FEMP north entrance road will be relocatad. The north 

entrance road will be a permanent facility and soil above the final remediation levels will be removed 

from the vicinity of the road prior to its construction. The road will be a two lane. undivided road with 

shoulders on each side. Each lane will be 12 feet wide and each shoulder 5 feet wide. It will be an 

asphalt paved road with gravel shoulders having a 3 percent cross-slope. The design speed is 30 mph. 

The borrow material from south of the former production area will be used at the OSDF site. so hauling 

trucks will cross southern portions of the proposed north entrance road at two locations and also the south 

entrance road at one location. The use of lighted traffic signals will be investigated and, if applicable, 
included in the design. 

3 

a 
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12 

I3 

I4 

A haul road will be constructed to bring OU2 waste materials and impacted soils and debris to the OSDF. I5 

The haul road will be located in the contaminated area to transport about 300,000 cu. yd. of waste 

material from within the operable units to the OSDF. The road will be a two lam, asphalt paved, 

I6  

17 

undivided road with shoulders on each side. A typical section of the road consists Of two 12-foot lanes I8 0 and a 5 ft shoulder on each side. I9 

Leachate and collected stomwater from the active and closed portions of the On-site Disposal Facility 

OSDF will be collected at a sump at the southwest comer of the OSDF. The waste liquid will be pumped 

from the disposal facility collection sump 10 the Cre8tMPt/dispOsal in a buried, doublc-contakd pipeline. 

The design life of the waste liquid.a9nsf# systanshall be 200 years. The sysfan shall 

the maximum and minimum flow ates eipcctai during and after cappiq of the OSDF. 
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4.0; REGULATORY REQ-S L I .. 

The OSDF detarled design will conform with CERCLA §121(d)(2) which requires that remedial actions 

protect human health and the environment and comply with applicable or relevant and appropriate 

requirements (ARARs). The complete list of Operable Unit 2 ARARs can be found in the Operuble 

Unit 2 (ROD). 

0 

EPA has identified three categories of ARARs: 

Chemical-specific A M  are usually health- or risk-based numerical values or methodologies 
used to determine acceptable concentrations of chemicals that may be found in or discharged 
to the environment [e.g.. maximum contaminant levels (MCLs) that establish safe levels in 
drinking water]. 

Acrion-specific ARARS are usually technology- or activity-based requirements or limitations 
on actions or conditions involving special substances. 

Location-specific ARARs restrict actions or contaminant concenfrations in certain 
environmentally sensitive areas. Examples of areas regulated under various federal laws 
include floodplains. wetlands, and locations where endangered species or historically significant 
CUlNrd CeSOuTceS are present. 

@ 
Sources of Operable Unit 2 ARARs are federal and state laws, regulations, and guidance and DOE Orders 

that address the site-specific circumstances in Operable Unit 2. 

The chemical-specific requirements include ARARs associated with potential releases to air, surface 
water. groundwater, and peneaating radiation. Releases of dust and radiation to the air will mcct 

applicable requirements ; dischvgg to surface water will MCI Ohio water Quality criterin; the 

groundwater will be proteaed to drinLingwatersmndatds; and the public will k ptotecrsd amrdingto 

DOE Orders from potential nluws of radiation. 

Actiompecific ARARs require that the OSDF be designed and consuuUcd to comply with lppropriate 

DOE Orders ( iud ing  the As Low As Reasonably Achievable (ALARA] policy); 40 Code of Federal 

Regulations (CFR) 192(urauium mill t a h g  disposal); RCRA requimnentS for the disposrl of hazardous 
waste; and Ohio EPA solid waste disposal nquirementS. 
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The protection of endangered species, cultural resources: f loodphh armd wetlands in thG-locations of 

remediation is covered under the location-specific requuemems. IfplesC requirements also include the 

Ohio siting requirements for the OSDF. Pursuant to the Operable Unit 2 ROD, a waiver has been 

I 

, 

granted to allow the facility to be constructed over a high-yield, sole-source aquifer. ab 
5 

5 



--. - 18 6 
I 

. 4  5.0 NUCLEAR SAFETY-AND RADIATION PROTECTION 

a Radiation protection shall comply with ARARS identified for this project and ALARA principles. This 3 

project will not involve handling, storage, or treatment of special nuclear materials; therefore, safeguards 4 

for these materials are not required. 5 

6 

Since the maximum uranium radioactivity of waste materials allowed in the OSDF is less than 1,030 

picocuriedgram. no shielding or. special handling requirements are needed. d 
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6.0 SPECIFIC FUNCTIONAL REQ- *.". 186: 
The prunary components of the OSDF are listed below'and graphically presented in 

Figures 2 and 3. a 
a liner system consisting of primary and secondary barrier layers with leachate collection, leak 
detection and a protective cushion layer 

placement and compaction of waste fill material 

management of leachate 

a multi-layered capping system consisting of an infiltration barrier layer overlain by a drainage 
layer, a biotic barrier. a filter layer and a vegetative layer 

management of surface water 
a relocated North entrance road for FEMP access 
a haul road for transpon of impacted material from the South Field to the OSDF 
supply of and relocation of utilities unpacted by the DF 

6.1 LINER AND LEACHATE SYSTEMS 
The basal features of the OSDF include the following: 

liner systcm 
leachate collection system, and 

leak detection system 

These systems and their functional requirements are described in the following section. 

6.1.1 4&rSvstm 

The liner system will consist of a combination of lyuural matefial (soiyrock) ad sypthaic compo-. 

The liner system's primary barrier layer will consist of a synthetic flexible mcmbrult overlying a 

clay/synthaic geocomposite. The secondary barrier layer wil l  also consist of a symhaic flexible 

membfilllt ovdying 8 clay/synthuic geocamposite plus a minimum of thra feet of campreted clay. "he 

on-site native clays may be nmolded to form this clay layer provided tbat performance nquiranents 

(permeability less than cm/sec) are met. Otherwise, the clay will be hauled from an off-site borrow 

source. A passive, leak detection system will separate the barrier zones. 

The h e r  system will, if feasible, be founded within the VCRid limits of the brown clay f o d o n  which 
typically overlays the gray clay formation. The liner systcm must be sited so that at l a s t  12 feet of gray 

clay exists below the liner. Funher, it is desired that no part of the liner sys& be w m  on till. -I) 
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In order to minimite excavation,-it is desired that the top of the protective cushion layer for the primary 

liner system be at or near existing grade. Due to the existing topography. some additional grading may 

be required at the northeast comet of the preferred site to provide proper drainage. 

The liner system components will be keyed into a perimeter toe berm. The horizontal extent of the liner 

system to be installed in each phase will be delineated by this toe berm. The OSDF should be 
constructed in several discrete segments with-separate leachate collection systems. Each of these is 

.considered to be a phase. The toe berm will serve as a containmeddiversion structure for runoff from 

the active area during placement of unpacted material prior to installation of the cap. The liner system 

will be protected from damage caused by burrowing animals and plant roots. 

6.1.1.1 Site Prmaration 

Prior to commencing excavation in preparation for installation of the liner system. the existing surficial 

(top 6 to 12 inches) soils identified as (COCs) will be removed as part of the remedial activities for the 

operable units. These materials will be temporarily stockpiled in a controlled area and protected from 

erosion, dust, and dermal contact by potential receptors. A f m  completion of the liner system (by phase). 

the stockpiled surficial soils will be placed with other matexids in the OSDF. 

Water encountered during the excavation activities shall be considered as conmining low level 

concentrations of COCs. ktl groundwater and/or surface water removed from the excavation will be 

transferred to a central sump system. The earthwork contractor will be responsible for submitting a plan 

with specific procedures for handling waters resulting from the construction activities. The criteria for 

discharges to the Advanced Waste Water Trearmtm (A- from the remahl activities will be 
established by FERMCO. Refer to Seaion 6.5 for furrhet q h m a t s  relative to stormwatet 

management. 

6.1.2 Leacbate Co ilection/Mananemerg 
TheleachatecolleaionsystanwiUbeplacedabovetheprimarylintru,coUeapocentialwater.infiltating 
the capping system (estirmcd to be 0.07 inches per year while the synthaic manbarrc mnirrtairrs its 

integrity). This system-will be designed based on requirements for leachate collection. 

The leachate collection system will be protected by a combination of' gcotextiia and selected soil material 

(free of sharp, protruding objects) from the remediation activities. The placement of a cushion layer will 

not be part of the liner installation, but will be completed as part of the material pLacaaem activities. 

The leachate will be collected by a series of collector pipes. The collector pipe ttcoch will be designed 

6-2 



to provide free draining of the leachate-collaxion layer. Each collector piperwill pass through the toe 

berm and terminate into a sump. The individual sumps will discharge into-an-interceptor pipe running . 
along one side of the facility. Clearrouts should be provided on the end of each collector pipe. A central 

sump (or sumps, as required) will be provided to transfer the collected leachate via a force main to 

treatment and/or disposal as needed. 

e 
6.1.3 Leak Detection - 

The leak detection system will be a passive system which only uses gravity drainage for flow to an 
observation sump. The system will &,designed to be sensitive to low flows. Each collector (pipe) will 

pass through the perimeter toe berm to a respective sump. The sumps will not be interconnected nor will 

the leak detection system be interconnected with the leachate collection system. 

6.1.4 Liner Comuatibilitv Study 

An evaluation of the compatibility-and physical properties of proposed liner materials will be completed 

by the architedengineering (NE) firm. A review of published data on similar applications will be a key 
component of this evaluation. Physical/chrmical testing wiIl be executed where existing data is 
considered inadequate to verify the design of the liner. Interface testing to evaluate the engineering 

properties of the material contact will also be performed. a 
6.2 
The nominal capacity of the facility has been set at 2.5 million cubic yards (baak/unbulked) based on the 

estimates of quantities of material to be placed in the facility resulting from the remediation activities at 

the operable units. These materials will be placsd andampac&d to form a mound over the liner-system. 

The materials will be placed in a amnmvto minimhe settlancnt-apdlbe Camprrcted.int0 amass of 
relatively low permeability with minimal voids or chamnls through which water could ffm -. 

The side slopes of the m o d  shall be such that the potential erosion is wnfrollable ad the embanlrmems 
are stable while m k i q  d k t i v e  use of the available area. The axcptud design prepad by operable 

Unit 2, as depicted in Figure 3, indicates a slope of fivefoot horkmtal to o l ~ t  vertical coupled with a 

height of 30 feet (venid height at the cop of the slopc of material to be contained within the facility). 

A material handling/placement plan will be prepared by the A/E utilizing data on stability fnnn the 

Geotechnical Investigation and Redesign Siting Study. The AIE will provide p e r f o m  spccifications 
for handling/placement of material within the OSDF. Sizing of debris will be specified by FERMCO 

with input from the A/E. "he performance specifications will include provisions for quality control 
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requirements during placrmmt activities. The Placement Plan will ~ I s O  include s ~ i f i c - r a y k m e n u  .. for 

OSDF worker h d t h  and safety. The design of the facility will provide €or control of. fugitive emissions 

during placm-~nt of unpacted material. Real-time air monitoring will be conducted by FERMCO and 
the comtmctlon conmuor. The air monitoring plan will prepared by FERMCO with input from the 

AI€. 

The OSDF must accommodate a variety of placement and hauling equipment. Equipment may include 

track mounted dozen. wheel loaders. rubber-tired backhoedfront end loaders, andlor vibratory tamping 
compactor: Haul vehicles into the facility may be both off-highway and on-highway trucks. 

6.3 CAWING SYSTEM 
The conceptual design of the capping system consists of a layered combination of natural material 
(soil/rock) and synthetic components. The surface of the compacted materials wlll be shapdlptepared 

for placement of the capping system: This "contouring" Eayer will be typically 12 inches, but not =,ore 

than 24 inches thick. This contouring layer forms the s .L9base fur ?.he compound barrier zone consisting 

of a two-foot layer of compacted clay, a clay/synthetic geocomposite with an integral flexibk membrane. 

A d4nage layer will be placed above the barrier zone to collect and convey water infiltrat% ihe capping 
system with direct discharge to the perimeter drainage system (Refer to Section 2.1). This layer m y  
consist of natural (sand) soil material or a combination of natural aod synthetic @COW) materials. A 

biotic barr:x is required above the drainage layer to provide long-tem protection from burrowing 

anrmals and vegetative root intrusion. A Nter layer will be placed above the biotic barrier to separate 
the vegetative zone from the biotic barrier and prevent loss of the soil from the Vegetative ZORC into the 
biotic layer. The vegatjve zone will wasist of a minimum of 6 inches of topsoil overlnying a minimum 

of 21 inches of soil suiLRble to support wgcf&ve growth of sufficieat thiclmss to - Ptoper 

moisture control within 

feasible, protection agairxt erosion ('DOE OrQr 1023-92; 2000 y- Stom recunnCe -4). 

plant root zone. "he surface avcr/vcgctation shall p-. to tbe extent 

6.3.1 Far@ Qgggg 

S c h c d u l i n g / M  commams * may dictate that the facilitybe closed down at inrcrvds or for unctlded 
periods of time during-wch times all exposed impacted material will be covered, or other engineered 
controls will be used to control fugitive emissions. Daily/weeK I cover may consist of tarps, geotextilm. 

or a watering system may be used to control fugitive emissions. The exterior side slopes will be closed 

as soon as possible after the planned vertical extent of waste is achieved for each phase of placement 
activities. During material piacffnent activities. erosion fabridtarps or other tcmpoary cover will be 

used, as necessary, to control erosion on the outer slope. 
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An extended shutdown of the facility (greater that one-year) may necessitate partial cibsures: In 
anticipation of a shutdown (e.g. winter weather), the facility will be graded to promote proper drainage. 

Exposed surfaces will be covered with a layer of soil. In the went of an extended shutdown (greater than 

one year) a partial closure will be unplemented thus creating a cell within the overall OSDF. All slopes 

will be graded in compliance with applicable standards. then capped with the barrier layer, drainage layer 

and vegetative zone described above. 

Ponions of the liner system that may be subjected to freezing should be protected. It is anticipated that 

scheduled placement of materials will provide for this protection. 

6.4 BORROW MATERIAL FOR LINEWCAP SOIL BARRIER LAYER AND VEGETATIVE ZONE 

The requirements for borrow soils will be part of the OSDF design. The NE will use data from a 

borrow area geotechnical study to develop borrow excavation and restoration plans. The actual 

excavation plan will reflect phasing to coincide with the construction activities at the OSDF: 

6.5 SURFACE WATER MANAGEMENT 

6.5.1 Perimeter Draina 

The facility will be isolatz from adjacent land runon by a perimeter drainage system. This perimeter 

drainage system will divert runoff from abutting land north, east a d  west of the facility and rejoin the 

existing drainage channels/ditches south of the former Production Area. The perimeter dramage system 

will be installed in phases utilizing existing drainage channels wherever feasible. The installati~n of the 

first phase of the perimeter swale will pncede the-installation of the.- systan, "he des@ @rofile) 
of the perimeter swale will pnwide for free d k b g e  from the drainage layer, filter and biotic- 

barrier layer which are part of the OSDF cap. 

The design of the perimeter drahagc systan along the mrtb a d  east sides of the facility wil l  be 

coordinated with the drainage design for the telouued North Emtpna Road. 

- 
6.5.2 

The disturbed area shall be kept to a minimum. Erosion and sediment controls will be provided to inhibit 
soil particles in stomwater runoff. Stormwater retention shall be provided so that the Capacity of exbw 
drainage system or treatmexu systems are not exceeded. 

Mana~ement of Storm water durlgn constructlpg 
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Runoff from und&yrbed. areas not containing impacted soils shall be isolated from. the. OSDF’s 

Stormwater Drainage System and directed to the pcrhtcr-drainage system. Existing drainagechannels 

are to be used wherever feasible. 

Runoff from areas potentially containing COCs shall be collected and transferred to temporary 

holding/settling tanks. After allowing for settlement of fines, the water shall be decanted from the tanks 

and piped to treatment andor disposal as needed. 

6.5.3 Stormwater Management within Facilitv during Placement Activities Prior to Closure 

Stormwater shall be contained within the active facility area by the perimeter toe berm and collected by 

infiltrating into the leachate collection system or by temporary sump(s). Measures to control erosion of 

particulate matter from the placed material will be provided. A nonwoven geotextile may be placed over 

the exposed cushion layer to filter the runoff to prevent the accumulation of fines in the leachate 

collection system. If sumps are used. filter traps are to be provided to screen out solids. The water 

collected shall be directed to a centralized sump system. This water will be pumped until the utility 

corridor near the sewage treatment plant is removed. After removal of these utilities, the water will 

gravity drain. A retention tank or basin may be required to temporarily hold the water depending on 

available treatment capacity or to relieve ponding over the liner system. 

6.5.4 Stormwater Management After Closure (Partid or Final) 

Stormwater from areas of the OSDF that have been closed shall be directed to the perimeter drainage 

system. This perimeter system is described in 6.5.1. 

6.6 SUPPORT ELEMENTS. 

6.6.1 Staginn Arq 

A staging area will be providdnear or within the overall fooCprimof the facility to sme as atanporary 

holding area for Qnrolitiondcbris ad impacted material. This area will be aCOLlCntC slab to facilitate 

rehandliq of the debris/material without breaking up the ground sulfacc. The size ofthe Z T Z  is 

dependant on the rate the debris is generated and the availability of space within the facility to place the 

material for final disposition. The design will provide flexibility to accommodate varied demand by 

initially constructing a staging area one acre in size and desi- expansions to provide an am of up 

to three acres. 
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c -  

Runoff from- &:staging area will be c o l l d  in a local sump where it will -be pump& toAtrcmmt E 1 8 6  I 

e 4 

and/or disposal as needed. This discharge WIU be coordinated with other collected waters potentially 

contahng COO. Secondary containment in the form of a flexible membrane liner, drainage layer and 
2 

1 

subdrain system will be provided under the concrete slab. 

6.6.2 Perimeter Securitv FencinnlTemrarv Fencing 

Perimeter security fencing will be installed to limit the work area for the OSDF. Temporary fencing will 

be installed. as required. to delineate work areas within the limits of work. Requirements for temporary 

fencing will be developed during the design activities. 

3 

9 

10 

6.7 UTILITIES 

6.7.1 Utilities to S U D D O ~  OSDF 

i i  

I 2  

I3 

The construction, waste placement activities, closure, and post-closure of the OSDF and Borrow Area 14 

IS (BA) will require several site utilities to perform its function. These utilities arc nccdcd to support 

functions under varying service requirements. Utilities will be run to the point of service at the OSDF. 
These utility needs are described below for three phases of OSDF operation. 

lb 

I7 

0 construction: 

ia 

I9 

0 
construction operations cewr including elecvical power, potable water and 21 

communications. z! 

construction service water u 

0 -  sewerage a 
n 

naturalgas m 

I3 
- 

B 
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Waste Placement and Closure Activities: m 
3; 

0 -  . .  'vc control center, including electrical power, potable wafer ami n 

waste placement activities service water S 

sewage 3- 
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Post-Closure Care Activities: 

administrative and maintenance control center. including electrical pwm. pot:de water 3 

and communications a 

sewage 

naturalgas 

Functional Requirements are described below: 

e 

0 

e 

e 

e 

e 

e 

a 

0 

The A/E firm shall detennine the types of utilities and capacities of the services required. 
Interface with the OSDF NE firm is required. 

The NE firm will design the utility services from a source of the utility to the interface 
point with the OSDF. The interface point of these utilities will be determined by 
FERMCO. The location of the utility source shall be proposed by the N E  firm and 
approved by FERMCO. 

The design should take into consideration the requirements for safely connecting utility 
lines to existing live utility service lines ("hot tapping"). If hot tapping is not feasible, 
the subcontractor shall notify FERMCO as to the requirements for service outages during 
connection. FERMCO shall make the final determination of requirements for service 
outages. 

The design of the utilities shall be performed using regulations and guidance from lczd 
and state governments. OEPA, Cincinnati Gas & Elearic, other public utilities, AS% 4. 
ASCE. ANSI, ACI, NEC, or other groups which promote safety and design standads 
for utilities supply. 

The AE will evaluate the optimal routing to provide these utilities to the interface point. 
with consideration given to avoiding arcas that are to be demolished, developed, on-site 
soil remediation areas and borrow artas in which excavation is p l a m d  

As possible, the utility routing shall be installed in existing utility corridors, a8 identified 
by FERMCO. 

The utilities shall be installed at a depth sufficient to resist frost damage/ frost heave, 
based on local coditions. 

The utility lines shall be designed to accommod?te vehicle a d o r  raiimad loadings at 
locations where the pipeline will cross kne;ith haul mads, aaew roads and nilroads. 

A watcr supply will be provided for dust suppression and moisture control during 
placement of material in the facility. Multiple hose comcctions will be provided along 
the western side of the facility. 

- 



6.7.2 Relocation of Ex istiniza Utilitis. L -  186 
Li I 

It will be necessary to relocate existing utilities located within the proposed footprint of the OSDF. An 

ME firm will verify the vertical and horizontal location of the existing utilities to be relocated in 

coordination with the desigxdconstruction of the relocated North Entrance Road and prepare a plan of the 

confirmed location. 

0 

These activities are required to abandon or remove, and relocate utility, service lines. and site facilities 

within the battery limits of the On-Site Disposal Facility north of the 480,725 north latitude (1982 Nonh 

American Datum, NAD) line. This may include, but not be limited to: namral gas lines, underground 

and above ground power lines, buried and above ground telephone lines, samtary and industrial waste 

sewers, water lines, and foundations. storm sewers, security fences, and air quality monitoring stations. 

Utility relocation activities include the following: 

the determination of which utility lines, and air monitoring stations are to be replaced, 

the design of the replacement facilities, 

determination of the design capacity of each proposed utility line (based on existing and 
future requirements), 

determination of materials of construction and installation methods consistent with public 
utility requirements, 

routing of the replacanent lines, and 

abandonment of the items (e.g.* pipelines) I 
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The design of rcplaccavm systam a x l  aba&mmdranovd of cxist iq systems shall be hadon public r 

utility, local and state govenrmcnt, OEPA, DOE, and FERMCO rapkmms. 3 

3 

6.8 FA- FOR 3 

Administrative, hygicm and maintenaace facilities will k provided to support operafion~ of the OSDF. 3 

- 

6.8.1 Adminisnat ive SUDDO~ 

Trailers will be provided for administrative functions requved placement of impaaed material in 
the OSDF. Parking will be provided adjacent to the administrative trailer for the work c m ,  office staff 
and visitors. The parking area will have an all weather surface. An access road will be provided from 
existing roadways. The support area will be fenced with access con~olled by a d y  operared and 
locking gate. Lighting will be provided to iliuminate the area for safay and sccufity. 

a 



6.8.2 

A personnel decontamination trailer will be provided in order to pass from the administrative suppon area 
to the active work area of the disposal cell. This decontamination trailer will also contain lockers, 

complete showers, and sanitary facilities. 

Personnel Contaminant Reduction During Placement Activities 

Personal vehicular access to the. work area will not be permitted from the administrative area with the 
exception of emergency situations. A normally locked vehicle gate will be provided for emergency 

accesslegress. 

6.8.3 huiDment Maintenance 

A site-wide fueling truck will service the OSDF equipment and vehicles; therefore, a local fueling station 

will not be required. All day to day equipment maintenance at the fueling station will be provided by 
FERMCO. 

Major equipment repairs will be made in a central maintenanceldecontamination facility provided by 
FERMCO. Equipment decontamination is discussed below. 

6.8.4 Eauhment Decontaminatioq 

The under carriage and exterior of all haul vehicles leaving the disposal facility work area will be cleaned 
to remove particulate matter. Each haul vehicle will pass through a decontarmnat ion station consisting 

of high pressure spray from the sides and bottom. These decontamination stations will be temporary 

facilities or transportable units since the egress points from the facility wili vary comiderably with time. 

Side panels will be used to control fugitive emissions from the decoaamhation statioos. In the OSDF 
prior to shipment to the central maintenaace/ decontaminMion facility for complete decontamination and/or . 

service. 

6.9 

6.9.1 Tcst Pad Prtyrim 
Soil test pads will be comt~~cted within the limits of the OSDF in accordctxx! with Ohio ivc 

Code (OAC) 3745-2Y-08 paragraph (C)(lXm). Separate test pads will bz colpsvuctcd for each source of 
soil. 
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6.9.2 Monitoring Well ClosurG 

Existing monitoring wells located within the limits of the OSDF'will be abandoned by overdrilling and 

@ grouting with expansive grout. 

6.9.3 Monitoring Well Installation 

New monitoring wells will be installed in conjunction with each phase of disposal cell construction. 

6.9.4 Radiation Monitoring Svstem Relocation 
Existing radiation monitoring stations within the limits of the OSDF footprint will be relocated. 

6.9.5 Air Monitoring Svstem 

Existing air monitoring devices located within the limits of the OSDF will be abandoned in conformance 

with sire specifications and relocated as necessary to maintain the overall monitoring of the FEMP. New 

air monitoring devices for evaluating the performance of the on-site OSDF will be installed in conjunction 

with each phase of OSDF construction. 

6.10 ROADWAYS 

Both the haul road and the north entrance road is to be designed for H-20 loading. 

6.10.1 Haul Road 

The haul road will be located in the contaminated area and will be a two lane, undivided road with 

shoulders on each side. A typical section of the road corsists of two 12-foot lanes and a 5 ft shoulder 

on each side. It will be an asphalt paved road with gravel shou&rs having 3 perceat cro8s-slope. "he 

primary use of the haul road is to tramport waste mMcrial from witbin the apeableuniato the opsite 
disposal area. It is anticipated that appkximatcly M0,OOO CY of material will be hauled from the 
Operable Unit 2 (OU2) South Field/lnactive Flyash Pile areas to tbe OSDF. The haul road b to be 

designed for an average daily taffic (AD") of 400 and anticipated life of 5 yean for the poniOn west 

factor for ofthepropogsdOU1 ailrordsystunand10yeanfortherrsternportion. - Thedrstnbut#wr 
each lane is 50 pment. The eastern portion of the haul d crossm 5 ailroad spun, but -spun 
will be non-operational at the timc of thc haul road const~~ctiou. The design speed is 20 mph. Sia fe  

the road is to be used by hauling a~&,  the maximum grades wil l  be less than 396. The use of a lighted 

traffic signal at the road crossing and at an active railroad track c m h g  on the  we^( side will be 

investigated and, if applicable, included in the design. Once the haul road is abandoned, any material 
not meeting the Final Remediation Levels (FRLs) will be removed and dispositioned in accordance with 

site policy. 
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6.10.2 North Entrance Road 
The nod envan~e road will be a permanent facility and soil contaminatad above the finalxcmaiiaion 

levels will be removed from the vicinity of the road prior to its construction. It will be a two lam, 

undivided road with shoulders on each side. A typical section of the road is shown on Figure A-3 which 

consists of two 12-foot lanes and 5-foot shoulders. It will be an asphalt paved road with gravel shoulders 

having a 3 percent cross-slope. The access road to the monitoring wells will be 12-foot wide gravel road 

with a turn around at the monitoring wells. This road will be used primarily by pssenger cars and light 
trucks. The road is to be designed for an average daily traffic ( M T )  of 6000. anticipated life of 20 

years, and the distribution factor for each lane is 50 percent. 

This road is to be constructed in two phases. The first phase will pass around the existing sewage 

treatment plant and electrical substation. The second phase will be coostructed after the removal of the 
existing sewage treatment plant and the electrical substation when this road will be straightened. The 

design will incorporate both phases; however. the phases will be constructed in separate contracts. The 
design speed is 30 mph. 

The borrow material from south of the plant will be used at the disposal site, so hauling trucks will cross 

southern portions of the proposed north entrance road at two locations and the south entrance road at one 

location. The use of lighted traffic signals will be investigated and, if applicable, included in the design. 

6.11 

Leachate and collected stormwater from the active and closed portions of the On-Site Disposal Facility 
(OSDF) will be coilecud at a sump at the southwet corner of t k  O F .  The colleabd liquid wil l  be 
pumged from the disposal..fpcility colleaian sump EO treamaddisposd in a buried, doubleamraid 

pipeline. The system includes pumping, piping, flow amswam# ad monitoring, I& & d o n ,  and 
maintenance fixwes and appmmms requid to safely transfer the coilected liqud from the OSDF 

collection sump to the aeammt/dhposal collection location. Thc design life of the li@ tcppBter system 

(9pth of 
flow, velocity, head, e.) at p[IpximLrm flow ratc as well as the minimum flow riue expected after 

completion of the OSDFcapping system. The conveyance system design flow rate is cxpeasd to vary 

over the waste placemeat and post-cloam carc period of the OSDF. 

WASTE LIOUID CONVEYANCE S YS-a 

sball be 200 years. The cow- design shall include daerminiag the flow 

6.11.1 Pipeling 

Functional requirements for the conveyance system pipe design include the following itar;. 

~ . . . ., .. 



0 Pipeline will be designat with~suffiicient capacity~totsafely c o n v ~ ~ l e z c h u e - a n d c o l l ~  
stormwater from the 0SDF-collcuion.sump to the tmtment/disposal-collection location 
without back up of liquid into the OSDF leadrate collection system. The capacity will 
be designed to handle the discharge generated during the construction. waste placement, 
and postclosure phases of the project. 

0 Pipeline will be double contained such that any leak occurring in the primary conveyance 
pipeline. would be collected in the secondary, outer pipe. and prevent discharges of water 
to the environment. 

Pipeline will be designed such that materials specified for the pipe are compatible with . 
the contaminants expected to be present in the leachate. and be resistant to premanrre 
wear based on the condition of the liquids and/or surrounding soil. Additionally, the 
materials of construction will be compatible with the materials used by the OSDF design 
firm in their leachate collection system installed within the OSDF. 

The pipeline will include provisions for corrosion control, as required, to resist soil 
conditions encountered along the pipeline route. 

The pipeline will include provisions for inspection and cleanout of accumulated sediment. 
blockage, or other material that may caue flow coastrictiodreduaion. 

The pipeline will be installed at a depth sufficient to resist frost damage/ frost heave, 
based on local conditions. 

The pipeline will be designed to accommodate vehicle and/or railroad loadings at 
locations where the pipeline will cross beneath haul roads. access roads and railroads. 

The pipeline will be designed to accommodate stream or culvert crossings (as applicable). 

6.11.2 

TheFurrtionalRcqimmts of the alvm system for the liquid comrepace system iaclude the following: 
Leak Detection Svstem/ High Level A l m  

A 1cak.deteCtion sensor be provided to hdkateto pasomd thrt.8 leak ha8 
occumd in the primary pipe. The leak detection systan shall idiamtbe rpproximpte 
location of the leak. 

The leak detection systan will be Compatible with the system designed by tk OSDF 
design firm for the OSDF leachate p ipek .  

A higb level alarm systcm will be deigned to alert AWWT opeaton of such conditions 
in the lnchntr. collection sump. 

6.11.3 Rum, S v s t a  

If a pressurized system is required, a pump system will be designcd to deliver the anticipatd flow rates 

(maximum and minimum) to the liquid treatment disposal facility. The pumps shall be installed in the 
@ collection sump. The F-od Rm-nts the.fouowing: 
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a 

The~pumps:will kdesignedwith sufficienrfflow+aXMi$&CapaCity~ to, convey the design 
flows from the'0SDF dischargeigenerated-during the cozWUction, waste placemcm, and 
postclosure phases of the project. 

The power supply requirements will be similar to tho* provided for the OSDF pumping 
system. 

The pump settings will be designed to include a method for removal, repair and 
replacement of pumps. Duplicate pumps or other arrangements shall be made to provide 
for uninterrupted delivery of waste liquid to the treatment/disgosal facility during pump 
maintenance. 

The pump system will be designed to turn on and off automatically depending upon water 
levels in the leachate collection sump at the OSDF. A manual odoff  override system 
will also be provided. The system will include an automatic and manual shutoff of the 
pumps when upstream conditions at the treatment/disposal facility require no flow, or 
when a leak is detected in the conveyance system. 

Capacity of the pump sump will be reviewed and mudifid as required to insure sufficient 
volume exists to prwcntmpid odoff cycling of the pump system. 

Materials of construction of the pumps and seals will be compatible with and chemically 
resistant to the leachate contaminants. 

The pump system will be, capable of handling sediments in the water resulting from 
runoff from the liner system *;vithout excessive wear which may result in premanue pump 
replacement. 

6.11.4 Flow Meter 

A flow measurement device will be provided, and flow indication w-A be provided at the facility. The 

~unctio~al Req~ircments for tbe f l o ~  mctet include the following: 

0 .  Fiow-m#cr. scale will.be-rufh.that the dtsign flows 2 4  at approximatdy,u)% of full. 

scale of the meter. 
scale of cbe UHCr. The maximum design flow sb& d - a t  appmximatdy 80% of full 

Materials of construction shall be such that the flow transducer is resistant to corrosion 
and abrasion from the chairnl and physical properties of the liquids being conveyed. 

Flow mmduccr shall be designal to provide a variable output signal to a flow mtter 
1ocatedutheAWWT. 

The flow meter sball be provided with a flow totalker to allow total flow over specific 
- 

periods to be measured. 

The design of the flow meter installadoa shall allow for a method of repair, nraintenanCe, 
cleaning, and removal of the flow meter mnsduccr. 

. .  ..__ . . . . .  . . .  . . ._ . . . . 



7.0 REFERENCE MATERtALs 

0 This section iderrtifics the primary documents uscd for reference during remedial design. This includes 

those documents prepared to date to support the Remedial Design and Remedial Actions. Specific codes, 

standards, and DOE Orders which apply to this project will be identified in the Design Criteria Package 

(DCP) of the OSDF. 

The following are the primary reference documents which apply to this project: 

Remedial Investigation Report 

U.S. Department of Energy, 1995a. "Final Remedial Investigation Report for 
Operable Unit 2. FEMP. Fernald, OH, Remedial Investigation, Feasibility 
Study" U.S. DOE Fernald Office. Fernald Ohio. 

Feasibility Study 

U.S. Department of Energy, 1995a. "Final Feasibility Study Report for Operable 
Unit 2, FEW,  Fernald, OH, Remedial Investigation. Feasibility Study" U.S. 
DOE Fernald Office, Fernald Ohio.' 

Record Of Decision 

3 

4 

1 

6 

7 

3 

9 

10 

11 

I: 

13 

14 

15 

16 

17 

18 

19 

m 
21 

z 
22 
zr 
E 

U.S. Department of Energy. 1995a. "Final Record of Decision for Remedial 
Actions at Operable Unit 2, FEW, Fernald, OH,' U.S. DOE Fernald Office. 
Fernald Ohio. 2 

2 
- Remedial Design Work Plan 1 

U.S. Depamacat of Energy, 1995. "Draft Rancdial Design Work Plan for 3 

Aai0m-p Operable Unit 2' FEMP, Ftmald, OH." U.S. DOE 3 

Fernald Office, Fernald Ohio. 3 

3 
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8.0 PROJECTMILESTONES s- - 1 8 6  1 

The following milestones are defined in the “Draft Remedial Design Work Plan for Remedid Actions 

at *&le Unit i.* 
Submit OSDF Preliminary Design Review Package to EPA 12/22/95 

06/28/96 Submit OSDF Pre-Final Design Review Package to EPA 

Submit OSDF Final Design Review Package/Cenified For 

Construction to EPA. 101 14/96 

Submit Prunary Waste Haul Road Preliminary Design Review Package to EPA 0 1/29/96 

Submit Primary waste Haul Road Re-Final Design Review Package to EPA 05/03/96 
Submit Primary Waste Haul Road Final Design Review PackagdCFC to EPA 07/23/96 
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ARARs FOR OPERABLE UNIT 2 
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LIS!' OF ACRONYMS 

AEA 
ALARA 
ARAR 
AWWT 
BUSTR 
CAA 
C A N  
CERCLA 
CFR 
COC 
CRARE 
CWA 
DFO 
DOE 
DOT 
EIS 
EPA 
FEMP 
FERh4co 
FS 
HDPE 
HEPA 
HWMU 
LDR 
MCL 
MCL 
MCLG 
MTR 
NAAQS 
NCP 
NEPA 
NESHAP 
NPL 
NRC 
NTS 
OAC 
OEPA 

Atomic Energy Act 
as low as reasonably achievable 
applicable or relevant and appropriate * requirmeut 
advanced wastewater tream~[facii ty] 
Bureau of Umlerground Storage Tank Regulations 
Clean Air Act 
corrective action mauagement unit 
Comprehensive Envinmentd Response, Compensation, and Liability Act 
Code of Federal Regulations 
constituent of concedll 
comprehensive response action risk evaluation 
Clean Water A d  
director's findings and ordets 
U. S. Department of Energy 
U. S. Department of Transportation 
environmental impact statement 
U. S. Environmental Protection Agency 
Fernald Environmental Management Project 
Fernald Environmd Restoration Management Corporation 
feasibility study 
highdensity polyethylene 
high-efficiency particulate air [filter] 
hazardous waste management unit 
l a d  disposal restriction 
maximumco- * level [ d e r  SDWA] 
maximum c o n d o n  limit [under RCRA] 
maximumcontarnurant * level goal [under SDWA] 
minimum technology requirements 
National Ambient Air Quality StnnAatds 
National Oil and Hazardous Substances Pollution Contingency Plan 
National Emrironmd Policy Act 
National Emission Standards for Hazardous Air Pollutants 
National priorities List 
Nuclear Regulatory Commission 
Nevada Test Site 
Ohio Administratrv * eCode 
Ohio Environmental Protection Agency 

080274 
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LISI' OF ACRONYMS (Continued) 

ORC 
PAH 
PCA 
PCB 
PEE 
PP 
PPb 
PPm 
PRG 
PRL 
RA 
RAC 
RCRA 
RI/FS 
ROD 
SARA 
s a  
SBWA 
sowc 
SSOD 
STP 
SWMU 
TBC 
TSCA 
Tu 
UMTRCA 
USDA 
UST 
VOC 
WAC 

Ohio Revised Code 
polycyclic aromatic hydrocarbon 
polychloroe&ylane 
polychloriaated bipheayl 
prngrammaticenvirodimnadstiitement 

Proposed Plan 
parrs per billion 
parts per million 
preliminary remednho * ' n g o a l  
preliminary remediation level 
remedial adion 
Radiological Assessments Corporation 
Resource C o d o n  and Recoveay Act 
remedial investigation/f~ic%ty study 
record of decision 
Superfun4 Amendments and Reauthorization Act 
Soil Conservation Survey 
Safe Drinkmg Water Act 
Southwestem Ohio Wam Company 
storm sewer outfall ditch 
site treatment plan 
solid waste management unit 
to be considered 
Toxic Substances Control Act 

Uranium Mil Tailings Radion Control Act 
U. S. Depmeat of Agriculture 
underground storage tank 
volatile organic compound 
W a S t e a c c e p o l n C e C h ? € i i l  

t e m p o r a r y ~  
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FEMpMRo1)4 D M  
August 1.1995 

B.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS . 

AND TO BE CONSIDERED REQUIREMENTS FOR OPERABLE UNIT 5 

The tables in this appendix identify the chemical-, location-, and action-specific applicable or relevant 
and appropriate requirements (ARARs) for operable Unit 5; two types of tables are provided for 
each. 

The first type (Tables B. l ,  B.2 and B.3) identifies the regulations that may be an ARAR or a to be 

considered (TBC) criteria for any anticipated remedial activities at the FEW, and includes: 1) an 
explanation of what the requirement is about, 2) identification as an ARAR or TBC, and 3) why it is 
an ARAR or TBC. Note that the requirements column in these tables provides only a summary; the 

regulation, statute, or F e d d  Registea citation listed in the tables should be consulted for a full 
description of the requirement. 10 

The second type (Tables B.4.A through B.4.C) summarizes what will be necessary to comply with the 
11 

12 

requirements for the Operable Unit 5 selected remedy. TBCs (proposed requirements) are not 
included in these tables because, not being ARARs, they are not used to determine if the selected 

13 

a 14 

remedy will be in compliance with environmental regulations. 15 

. -- . . . - - .- . .. .. _- . -. . . . .. . 
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Restoration Monogernent Corporation 

INTEROFFICE MEMORANDUM 

To: Greg N. Jones, MS51-2 oat.: March 10, 1995 

From: Douglas L.  Holmes, MS50 FERMCOX: M:PIC :  (ES) ~95-0023 

c:  K. G.  Kep le r ,  FERMCO, MS50 
C. S. M a r t i n .  FERMCO. MSSO 

Client: DOE DE-AC24-920R21972 

Subject: Si tew ide  Ons i te  Disposal  
F a d  i t y  ,. ,?t-ki , fiw,td 'I,, 

F i l e  Record Storage Copy 106.4.6.7 

A t t a c h e d  a r e  two (21 copies of the e s t i m a t e  f o r  t h e  S i t e w i d e  Ons i te  Disposal  
F a c i l i t y ,  da ted  M a k h  10, 1995. 

To r e q u e s t  an a d d i t i o n a l  copy o f  t h e  E s t i m a t e  o r  f o r  any quest ions,  p lease c a l l  
Ken K e p l e r  on ex tens ion  6140 

D1H:CSM:tjh 
At tachments (2) 

080354 
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FERMCO 
PROJECT & CONFIGURATION CONTROL 

ESTIMATING SERVICES 

10 MARCH 95 

BASIS OF ESTIMATE 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
ESTIMATOR: KEN KEPLER 
ESTIMATE NUMBER: C2950204 (REV.01) 
TASK IO: 2 c c  1 

SITEWIDE ONSITE DISPOSAL FACILITY 

I SUPPORT I NG DOCUMENTAT I ON : 
Verbal Scope 
Drawings 
Sketch 
F1 ow 
Diagrams 

P & I D ' S  
Equipment L i s t  
Speci f i cations 
S i te  H & S 
P1 an 

S i t e  Walk [ ;;;;::a.. Quotes 

I I TYPE OF ESTIMATE: 

P1 an/Feasbl 
T i t l e  11 Des 
Construction 

Budg/Concpt T i t l e  I Des l - l  
Government 
Base1 i ne 

Independent 1-1 

BASIS OF ESTIMATE: 
This Basis o f  Estimate represents costs t o  construct  an onsi t e  disposal 
faci 1 i t y  t o  accept 2,500,000 C Y ' S  of waste/di sposabl e materi a1 from OU2 waste 
un i t s  as well  as OU3 and OU5. It i s  assumed t h a t  a l l  waste w i l l  be delivered 
t o  the  f a c i l i t y  pre- t reated t o  a predetermined waste acceptance c r i t e r i a .  A l l  
common s o i l  o r  c l a y  t o  be used i n  the construct ion o f  the l i n e r  and cap. as 
well as the intermediate cover, w i l l  be ons i te  borrow and a l l  other materials 
w i l l  be o f f s i t e  borrow. 
These estimates are considered t o  be within a -30% t o  +50% range of 
accuracy ( inc lud ing Risk Budget), based on t h e  l eve l  o f  information 
provided a t  t h i s  time. 
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FERMCO 
PROJECT & CONFIGURATION CONTROL 

ESTIMATING SERVICES 

10 MARCH 95 

ESTIMATE ASStJRIPTIONS 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
ESTIMATOR: KEN KEPLER 
ESTIMATE NUMBER: C2950204 (REV.01) 
TASK ID: 2cc1 

SITEWIDE ONSITE DISPOSAL FACILITY 

EXECUTION : 

This pro ject  i s  estimated t o  be performed by a subcontractor working a 40- 
hour week, 10 hours a day, no overtime or  holidays. Construction s t a r t  and 
f i n i s h  dates are indicated i n  Appendix D (Construction Ac t i v i t y  Duration). 

WAGE RATES: 

Wage rates w i th in  the estimates are based on the current rates furnished by 
the loca l  C r a f t  Labor Board and developed i n t o  a c r a f t  mix. A l l  Labor Dollars 
are considered constant 1995 dol 1 ars. 

ENGI NEERI NG : 

Engineering T i t l e  1/11 costs t o  support t h i s  pro ject  are included i n  
WBS No.1.1.1.1.2.3.6, 2CCD. 
Engineering T i t l e  I11 costs are included i n  WBS No.1.1.1.1.2.3.7, 2CT1. 

PRODUCTIVITY : 

A s i t e  speci f ic  factor of 1.29 has been a p l i e d  t o  Net Chart manhours. See 

Task-speci f ic  factors were ap l i e d  as necessary when identi f ied. 
PPE-specific factors were app P i e d  based on level  iden t i f ied .  See Appendix B. 
An allowance for delays caused by monitoring and radiat ion checking i s  
i ncl  uded . See Appendix C, Health Physics . 
NO exposure/burnout rates have been i d e n t i f i e d  fo r  t h i s  work. 

Appendices A and B fo r  development and app Y i cat ion.  

NOTE: - A l l  references t o  "See Appendix" re fer  t o  cost estimate Appendices only. 

ESCALATION : 

Escalat ion Has..been excluded from these estimates. Costs are considered t o  be 
constant- 1995 dol 1 ars. 



Page 2 of 4 

FERMCO 
PROJECT & CONFIGURATION CONTROL 

ESTIMATING SERVICES 

10 hiARCH 95 

ESTIMATE ASSUMPTIONS 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
ESTIMATOR: KEN KEPLER 
ESTIMATE NUMBER: C2950204 (REV.01)  
TASK ID: 2 c c  1 

SITEWIDE ONSITE DISPOSAL FACILITY 

DE -ESCALATION: 
Page 2 of the estimate summary represents a de-escalated cost from the 
current year estimate (FY95) t o  a 1993 cost value fo r  input  i n t o  the 
microframe cost system. 

UNIT RATES: 

I n  general , the u n i t  manhours, subcontract dol 1 ars, equipment dol 1 ars. and 
material do l lars  were based on 1993 MEANS. I n  most cases. a s i t e  
product iv i ty  factor of 1.29 was applied t o  the Net chart u n i t  manhours. 
The un i t  material and subcontract do l lars  were escalated 6% t o  a r r i ve  
a t  1995 constant do l lars .  

UNIT QUANTITIES: 

A l l  quanti t ies, volumes. sizes, etc., were provided by CRU2 Engineering. 
A l l  volumes o f  waste were considered bank cubic yards (BCY) a t  r i s k  
leve l .  

SWELL. DENSITY & SHRINKAGE FACTORS: 

A swell or  shrinkage factor was a p l i e d  t o  the BCYs provided by CRU2 

in-p lace or compacted cubic yards ( I C Y ) .  Factors used are estimators 
judgement based on data provided i n  'Fundamentals o f  Earthmoving' by 
Caterp i l la r  Tractor Co. Density factors used are est imator 's judgment 
based on 'Weights and Specif ic Gravi t ies '  i n  the American I n s t i t u t e  of 
Steel Construction book. Weights are for  bulk, heaped. or  loose 
materials. The fol lowing factors  were used: 

Engineering when applicable, resu P t i n g  i n  loose cubic yards (LCY) o r  

MAT' L . SWELL DENSITY SHRINKAGE 

EARTH 1.25 1.275 1.2 
CLAY 1.23 1.25 1.18 
GRAVEL 1.12 1.275 1.075 
SAND 1.12 1.275 1.075 
GEN.WASTE 1.15 2.00 1.15 (PQ0357 

B 

I) 

*L 

I) 
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FERMCO 
PROJECT & CONFIGURATION COSTROL 

ESTIMATING SERVICES 

10 MARCH 95 

ESTIMATE ASSUhlPTIONS 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
EST1 M AT0 R: 
ESTIMATE NUMBER: C2950204 (REV.01) 
TASK ID: 2 c c 1  

SITEWIDE ONSITE DISPOSAL FACILITY 

KEN KEPLER 

HEALTH PHYSICS: (See Appendix C) 

A l l  workers a t  the s i t e  w i l l  part ic ipate i n  the Medical Monitoring & 
Surveil lance Program and the FEMP Radiation In -V ivo  & Bioassay Testing 
Program. Costs are fo r  the workers’ time t o  par t i c ipa te  i n  these 
programs based on the Number o f  Workers and the Duration of Construction 
Act i v i  t y  i nforrna t i on. 
Material do l la rs  are included i n  th i s  sect ion t o  provide PPEs for the 
worker when required. Disposable PPE’s are t o  be provided by the 
subcontractor. Washable PPE’s w i l l  be provided by the subcontractor for 
the i n i  ti a1 changeout for each required worker, w i th  subsequent 
changeouts and cost f o r  washing and decontamination provided by FERMCO. 
Labor do l la rs  are included i n  t h i s  section for work delays caused by rad 
checking . 

NUMBER OF WORKERS : 

Calculation: Total D i rec t  Manhours Div. By 1813 Hours (1 Man Year) x 
1.25 ( a t t r i t i o n )  Div. By the Duration o f  Construction i n  Months x 12 = 
number of workers per year. 

(Use number o f  workers per year t o  determine CERCWSAT and Health 
Physics costs.) 

G&A (Home Off ice Expense) : 

6&A are excluded from the target estimate. The G&A costs are calculated wi th in  
the H i  cro-  Frame computer system according t o  the p l  an f o r  rebasel i n i  ng . 
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FERMCO 
PROJECT & CONFIGURATION CONTROL 

ESTIMATING SERVICES 

10 XIARCH 95 

ESTIMATE ASSUBrPTIONS 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
ESTIMATOR: KEN KEPLER 
ESTIMATE NUMBER: C2950204 (REV.01) 
TASK ID: 2cc1 

SITEWIDE ONSITE DISPOSAL FACILITY 

R I S K  BUDGET: 

A cost element, based on a r i s k  analysis calculated for  t h i s  estimate t o  cover 
a s ta t i s t i ca l  probabi l i ty  of a 50% chance o f  overrun/underrun t o  the pro jec t .  
The target estimate i s  the sum of the base estimate and the r i s k  budget. 
The target estimate i s  the bas is  for  the Performance Baseline. The r i s k  
budget fo r  these projects w i l l  vary according t o  the resu l t s  of the 
analysis. See the Risk Analysis a t  the end o f  each estimated a l te rna t ive  
and refer t o  the Estimate Summary Sheets. 

CONTINGENCY: 

An amount budgeted t o  cover costs tha t  may resu l t  from incomplete design. 
unforeseen and unpredictable condi t ions,  o r  uncertainties. The amount o f  the 
contingency w i l l  depend on the status of  design, procurement, construction, 
and the complexity and uncer ta in t ies o f  the component par ts  of the pro ject .  
Contingency i s  not t o  be used t o  avoid making an accurate assessment of 
expected costs. 

Contingency i s  calculated as t h e  de l ta  between the 50% chance o f  overrun 
and the 5% chance of overrun, ind icated on the r i s k  analysis. 
Contingency for these a l te rna t ives  w i l l  vary based on the resu l t s  of the 
r i s k  analysis. See the r i s k  analysis a t  the  end o f  each estimated 
a l ternat ive and re fe r  t o  the Estimate Summary Sheets. 
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FERMCO 
PROJECT & CONFiGURATION CONTROL 

ESTIMATING SERVICES 

10 MARCH 95 

SCOPE OF WORK 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
ESTIMATOR: KEN KEPLER 
ESTIMATE NUMBER: C2950204 (REV.01) 

SITEWIDE ONSITE DISPOSAL FACILITY 

INCLUSIONS: 

Costs have been included i n  the F i e l d  Directs for: 

SITE PREPARATION 
Construction Survey 
Excavate 6" topso i l  stock fo r  use i n  c e l l  
Access road - 6000 LF 
Storage area #1. 365' x 365'. 9"thk.  concrete pad 
Decon. t r a i l e r  purchase 
Clear  and grub surrounding area - 105 acres 
Temporary fencing - 10.000 l i n e a r  fee t  
Decontamination f a c i l i t i e s  - equipment - 25' x 60' 
Decontamination f a c i l i t i e s  - personnel - 11' x 11' 

EROSION and SEDIMENT CONTROL 
S i l t  fence 
Diversion Berm 
Diversion Ditches 
Hay Bales 

NORTH INTERCEPTOR TRENCH 
Excavate trench 
Riprap 

Subgrade preparat ion - remove t o p  s o i l ,  grade/compact 
Construct l i n e r  w/borrow mater ia ls 
I n s t a l l  leachate c o l l e c t i o n  system 
I n s t a l l  leak detect ion system 
I n s t a l l  leachate discharge system t o  A M  
Back f i l l  and compact - impacted cushion layer 12" t h i c k  
Back f i l l  and compact - remaining impacted f i l l  
Back f i l l  and compact - l eve l  m0 impacted f i l l  
Back f i l l  generated waste 
Berm - On-si te borrow 

CONSTRUCT LINER - 

080360 



Page 2 of 3 

D 

B 

b 

FERMCO 
PROJECT & CONFIGURATION CONTROL 

ESTIMATLNG SERVICES 

10 MARCH 95 

SCOPE OF WORK 

PROJECT DESCRIPTION: 
WBS NUMBER: 1.1.1.1.2.3.7 
PROJECT LOCATION: FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
EST1 M A T 0  R : 
ESTIMATE NUMBER: C2950204 (REV.011 

SITEWIDE ONSITE DISPOSAL FACILITY 

KEN KEPLER 

CONSTRUCT CAP 
0 Construct cap w/borrow materials 
0 Top s o i l  - 6" t h i c k  
0 Grass cover - seed, mulch 
0 Security fence 

GENERATED WASTE REMOVAL 
0 Construction equip. decon. f a c i l i t y  
0 Personnel decon. faci  1 i t y  
0 Temporary construction fence 

Storage area No. 1 

SITE RESTORATION 
0 Borrowed c o m n  s o i l  f o r  b a c k f i l l  

Borrowed top s o i l  
Grass cover, seed, f e r t i l i z e ,  mulch 

MON ITORI NG WELLS 
Abandon (17) e x i s t i n g  wel ls 
I n s t a l l  (50) p a i r  o f  wel ls 

Costs have been included i n  the  Ind i rec t  F ie ld  Costs for: 
Contractor supervision 
S m a l l  tool  s and consumables 
Equipment renta l  
Temporary construct ion f a c i l i t i e s  
Temporary u t i l i t i e s  and hook-up 
Job clean-up 

Health Physics 
CERCLA and s i t e  access training 
Bond 

Subcontractor pay ro l l  burdens and benef i ts  

Safety I 

Subcontractor overhead and p r o f i t  oaox z E . ., 
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FERMCO 
PROJECT & CONFIGURATION CONTROL 

ESTIMATING SERVICES 

10 MARCH 95 

SCOPE OF WORK 

PROJECT DESCRIPTION: 
WBS NUMBER: 1 . l .  1.1.2.3.7 
PROJECT LOCATION : FERNALD, OHIO 
PROJECT ENGINEER: GREG JONES 
ESTIMATOR: KEN KEPLER 
ESTIMATE NUMBER: C2950204 (REV.01) 

SITEWIDE ONSITE DISPOSAL FACILITY 

Costs f o r  FERMCO F ie ld  Support are included i n  other WBS o r  CA's. 

Screeni ng and conf i rmatory t e s t  i ng 
FERMCO construction management 

Costs fo r  Engineering are included i n  other WBS o r  CA'S. 

T i t l e s  I, I 1  and I11 (Includes c u l t u r a l  resource surveys. 
Phases I and 11) 

Costs have been included fo r  Ohio State sales t a x  

Subcontract material do l lars  a t  6% 

Costs have been included f o r  Risk Budget. 

Costs have been included for Contingency. 

ALL OF THE ABOVE REPRESENTS SCOPE FOR THE CAPITAL COST FOR THE ALTERNATIVES. 

EXCLUSIONS : 
Permits and fees 
Landlord costs 
Escalat ion 
G&A (home o f f i c e  expense) 

080362 



SORTH ISTERCEPTOR TRESCH i : COSSTRUCT LlSER 
i 

l:i 
, 

1 1  

12 
13 
14 

15 
16 
17 
18 

145.700 149 W f i  5495200 i i AWWTPIPISG SYSTEM 8204, 

113$? 100 PLACEMESTOF W A S E  239.6%: I 4353.400 I 

I 200' iCQ : 11200 13 1 I 

MONI'TORINGWEUS i i 1371.000 11371.OOo 

i 
I 

I 
, I SITE R W O R A T I O N  

i AVG I i 
DIRECT FIELD C O S E  486.131 118.10 $8.820.000 133.070.00, S7.8M.300 $49,748.300 

j sl .4w.400i I I 11,499.100 SUPERVISIOS - CONTRACTOR I 82.8401 

TEMPUTLSHOOK-UP 3.166; I 157200 I 130.900 I 1sE:OO 

JOB CLEAV - UP 4.751 1 SM.000 ! $6300 i 113:-1OO 

HEALTH PHYSICSYC 15.779 1285.aoo I 1103001 1:95.900 

11 !L'M. 11?:.300 
510.91&1OO I I 110.9562u): 

SY TOOLS'COSSi'BLS 
EOUIPMESTRENTAL 
TEMP. FACILITIES 157300 i 1?0.900 1 SM100 i 

3.166~ 
I 

SAFETY I 93031 1172.000 I 192.600 1261.600 

8 
I 

C E R C W T  20 HRIYR AVG I 40WKRS x 10 8.12'1 
BOND 
OVERH W & PROFIT 
PAYRLBRD kBENFT. 

I 
I COSSTRUCT CAP 

CESERATED WASTE REMOVAL 

1147 100 

1497500 

132462M 
f5.784BQ) 

f I 
5?4317.:W 81.42OI , 1.477.MK)! 20.026Jool 2.813.m ' 

i 1 3 9 7 . m  
i ' 397.000; I 21.812; I 

I I 

30 

31 

32 

33 

CONSIR M G m - F E R H M  (=NO. I . 1 . 1 . 1 . 2 3 . 7 . C A # ~ I )  

FERMCO PlELD SUPPORT Corn 
ENGINEERING, DESIGN, INSPE-N Am (WBS NO. I.l.l.lfl)b,U#ZOCD) FERMW (wes NO. l . 1 . 1 . 1 m . W ~ )  

ENOlNEERlNQ COsls 

SAILSTAX - S U B C O N 7 R X T  Sl.IrP.600 -TAX - FERMW $1.149.600 

SUB-TOTAL (BASE ESlVMATB) $71.032.600 

G b - F E R H C O  (SEE EJCCLUSION COMMEKfS) 

$81.358.S00 TARGET ESTIMATE ( BAS@ W I M A T E  PLUS RISK B U D $ V  1 

36 CONTINGESCY 103% s 7.773.400 

PY 95 DoLlARs 
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EFT PILE e: C2910204 

I 

.HONlTORlSG UT'ELLS i 
I 

W I M A 7 D R :  KEN KEPLER 
LOCATION: 'ERSAW 

U\ROR$ ' S K I  I ' MAl-LS TOTALS 

CLIEHT: US DOE S U M M A R Y  S H E E T  
PR0JECTTITLE:SlTEWIDE ON-SITE DISPOSAL FACILITY - BUDGET 
WBSW: X C I  .1.1.1.2.3.7 TASK.: -- 

-- i OTHERS 
ITEM DESCRIPTION . Mm __- a COD@ 

-- 

t 
11284.90l 11263.901. 

I i I 
AVG 1 

9 1: 
I 

lOi! 

!I 
DIRECT FIELD 4 

SITE P R E P  ra LIS'ER 

EROSIOS and SEDIYEST CONTROL 

SORTH ISTERCETOR TREtiCH 

COSSTRUCT LlSER 

8242 I 
4354 1 

>m 486.131 17.00 

1 i 'SUPERVISION - COSTR~CTOR 
1 2  SY TOOLSLOSSH'BLS 
1 3  , ,EOUIPYESTRENTM 

15 lTEMPUTLS HOOK-UP 
1 6 " JOB CLEAV - UP 
1 7  W F T Y  
18I!HULTH PHYSICSSX: 

1 4  ;'TEMP. FACILITIES 

ll 

40WKRS. I 1 9  I!CERCLA 20 HR'uWL AVG. I 

I 
3.166 
3.166 

4.751 

9503 
1s.779 

8.127 

$8.266.104 

$1.40S.U8! 

$13.702 I 
$53.702 I 
180599 

1161.1981 
1267.664 

$137.862 I 

I 
19.613 

$46.624.107 

1:.40s238 
1123.99: 

s:O'fO.O:! 

$6?.661 

152.661 

112.99? 
5247.983 

$277317 

1137.86: 

14662s7 

$3.042339 
ss.421515 $5.421515 I I I 

112,489,033 i 
Ij 

TARGET ESrIMATE l BASE eSI1MA'lg PLUS RISK ~uff im 1 f81.872286Ij 

105% 17285L~O" 

I DE-ESCALATED TO FY93 DOLLARS 

B THIS SUUUARY SHEET IS ONLY FOR INPUT INTO MICROFRAME 

. . _.. 
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APPENDIX 8 

EFFICIENCY FACTORS 

CONTRACT NO. : 
PROJECT DESC. : 
PROJECT CONTROLS : 
PROJ. LOCATION : 
PROJ. ENGINEER : 
ESTIMATOR : 
ESTIMATE NO. : 
WBS NO. : 
TASK I.D. : 

-1l-Y - BUDGET 

i l l .  I. i 2.3 .7  
2cc1 

EXAMPLE: 

STANDARD CHART MANHOURS = NET 100 

'SITE SPECIFIC ( SEE APPENDIX A ) 29% 29 
129 S/T = BASE UNIT MANHOURS 

'TASK SPECIFIC (BASED ON LABOR 
CHARTS OR EST.KNOWLEDGQ 

0 N/A SEE DETAIL SHEETS or M.H.CHARTS 
S/T = NEW BASE UNIT MANHOURS 

0% ___ 
129 

*PPE SPECIFIC (BASED ON CURRENT 
DATA & EST. KNOWLEDGE) LEVEL D 

PRowcnVrrY HOURS (AS ADDER TO BASE YHS) 0 -  0 
TOTAL HOURS WITH PRODUCTIVITY 129 

NOTE : Use a Default Productivity Factor of 2.1 for working 
i n  a contaminated area if Safety Level cannot 
be determined. 

(SEE FERMCO m w m N Q  SUN~CES REFEREMCE - 
IM-6006 8.10) 

Total hours with productivity divided by 10 hour working 
day8 = (PPE) ManDays to determine materid cost of PPE's. 
(SEE APPENDIX C -HEALTH PHYSICS) 

THESE EFFICIENCY FACTORS WERE APPLIED INDIVIDUALLY 
THROUGHOUT THE ESTIMATE AT A TASK SPECIFIC LEVEL 
TO OBTAIN A MORE ACCURATE ACCOUNT OF OVERALL 
EFFICIENCY IMPACT DUE TO PPE REQUIREMENTS IN 
HANDLING CONTAMINATED AND HAZARDOUS WASTE. 

Mod.'D' C B 

1 . 1  142 1.5 194 1.75 226 
2.1 27 1 2.5 323 2.75 355 

27 MD 32 MD 38 MD 

FERMCO ESTIMATING SERVICES 



APPENDIX C 

APR CARTRIDGES - DISPOSABLE i PR 17.50 41 0 so CIB i 
SUB-TOTAL I 31.80 41 $01 I 

DATE: 09-yar-95 i 
I i PROJECT TITLE: HEALTH PHYSICS EST.NO.: C2950204 

GLOVE LINER - DISPOSABLE j PR I 1.40 41 169 $950 I D !  
GLOVE, LASTEX - DISPOSABLE 1 PR I 150 41 169 Sl.OlOf D 
GLOVE, WORK - DISPOSABLE I PR I 090 4' 169 ssiol D I I 

SUB -TOTAL 1 I 1430 41 $9.670 I I 

I SITEWIDE ON -SITE DISPOSAL FACILITY - BUDGET 
W B S I :  
1.1.1.1.2.3.7 

I 

4 EST. : KEN KEPLE 
TASK I.D. : 2CC1 

I ' I  
I I i I i I 

I PPE'S - PERSONAL PROTECTIVE EQUIPMENT 
I - _  

I UNIT NO. OF CHANGE OUTS PER WORKER PER DAY 
DESCRIPTION l UNIT COST MD : MAN DAYS (TOTAL HOURS DIV. 10 HR. DAYS) 

$'s : MD MAT'L.$'S LEVEL 

I I I I 

09-MN -95 , ':,' , 

FERMCO ESTlMATlNQ SERVICES 
OQ8357 

PAGE 1 



APPENDIX C 

I AVO. 
I DESC. ' QTY HRS WKR TOTAL LABOR 
I HOURS RATE 

I BASELINE PHYSICALS ; 1  4 40.3 161 $18.10 
I ANNUAL PHYSICALS I 10 3 40.3 1208 $18.10 
t EXIT (TERMINATION) PHYSICALS I 1  4 40.3 161 $18.10 

I SUB-TOTAL 

h- 186 

TOTAL 
LABORS 

$2.920 
$21.860 

$27,700 i 

$2.920 i 
1 

c1 
DATE: 09-Mar-95 

EST.NO.: C2950204 
EST. : KEN KEPLER 
TASK I.D. : 2CC1 

t 

PROJECT TITLE: HEALTH PHYSICS 
SITEWIDE ON-SITE DISPOSAL FACILITY - BUDGET 
WBSI :  
1.1.1 .1.2.3.7 

AVO. 

! HOURS RATE 
! DESC. am HRS 'WKR TOTAL LABOR 

I 
MONTHLY BIOASSAY 0 1 40.3 0 $18.10 
YEARLY IN -VIVO I 10 4 40.3 1611 $18.10 

+ EXIT (END OF PROJECT / TERMINATION) 1 1  4 ,  40.3 1611 $1 8.1 0 
SU B -TOTAL I I I 

i MEDICAL MONITORING - IN-VIVO a BIOASSAY SURVEILLANCE 

! 
! 

I 

TOTAL 
LABORS 

$0 I 
$29,1601 

$2.920 I 
$32.080 I 

P O .  I OAVS O F  TEST 

SEED ' PER YR. PER OAV 

*oooi 2261 18 

:WKRS. TESTS j HRS ~ O T A L M O U R ~  

RANDOM DRUG TESTING ! 18'  331! 21 6621 $18.101 $12.000( 1 
;NO. OF . TESTINO AVO NO] CHANCE I NO Of WKFS. I CHAIICES PER ICONSTRVCT)(Y 1 

PEROAV FOR TWIS DAV K)R TEST WORKINO 

FOR TEST ESTIYATE FOR PRQECT OAIB 

0.0045 40.3 0.181 2263 1829 

WORK DELAYS CAUSED BY RAD CHECKING I 2% 1 ~10,692.000 I $21 3,800 I I 
I TOTAL I TOTAL I TOTAL 
ILABOR S'r 1 MAT'L.$'r I DOLLARS 

TOTAL HEALTH PHYSICS - FORWARD TO ESTIMATE SUMMARY SHEET 1 $285.600 I $10.300 1 $295,900 

09-MU-95 FERMCO ESTIMATING SERVICES PAGE 2 
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APPENDIX D 

EST. START MID COMPL. ! 
i ACTIVITY 1 DATE DATE POINT DATE ACTIVITY DURATION , 
I I 

--.____- _. - - 

CONSTRUCTION ACTIVITY e 

' 

D U RAT1 0 N 

I I I ! I I 
CONSTRUCTION I 24-Feb-95 1 01-Mar-97 116-Mar-2002 131-Mar-2007 I 1211 MONTHS 

CONT.NO. - 4424321 WBSNO. - 1.1.1.1.2.3.7 
PROJECT - SITE WIDE ON-SITE DISPOSAL FACILITY (2,500,000 CY) 
CONTROLS- CRU2 

EST. NO. - C2950204 
BY - K.KEPLER 
DATE - 03/09/95 LOCATION -LOCATION : 

TASK I.D. -TASK#: 

IEST.DATE TO MID-POINT I 
OF ACTIVITY 

ACTIVITY DURATION IS USED IN DETERMINING NO. OF WORKERS FOR CERCWSAT AND HEALTH 
PHYSICS COSTS, 

D 

D 
09-Mar-95 CONS.ACT.DURAllON PAGE 1 
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APPENDIX F 

IMPACTED MATERIAL VOLUMES AND 
SCHEDULE FOR OSDF DISPOSAL 
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PRELIMINARY DESIGN 
CALCULATION PACKAGE 

ON-SITE DISPOSAL FACILITY 

Volume I 

CONTROLLED DISTRIBUTION 

CONTROLCOPYNO. 8 -04 

ASSIGNED TO 
December 1995 

Revision B 
I 

United States Department of Energy 

Fernald Environmental Management Project 
Fernald, Ohio 

Prepared by 

GeoSyntec Consultants 
1100 Lake Hearn Drive, NE, Suite 200 

Atlanta, Georgia 30342 

Under 

Fernald Environmental Restoration Management Corporation 
Subcontract 95PS005028 
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FEMP OSDF-PCP-REV B 

PRELIMINARY DESIGN 
CALCULATION PACKAGE 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
TABLE OF CONTENTS 

ON-SITE DISPOSAL FACILITY 

1 .  DESIGN PARAMETER SUMMARY 

2. SETTLEMENT 

*2.1 Foundation Settlement 
*2.2 Impacted Materials Settlement 

3 .  SL-OPE STABILITY 

*3.1 Foundation Stability 
*3.2 
*3.3 Interim/Final Waste Slope Stability, 
*3.4 Cover System Stability 
*3.5 Perimeter Access Corridor 
3.6 

Short-Term Liner System Stability on Side Slopes a 
Borrow Area Cut Slope Stability 

4. SEISMIC STABILITY 

*4.1 Seismic Hazard Assessment 
*4.2 Seismic Site Response Analysis 
"4.3 Seismic Performance Evaluation 

5. HYDROSTATIC UPLIFT 

*5.1 Hydrostatic Forces 

* = Included in Preliminary Design Calculation Package 

. GE3900-11.3/F9530053 0 . .  

1 95.12.16 

000397 
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FEMP OSDF-PCP-REV B 

TABLE OF CONTENTS (continued) 

6.  LEACHATE GENERATION RATE 

"6.1 Leachate Generation Rates 

7.  LEACHATE COLLECTION SYSTEM 

"7.1 Leachate Collection System 
7.2 LCS Clogging Potential 

8. LEAK DETECTION SYSTEM 

"8.1 Leak Detection System 

9. LEACHATE TRANSMISSION SYSTEM 

*9.1 Leachate Transmission System 

10. GEOSYNTHETIC MATERIALS 

"10.1 Liner System and Final Cover System Materials Evaluation 
*10.2 Liner System Frost Protection 

1 1 .  FINAL COVER SYSTEM 

*11.1 Final Cover System 

12. STORMWATER MANAGEMENT 

*12.1 OSDF Perimeter Swale Sizing 
*12.2 OSDF Perimeter Berm Flood Protection 
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SEQUENCE OF CALCULATION-PACKAGE 

REVIEWS AND APPROVALS 

In accordance with GeoSyntec Engineering Procedure (EP) No. EP-305, the required 
sequencing of reviews and approvals of calculations for the FEMP OSDF design packages are 
as follows: 

1. A written summary of specific calculation procedures is prepared by the Cognizant 
Engineer who also initials and dates each page. 

2. The appropriate team leader reviews and approves the procedure summary and initials 
and dates each page of the procedures summary. Note that in some circumstances the 
project manager may serve as a team leader. 

3. The Cognizant Engineer prepares written documentation of the collection and verification 
of calculation data in accordance with GeoSyntec EP-302 for inclusion in the calculations 
package, and initials and dates each page of the documentation. 

4. The appropriate team leader reviews and approves the documentation of calculation data 
and initials and dates each page of the documentation. 

5 .  The Cognizant Engineer prepares the calculations/analyses, including any computer input 
and output listings used, on sequentially numbered calculation sheets, and signs and dates 
each calculation sheet. (Numbered appendices require no initials or dates.) 

6 .  The Cognizant Engineer prepares a title page (Le., the Computation Cover Sheet) and 
signs and dates it on the appropriately designated lines. 

7. The Checker reviews procedures, data verification, and calculations and initials and dates 
each page. 

8. The Cognizant Engineer reconciles with the Checker any deficiencies or errors identified 
by the Checker. The Checker then signs and dates the title page on the appropriately 
designated lines. 

9.  The Cognizant Engineer performs an independent "backcheck" of the calculations and 
signs and dates the title sheet on the appropriately designated lines. 

10. The Project Design Professional (PDP), who in many instances may be the same 
individual as the Cognizant Engineer, performs the required review and approval and 
signs and dates the title page on the appropriately designated lines. 

11. The appropriate team leader performs the required review and approval and signs and 
dates the title page on the appropriately designated lines. 
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DESIGN PARAMETER SUMMARY 

INTRODUCTION AND SCOPE 

The purpose of this design parameter summary is to provide information regarding the 
values of the parameters used in the design calculations for the On-Site Disposal Facility 
(OSDF). The summary addresses parameters that are used within two or more individual design 
calculation packages. Parameters that are used within only one individual design calculation 
package are addressed in the Data Verification section of that individual package. 

For this summary, a number of general design parameter categories have been established. 
Each individual design parameter has been associated with one of the general categories. For 
example, an individual design parameter such as the thickness of the primary geomembrane in 
the liner system is associated with the general design parameter category of geosynthetics. 

A general guide to the use of design parameters in the calculations is provided in the 
attached Table 1. This table is a matrix which lists the general parameter categories from top 
to bottom on the left edge and the individual sections of the design calculation package from left 
to right on the top edge. The checked boxes in the matrix indicate which calculation packages 
use parameters from any of the general parameter categories. For example, inspection of Table 
1 indicates that parameters relating to site hydrogeology are used in the following four 
calculation packages: (i) Foundation Settlement; (ii) Foundation Stability; (iii) Perimeter Access 
Corridor; and (iv) Hydrostatic Forces. 

The remainder of this summary provides information regarding the values of the 
parameters used in the design calculations. As discussed above, only parameters that are used 
within two or more individual design calculation packages are addressed. This summary is 
organized with each section addressing one of the general design parameter categories. The 
order of presentation is that used in Table 1. 
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GENERAL DESIGN PARAMETER CATEGORIES 

OSDF Geometrv 

This section addresses design parameters relating to the geometry of the OSDF. Data such 
as dimensions, areas, and slopes are obtained from the Design Drawings. The source drawing 
titles are listed below: 

' e  

e 

e 

e 

e 

e 

e 

e 

e 

Site Plan; 
Subgrade Grading Plan; 
Leachate Collection System Grading Plan; 
Final Cover System Grading Plan; 
North - South Section Plan; 
East - West Section Plan(s); 
Liner and Cover System Details I; 
Liner and Cover System Details 11; 
Borrow Area Development Plan; and 
Borrow Area Restoration Plan. 

In addition, information needed for the "Earthwork Required Volumes" calculation and 
the "OSDF Required Volume" calculation was obtained from the following drawing provided 
by Fermco: "Alternatives 3A and 3D, On-Property, Undeveloped Park @ 1 .E-6 + ALARA base 
+ level 1 + level 2". 

Based on these drawings, the following key design data were obtained. 

For general landfill design, the OSDF will have 8 cells (with a 9th cell for 
contingency). The area for each cell will be approximately 6.7 acres. The cell 
dimensions will be approximately 400 ft by 725 ft. The cells will be separated from 
the adjacent cell by intercell berms that are a maximum of 7 ft in height. 

The subgrade and leachate collection layer along the base of the OSDF will have a 
slope of 2.24 percent, resulting from design grades of 1 percent in the E-W direction 
(Le., parallel to the leachate collection pipes) and 2 percent in the N-S direction (Le., 
perpendicular to the leachate collection pipes). The maximum drainage length in the 
leachate collection layer will be 224 ft. The slope on the liner system perimeter 
sideslopes will be 25 percent, corresponding to 4H: 1V design grades. 

- 
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The final cover system slopes of the OSDF vary on the East - West Sections from 
20H:lV, to 10H:lV, to 6H:lV. The maximum final slope is 6H:lV. Details of the 
configuration of the fmal slopes is given in the Design Drawings. Interim OSDF 
slopes may be as steep as 3H:lV during construction and material placement. 

This section addresses existing site topography. As indicated in Table 1, topography is 
primarily related to stormwater management calculations for the OSDF and the Borrow Area. 
The topography is also related to the Hydrostatic Forces calculation. All topographic data that 
is related to the calculations indicated on Table 1 was obtained from the following plans included 
in the Design Drawings: "Site Plan" and "Borrow Area Development Plan". Specific point 
elevations and slopes needed in the calculation packages are obtained from this plan. 

- Climate 

Climate-related data such as temperature, evapotranspiration, and precipitation are 
addressed in this section. Climate data that are directly related to evaporative zone depth, 
average wind speed, and soil temperature are specific data that do not appear in multiple 
calculations, and therefore, are not discussed in this section. 

Climate data for average monthly precipitation, solar radiation, and temperature are 
obtained from the "Hydrologic Evaluation of Landfill Performance (HELP) Model, Version 3 'I 
USEPA Office of Research and Development, Washington, D.C., Report No. EPA/600/R- 
94/168b, Sep 1994. The reference city (source for data input into model) for the temperature 
and solar radiation data is Cincinnati, Ohio. The reference city for the precipitation data is 
Covington, Kentucky. Covington, KY was used for the precipitation data because synthetic 
rainfall data is not available in the HELP Model for Cincinnati, Ohio. 

Precipitation data are shared by many calculations. The data and sources used for the 
calculations are presented below: 

rainfall distribution is Type I1 for Ohio (USDA-SCS "Urban Hydrology for Small 
Watersheds", Technical Release 55 (TR-53, June 1986); 
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rainfall for the following 2-year, 25-year, and 2000-year, 24-hour storm events is 2.55 
in, 4.7 in, 13.0 in, respectively (Parsons, "2000 year Flood and Probable Maximum 
Flood, Sitewide Floodplain Determination", Revision A, August 1995); and 

average rainfall energy is 175 (Ohio SCS guidelines for "Water Management and 
Sediment Control for Urbanizing Areas", 1987). 

The 25-year 24-hour storm event is used to calculate runoff and size the sedimentation 
basin for the OSDF construction and borrow area erosion and sediment control calculations. 
The 2000-year 24-hour storm event is used to calculate the runoff from the closed OSDF, size 
the perimeter drainage swale and calculate erosion on the final cover. The 2-year 24-hour storm 
event is used to size components of the leachate transmission system. 

Data for hydrogeology at the OSDF is presented for the perched ground-water table and 
- the static ground-water table. 

Data for the perched ground-water table is obtained from Figure 2-20 of Parsons "Pre- 
Design Investigation and Site Selection Report for the On-Site Disposal Facility", 
Volume 1 of 3, July 1995. Specific point elevations needed in the calculation 
packages are obtained from this source. 

. 

Data regarding ground-water within the Great Miami Aquifer soils indicates that the 
elevation of the static ground-water table below the OSDF is variable, ranging from 
70 to 90 feet below the ground surface (Parsons, Remedial Investigation Report for 

. Operable Unit 2, 21 January 1995). For the foundation settlement and foundation 
stability calculations it is conservative to use a groundwater elevation corresponding 
to the upper elevation of the range. Therefore, for these calculations the location of 
the static ground-water table was assumed to be 70 ft below ground surface. 

Vegetation 

Design parameters in the vegetation category include ground cover descriptions for 
existing, construction and long-term conditions. Ground cover descriptions are used in the 
following types of calculations: (i) stormwater management; (ii) erosion control; (iii) leachate 
generation rate; and (iv) construction water demand. Ground cover descriptions are determined 

.. 0 GE39W-lllF9530145 
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for the OSDF area, the East Field OSDF borrow area and nearby drainage areas of the OSDF 
and the East field areas. 

Data used to describe existing vegetative conditions was obtained from aerial photographs 
and from the report "Operable Unit 5 Remedial investigation" (March 1995). The existing 
vegetative cover at the OSDF and East Field borrow area is a grassland of good condition. 

Parameters used for descriptions of expected vegetative cover for construction and long- 
term conditions were estimated considering anticipated construction activity and the design 
period. .Vegetative cover is expected to vary from none for newly-graded areas as a result of 
construction activity to grassland for long-term (Le., restored) conditions. 

Geosvnthetics 

The geosynthetic materials that are considered in the design calculations are those shown 
in the Design Drawings. These materials are as follows: 

Primary and secondary geomembrane liner - textured 80 mil High Density 
Polyethylene (HDPE); 
Geomembrane cap - textured 60 mil HDPE; 
Primary Geosynthetic Clay Liner (GCL) - sodium montmorillonite clay core with 
textured 40 mil HDPE geomembrane backing; 
Secondary GCL - intemhlly reinforced sodium montmorillonite core with geotextile 
backing (both sides); 
GCL Cap - reinforced or unreinforced GCL conforming to the specifications stated 
above (except 30 mil instead of 40 mil HDPE for geomembrane backing); 
Geotextile filter and geotextile cushion - polyester or polypropylene needle-punched 
nonwoven geotextile; and 
Geocomposite drainage layer - polyethylene geonet core with polypropylene or 
polyester needle-punched nonwoven geotextile bonded to each side. 

Shear Strength 

Interface shear strengths between these geosynthetics and the adjacent materials and the 
internal shear strength of the GCLs are used in several calculation packages. Although shear 
strength tests have not yet been performed, estimates of the shear strengths for the geosynthetics 

. -  
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and the interfaces in the liner and cover system are required. The shear strengths are estimated 
based on the following sources: 

geosynthetics manufacturer's literature; 
unpublished results from GeoSyntec Consultants; 
Martin, J.P., Koerner, R.M., and Whitty, J.E., "Experimental Friction Evaluation of 
Slippage Between Geomembranes, Geotextiles, and Soils", Proceedings, International 
Conference on Geotextiles, IFAI, Denver, 1984, pp. 191-196; 
Koerner, R.M., Martin, J.P., and Koerner, G.R., "Shear Strength Parameters Between 
Geomembranes and Cohesive Soils", Geotextiles and Geomembranes, Vol. 4, No. 1, 
1986, pp. 21-30; and 
Williams, N.D., and Houlihan, M.F., "Evaluation of Interface Friction Properties 
Between Geosynthetics and Soils", Proceedings, Geosynthetic '87, New Orleans, LA, 
1987, pp. 616-627. 

Intevace Shear Strength 

Geotextile/granular soil interface. The granular soils (Le., vegetative layer, drainage 
layer, LCS and LDS layers, etc.) are assumed to have an internal friction angle of 30 
degrees and a cohesion of zero (discussion in coier and liner system sections). Based 
on the sources listed above, it is reasonable to assume that the interface strength is 70 
to 80 percent of the soil strength. Therefore, the geotextile/granular soil interfaces are 
assumed to have an internal friction angle of 22 to 25 degrees and an adhesion of zero. 

Geotextile/textured HDPE geomembrane interface. Based on the sources listed above, 
it is reasonable to assume that this interface has an internal friction angle of 25 degrees 
and an adhesion of zero. 

Compacted clayhextured HDPE geomembrane interface. The shear strength of the 
compacted clay used in the cover and liner system is assumed to be represented by a 
friction angle of 25 degrees and an cohesion of zero (discussion in cover and liner 
system sections). Based on the sources listed above, it is reasonable to assume that 
the interface strength is 80 percent of the soil strength. Therefore, it is assumed that 
the interface has an internal friction angle of 20 degrees and an adhesion of zero. 

GE39OO-1 llF9530145 
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GCL Internal Shear Strength 

The shear strength of the GCL is a function of GCL type (Le., reinforced or 
unreinforced), normal stress acting on the GCL, hydration conditions, and the duration of 
loading. The assumed shear strengths discussed below are based on the information sources 
listed above. 

For short-term conditions: 

The unreinforced GCL is protected on either side by a geomembrane and is assumed 
to remain dry. The peak shear strength of the clay component is assumed to be 
represented by an internal friction angle of 25 degrees and a cohesion of zero. The 
interface shear strength of the GCL and the HDPE geomembrane is assumed to be 80 
percent of the peak strength, or an internal friction angle of 20 degrees and an 
adhesion of zero. 

The reinforced GCL is assumed to be hydrated. The peak internal shear strength is 
assumed to be represented by an internal friction angle of 30 degrees and a cohesion 
of zero. 

For long-term conditions: 

The reinforced GCL and the unreinforced GCL are assumed to have the same shear 
strength due to long-term reduction in the effect of the reinforcing elements. The 
unreinforced GCL is assumed to be hydrated. The shear strength is assumed to be a 
function of the normal stress as follows: 

Angle of Internal Friction for 
Normal Stress Peak Shear Strength (cohesion taken as zero) ’ 

850 psf 15 degrees 
1900 psf 12 degrees 
5600 psf 9 degrees 
7500 psf 8 degrees 

GE3900-11lF9530145 
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Installation and Performance of Geomembrane 

The following assumptions are made regarding installation and performance of the 
geomembrane for the leachate generation rate and leachate transmission system calculations. 

pinhole density, zero; 
placement quality, good; 

saturated hydraulic conductivity of the geomembrane, 2xE- 13 c d s ;  

installation defect density for cover system geomembrane for leachate generation 
calculations, 1 sq cm per acre; and 
installation defect density for liner system geomembrane for leachate transmission 
calculations, zero defects. 

It is noted that the use of the two different defect density values provides a characterization 
which is conservative for each calculation. 

- HDPEPiDe 

Design parameters for HDPE pipe are used in the leachate collection system calculations, 
the leakage detection system calculations, and in the leachate transmission system calculations. 
The pipes for the leachate collection and leakage detection system are SDR 11 pipes with a 6 
in. nominal diameter. The pipe for the leachate transmission system is a dual-containment SDR 
11 pipe with an outer pipe nominal diameter of 12 in. and an inner pipe nominal diameter of 6 
in. The following additional design parameters are used: 

hydraulic gradient (slope) - varies - 1 percent for leachate collection and detection 
system pipes, 0.5 percent minimum for the leachate transmission system pipes. Values 
based on OSDF geometry given in the Design Drawings. 

concentrated construction loads (wheel loads) - 20,000 lbs. Values represents assumed 
wheel load for a 35-ton capacity dump truck. 

impact factor for dynamic loads, 1.5, and minimum pipe effective length , 3 ft. 
Values based on ASCE publication "Design and Construction of Sanitary and Storm 
Sewers", Manual and Report on Engineering Practice No. 37, reprinted 1979. 

0. GE39O-1 UF9530145 
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modulus of soil reaction - 4.32 x le psf. 
experience. 

Value based on GeoSyntec project 

In addition, the following data obtained from pipe manufacturer’s literature is used for the 
pipe design calculations: 

modulus of elasticity - 2.7 x lo6 psf; 
compressive yield strength - 2.16 x 10s psf; 
allowable ring deflection - 7 percent; and 
manning’s roughness coefficient - 0.013. 

Cover Svstem 

This section addresses design parameters for the OSDF final cover system. The 
parameters are related to the geometry and cross section of the cover system and the properties 
of the individual material components of system. Based on the Design Drawings, the cover 
system consists of the following components from bottom to top: - 

2-ft thick compacted clay cap; 
geosynthetic clay liner; 

0 

0 

0 

0 

0 

0 

0 .  

0 

60-mil textured HDPE geomembrane; 
geotextile cushion; 
1-ft thick cover drainage layer; 
geotextile filter; 
3-ft thick biointrusion barrier layer; 
0.5-ft thick granular filter layer; 
1.75-ft thick vegetative soil layer; and 
0.5-ft thick topsoil layer. 

Parameters related to the geosynthetic components of the cover system are discussed in 
the geosynthetics section of this document. 

Geometry 

The total thickness of the soil components of the cover system is 8.75 ft  (approximately 
9 ft) with the geosynthetic components adding negligible additional thickness. The total 
thickness of the soil components of the cover system that overlie the geomembrane is 6.75 ft  

0 GE3900-lllF9530145 
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(approximately 7 4 )  with the geosynthetic components adding negligible additional thickness. 
It is noted that cover system slopes are discussed in the OSDF Geometry section of this 
summary. 

Total Unit Weight 

The total unit weight of each of the soil components of the cover system, with the 
exception of the compacted clay component, is assumed to be 125 pcf. This value is based on 
typical values used in geotechnical practice for the moist unit weight of primarily granular soils. 
For the "Erosion of the OSDF Final Cover" calculation a smaller value of 100 pcf is used for 
the unit weight of the topsoil component of the final cover. This value is appropriate because 
it is conservative in the context of the calculation (Le., the smaller the unit weight, the fewer 
number of years calculated for full topsoil erosion). 

The total unit weight of the compacted clay component is assumed to be 130 pcf. This 
value is based on tests performed on remolded samples of the on-site brown till material which 
is proposed for use as the compacted clay component of the cover system (and liner system). 
The test data is presented in the Parson's report entitled "Disposal Facility Pre-Design 
Geotechnical Investigation and Report", Operable Unit 2, Revision 0, July, 1995. For the 
"Construction Water Demand Estimation" calculation a smaller value of 125 pcf is used. 
Although inconsistent with the value used for other calculations, this value is acceptable because 
its use results in a negligible (Le., less than 1 percent) underprediction of water demand. 

It is noted that for the "Hydrostatic Forces" forces calculation a value of 126.1 pcf is used 
for the average total unit weight of the final cover system. This value is appropriate because 
it represents a weighted average of the unit weights of the compacted clay component and the 
other soil components. 

Shear Strength 

The shear strength of the soil components of the cover system, with the exception of the 
compacted clay component, is assumed to be represented by an internal friction angle of 30 
degrees and a cohesion of zero. This value is based on typical values used in geotechnical 
practice for the near-lower-bound shear strength of primarily granular soils. 

The long-term (drained) shear strength of the compacted clay component is assumed to be 
represented by an internal friction angle of 25 degrees and a cohesion of zero. This value is 

. _  
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based on tests performed on remolded samples of the on-site brown till material which is 
proposed for use as the compacted clay component of the cover system (and liner system). The 
test data is presented in the Parson's report entitled "Disposal Facility Pre-Design Geotechnical 
Investigation and Report", Operable Unit 2, Revision 0, July, 1995. 

Other Parameters 

The porosity of the compacted clay is assumed to be 0.398 for the "Leachate Generation 
Rate" calculation and 0.464 for the "Erosion of OSDF Final Cover" calculation. These values 
were obtained from guidelines in the HELP program documentation - "Hydrologic Evaluation 
of Landfill Performance (HELP) Model, Version 3" USEPA Office of Research and 
Development, Washington, D.C., Report No. EPA/600/R-94/168b, Sep 1994. Although the 
values differ slightly, they are appropriate because the use of a slightly higher value is 
conservative for erosion calculation (Le., the higher the porosity, the smaller the allowable 
tractive force). 

A 1-ft thick contouring layer, underlying the compacted clay, is considered to be part of 
the final cover system in some calculations. Where considered, the properties of this layer are 
assumed to be similar to the compacted clay. 

ImDacted Material 

The impacted material to be placed in the OSDF consists of a combination of on-site 
contaminated soil, fly ash, demolition debris from the existing buildings, municipal solid waste, 
and lime sludge. It is anticipated that approximately 80 percent of the impacted materials will 
be soil (see "OSDF Required Volume" calculation). The majority of this soil will be excavated 
from the brown till. Therefore, the properties of the impacted material are assumed to be 
similar to recompacted brown till. 

It is assumed that the impacted material will be compacted at its optimum water content 
to 85 to 90 percent relative compaction (with respect to Standard Proctor compaction). Based 
on data obtained from tests performed on recompacted brown till the following assumptions 
regarding the impacted material's properties are made (Parsons, "Disposal Facility Pre-Design 
Geotechnical Investigation and Report", Operable Unit 2, Revision 0, July, 1995.): 

GE39OO-1 llF9530145 
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total unit weight of 125 pcf; 
short-term shear strength represented by an internal friction angle of 25 degrees and 
a cohesion of 200 psf; and 
long-term shear strength represented by an internal friction angle of 25 degrees and 
a cohesion of zero. 

For the "Hydrostatic Forces" calculation a total unit weight of 80 pcf was assumed. This 
assumed lower value, which is based on the total unit weight of an impacted material that 
consists primarily of fly ash, is conservative for the calculation (Le., the lower the unit weight 
the greater the potential for liner uplift). 

The total thickness of the impacted material varies across the OSDF. Based on the Design 
Drawings the maximum impacted material thickness is estimated to be 50 ft. For the 
"Hydrostatic Forces" and "Leachate Generation Rates" calculations, smaller thicknesses of 
impacted material are used in some cases. These smaller values are appropriate for the 
"Hydrostatic Forces" calculation because they represent actual design thicknesses at spot 
locations where uplift calculations are performed. These smaller values are appropriate for the - 
"Leachate Generation Rates" calculation because they represent impacted material thicknesses 
prior to final cover construction. 0 

It is noted that settlement, water balance, and compaction properties for the impacted 
material are described in the Data Verification sections of the calculations where they are used 
(i.e., "Impacted Material Settlement", Leachate Generation Rates", and "OSDF Required 
Volume" calculations, respectively). 

Liner Svstem 

This section addresses design parameters for the OSDF liner system. The parameters are 
related to the geometry and cross section of the liner system and the properties of the individual 
material components of system. Based on the Design Drawings, the liner system consists of the 
following components from bottom to top: 

3-ft thick compacted clay liner; 
secondary geosynthetic clay liner; 
secondary 80-mil textured HDPE geomembrane; 
geotextile cushion; 
1-ft thick leachate detection layer; 
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primary geosynthetic clay liner; 
primary 80-mil textured HDPE geomembrane; 
geotextile cushion; 
1-ft thick leachate collection layer; 
geotextile filter; and 
1-ft thick protective soil layer. 

Parameters related to the geosynthetic components of the liner system are discussed in the 
geosynthetics section of this document. 

Geometry 

The total thickness of the soil components of the liner system is 6 ft. with the geosynthetic 
components adding negligible additional thickness. It is noted that liner system base and side 
slopes are discussed in the OSDF Geometry section of this summary. 

- Total Unit Weight 

The total unit weight of each soil component of the liner system, with the exception of the 
compacted clay component, is assumed to be 125 pcf. This value is based on typical values used 
in geotechnical practice for the moist unit weight of primarily granular soils. 

The total unit weight of the compacted clay component is assumed to be 130 pcf. This 
value is based on tests performed on remolded samples of the on-site brown till material which 
is proposed for use as the compacted clay component of the liner system (and lher system). 
The test data is presented in the Parson's report entitled "Disposal Facility Pre-Design 
Geotechnical Investigation and Report", Operable Unit 2, Revision 0, July, 1995. 

Shear Strength 

The shear strength of the soil components of the liner system, with the exception of the 
compacted clay component, is assumed to be represented by an internal friction angle of 30 
degrees and a cohesion of zero. This value is based on typical values used in geotechnical 
practice for the near-lower-bound shear strength of primarily granular soils. 

The long-term (drained) shear strength of the compacted clay component is assumed to be 
represented by an internal friction angle of 25 degrees and a cohesion of zero. The short-term 
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(undrained) shear strength of the compacted clay component is assumed to be represented by an 
internal friction angle of zero degrees and a cohesion of 1200 psf. These values are based on 
tests performed on remolded samples of the on-site brown till material which is proposed for use 
as the compacted clay component of the liner system. The compacted clay for the liner system 
is assumed to be placed at 95 to 98 percent relative compaction (with respect to Standard Proctor 
compaction). The test data is presented in the Parson's report entitled "Disposal Facility Pre- 
Design Geotechnical Investigation and Report", Operable Unit 2, Revision 0, July, 1995. 

Other Parameters 

For the leachate generation and leachate collection and detection calculations, the saturated 
hydraulic conductivity of the granular materials in the leachate collection and detection system 
is taken as of 0.1 c d s .  This value is equal to the minimum hydraulic conductivity permitted 
in the project material specifications. 

Values of void ratio for the compacted clay component of the liner system will be 
- discussed in the future versions of this summary document. 

0 Subsurface Soils 

This section addresses design parameters for the subsurface soils at the OSDF. Subsurface 
soils are the in-situ soils and consist of the brown till, the gray till, and the Great Miami Aquifer 
(GMA) granular soils. Parameters that are used in two or more calculations include thickness, 
total unit weight, undrained shear strength, and drained shear strength. Parameters that are 
specific to individual calculations such as consolidation parameters, elastic settlement parameters, 
and dynamic parameters are presented in the Data Verification section of the calculations in 
which the parameters appear. 

Material parameters discussed below are based on data presented in two Parson's reports: 
"Disposal Facility Predesign Geotechnical Investigation, Soil Investigation Data Report", July 
1995, Revision 1,  and "Disposal Facility Pre-Design Geotechnical Investigation and Report, 
Operable Unit 2", Revision A, July, 1995. The thicknesses of the soil layers are based on 
existing site conditions and planned excavations shown on the Design Drawings. 

For the brown till soils, the cited sources indicate that the layer thickness ranges from 5 
to 15 ft. For stability analyses (static and seismic) the brown till is a weak layer and is therefore 
assumed to have the maximum expected thickness, 15 ft. For settlement analyses, calculations 
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are performed for 5 and 10 ft thicknesses to obtain a range of calculated settlement values. 
Based on the cited sources, the total unit weight of the brown till is assumed to be 135 pcf. The 
shear strength of the brown till is assumed to be represented by an internal friction angle of zero 
degrees and a cohesion of 1200 psf for short-term (undrained) conditions and by an internal 
friction angle of 25 degrees and a cohesion of zero for long-term (drained) conditions. 

For the gray till soils, the cited sources indicate that the material hckness ranges from 
a minimum of 15 ft to a maximum of 45 f t  across the OSDF site. The total unit weight of the 
gray till is assumed to be 145 pcf. The shear strength of the gray till is assumed to be 
represented by an internal friction angle of zero degrees and a cohesion of 1900 psf for short- 
term (undrained) conditions and by an internal friction angle of 30 degrees and a cohesion of 
zero for long-term (drained) conditions. 

For the GMA granular soils, the aquifer thickness is assumed to range between 172 and 
210 ft  in thickness. The 210 ft GMA soils thickness is associated with use of the 5 ft thick 
brown till and 15 ft  thick gray till layers. The total unit weight of the GMA soils is assumed 
to be 135 pcf and the shear strength is assumed to be represented by an internal friction angle - 
of 35 degrees and a cohesion of zero. 

Bedrock 

Design parameters relating to the bedrock at the OSDF site are addressed in this section. 
The parameters assumed for bedrock are used in the foundation settlement, foundation stability, 
and seismic calculations. Only the seismic-related parameters are addressed herein because they 
are the only parameters used in two or more calculations. Based on data presented by Parsons 
in a report entitled "Remedial Investigation Report for Operable Unit 5, Draft Final, March 
1995", the bedrock is assumed to be approximately 230 ft below the OSDF. The dynamic 
properties of the bedrock that are used in the seismic calculations are the following: (i) the peak 
bedrock acceleration from the design seismic event is 0.16 g; (ii) the maximum moment 
magnitude of the design seismic event is 6.1; (iii) the artificial accelerogram used to simulate 
the design seismic event is B2-SYN; and (iv) a value of 5 percent viscous damping is used. 

Leachate Generation 

The "Leachate Generation Rate" 
collection, detection, and transmission 
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the predicted maximum leachate generation rate for the initial stages of cell operation, 1771 
gpad. This predicted rate is used as a design parameter in several other individual calculations. 

a 

Hydrolorn 

Design parameters considered in the hydrology parameter category include information 
regarding runoff curve number and Manning's roughness coefficient for the OSDF and the 
borrow area during various stages of site activity. Assumed parameters are needed for existing 
conditions, construction conditions, and final conditions for both the OSDF and the OSDF 
borrow area. 

Parameters relating to existing, construction, and final surface conditions are needed for 
each calculation. The associated runoff curve number and Manning's roughness coefficient are 
directly related to the type of surface condition or hydraulic structure. These parameters are 
used in the calculations for stormwater runoff and erosion control. Values for these parameters 
are obtained from the following sources,: - 

Chow, Ven Te, "Open-Channel Hydraulics", 1959; 
USDA-SCS, "Urban Hydrology for Small Watersheds", 1986; 
American Iron and Steel Institute, "Handbook of Drainage & Highway Construction 
Products", 1983; and 
USDA-SCS, "Engineering Manual for Conservation Practice", Nov 1986. 

Erosion and Sediment Control 

This section addresses design parameters used in two or more calculations for erosion and 
sediment (E&S) control. Based on state and federal regulations, the required sediment storage 
volume for use in the calculations is 1800 cubic feet per disturbed acre. This value is used for 
the "OSDF E&S Basin Sizing" and the "Impacted Runoff Catch Basin Sizing" calculation. For 
the "Borrow Area E&S Basin Sizing" calculation a value of 5450 cubic feet per disturbed acre 
is used. The appropriateness of these two differing values of required storage volume will be 
discussed in the future versions of this summary document. 

The calculations involving erosion of the OSDF f m l  cover and the OSDF perimeter 
drainage swale both use a value of 5 tons of soil per acre as the maximum allowable annual soil 
loss. 
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Structural Fill 

There are no design parameters related to structural fill material that are used in two or 
more calculations. Therefore, further discussion is not provided herein. 

Drainage Structures 

This category includes design parameters for the OSDF and the Borrow Area stormwater 
and basin sizing calculations. The parameters discussed in this section are directly related to the 
geometry of drainage structures in these areas and are obtained from the Design Drawings. 

The drainage swales to be constructed for this project have the following cross sections; 
(i) for the OSDF, the permanent perimeter drainage swale is parabolic; (ii) for the Borrow Area, 
the permanent drainage swale is trapezoidal; and (iii) for construction conditions, the drainage 
swales are generally triangular. 

The culverts in the Borrow Area are reinforced concrete pipe. The culverts in the OSDF 
area are HDPE. a 
Construction Eauipment 

With the exception of wheel loads used in HDPE pipe stability calculations, there are no 
design parameters related to construction equipment that are used in two or more calculations. 
As these wheel loads are addressed in the HDPE pipe category in this document, no further 
discussion of construction equipment parameters is provided herein. 
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FOUNDATION SETTLEMENT 

EXECUTIVE SUMMARY 

Purpose 

The purpose of this calculation package is to calculate settlements of the foundation soils 
due to surcharge applied by the On-Site Disposal Facility (OSDF). The calculations are 
performed to evaluate total and differential settlements of the foundation soils, tensile strains and 
grade change in the liner system, and time rate of primary settlement of the cohesive foundation 1 

soils. 

Procedure 

The settlements are calculated using established geotechnical equations and procedures for 
elastic and consolidation settlement. The settlements are calculated for points within the OSDF 
at the center, crest, sump and toe 'of the facility. Based on the total calculated settlements, 
differential settlements, tensile strain, and minimum final grade are calculated. 

- 

Results 

Based on the calculations, the following results are obtained. 

Maximum Calculated Settlement: 2.83 ft (Case 2 Point A) 

Maximum calculated tensile strain due to differential settlement 

E,, = 0.01% Satisfies limits of maximum allowable tensile strain for 
HDPE geomembranes as stated in Berg and Bonaparte 
(1992) (Reference 12). 

Maximum calculated grade change due to differential settlement 

Max change = 0.64% Post-settlement grade of leachate collection pipes 
will maintain positive flow toward the sump. No 
grade reversal is calculated. 

Calculated time rate of primary settlement 

- 90% consolidation; minimum: 6.1 yrs. . maximum: 39 yrs. 
- 95% consolidation; minimum: 8.4 yrs. maximum: 54 yrs. 

GE3900-09.9/F953002 1. CD 
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IMPACTED MATERIALS SETTLEMENT 

EXECUTIVE SUMMARY 

The settlement of the impacted materials in the On-Site Disposal Facility (OSDF) 
is evaluated in this calculation package. Settlement of the impacted materials is 
calculated for the following two cases: (i) incremental settlement during placement 
of successive lifts of impacted materials; (ii) final settlement of the impacted 
materials due to placement of the final cover system. Settlement of the impacted 
materials is calculated for material assumed to be placed at optimum moisture 
content and at a relative compaction of 90 and 85 percent of maximum dry density 
as determined by ASTM D698. Both immediate and time dependent settlement of 
the impacted materials is calculated for several locations on the OSDF. Based on 
the calculations, settlement of the impacted materials will be primarily immediate 
settlements. In addition, differential settlement of the final cover system will not 
induce tensile strains and grade changes will be less than 0.2 percent. Therefore, 
the performance of the final cover system for the calculated settlements is 
acceptable. 
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IMPACTED MATERIALS SETTLEMENT 

PURPOSE 

The purpose of this document is to provide the engineering calculations for analysis 
of settlement of the impacted materials placed in the On-Site Disposal Facility (OSDF). 
Provided in the calculations is an estimate of the settlement of the OSDF materials 
during filling operations and after final closure. 

The results of the calculations are used to assess the total settlement and final 

estimate settlement of the placed OSDF materials so that a prediction of volume 
available in the OSDF may be made. 

performance of the final cover system of the OSDF. The calculations are also used to / 

PROCEDURE 

The calculation procedure for estimating settlement of the impacted materials of 
the OSDF is presented in this section. Calculations for settlement of the OSDF liner 
system due to impacted material placement is contained in the Foundation Settlement 
Package (Document Number F9530021). Calculations for settlement of the OSDF 
impacted materials are provided for conditions during waste placement and for final 
conditions (Le., long-term conditions after placement of the OSDF Final Cover 
System). 

The engineering properties of the impacted materials used in this analysis are 
provided in the attached Data Verification section. Based on the estimated distribution 
of impacted material types to be placed in the OSDF, provided in the OSDF Required 
Volume Calculation Package (Document Number F953007 1) , approximately 80 percent 
of the impacted materials will be on-site near-surface soils. These on-site soils are 
primarily cohesive soils. 

The impacted materials will be placed in the OSDF in a controlled manner (as 
described in the Impacted Material Placement Plan). Because approximately 80 percent 
of the impacted materials are the on-site cohesive soils, and the materials will be placed 
in a manner such that homogeneity of the impacted materials is maximized, the 
engineering properties of these soils will govern settlement. 

The settlement of the OSDF impacted materials will be governed by the immediate 
compression and consolidation settlement of the impacted materials. The settlement of 
the OSDF impacted materials is calculated using well known geotechnical engineering 
equations for consolidation settlement. 
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IMPACTED MATERIALS SETTLEMENT 

PROCEDURE (continued) 

EQUATIONS : 

Total Settlement S, = Si + S, + S, 

where Si = immediate compression settlement 
S, = primary consolidation settlement 

S, = secondary compression settlement 
(time and surcharge dependent) 

(time dependent) 

Immediate Compression and Consolidation Settlement, Si and S, (Ah, and 4 for 
each layer) 

- 
a v o  +A% 

- 
A$ = C, - HO log OP + C, - HO log 

1 +eo 
a v o  

1 +eo 

where C, = Coefficient of Compression (remolded) 
C, = Coefficient of Recompression (remolded) 
e, = initial layer void ratio 

a v o  - - initial effective vertical stress 

A i v  = additional effective vertical stress 

a, = past maximum pressure due to compaction 
Ho = initial layer thickness 

- 

- 

This equation is used for both immediate compression and for consolidation 
of the impacted materials. As placed, the impacted materials will not be 
saturated. For each layer considered, the void ratio and saturation at 
placement is calculated. The impacted materials are assumed to undergo 
immediate settlement until saturation. Once the materials have settled such 
that saturation is achieved, further settlement is governed by time-dependent 
consolidation processes. This settlement process is graphically depicted in 
Figure 1. 
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IMPACTED MATERIALS SETTLEMENT 

PROCEDURE (continued) 

Secondary Compression Settlement, S, 

Consider Secondary Settlement for long-term conditions only. Secondary 
settlement is not relevant for conditions during OSDF impacted materials 
filling operations. 

where C, = secondary compression index 
H, = initial layer thickness 
P, 

tl 

t2 = a future time of interest for the OSDF; 

= 

= 

void ratio at end of primary (start of secondary 
compression time) 
the t h e  from initial loading to the end of 
primary consolidation; assume tl = 1 year 

assume = 1,000 years (target design life) 

Assumptions for Analysis 

The following assumptions are made regarding OSDF cell geometry and impacted 
material placement: 

one cell is filled during a single construction season; 

the average construction season is 6 months; 

a 10-ft (3-m) thick impacted material layer is placed, on average, once every 
month; 

J 

the cell is closed (final cover is placed) at the end of each season so that 
additional material is not added at the beginning of the following season; 

immediate settlement under each load increment occurs prior to placement of 
the next load increment; 

GE3900-09.8/F9530026 .CD 
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IMPACTED MATERIALS SETTLEMENT 

PROCEDURE (continued) 

the calculations are performed for one cell of the OSDF at the locations of 
change in grade on the final cover system as shown on Figure 2 in the Data 
Verification Section; 

the calculations are performed for an impacted material thickness ranging 
from 56-ft (17-m) thick to 45-ft (14-m) thick, and a final cover thickness 
(including compacted clay and contouring layer) of 9 ft (2.7 m); 

J 

an average layer thickness of 10 ft (3 m) is assumed; and 

material compaction and engineering properties are described in the Dak 
Verification Section. 

Local Settlement and Local Deformation 

Because the OSDF impacted materials will be placed following strict compaction 
criteria and under well-controlled conditions, with multiple passes of one or more 
heavy compactors, the in-place material should consist of a relatively dense, 
uniform mass. The OSDF impacted materials will be approximately 80 percent 
soils. Therefore, the potential for local deformations to occur from material 
heterogeneity, ravelling, chemical changes, or biodegradation are minimal. 

J 

Based on the discussion presented above, the OSDF impacted materials are 
expected to settle and deform as a uniform mass. Deformations due to local 
settlement and local waste heterogeneity are not expected. 

Long-Term Settlement 

Once settlements are calculated for the points indicated on Figure 2, an analysis 
of the final cover system integrity is made. Considered in the analysis is the 
differential settlement, grade change, and tensile strain in the final cover system. 

’ 
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3. SLOPE STABILITY 

3.1 Foundation Stability 
3.2 Short-Term Liner System Stability 

on Side Slopes 
3.3 InterWFinal Waste Slope Stability 
3.4 Cover System Stability 
3.5 Perimeter Access Corridor 
3.6 Borrow Area Cut Slope Stability 
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FOUNDATION STABILITY 

EXECUTIVE SUMMARY 

Purpose 

This calculation package contains analyses for static foundation stability of the OSDF for 
Final and Interim landfill configurations. The stability of the OSDF is calculated for failure 
surfaces that pass through the waste mass and along the soils beneath the OSDF. 

Procedure 

Calculations are performed for the Final OSDF Configuration and for the Interim (between 
cell) OSDF Configuration as shown on Figures 1 and 2. For the interim configuration, both 
short-term and long-term material properties are considered. For the Final OSDF Configuration, 
only long-term material properties are considered. 

Minimum Acceptable Factors of Safety (FS) based on UMTRA Technical Approach 
Document (DOE, 1989) are as follows: (i) long-term stability, FS 1 1.5; and (ii) end of 
construction (interim/short-term) stability, FS 2 1.3. 0 

The stability analyses are performed using established geotechnical procedures for 
calculating slope stability. 

Results 

Minimum FS 
Interim Conditions - 3H:lV slope 
- short-term strengths 1.5 acceptable 
- long-term strengths 1.8 acceptable 

Final Conditions - 6H:lV slope 3.0 acceptable 

All factors of safety meet the established criteria. 
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Fig. 12.8 Remolded shear strength vs. liquidity index relationships for several days. 

percent, the strengths in the two directions were the 
same. This was consistent with the finding that as the 
density increased the intensity of preferred orienta- 
tion decreased. 

The sample stihess. as measured by the ratio of 
stress to shear displacement, at 50 percent of peak 
strength was about twice as high for shear across the 
direction of preferred orientation than parallel to it. 

The results of direct shear tests on Leighten Buz- 
zard sand, which contains rounded particles, (Arthur 
and Menzies, 1972) gave a maximum shear to normal 
stress ratio 24 percent greater for samples poured 

through the side or end of the shear box than for 
samples prepared in the normal way. Additional tesu 
were done on the same sand at a porosity of 34 per- 
cent using a cubical triaxial cell in which samples 
could k tilted to the direction of pouring. The re- 
sults, shown in Fig. 12.12 in terms of effective prin- 
cipal strains, indicate strength variations of about 10 
percent of maximum dl'/u,' for different orientations 
of UI' and u8' relative to the direction of pouring. 
The variations oE peak effective stress ratio and effec- 
tive stress friction angle ,$' are shown in Fig. 12.12d. 

Figures 12.12 6 and t show also that the strain 
. . . . . -  
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XSTABL File: STC 1 0 - 0 5 - 9 5  1 6 ~ 4 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1992  6 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843,  U.S.A. * 
* All Rights Reserved * 

* * 

* * 
* * 
* Ver. 5 .100  95 6 1 3 0 5  * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FERMCO/INTERMED. CONFIG./SHORT TERM 

8 SURFACE boundary segments 

Segment 
No. 

1 
2 
3 
4 
5 '  
6 
7 
8 

x-left 
(ft) 

. o  
1 3 5 . 0  
300 .0  
312 .0  
322 .0  
350 .0  
3.57. 0 
3 7 6 . 0  . 

y-left x-right y-right 
(ft) (ft) (ft) 

1 6 0 . 0  
1 6 0 . 0  
1 0 5 . 0  
1 0 8 . 0  
1 0 8 . 0  
1 0 1 . 0  
1 0 1 . 0  

96 .0  

1 3 5 . 0  
3 0 0 . 0  
3 1 2 . 0  
3 2 2 . 0  
3 5 0 . 0  
357 .0  
3 7 6 . 0  
4 7 5 . 0  

1 6 0 . 0  
1 0 5 . 0  
1 0 8 . 0  
1 0 8 . 0  
101.0 
101.0 

9 6 . 0  
94.0'  

Soil Unit 
Below Segment 

1 4  SUBSURFACE boundary segments 

Segment x-left y- lef t x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

I 

-- a: 

1 
2 
3 
4 
5 

- 6  
7 
8 
9 

1 0  
11 

. o  
2 9 6 . 0  

. o  
2 9 6 . 0  
312 .0  
322 .0  
350 .0  
3 6 5 . 0  

. o  
317 .0  
3 3 0 . 0  

9 9 . 0  
1 0 4 . 0  

9 7 . 0 .  
1 0 2 . 0  
1 0 6 . 0  
1 0 6 . 0  . .- 

99 .0  
99 .0  
9 4 . 0  

1 0 0 . 0  
97 .0  

2 9 6 . 0  1 0 4 . 0  
3 0 0 . 0  1 0 5 . 0  
2 9 6 . 0  1 0 2 . 0  
3 1 2 . 0  1 0 6 . 0  
322 .0  1 0 6 . 0  
3 5 0 . 0  . 99 .0  
3 6 5 . 0  99 .0  
3 7 4 . 0  96 .0  
3 1 7 . 0  1 0 0 . 0  
3 3 0 . 0  9 7 . 0  
3 7 4 . 0  9 6 . 0  

2 
2 
3 
3 
3 
3 -  
3 
3 
4 



12 374.0 9 6 . 0  376.0 9 6 . 0  4 
13 - 0  9 0 . 0  475.0 9 0 . 0  5 
14 . o  40.0 475.0 40.0 6 

6 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 

1 125.0 125.0 200.0 25.00 . o o o  - 0  
2 125.0 125.0 . o  30.00 . o o o  . o  
3 130.0 130.0 1200.0 . o o  - . o o o  . o  
4 135.0 135.0 1200.0 . o o  . o o o  . o  
5 145.0 145.0 1 9 0 0 . 0  . o o  . o o o  . o  
6 135.0 135.0 . o  35.00 . o o o  . o  

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

Water 
Surf ace 
No. . 

100 trial surfaces will be generated and analyzed. 

1 0  Surfaces initiate from each of 10 points equally spaced 
along the ground surface between x = 350.0 ft . 

and x = 400.0 ft 

Each surface terminates between x = . o  ft 
and x = 100.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = . o  ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 

7.0 ft line segments define each trial failure surface. 

AN,GULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : =  -45.0 degrees 
Upper angular limit : =  (slope angle - 5.0) degrees 

04%$5i67 



.c- 

Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 57 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 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

383.33 
378.11 
372.73 
367.20 
361.53 
355.73 
349.79 
343.74 
337.56 
331.28 
324.90 
318.43 
311.87 
305.23 
298.52 
291.75 
284.92 
278.04 
271.12 
264.17 
257.20 
250 -21 
243.21 
236.21 
229.22 
222.24 
215.29 
208.37 
201.49 
194.65 
187.88 
181.16 
174.51 
167.95 
161.47 
155.08 
148.79 
142.61 
136.55 
130.60 
124.79 
119.11 
113.57 
108.18 
102.94 

95.85 
91.19 
86.71 
82.42 
78.31 
74.40 
70.69 
67.18 
63.88 
60.78 
57.90 
55.24 
52.80 
50.58 
48.59 
46.83 
45.29 * 
43.99 
42.92 
42.08 
41.48 
41.12 
40.99 
41.10 
41.45 
42.03 
42.84 
43.90 
45.18 
46.70 
48.44 
50.42 
52.62 
55.04 
57.69 
60.55 
63.63 
66.92 
70.41 
74.11 
78.00 
82.09 
86.37 
90.84 
95.48 



46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

97.86 
92.95 
88.21 
83.65 
79.26 
75.07 
71.07 
67.26 
63.66 
60.26 
57.06 
55.55 

/ co t / l  
/ o / . f / q p y  

100.30 
105.29 
110.44 
115.75 
121.21 
126.81 
132.56 
138.43 
144.43 
150.55 
156.78 
160.00 . .  - .  

* * **  Simplified BISHOP FOS = 1.518 * * * *  

The following is a'summary of the TEN most critical surfaces 

Problem Description : FERMCO/INTERMED. CONFIG./SHORT TERM 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (f t - lb) 

1. 1.518 
2. 1.541 
3. 1.543 
4. 1.549 
5. 1.552 
6 .  1.561 
7. 1.566 
8. 1.567 
9. 1.570 
10. 1.574 

242.94 248.07 207.08 383.33 
224.09 283.16 242.21 377.78 
232.36 232.78 189.96 366.67 
227.78 304.48 263.68 388.89 
228.41 227.76 184.27 361.11 
211.47 241.83 201.48 355.56 
215.81 242.13 198.61 355.56 
216.89 287.98 246.18 372.22 
255.76 227.72 183.48 383.33 
223.45 268.24 222.12 366.67 

* * * END OF FILE * * * 

55.55 1.4343+08 
15.56 1 :822E+08 
56.92 1.2533+08 
7.21 2.0723+08 
57.09 1.1933+08 
27.37 1.3983+08 
35.01 1.3393+08 

85.27 1.1683+08 
29.50 1.5543+08 

6.60 1.8623+08 ' 

. .  . . ... .e 
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186 c '  XSTABL File: LTC 1 0 - 0 5 - 9 5  1 2  :14  s) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices . *  

* Copyright ( C )  1 9 9 2  6 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843,  U.S.A. * 
* All Rights Reserved * 

* * 

* * 
* * 
* Ver. 5 . 1 0 0  95 6 1 3 0 5  * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FERMCO/INTERMED. CONFIG./LONG TERM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

. o  
8 5 . 0  

2 5 0 . 0  
2 6 2 . 0  
2 7 2 . 0  
3 0 0 . 0  
3 0 7 . 0  
3 2 6 . 0  

1 6 0 . 0  
1 6 0 . 0  
1 0 5 . 0  
1 0 8 . 0  
1 0 8 . 0  
101.0 
1 0 1 . 0  

9 6 . 0  

8 5 . 0  
2 5 0 . 0  
2 6 2 . 0  
2 7 2 . 0  
3 0 0 . 0  
3 0 7 . 0  
3 2 6 . 0  
4 2 5 . 0  

1 6 0 . 0  
1 0 5 . 0  
1 0 8 . 0  
1 0 8 . 0  
1 0 1 . 0  
1 0 1 . 0  

9 6 . 0  
9 4 . 0  

1 4  SLbSURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y- lef t x- right y- right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

- 0  
2 4 6 . 0  

- 0  
2 4 6 . 0  
2 6 2 . 0  
2 7 2 . 0  
3 0 0 . 0  
3 1 5 . 0  

. o  
2 6 7 . 0  
2 8 0 . 0  

1 0 0 . 0  
1 0 4 . 0  

9 8 . 0  
1 0 2 . 0  
1 0 6 . 0  
1 0 6 . 0  

9 9 . 0  
9 9 . 0  
9 5 . 0  

1 0 0 . 0  
9 7 . 0  

2 4 6 . 0  
2 5 0 . 0  
246 ..O 
2 6 2 . 0  
2 7 2 . 0  
3 0 0 . 0  
3 1 5 . 0  
3 2 4 . 0  
2 6 7 . 0  
2 8 0 . 0  
3 2 4 . 0  

1 0 4 . 0  
1 0 5 . 0  
1 0 2 . 0  
1 0 6 . 0  
1 0 6 . 0  

9 9 . 0  
9 9 . 0  
9 6 . 0  

1 0 0 . 0  
9 7 . 0  
9 6 . 0  

2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 000573 



/o&/r,- & L i 5 / / c p . L  
3 l h t  

1 2  3 2 4 . 0  9 6 . 0  3 2 6 . 0  9 6 . 0  4 
90 .  o L- 5 186 1 3  . o  9 0 . 0  4 2 5 . 0  

1 4  . o  4 0 . 0  4 2 5 . 0  4 0 . 0  6 

6 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  . o  2 5 . 0 0  . o o o  . o  0 
2 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  . o o o  . o  0 
3 1 3 0 . 0  1 3 0 . 0  . o  2 5 . 0 0  . o o o  . o  0 
4 1 3 5 . 0  1 3 5 . 0  - 0  2 5 . 0 0  . o o o  . o  0 
5 1 4 5 . 0  1 4 5 . 0  . o  3 0 . 0 0  . . o o o  . o  0 
6 1 3 5 . 0  1 3 5 . 0  . o  3 5 . 0 0  - 0 0 0  . o  0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

1 2 0  trial surfaces will be generated and analyzed. 

10 Surfaces initiate from each of 1 2  points equally spaced 
along the ground surface between x = 3 2 5 . 0  ft 

and x = 3 8 5 . 0  ft 

Each surface terminates between x = . o  ft 
and x = 2 5 0 . 0  ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = . o  ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 
7.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit :=  - 4 5 . 0  degrees 
Upper angular limit : =  (slope angle - 5 . 0 )  degrees 



Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 44 coordinate points 

Point x-surf y- surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
23  
2 4  
25  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
33  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
43  
44  

3 5 2 . 2 7  
345 .29  
3 3 8 . 3 1  
3 3 1 . 3 2  
3 2 4 . 3 2  
3 1 7 . 3 2  
3 1 0 . 3 2  
3 0 3 . 3 2  
2 9 6 . 3 2  
2 8 9 . 3 3  
2 8 2 . 3 4  
2 7 5 . 3 5  
2 6 8 . 3 7  
2 6 1 . 4 1  
2 5 4 . 4 5  
2 4 7 . 5 0  
2 4 0 . 5 6  
2 3 3 . 6 4  
2 2 6 . 7 4  
2 1 9 . 8 5  
2 1 2 . 9 8  
2 0 6 . 1 3 .  
1 9 9 . 3 1  
1 9 2 . 5 0  
1 8 5 . 7 2  
1 7 8 . 9 7  
1 7 2 . 2 4  
1 6 5 . 5 4  
1 5 8 . 8 7  
1 5 2 . 2 2  
1 4 5 . 6 2  
1 3 9 . 0 4  
1 3 2 . 5 0  
1 2 6 . 0 0  
1 1 9 . 5 3  
1 1 3 . 1 1  
1 0 6 . 7 2  
1 0 0 . 3 8  

9 4 . 0 7  
8 7 . 8 2  
81 .60  
7 5 . 4 4  
69 .32  
6 4 . 6 6  

9 5 . 4 7  
9 4 . 9 3  
9 4 . 4 9  
9 4 . 1 6  
93 .92  
93 .78  
93 .74  
93 .80  
93 .96  
9 4 . 2 2  
9 4 . 5 8  
95 .04  
95 .60  
96 .26  
9 7 . 0 1  
97 .87  
98 .82  
99 .88  

1 0 1 . 0 3  
1 0 2 . 2 8  
1 0 3 . 6 3  
1 0 5 . 0 7  
1 0 6 . 6 2  
1 0 8 . 2 6  
1 1 0 . 0 0  
1 1 1 . 8 3  
1 1 3 . 7 6  
1 1 5 . 7 9  
1 1 7 . 9 1  
1 2 0 . 1 2  
1 2 2 . 4 3  
1 2 4 . 8 4  
1 2 7 . 3 3  
1 2 9 . 9 2  
1 3 2 . 6 1  
1 3 5 . 3 8  
1 3 8 . 2 5  
1 4 1 . 2 0  
1 4 4 . 2 5  

1 5 0 . 6 1  
1 5 3 . 9 2  
1 5 7 . 3 2  
1 6 0 . 0 0  

- 1 4 7 . 3 9  
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* * * *  Simplified BISHOP FOS = 1.830 ****  

The following is a summary of the TEN most critical surfaces 

Problem Description : FERMCO/INTERMED. CONFIG./LONG TERM 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. 1.830 311.07 585.11 491.37 352.27 64.66 9.2103+07 . 

2. 1.895 297.67 654.48 558.88 325.00 37.22 1.3923+08 
3. 1.976 288.50 571.61 481.26 357.73 39.15 1.5793+08 
4. 2.070 292.03 383.21 289.86 330.45 124.10 3.3993+07 
5. 2.125 473.12 1697.20 1607.78 325.00 2.00 3.100E+08 
6. 2.142 248.99 380.87 294.58 325.00 54.10 1.2283+08 
7. 2.153 302.82 613.20 524.87 385.00 38.09 1.9143+08 
8. 2.195 258.19 445.34 ’ 359.41 341.36 39.70 1.6483+08 
9. 2.202 288.58 491.76 405.85 374.09 54.83 1.549E+08 
10. 2.352 287.85 438.42 355.53 379.55 66.79 1.4493+08 

* * * END OF FILE * * * 
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* * 
* X S T A B L .  * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

* * 
* * 
* Ver. 5.100 95 6 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FREMCO/ FINAL CONFIG./ DRAINED 

SEGMENT BOUNDARY COORDINATES 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - - - - - - - -  

3 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  160.0 130.0 153.0 7 
2 130.0 153.0 436.0 102.0 7 
3 436.0 102.0 500.0 102.0 4 

17 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

. o  
130.0 

. o  
316.0 
340.0 

- 0  
316.0 
352.0 
380.0 

. o  
316.0 
345.0 
364.0 
401.0 
436.0 

. o  

150.0 
143.0 
100.0 
100.0 
106.0 
98.0 
98.0 
106.0 
106.0 
95.0 
95.0 
101.0 
102.0 
102.0 
102.0 
90.0 

130.0 
380.0 
316.0 
340.0 
352.0 
316.0 
352.0 
380.0 
401.0 
316.0 
345.0 
364.0 
401.0 
436.0 
500.0 
500.0 

y-right 
(ft) 

143.0 
106.0 
100.0 
106.0 
106.0 
98.0 
106.0 
106.0 
102.0 
95.0 
101.0 
102.0 
102.0 
102.0 
102.0 
90.0 

Soil Unit 
Below Segment 

1 
1 
2 
2 
2 
3 
3 
3 
3 
4 
4 -  4 

4 
4 
4 
5 
0005150 



A m  
- /o/s-/r,- 

. o  40.0 500.0 17 40.0 6 

7 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 . o o o  . o  0 
2 125.0 125.0 . o  30.00 - 0 0 0  - 0  0 
3 130.0 130.0 . o  25.00 . o o o  . o  0 
4 135.0 135.0 . o  25.00 . o o o  - 0  0 
5' 145.0 145.0 . o  30.00 . o o o  . o  0 
6 135.0 135.0 . o  35.00 . o o o  . o  0 
7 125.0 125.0 . o  30.00 . o o o  . o  0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

100 trial surfaces will be generated and analyzed. 

10 Surfaces initiate from each of 10 points equally spaced 
along the ground surface between x = 440.0 ft 

and x = 500.0 ft 

Each surface terminates between x = 10.0 ft . 

and x = 350.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = . o  ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 
6 . 0  ft line segments define each trial failure surface. 

. .  

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

. .  

Lower angular limit : =  -20.0 degrees 
Upper angular limit : =  (slope angle - 5.0) degrees 



Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 
\ 

The most critical circular failure surface 
is specified by 43 doordinate 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 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

x-surf 
(ft) 

453.33 
447.36 
441.38 
435.39 
429.40 
423.40 
417.41 
411.41 
405.41 
399.41 
393.41 
387.41 
381.42 
375.43 
369.44 
363.46 
357.48 
351.51 
345.55 
339.60 
333.65 
327.72 
321.80 
315.89 
309.99 
304.11 
298.24 
292.39 
286.55 
280.73 
274.93 
269.15 
263.39 
257.64 
251.92 
246.22 
240.55 
234.89 
229.27 
223.66 
218.09 
212.54 
208.93 

y-surf 
(ft) 

102.00 
101.46 
100.98 
100.58 
100.25 
100.00 
99.81 
99.70 
99.66 
99.69 
99.80 
99.98 
100.22 
100.54 
100.94 
101.40 
101.94 
102.55 
103.23 
103.98 
104.80 
105.70 
106.66 
107.70 
108.81 
109.99 
111.24 
112.56 
113.95 
115.41 
116.94 
118.54 
120.21 
121.95 
123.75 
125.63 
127.57 
129.59 
131.67 
133.81 
136.03 
138.31 
139.84 

.. . 

****  Simplified BISHOP FOS = 2.978 **** 



The following is a summary of the TEN most critical surfaces 

Problem Description : FREMCO/ FINAL CONFIG./ DRAINED 

0 
FOS Circle Center Radius Initial Terminal Resisting 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 .  
9. 

1 0 .  

(BISHOP) x-coord y-coord x-coord 
(ft) (ft) (ft) (ft) 

2.978 405.09 598.62 498.96 453.33 
2.996 385.00 796.40 699.18 466.67 
3.033 410.47 269.29 169.88 440.00 
3.054 394.37 749.25 653.79 486.67 
3.062 358.09 690.34 594.97 446.67 
3.083 410.35 497.68 399.67 466.67 
3.089 353.35 659.51 566.41 453.33 
3.090 402.66 899.65 803.56 500.00 
3.093 342.39 604.72 512.11 440.00 
3.100 392.80 332.07 236.29 446.67 

x-coord 
(ft) 

208.93 
108.62 
330.07 
125.67 
99.21 
244.99 
96.27 
101.81 
97.95 
271.26 

Moment- 
(ft-lb) 

6.711E+07 
2.208E+08 
6.8193+06 
1.9903+08 
2.3153+08 
4.613E+07 
2.4633+08 
2.6963+08 
2.2803+08 
2.7553+07 

* * * END OF FILE * * * 
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APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATION PACKAGE 

XSTABL - Version 5 

Sharma, S., "XSTABL: An Integrated Slope Stability Analysis Program for 
Personal Computers, Version 5 ,  " Interactive Software Designs, Moscow, ID, 1994. 
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XSTABL 

VERSION 5.00 

Copyrighta 1990 - 1994, All rights reserved. 
IN E R A  C TIVE SOFT WARE DESIGNS, lnc. 

NOTICE 

The XSTABL documentation and software are 
copyrighted with all rights reserved. Under copyright 
laws, no part o f  the XSTABL documentation or 
software may be copied, reproduced, transmitted, or 
translated into any language, natural or computer, in 
any form or by any means, without the prior wr i t ten 
consent of Interactive Software Designs, lnc. 

Although the software has been tested and the 
documentation reviewed, the programs are provided 
"as is", that is, without any warranty, express or 
implied. The user assumes the entire risk as to  the 
quality of the results and operation of the programs. 

Interactive Software Designs, lnc., reserves the r ight 
to  make changes to  the XSTABL software and 
information contained in this document w i thout  
obligation to report such changes to any person of 
such modifications. 

The user is also specifically advised, and cautioned, 
t o  exercise careful engineering judgement in the  
correct interpretation of  the final results. 
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License No. - 1  1202- I 
XSTABL 

License Agreement 

Copyrighto, 1994 
INTERACTIVE SOFWARE DESIGNS, Inc. 

All Rights Reserved L .- 

READ BEFORE USING 

WARNING: Carefully read this license ageement before using the XSTABL 
program. Use of the program indicates your acceptance of the terms of h s  license. 

The licensed software is provided for your personal business, professional and 
educational use and may be installed on more than one computer or a single network. 
However, XSTABL may NOT be operated on more than one personal computer at the 
same time. One back-up copy of the original XSTABL disk(s) is permitted to 
safeguard against disk failure. 

Without the written consent of INTERACTIVE SOFTWARE DESIGNS, Inc., YOU 
MAY NOT : 

1. 

2. 

3. 

4. 

Make copies of XSTABL with the intent to supply other users, 

Transmit XSTABL via any electronic media, 

-_  Duplicate the XSTABL Reference Manual, 

Attempt to disassemble the XSTABL machine-code for any purpose 
whatsoever. 

. . -.. 
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CHAPTER. 7 

1 .O INTRODUCTION 

XSTABL is a fully integrated slope stability analysis program designed to operate on an 
IBM personal computer. or close compatible. It permits the engineer to develop the slope 
geometry interactively and perform the slope analysis from within a single program. The slope 
analysis portion of XSTABL uses a modified version of the popular STABL program, 
originally developed at Purdue University. 

XSTABL performs a two dimensional limit equilibrium analysis to compute the factor of 
safety for a layered slope according to: 

(a) 

(b) 

(c) Simplified Bishop, 

(d) Simplified Janbu. 

General Limit Equilibrium (GLE) Method. 

Janbu's Generalized Procedure of Slices (GPS), 

If the program is used to search for the most critical surface, only the simplified Bishop and 
Janbu methods are available for calculating the factor of safety. The program can be used to 
search for the most critical surface or the factor of safety may be determined for specific 
surfaces. XSTABL, version 5.0, is programmed to handle: 

1. 

2.  

heterogenous soil systems with up to 20 soil units, 

The strength of a soil unit may be defined using: 

(a) conventional, c-4 parameters, 

(b) undrained strengths as a function of vertical 
effective stress. 

(c) a nonlinear Mohr-Coulomb envelop. 

3. Anisotropic soil strength properties, 
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4. Reinforced slopes. 

5. Pore water pressures for effective stress analysis usins: 

(a) phreatic and piezometric surfaces 

01) pore pressure grid 

(c) R,, factor 

(d) constant pore water pressure 

6. Pseudo-static earthquake loading, 

7 .  Surcharge boundary loads, 

8. Automatic generation and analysis of an unlimited number of 
circular, noncircular and block-shaped failure surfaces, 

9. Analysis of right-facing slopes. 

10. Both SI and Imperial units. 

1.1 Summary of Interactive Features of XSTABL 

XSTABL is intended for use on an IBM-PC, or near compatible, suitably equipped for 
screen graphics. The program uses menus and data-tables to "guide" the potential user through 
the many options available for performing a slope stability analysis. The interactive features of 
XSTABL include: 

1 .  

2. Context sensitive help information, 

3. 

4.  

5. 

6 .  

7.  

Selection of options via intuitive, easy to understand menus, 

All numeric data is entered through prompts into a table, 

Error checking during data entry phase, 

Slope geometry may be readily reviewed on-screen, 

Previously entered data can be edited, 

Single failure surfaces may be analyzed using several rigorous 
procedures that satisfy force and moment equilibrium, 

Previously saved files can be edited and saved as "new" files, 8. -_ 
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9. XSTABL files may be copied. deleted, printed, renamed or 
viewed wirhour exiting the program, 

Screen plots may be saved to disk in one of several different 
formats for later printing or inclusion within a document 
prepared with a wordprocessing or charting software. 

High quality plots may be generated, using XSTABL. on 
several different types of output devices if  the screen plots are 
saved in the default format. 

10. 

1 1 .  

It is expected that the approach offered by XSTABL will minimize potential errors and 
provide a more appropriate data preparation method for the less familiar user. The time 
expended in learning to use the program is expected to be nominal and users can be expected to 
generate input data files almost immediately. 

1.2 General Information 
I 

The XSTABL Reference Manual is intended to provide information about the interactive 
features that allow the user to prepare data files and perform a slope stability analysis. The 
next six chapters of the Reference Manual provides details concerning the following topics: 

1 .  XSTABL program components, 

2 .  XSTABL menus and available optiork. 

3 .  Data tables for establishing the slope geometry, and assigning 
soil properties and boundary loads, 

4. Methods of analysis, 

5. Slope stability analysis, including the creation and saving of 
screen plots, 

6. Printing of hardcopy plots. 

Further details about the limit equilibrium theory, search procedures and slice development are ' 
given in Appendix D. 
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This manual concentrates on the interactive features and is not intended to provide the 
necessary engineering background for slope stability analysis. If the user wishes to obtain more 
information concerning slope stability analysis, the following publications are recommended: 

1. The Stabiliry of Slopes, by E.N. Bromhead, 
Surrey University Press, Chapman and Hall-, NY, 41 1 pages, 
ISBN 0 412 01061 5,  1992. 

2. Landslides: Analysis and Control, by R.L. Schuster and R.J. 
Krizek (editors), Special Report 176. Transportation Research 
Board, National Academy of Sciences, 234 pages, ISBN 0 309 
02804 3, 1978. (new edition, edited by R.L. Schuster and K. 
Turner will be published in 1994) 

3. Rock Slope Engineering, by E. Hoek and J.W. Bray, Inst. of 
Mining and Metallurgy, London, England, Third Edition, 
358 pages, ISBN 0 900488 573, 1981. 

Please note that the above list represents a very s d l  portion of literature available on the 
subject of slope stability analysis. 

e .  1.3 Hardware Requirements 
-. 

In order to use XSTABL, the user will require: 

1. An IBM-PC, or near compatible, with either dual floppy disk 
drives or a hard disk (preferred) and one floppy disk drive, 
640 kb RAM and DOS 2.1 (or later). 

Execution of XSTABL will require at least 450,000 bytes of 
- free RAM. The user may check the amount of RAM available 
by using the "MEMK" command, as documented in the DOS 
manual. 

2. An IBM compatible VGA, EGA or CGA graphics adaptor with 
an appropriate monitor, 
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3. One of the following devices for hardcopy output: 

c 

1 8 6  

(a) A laser printer. e.g. Hewlett Packard LaserJet 
with at least 1 Mb of RAM. or 

(b) An IBM Graphics compatible, 9 or 24 pin. dot 
matrix printer, e.g. EPSON FX-85. 

A HPGL compatible pen plotter. 
e.g. Hewlett Packard 7475A Plotter. 

(c) 

1.4 XSTABL INSTALLATION 

The XSTABL programs and example data files are supplied on one 3 . 5  inch or one 5.25 
inch disk in a compressed format. To copy these files to a subdirectory on your hard disk. 
please follow the instruction listed below: 

1.  

2. 

3. 

create a directory on your hard disk (e.g. MD XSTABL etc ....) 

change to this newly created directory (e.g. CD XSTABL etc ....) 

from this directory type either : 

(a) A:INSTALL --> if the XSTABL disk is in "A" drive, or 

(b) B:INSTALL --> if the XSTABL disk is in "B" drive 

The installation program will place the XSTABL files in the current directory and copy all 
example datafiles into a subdirectory named: "EXAMPLES''. The complete installation of 
these files will required'about 500 kb of disk space. The PACK.LST file on the original disk 
includes a list, and description, of all files that should have been copied to the current directory 
on your disk. 

NOTE: 
The above procedure will work if you are preparing to use XSTABL from a 
hard-disk or at least a 720 kb floppy diskette. However if you would like to 
use the program on dual 360 kb disk drive system, please contact Interuch've 
Software Designs, Inc., for special instructions to order a non-compressed 
version of XSTABL. 

.. . .. . . .  - .  
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1.5 XSTABL Components kWl 

Before using XSTABL, the user should ensure that files listed below. and section 2.2 .  have ' 

been copied : 

1 .  

2. 

3 .  

PACK.LST . . . . . . . summary of file descriptions 

README 

DEMO.TXT . . . . . . dialogue script for'dernonstration/tutorial 

. . . . . . . special "last-minute" notes or revisions to this Manual 

1.6 Files for using XSTABL 

1 .  XSTABL.EXE . , . . executable version of program 

2. 

3. 

4. 

5 .  

6. 

7 .  

SETUP1.STB . . . . . file used during program startup 

XSTABL.HLP . . . . . help screen information 

XSTABL.ERR . . . . . XSTABL error descriptions 

XSTABL.FN1 . . . , . font file for screen characters 

XSTABL.FN2 . . . . . font file for hardcopy plots 

XPLOT.EXE . . . . . executable program for hardcopy plots 

The instal!ation process will also copy the example input data files and the output (4 files) 
corresponding to an analysis using the file EX-1 .IPT to the "EXAMPLES" subdirectory. . . 

These "extra" files may be deleted to conserve disk space. 

The program can then be started by typing, XSTABL at the DOS prompt. The program 
will NOT operate without the SETUP1.STB fie. 

-- ~ ~~ 

Please note that the XSTABL software and documentation is 
copyrighted and may NOT be copied without permission. 
However, the user is permitted to make ONE archival backup 
copy of these files to guard against possible disk failure. 
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1.7 Supporting XSTABL files kWz I 

File: SE?ZTPl.STB -- contains initialization information that sets several parameters at .the stan 
of the XSTABL program. Also. the first line of this file may be modified to control 
the amount of information that is written into the output file following a slope analysis. 
A typical unmodified file will have the followin_g form: 

Line 1: 0 10 10 10 
Line 2: 1.000 1.000 0.30 9.80 
Line 3: (blank line) 

Let the four values on the firsr line be labeled as var-1. var-2, var-3 and var-4. Then 
the user is permitted to modify these according to the following: 

var-1 = 0 (zero) for all cases, unless advised otherwise; 

var-2 = value between 1 and 10. inclusive, for 
controlling the number of failure surface 
coordinates that will be listed in the outuut file 
following each slope analysis; 

controlling the number of critical surfaces that 
will be displqed on rhe screen at the end of the 
slope analysis; 

var-3 = value between 1 and 10. inclusive. for 

var-4 = value between 1 and 10, inclusive, for 
controlling the number of surfaces plorted to rhe 
hardcopy $1 e.  

Please note that the default for the number of surfaces is set at ten for ail cases 
(i.e. var-2 = var-3 = var4  = IO). These parameters may be changed directly by 
editing the SETUP1.STB file. Alternatively these may be changed from within 
XSTABL via the F5 key just before the start of the multiple search analysis. 

The four values listed on the second line control the scaling and location of the 
hardcopy plot on paper. The first two values assign the scaling in the x and y direction 
of the plot. The last two numbers fix the origin of the plot on the basis of a global 
origin located in the right-hand comer of the printed 11 x 8.5 inch (landscape) page. 
The user can manipulate these values to scale the hardcopy plots, but must ensure that 
the aspect ratio of the vertical to horizontal axes is maintained at unity. 

-_  
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Other Files: hl9l G\ 
The two files. XSTABL.HLP and XSTABL.ERR. are used by XSTABL to provide help 

and input data error information, respectively. Although the program can function without . 
these files, on-line help information will not be available and error messages will not be writtefi 
to the output file created during the slope stability analysis. However, error numbers will be 
written to the output file and the user can determine the corresponding message from the 
complete list of possible errors given in Appendix B. 

1.8 Connecting HP Plotters 

XSTABL screen plots may be successfully plotted using HP plotter models: 7440A. 7470A. 
7475A and 7550A connected to a personal computer. The cable should be connected to the PC 
with a DB 9 or DB 25 connector via the serial or asynchronous port. At the plotter. a DB 25 
connector' should be used to connect the cable to the computer/modem port. XSTABL uses the 
XON/XOFF protocol and thus only requires three connecting wires in accordance with Fig 1 . 1 .  

Personal Computer HP Plotter 

Transmit Data 1 Receive Data 
D9IPin-3,or - D25/pin-3 
D 25 / Pin - 2 

Receive Data 2 Transmit Data 
D 9/ Pin - 2, or - 0 25/ Pin 2 
D 25 / Pin - 3 

Signal Ground 3 Signal Ground 
D 9/ Pin - 5,  or 
D 251 Pin - 7 
- D 2 5 /  Pin - 7 

Fig. 1.1. Wire connections for PC - HP plotter cable 

8 Copyright 1994, I. S. Designs, Inc. 
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1.9 Starting XSTABL 

1.8 6 

XSTABL should be executed from the directory occupied by the program's files by. typing 
"XSTABL" at the DOS prompt. Please note that an error will be reported if the user attempts 
to execute XSTABL from a directory which does not have the SETUP1.STB file. Also, the 
program expects to access the files: XSTABL-HLP and XSTABL.ERR (Le. the help and error 
files) from the current directory only. If these files are not in the current directory, XSTABL 
will be unable to provide a complete report on the errors and the context sensitive help 
information will not be available. 

In executing the program, XSTABL offers the user an opportunity to change three 
default parameters via a command line option. If the user executes the program by only typing 
"XSTABL", the following default options are invoked: 

(a) 

(b) 

Imperial units, i.e. pounds, psf, pcf and feet; 

Parallel printer port selected as LPT1; 

(c) Serial port selected as COMl . 

The parallel port is used for printing input and output files and for printing all slope analysis 
plots, except those sent to a plotter. In this case the plotter is assumed to be connected to the 
COMl serial port. If the above default selection is not appropriate. the user may change any of 
these according to the command-line switches given below. 

Alternative Si Units may be selected by executing the program by typing: "XSTABL -m" at 
the DOS prompt. In this case the program will startup with SI units represented by: 
kN, kPa (kilo Pascals), kN/m3 and meters. 

The Alternative Parallel Port LPT2 may be selected by starting the program by typing: 
"XSTABL LPT2". This selection will send all parallel port output to the LPT2 port. 

The Alternative Serial Port C O W  may be selected by starting the program by typing: 
"XSTABL COM2". This selection will send the plotter output to the alternative serial 
port. 

Any combination of the above three options is possible. For example by typing : 
"XSTABL COM2 LPT2 -m" the user may invoke (1) COM2 as the serial port, (2) LPT2 as the 
default parallel printer port and (3) SI units. 

~ ~~ ~~ 
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.1.10 Example Input and Output Files 

Several data files are provided with the main programs. on the enclosed disk. for evaluating 
the XSTABL software. These files are based on the slope geometry described in Appendix A 
of this manual. The output files, for example EX-1.IPT. are also included for the convenience 
of the user and to check for proper operation of XSTABL on your computer. A complete 
description of these example files is summarized in the disk file: PACK.LST. 

1.1 1 XSTABL Tutorial 

A dialogue script for a tutorial that demonstrates some of the unique features of XSTABL is 
included with the program disk(s) in the file: DEMO.TXT. The user is encouraged to print 
this file, and follow the suggested instructions. This tutorial will familiarize users with the 
editing features, special commands and other data tables that are used to assemble a data file 
for slope stability analysis. 

1.12 ANSI.SYS Device Driver 

The XSTABL program has been designed to access the video hardware directly, thus 
minimizing the response time between keyboard entry and subsequent actions. However if the 
ANSI.SYS device driver is loaded, it “filters” the data before it. is written to the screen. Thus 
in order to maximize the speed of XSTABL, the use of the ANSI.SYS device driver is not 
recommended as it tends to slow the response time for data written to screen. 

The user may check to see if the ANSI.SYS driver is loaded by examining the 
CONFIG.SYS file in the root directory. A line of the general form : 

DEVICE= ANSI.SYS 

will indicate that the device driver is loaded at the start of every session. The user must then 
choose to either load or omit the ANSI.SYS device driver. 

10 Copyright 1994, I. S. Designs, Inc. 



1.13 Loading and Execution Errors h2 1/21 

It is possible that an "unexplainable" error may occur during the loading and execution 
phase of the program. If such an error occurs. please check you data thoroughly. If your data 
appears to be correct and the error condition persists. please contact: 

-.. 

Dr. Sunil Sharma, 
Interactive Software Designs, Inc.. 
953 N. Cleveland, 
Moscow, ID 83843. 
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3.2 Short-Term Liner System Stability 
on Side Slopes 
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Written by: 6@ Date (YMID): 9$/ 12 / I 3  Reviewed by: Date: I rC D- 

Client.: Project: OSPP Project NO.: G € ~ W @  Task No.: 9 .5 

SHORT-TERM LINER SYSTEM STABILITY ON SIDE SLOPES 

EXECUTIVE SUMMARY 

PurDose of Calculations: 

These calculations are performed to evaluate the stability of the liner system on 
the perimeter side slopes during the period between liner system construction and 
placement of impacted material in the cell. The evaluation includes assessment of 
the potential for tensile stresses to develop in the geosynthetic components of the 
liner system during the indicated time period. 

Methodolow: 

Stability is evaluated by first calculating the minimum slope stability factor of 
safety (FS) for the liner system on the perimeter side slopes using the 2-dimensional 
limit equilibrium analysis approach presented by Giroud et al. (1995) (reference no. 
1 in Calculation Procedures/Methods package). The calculation considers the 
following: (i) location of the least stable side slope cross section; (ii) stability during 
each stage of liner system construction; (iii) the minimum available shear strength, 
appropriate for short-term conditions, of the materials and interfaces within the liner 
system; and (iv) the effect of rainfall, specifically, the 25-year, 24-hour storm, on 
liner system stability. The calculated minimum FS is then compared to the target 
value of FS given in the Design Criteria Package, Le., 1.3. Adequate stability is 
demonstrated if the calculated minimum FS is equa1G;greater than the target value. 

The potential for tensile stresses to develop in the geosynthetic components of 
the liner system is evaluated using information presented by Long et al. (1994) 
(reference no. 4 in Calculation Procedures/Methods package). 

Conclusions: 

Calculated minimum slope stability FS is 1.58. This value exceeds the target 
value of 1.3.  Therefore, stability is adequate. 
Predicted tensile stresses in the liner system geosynthetics are negligible. 

End of Executive Summary 
.. 
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Client: FERMCO Project : OSDF Proj./Proposal No.: GE3900 Task No.: 9.6 

+ / y i ) e z  
INTERIM/FINAL WASTE MASS STABILITY 

EXECUTIVE SUMMARY 

Purpose 

This calculation package contains analyses for static stability of the OSDF waste mass for 
final and interim configurations. The stability of the OSDF is calculated for failure surfaces that 
pass through the waste mass and along the liner system of the OSDF. 

Procedure 

Calculations were performed for the interim and final OSDF configurations as shown on 
the figures presented in this package. Minimum acceptable factors of safety (FS) based on 
UMTRA Technical Approach Document (DOE, 1989) are as follows: (i) Long-Tern Stability, 
FS 2 1.5; and (ii) End of Construction Stability (Interim/Short-Term), FS 2 2.3. 

The stability analyses are performed using established geotechnical procedures for 0 calculating slope stability. 

Results 

Interim Conditions 
Factor of Safety 

- Dry Unreinforced Bentonite Interface FS = 1.8 
- Hydrated Reinforced Bentonite (GCL) FS = 1.8 

Long-Term Conditions 

- Peak Hydrated GCL Strengths FS = 2.0 
- Large Displacement Hydrated GCL Strengths FS = 1.7 

All factors of safety meet the established criteria. 

GE3900-09.6/F9530023 .CD 
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XSTABL File: STDRY02S 10-09-95 12:44 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* .  using the * 

* Copyright (C) 1992 6 94 * 
* . Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* 
* 

* Method of Slices * 

* * 

* * 
* Ver. 5.100 95 d 13.05 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : SHORT TERM DRY STRENGTHS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

. o  
85.0 
246.0 
262.0 
272.0 
300.0 
307.0 
310.0 

159.0 
159.0 
104.0 
108.0 
108.0 
101.0 
101.0 
100.0 

85.0 
246.0 
262.0 
272.0 
300.0 
307.0 
310.0 
310.3 

14 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

. 10 
11 

. o  

. o  
85.0 
170.0 
246.0 
250.0 
262.0 
272.0 
300.0 

. o  
246.0 

99.0 
98.0 
99.7 
101.4 
103.0 
104.0 
107.0 
107.0 
100.0 
97.9 
102.9 

246.0 
85.0 
170.0 
246.0 
250.0 
262.0 
272.0 
300.0 
310.0 
246.0 
262.0 

y-right 
(ft) 

159.0 
104.0 
108.0 
108.0 
101.0 
101.0 
100.0 
99.9 

y-right 
(ft) 

104.0 
99.7 
101.4 
103.0 
104.0 
107.0 
107.0 
100.0 
100.0 
102.9 
106.9 

Soil Unit 
Below Segment 

Soil Unit 
Below Segment 

2 
3 
4 
5 
5 
6 
6 
6 
6 
7 
7 



A sc - 2.Y /qo, 

omAf- 186 
12 262.0 106.9 272.0 106.9 ‘7 9’b ?J/o/N 
13 272.0 106.9 300.0 99.9 7 
14 300.0 99.9 310.3 99.9 7 

7 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Uni t Moi s t Sat. Intercept Angle Parameter Constant 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 

1 125.0 125.0 200.0 25.00 . o o o  . o  
2 125.0 125.0 . o  30.00 . o o o  . o  
3 125.0 125.0 . o  20.00 . o o o  - 0  
4 125.0 125.0 . o  20.00 . o o o  . o  
5 125.0 125.0 . - 0  20.00 . o o o  . o  
6 125.0 125.0 . o  20.00 . o o o  - 0  
7 130.0 130.0 . o  25.00 . o o o  . o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 9 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

245.63 
234.78 
137.56 
129.19 
120.86 
112.70 
-105.33 
99.50 
93.74 

104.13 
102.68 
100.75 
109.35 
117.98 
126.78 
136.26 
146.74 
156.01 

Water 
Surf ace 
No. 

0 
‘ 0  

0 
0 
0 
0 .  
0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (Ib) 



R s c  JJ-/YS 

p w .  . 1 8 605 OU W e~r ps/ro/to 
.28 1.19 -7.59 18.86 42. 1 245.04 104.05 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

239.99 
235.15 
202.39 
153.78 
137.06 
132.88 
125.02 
116.78 
109.01 
102.42 
96.62 

103.37 2.68 8.92 -7.59 18.86 2988. 
102.73 4.98 .75 -7.59 18.86 464. 
102.04 16.86 64.78 -1.14 18.86 136531. 
101.07 34.43 32,44 -1.14 18.86 139626. 

4979. 101.26 39.95 1.00 45.78 18.86 
105.56 37.08 7.37 45.78 18.86 34170. 
113.67 31.66 8.33 46.01 18.86 32968. 
122.38 25.76 8.16 47.16 18.86 26279. 
131.52 19.28 7.37 52.14 18.86 17758. 

5.83 60.91 18.86 8418. 141.50 11.55 
3.65 5.76 58.16 18.86 2630. 151.38 

Iter # Theta FOS force FOS moment 
2' 16.0254 1,8760 1,9306 
3 16.0505 1.8765 1.8.760 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base U-top P-top Delta 
(psf (psf 1 (1b) (lb) (1b) 

1 93.4 200.0 25.00 
2 402.7 . o  30.00 
3 706.8 . o  20.00 
4 2255.0 . o  20.00 
5 4605.0 . o  20.00 

7 3079.8 200.0 25.00 
8 2613.2 200.0 25.00 
9 2081.4 200.0 25.00 
10 1423.2 200.0 25.00 
11 677.9 200.0 25.00 
12 176.2 200.0 25.00 

6 3278.6 . o  30.00 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  * 0 0  
0 .  . o o  
0 .  . o o  
0 .  - 0 0  
0 .  . o o  
0 .  . o o  
0 .  . o o  
0 .  . o o  
0 .  . o o  
0 .  . o o  
0 .  . oo  
0 .  . o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf (psf 1 (psf 

6 
7 
8 
9 

10 
11 

245.04 
239.99 
235.15 
202.39 
153.78 
137.06 
132.88 
125.02 
116.78 
109.01 
102.42 

93.4 
402.7 
706.8 
2255.0 
4605.0 
3278.6 
3079.8 
2613.2 
2081.4 
1423.2 
677.9 

35.2 
335.1 
622.0 
2107.6 
4304.0 
4994.0 
4635.3 
3957.7 
3220.4 
2409.5 
1443.8 

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

129.8 
123.9 
137.1 
437.4 
893.2 
1008.7 
871.9 
756.0 
623.8 
460.3 
275.1 



12 96.62 176.2 
. . -  

456.7 . o  15G.4 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (1b) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

244.44 
235.53 
234.78 
170.00 
137 .. 56 
136.56 
129.19 
120.86 
112.70 
105.33 
99.50 
93.74 

16.05 
16.05 
16.05 
16.05 
16.05 
16.05 
16.05 
16.05 
16.05 
16.05 
16.05 

. o o  

175. .25 
1823. 2.08 
2003. 2.20 
34504. 10.67 
67742. 12.96 
65294. 12.70 
47708. 10.92 
30794. 8.97 
17032. 7.16 
6522. 5.41 
798. 3.81 
-2. -42.06 

.56 
4.80 
5.15 
28.57 
40.30 
39.61 
34.55 
28.77 
22.76 
15.79 
7.31 

. o o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE VALUES ALONG FAILURE SURFACE 

Total Normal Stress = . 2347.88 (psf) 

Shear Stress - - 538.10 (psf) 
Pore Water Pressure = . o o  (psf) 

Total Length of failure surface = 179.10 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.876 

Total shear strength available 
along specified failure surface = 180.843+03 lb 

.443 

.434 

.426 

.373 

.322 

.321 

.316 

.312 

.315 
-342 
.521 
* 000 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * * using the * 

* Copyright (C) 1992 6 94 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

* * 

* * 
* Ver. 5.100 95 5 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : SHORT-TERM HYDRATED GCL STRENGTHS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

. 1  
2 
3 
4. 
5 
6 
7 
8 

. o  
85.0 
246.0 
262.0 
272.0 
300.0 
307.0 
310.0 

159.0 
159.0 
104.0 
108.0 
108.0 
101.0 
101.0 
100.0 

85.0 
246.0 
262.0 
272.0 
300.0 
307.0 
310.0 
310.3 

14 SUBSURFACE boundary segments 

Segment 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

x-left 
(ft) 

. o  

. o  
85.0 
170.0 
246.0 
250.0 
262.0 
272.0 
300.0 

. o  
246.0 

y-left 
(ft) 

99.0 
98.0 
99.7 

101.4 
103.0 
104.0 
107.0 
107.0 
100.0 
97.9 
102.9 

x-right 
(ft) 

246.0 
85.0 
170.0 
246.0 
250.0 
262.0 
272.0 
300.0 
310.0 
246.0 
262.0 

y-right 
(ft) 

159.0 
104.0 
108.0 
108.0 
101.0 
101.0 
100.0 
99.9 

y-right 
(ft) 

104.0 
99.7 
101.4 
103.0 

. 104.0 
107.0 
107.0 
100.0 

' 100.0 
102.9 
106.9 

Soil Unit 
Below Segment 

Soil Unit 
Below Segment 

2 
3 
4 
5 
5 
6 
6 
6 
6 
7 
7 



a 

AsG w . .  

12 262.0 106.9 272.0 106.9 - ?S//0/20 7 

13 272.0 106.9 300.0 99.9 7 
14 300.0 99.9 310.3 99.9 7 

ISOTROPIC Soil Parameters 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

7 Soil unit(s1 specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 
No. (pcf) (pcf) (psf 1 (deg 1 Ru (psf 1 

1 125.0 125.0 200.0 25.00 . o o o  - 0  
2 125.0 125.0 . o  30.00 . o o o  . o  
3 125.0 125.0 . o  15.00 . o o o  . o  
4 125.0 125.0 - 0  17.00 . o o o  . o  
5 125.0 125.0 - 0  23.00 . o o o  . o  
6 125.0 125.0 . o  30.00 . o o o  . o  
7 130.0 130.0 . o  25.00 . o o o  . o  

Trial failure surface specified by 
the following 10 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

237.85 
233.. 68  
123.21 
114.72 
106.50 
98.30 
91.19 
82.82 
75.21 
70.21 

106.78 
102.65 
100.46 
108.95 
117.69 
126.45 
136.11 
144.71 
154.00 
159.00 

/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Water 
Surf ace 
No. 

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (1b) 



1 236.33 105.28 
2 234.29 103.26 
3 233.73 102.70 
4 201.84 102.02 
5 146.60 100.92 
6 
7 
8 
9 

10 
11 
12 
13 
14 

122.70 100.97 
118.45 105.22 
110.61 113.32 
102.40 122.07 
94.74 131.28 
88.10 139.29 
83.91 143.59 
79.01 149.36 
72. ’21 156.50 

2.02 
4.74 
5.50 

17.07 
37.03 
45.15 
42.36 
36.93 
30.99 
24.39 
18.65 
15.41 
9.64 
.2.50 

3.04 
1.04 
.09 

63.68 
46.79 
1.02 
7.47 
8.22 
8.20 
7.11 
6.19 
2.18 
7.61 
5.00 

Iter # Theta FOS force 
2 14.3129 1,8541 
3 14.4803 1.8578 
4 14.4762 1.8577 

SLICE INFORMATION . . .  continued : 

Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12- 
13 
14 

Sigma 
(psf 1 

900.6 
1666.4 
1498.4 
2290.6 
4877.1 
3790.9 
3610.2 
3067.7 
2559.6 
1801.1 
1542.0 
1264.0 
707.9 
161.1 

c-value 
(psf 1 

200.0 
. o  
. o  
. o  
. o  
. o  

200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

phi U-base 
(lb) 

25.00 
30.00 
23.00 
23.00 
17.00 
30.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

-44.75 18.86 
-44.75 18.86 
-44.75 18.86 
-1.14 18.86 
-1.14 18.86 
45.00 18.86 
45.00 18.86 
46.76 18.86 
46.89 18.86 
53-.65 18.86 
45.78 18.86 
45.78 . o o  
50.68 . o o  
45.00 - 0 0  

.FOS moment 
1,9249 
1.8541 
1.8578 

769. 
616. 
64. 

135853. 
216609. 

5753. 
39531. 
37947. 
.31761. 
21677. 
14432. 
4199. 
9175. 
‘1563. 

U-top 
1 (Ib) 

0. 
0 .  

0 .  
0 .  . 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

, 0 .  

P-top 
(1b) 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

Slice 
# 

Base 
x-coord 

(ft) 

236.33 
234.29 
233.73 
201.84 
146.60 

Normal ’ 
Stress 
(psf 1 

900.6 
1666.4 
1498.4 
2290.6 
4877.1 

Vertical 
Stress 
(psf) 

253.1 
592.7 
687.1 

2133.4 
4629.0 

Pore Water 
Pressure 

(psf 1 

. o  

. o  

. o  

. o  

. o  

Delta 

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  
- 0 0  
. o o  
* 0 0  
. o o  
. o o  
* 0 0  
. o o  
. o o  

Shear 
Stress 
(psf) 

333.7 
517.9 
342.4 
523.4 
802.6 



6 122.70 3790.9 5643.6 
7 118 -45 3610.2 5294.4 
8 110.61 3067.7 4616.4 
9 102 -40 2559.6 3873.2 
10 94.74, ‘1801.1 3048.9 
11 88.10 1542.0 2331.6 
12 83.91 1264.0 1926.2 
13 79.01 707.9 1205.6 
14 72.71 161.1 312.5 

- 0  
. o  
- 0  
. o  
- 0  
- 0  
. o  
. o  

1013.9 
877.7 
750.1 
559.8 
494.7 
424.9 
285.3 
148.1 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (Ib) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

234.81 
233.77 
233.68 
170.00 
123.21 
122.19 
114.72 
106.50 
98.30 
91.19 
85.00 
82.82 
75.21 
70.21 

14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 
14.48 

. o o  

3848. 
6176. 
6353. 
43761. 
87224 .. 
84473. 
64452. 
44212. 
27408. 
13549. 
6583. 
4616. 
67. 
0. 

1.90 
2.24 
2.29 
10.47 
15.02 
14.74 
12.91 
10.69 
8.57 
5.51 
4.05 
3.74 
1.85 
- .86 

4.05 
5.43 
5.56 
28.58 
45.49 
44.81 
39.90 
33.97 
28.01 
20.78 
16.53 
14.29 
5.00 

. o o  

Total Normal Stress = 2766.19 (psf) 

Shear Stress - - 624.09 (psf) 

Total Length of failure surface = 195.44 feet 

Pore Water Pressure = . o o  (psf) 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.858 

Total shear strength available 
along specified failure surface = 226.593+03 lb 

.469 

.411 

.412 

.366 

.330 

.329 

.324 

.315 

.306 

.265 

.245 

.262 

.371 

. o o o  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1992 6 94 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 

* * 
* * 
* Ver. 5.100 95 6 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FINAL CONFIGURATION - PEAK STRENGTHS 

2 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 . o  160.0 . 130.0 
2 130.0 153.0 436.0 

18 SUBSURFACE boundary segments 

Segment. x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

. o  
130.0 
370.0 
394.0 

. o  
130.0 
190.0 
322.0 
340.0 
348.0 
348.4 

. o  
316.0 

. o  
130.0 
316.0 

. o  

153.0 
146.0 
106.0 
102.0 
151.0 
144.0 
133.0 
112.0 
106.0 
106.0 
106.0 
103.2 
100.0 
101.2 
99.9 
98.0 
101.1 

130.0 
370.0 
394.0 
436.0 
130.0 
190.0 
322.0 
340.0 
348.0 
348.4 
370.0 
316.0 
340.0 
130.0 
316.0 
348.0 
316.0 

y-right Soil Unit 
(ft) Below Segment 

153.0 6 
102.0 6 

y-right Soil Unit 
(ft) Below Segment 

146.0 
106.0 
102.0 
102.0 
144.0 
133.0 
112.0 
106.0 
106.0 
106.0 
106.0 
100.0 
106.0 
99.9 
98.0 
106.0 
97.9 

7 
7 
7 
7 
1 
1 
1 
1 
2 
5 
7 
2 
2 
3 
4 
5 
7 



7 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Mo i s t Sat. Intercept Angle Parameter Constant 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf) 

1 125.0 125.0 . o  25.00 . o o o  . o  
2 125.0 125.0 . o  30.00 . o o o  . o  
3 125.0 125.0 . o  8.00 . o o o  . o  
4 125.0 125.0 . o  8.00 . o o o  . o  
5 125.0 125.0 . o  10.00 . o o o  . o  
6 125.0 125.0 . o  30.00 . o o o  . o  
7 130.0 130.0 . o  25.00 - 0 0 0  . o  

Water 
Surf ace 
No. 

Trial failure surface specified by 
the following 12 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
-7 
8 
9 
10 
11 
12 

354.10 
348.09 
336.15 
325.71 
316.00 
146.95 
139.43 
131.00 
123.20 
115.96 
110.71 
103.33 

115.65 
112.07 
110.86 
104.94 
97.90 
99.62 
108.96 
117.51 
126.62 
136.19 
146.98 
154.44 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) - (1b) 



1 3 5 1 . 1 0  
2 3 4 3 . 5 8  
3 3 3 7 . 6 1  
4 3 3 4 . 1 6  
5 3 2 8 . 9 4  
6 3 2 3 . 8 5  
7 3 2 1 . 2 1  
8 3 1 8 . 3 2  
9 3 1 6 . 1 1  

10  2 5 3 . 0 0  
11 1 6 8 . 4 8  
1 2  1 4 6 . 9 1  
1 3  1 4 6 . 0 6  
1 4  1 4 2 . 3 4  
15 1 3 5 . 2 1  
1 6  1 3 0 . 5 0  
17 1 2 6 . 6 0  
1 8  1 1 9 . 5 8  
1 9  1 1 3 . 8 2  
2 0  1 1 1 . 1 9  
2 1  1 1 0 . 6 8  
22  1 0 6 . 9 9  

1 1 3 . 8 6  2 . 2 9  6 . 0 1  - 3 0 . 7 8  9 .46  
1 1 1 . 6 1  5 . 7 9  9 . 0 2  - 5 . 7 9  9 . 4 6  
1 1 1 . 0 1  7 . 3 9  2 . 9 2  - 5 . 7 9  9 . 4 6  
1 0 9 . 7 3  9 . 2 4  3 . 9 7  - 2 9 . 5 6  9 . 4 6  
1 0 6 . 7 7  1 3 . 0 7  6 . 4 7  - 2 9 . 5 6  9 .46  
1 0 3 . 6 0  1 7 . 1 0  3 . 7 1  - 3 5 . 9 4  9 . 4 6  
1 0 1 . 6 8  1 9 . 4 5  1 . 5 8  - 3 5 . 9 4  9 . 4 6  

9 9 . 5 8  2 2 . 0 4  4 . 2 1  - 3 5 . 9 4  9 . 4 6  
9 7 . 9 8  2 4 . 0 1  . 2 1  - 3 5 . 9 4  9 . 4 6  
9 8 . 5 4  3 3 . 9 6  1 2 6 . 0 0  . 5 8  9 . 4 6  
9 9 . 4 0  4 7 . 1 9  4 3 . 0 5  . 5 8  9 . 4 6  
9 9 . 6 7  5 0 . 5 1  . 0 9  5 1 . 1 6  9 . 4 6  

1 0 0 . 7 3  4 9 . 6 0  1 . 6 1  5 1 . 1 6  9 . 4 6  
1 0 5 . 3 4  45 .60  5 . 8 2  51 .16  9 . 4 6  
1 1 3 . 2 4  38 .90  8 .43  4 5 . 4 0  9 . 4 6  
1 1 8 . 0 9  3 4 . 8 2  1 . 0 0  4 9 . 4 3  9 .46  
1 2 2 . 6 5  30 .53  6 . 8 0  4 9 . 4 3  3 . 0 8  
1 3 1 . 4 0  22 .16  7 . 2 4  5 2 . 8 9  3 . 0 8  
1 4 0 . 5 9  1 3 . 2 8  4 . 2 8  6 4 . 0 5  3 . 0 8  
1 4 5 . 9 8  8 . 0 3  . 9 7  6 4 . 0 5  3 . 0 8  
1 4 7 . 0 1  7 . 0 3  .06  4 5 . 2 9  3 . 0 8  
1 5 0 . 7 4  3 . 5 0  7 . 3 2  4 5 . 2 9  3 . 0 8  

1 7 2 1 .  
6 5 3 2 .  
2 7 0 0 .  
4 6 3 2 .  

1 0 6 6 8 .  
7 9 7 1 .  
3 8 5 6 .  

1 1 6 4 0 .  
6 3 4 .  

5 3 6 4 4 4 .  ' 

254491 .  
5 4 9 .  

1 0 0 0 8 .  
33248 .  
41074 .  

4 3 6 3 .  
2 6 0 2 2 .  
2 0 1 2 4 .  

7 1 4 9 .  
9 7 9 .  

5 4 .  
3202  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force FOS moment 
2 6 . 1 7 8 2  2,0132 2,1208 

2 . 0 1 3 2  3 6 . 3 1 4 9  
3 6 . 2 4 6 5  2 .0158  
4 6 . 3 1 1 3  2 . 0 1 8 4  2 .0158  
5 6 .3096  2 . 0 1 8 3  2 . 0 1 8 4  

- - - - -  
- - - - -  

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base. u- top P-top Delta 
(psf 1 (psf 1 (Ib) (Ib) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

3 9 1 . 1  
7 7 9 . 9  
9 8 5 . 1  

1 4 9 3 . 5  
2 1 1 2 . 6  
2 9 5 6 . 2  
3 3 5 9 . 7  
4 0 6 0 . 7  
3 5 5 5 . 6  
4282 .6  
5 9 4 6 . 4  
5200.9,  
4 2 5 1 . 1  
4 0 8 2 . 9  
3 6 8 8 . 6  
3 1 7 6 . 6  
2786 .3  
1 9 4 9 . 2  

996.3  

. o  30 .00  

. o  3 0 . 0 0  

. o  2 5 . 0 0  

. o  2 5 . 0 0  

. o  25 .00  

. o  25 .00  

. o  25 .00  

. o  30 .00  

. o  1 0 . 0 0  
- 0  8 .00  
. o  8 .00  
. o  8 .00  
. o  3 0 . 0 0  
. o  25 .00  
. o  25 .00  
. o  2 5 . 0 0  
- 0  25 .00  
. o  2 5 . 0 0  
. o  2 5 . 0 0  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  

. o o  
- 0 0  
. o o  
.oo  
. o o  
* 0 0  
. o o  
. o o  
. o o  
. o o  



YQ/rs - 
20 601.7 . o  25.00 0. 0. . o o  
21 666.0 . o  25.00 0. 0. 0. . o o  
22 319.6 . o  30.00 0. 0. 0. . o o  

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress # 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19. 
20 
21 
22 

351.10 
343.58 
337.61 
334.16 
328.94 
323.85 
321.21 
318.32 
316.11 
253.00 
168.48 
146.91 
146.06 
142.34 
135.21 
130.50 
126.60 
119.58 
113.82 
111.19 
110.68 
106.99 

391.1 
779.9 
985.1 
1493.5 
2112.6 
2956.2 
3359.7 
4060.7 
3555.6 
4282.6 
5946.4 
5200.9 
4251.1 
4082.9 
3688.6 
3176.6 
2786.3 
1949.2 
996.3 
601.7 
666.0 
319.6 

286.4 
. 723.9 
925.8 
1166.1 
1649.4 
2148.5 
2441.8 
2764.5 
3011.0 
4257.5 
5911.5 
6325.0 
6210.8 
5710.9 
4872.4 
4362.9 
3826.8 
2779.5 
1670.. 4 
1008.8 
878.8 
437.5 

. o  

. o  
- 0  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
- 0  
. o  
. o  
. o  
. o  
. o  

111.9 
223.1 
227.6 
345.1 
488.1 
683.0 
776.2 
1161.6 
310.6 
298.2 
414.1 
362.2 
1216.0 
943.3 
852.2 
733.9 
643.7 
450.3 
230.2 
139.0 
153.9 
91.4 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Right 
x-coord 

(ft) 

348.09 
339.07 
336.15 
332.18 
325.71 
322.00 
320.42 
316.21 
316.00 
190.00 
146.95 
146.86 
145.25 
139.43 
131.00 

Force Interslice 
Angle Force 

(degrees) (Ib) 

6.31 
6.31 
6.31 
6.31 
.6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.31 

2085. 
4828. 
5789. 
10553. 
21524. 
32073. 
37177. 
54568. 
55180. 
87460. 
102774. 
102242. 
95654. 
71476. 
46974. 

Force Boundary 
Height Height- 
(ft) (ft) 

2.12 
2.29 
2.47 
3.44 
4.95 
5.91 
6.33 
7.27 
7.36 
14.96 
16.73 
16.72 
15.98 
13.69 
11.22 

4.58 
7.00 
7.78 
10.70 
15.44 
18.75 
20.16 
23.91 
24.10 
43.82 
50.55 
50.46 
48.73 
42.47 
35.32 

Height 
Ratio 

.463 

.326 
-318 
.322 
-321 
.315 
.314 
.304 
.306 
.341 
-331 
.331 
.328 
* 322 
.318 



16 130.00 6.31 43980. 10.89 34. - .317 
17 123.20 6.31 26120. 8.69 26.75 .325 
18 115.96 6.31 10633. 6.20 17.57 .353 
19 111.68 6.31 2807. 3.56 9.00 .395 
20 110.71 6.31 1736. 3.29 7.06 .466 
21 110.65 6.31 1704. 3.29 7.00 .470 
22 103.33 . o o  0. 3.72 - 0 0  . o o o  

a 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
AVERAGE VALUES ALONG FAILURE SURFACE 

Total Normal Stress = 3676.44 (psf) 

Shear Stress - - 402.78 (psf) 

Total Length of failure surface = 282.53 feet 

Pore Water Pressure = .oo  (psf) 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.018 

Total shear strength available 
along specified failure surface = 229.683+03 lb 
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XSTABL File: FHYDLDlS 10-09-95 13:40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * * using the * 

* Copyright (C) 1992 6 94 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. * 
* All Rights 'Reserved * 

* Method of Slices * 
* * 

* * 
* * 
* Ver. 5.100 95 6 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FINAL CONFIG. - LARGE DISPLACEMENT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 SURFACE boundary segments 

Segment x-left y- lef t x-'right 
No. (ft) (ft) (ft) 

1 . o  160.0 130.0 
2 130.0 153.0 436.0 

18 SUBSURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 

a 

. o  
130.0 
370.0 
394.0 

. o  
130.0 
190.0 
322.0 
340.0 
348.0 
348.4 

. o  
316.0 

. o  
130.0 
316.0 

. o  

153.0 
146.0 
106.0 
102.0 
151.0 
144.0 
133.0 
112.0 
106.0 
106.0 
106.0 
103.2 
100.0 
101.2 
99.9 
98.0 
101.1 

130.0 
370.0 
394.0 
436.0 
130.0 
190.0 

2 322.0 
340.0 
348.0 
348.4 
370.0 
316.0 
340.0 
130.0 
316.0 
348.0 
316.0 

y-right 
(ft) 

153.0 
102.0 

y-right 
(ft) 

146.0 
106.0 
102.0 
102.0 
144.0 
133.0 
112.0 
106.0 
106.0 
106.0 
106.0 
100.0 
106.0 
99.9 
98.0 
106.0 
97.9 

Soil Unit 
Below Segment 

6 
6 

Soil Unit 
Below Segment 

7 
7 
7 
7 
1 
1 
1 
1 
2 
5 
7 
2 
2 
3 
4 
5 
7 

000682 



18 316.0 97.9 

7 Soil unit(s) specified 

Soil 
Unit 
No. 

Unit Weight 
Moist Sat. 
(pcf) (pcf) 

125.0 125.0 
125.0 125.0 
125.0 125.0 
125.0 125.0 
125.0 125.0 
125.0 125.0 
130.0 130.0 

Cohesion 
Intercept 

(psf 1 

. 0' 
- 0  
. o  
. o  
. o  
- 0  
. o  

348.4 

Friction Pore Pressure 
Angle Parameter Constant 
(deg 1 Ru (psf) 

25.00 
.30.00 
5.00 
6.00 
7.00 
30.00 
25.00 

. o o o  

. o o o  

. o o o  

. o o o  

. o o o  

. o o o  
- 0 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 12 coordinate points : 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 .  
8 
9 
10 
11 
12 

x-surf 
(ft) 

354.10 
348.09 
336.15 
325.71 
316.00 
146.95 
139.43 
131.00 
123.20 
115.96 
110.71 
103.33 

y-surf 
, (ft) 

115.65 
112.07 
110.86 
104.94 
97.90 
99 i 62 
108.96 
117.51 
126.62 
136.19 
146.98 
154.44 ' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width 
(ft) (ft) (ft) (ft) 

. o  

. o  

. o  

. o  

. o  
- 0  
. o  

Water 
Surf ace 
NO. 

weight 
(lb) 

beta alpha 



1 3 5 1 . 1 0  1 1 3 . 8 6  2 . 2 9  6 . 0 1  
2 3 4 3 . 5 8  1 1 1 . 6 1  5 . 7 9  9 . 0 2  
3 3 3 7 . 6 1  1 1 1 . 0 1  7 . 3 9  2 . 9 2  
4 3 3 4 . 1 6  1 0 9 . 7 3  9 . 2 4  3 . 9 7  
5 3 2 8 . 9 4  1 0 6 . 7 7  1 3 . 0 7  6 . 4 7  
6 3 2 3 . 8 5  1 0 3 . 6 0  1 7 . 1 0  3 . 7 1  
7 3 2 1 . 2 1  1 0 1 . 6 8  1 9 . 4 5  1 . 5 8  
8 3 1 8 . 3 2  9 9 . 5 8  2 2 . 0 4  4 . 2 1  
9 3 1 6 . 1 1  9 7 . 9 8  2 4 . 0 1  . 2 1  

1 0  2 5 3 . 0 0  98 .54  3 3 . 9 6  1 2 6 . 0 0  
11 1 6 8 . 4 8  9 9 . 4 0  4 7 . 1 9  4 3 . 0 5  
1 2  1 4 6 . 9 1  9 9 . 6 7  5 0 . 5 1  . 0 9  
1 3  1 4 6 . 0 6  1 0 0 . 7 3  4 9 . 6 0  1 . 6 1  
1 4  1 4 2 . 3 4  1 0 5 . 3 4  4 5 . 6 0  5 . 8 2  
1 5  1 3 5 . 2 1  1 1 3 . 2 4  3 8 . 9 0  8 . 4 3  
1 6  1 3 0 . 5 0  1 1 8 . 0 9  3 4 . 8 2  1 . 0 0  
1 7  1 2 6 . 6 0  1 2 2 . 6 5  3 0 . 5 3  6 . 8 0  
1 8  1 1 9 . 5 8  1 3 1 . 4 0  2 2 . 1 6  7 . 2 4  
1 9  1 1 3 . 8 2  1 4 0 . 5 9  1 3 . 2 8  4 . 2 8  
2 0  1 1 1 . 1 9  1 4 5 . 9 8  8 . 0 3  . 9 7  
2 1  1 1 0 . 6 8  1 4 7 . 0 1  7 . 0 3  .06  
22  1 0 6 . 9 9  1 5 0 . 7 4  3 . 5 0  7 . 3 2  

- 3 0 . 7 8  9 . 4 6  
- 5 . 7 9  9 . 4 6  
- 5 . 7 9  9 . 4 6  

- 2 9 . 5 6  9 . 4 6  
- 2 9 . 5 6  9 . 4 6  
- 3 5 . 9 4  9 . 4 6  
- 3 5 . 9 4  ' 9 . 4 6  
- 3 5 . 9 4  9 . 4 6  
- 3 5 . 9 4  9 . 4 6  

- 5 8  9 . 4 6  
- 5 8  9 . 4 6  

5 1 . 1 6  9 . 4 6  
5 1 . 1 6  9 . 4 6  
5 1 . 1 6  9 . 4 6  
4 5 . 4 0  9 . 4 6  
4 9 . 4 3  9 . 4 6  
4 9 . 4 3  3 . 0 8  
5 2 . 8 9  3 . 0 8  
6 4 . 0 5  3 . 0 8  
6 4 . 0 5  3 . 0 8  
4 5 . 2 9  3 . 0 8  
4 5 . 2 9  3 . 0 8  

1 7 2 1 .  
6 5 3 2 .  
2 7 0 0 .  
4 6 3 2 .  

1 0 6 6 8 .  
7 9 7 1 .  
3 8 5 6 .  

1 1 6 4 0 .  
6 3 4 .  

5 3 6 4 4 4 .  
2 5 4 4 9 1 .  

5 4 9 .  
1 0 0 0 8 .  
3 3 2 4 8 .  
4 1 0 7 4 .  

4 3 6 3 .  
2 6 0 2 2 .  
2 0 1 2 4 .  

7 1 4 9 .  
9 7 9 .  

5 4 .  
3 2 0 2 .  

Iter # Theta FOS force FOS moment 
2 5 . 7 8 5 7  1,7823 1,8931 

1 . 7 8 2 3  3 5 . 9 2 7 2  
3 5 . 8 5 6 4  1 . 7 8 4 7  - - - - -  
4 5 . 9 2 3 9  1 . 7 8 7 1  1 . 7 8 4 7  
5 5 .9223 1 . 7 8 7 0  1 . 7 8 7 1  

- - - - -  

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base u- top P-top Delta 
(psf 1 (psf 1 (1b) (lb) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
1 9  

4 0 2 . 0  
7 8 4 . 0  
9 8 9 . 1  

1 5 2 2 . 0  
2 1 5 2 . 9  
3 0 3 2 . 3  
3 4 4 6 . 2  
4 2 0 7 . 6  
3 4 6 9 . 5  
4 2 7 6 . 5  
5 9 3 7 . 9  
5 2 8 9 . 3  
4 1 4 9 . 9  
4 0 0 5 . 2  
3 6 2 8 . 5  . 
3 1 1 8 . 9  
2 7 3 5 . 6  
1 9 1 0 . 4  

969.8  

. o  3 0 . 0 0  

. o  3 0 . 0 0  

. o  2 5 . 0 0  

. o  2 5 . 0 0  
- 0  2 5 . 0 0  
. o  2 5 . 0 0  
. o  2 5 . 0 0  
- 0  3 0 . 0 0  
- 0  7 . 0 0  
- 0  6 . 0 0  
. o  6 . 0 0  
. o  6 . 0 0  
. o  3 0 . 0 0  
. o  2 5 . 0 0  
- 0  2 5 . 0 0  
- 0  2 5 . 0 0  
. o  2 5 . 0 0  
. o  2 5 . 0 0  
.O 2 5 . 0 0  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 ~. 
0 .  
0 .  
0 .  
0 .  
0 .  . 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
.o . 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

. o o  

. o o  

. o o  

. o o  

.oo  

. o o  

.oo  

. o o  

. o o  

. o o  
* 00  
. o o  
.oo  . 
. o o  
. o o  
. o o  
- 0 0  
. o o  
. o o  



2 1  6 5 5 . 2  . o  2 5 . 0 0  0 .  0 .  0 .  . oo  
22  3 1 3 . 0  . o  3 0 . 0 0  0 .  0 .  0 .  . o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22  

3 5 1 . 1 0  
3 4 3 . 5 8  
3 3 7 . 6 1  
3 3 4 . 1 6  
3 2 8 . 9 4  
3 2 3 . 8 5  
3 2 1 . 2 1  
3 1 8 . 3 2  
3 1 6 . 1 1  
2 5 3 . 0 0  
1 6 8 . 4 8  
1 4 6 . 9 1  
1 4 6 . 0 6  
1 4 2 . 3 4  
1 3 5 . 2 1  
1 3 0 . 5 0  
1 2 6 . 6 0  
1 1 9 . 5 8  
1 1 3 . 8 2  
1 1 1 . 1 9  
1 1 0 . 6 8  
1 0 6 . 9 9  

4 0 2 . 0  
7 8 4 . 0  
9 8 9 . 1  

1 5 2 2 . 0  
2 1 5 2 . 9  
3 0 3 2 . 3  
3 4 4 6 . 2  
4 2 0 7 . 6  
3 4 6 9 . 5  
4 2 7 6 . 5  
5 9 3 7 . 9  
5 2 8 9 . 3  
4 1 4 9 . 9  
4 0 0 5 . 2  
3 6 2 8 . 5  
3 1 1 8 . 9  
2 7 3 5 . 6  
1 9 1 0 . 4  

9 6 9 . 8  
5 8 5 . 7  
6 5 5 . 2  
3 1 3 . 0  

2 8 6 . 4  
7 2 3 . 9  
925.8  

1 1 6 6 . 1  
1 6 4 9 . 4  
2 1 4 8 . 5  
2 4 4 1 . 8  
2 7 6 4 . 5  
3 0 1 1 . 0  
4 2 5 7 . 5  
5 9 1 1 . 5  
6 3 2 5 . 0  
6210.8  
5 7 1 0 . 9  
4 8 7 2 . 4  
4 3 6 2 . 9  
3 8 2 6 . 8  
2 7 7 9 . 5  
1 6 7 0 . 4  
1 0 0 8 . 8  

8 7 8 . 8  
4 3 7 . 5  

. o  

. o  

. o  

. o  

. o  

. o  
- 0  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

1 2 9 . 9  
2 5 3 . 3  
2 5 8 . 1  
3 9 7 . 2  
5 6 1 . 8  
7 9 1 . 3  
8 9 9 . 3  

1 3 5 9 . 4  
2 3 8 . 4  
2 5 1 . 5  
3 4 9 . 2  
3 1 1 . 1  

1 3 4 0 . 8  
1 0 4 5 . 1  

9 4 6 . 8  
8 1 3 . 9  
7 1 3 . 8  
4 9 8 . 5  
2 5 3 . 1  
1 5 2 . 8  
1 7 1 . 0  
1 0 1 . 1  

SPENCER'S ( 1 9 7 3 )  - Magnitude & Location of Interslice Forces 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  

3 4 8 . 0 9  
3 3 9 . 0 7  
3 3 6 . 1 5  
3 3 2 . 1 8  
3 2 5 . 7 1  
3 2 2 . 0 0  
3 2 0 . 4 2  
3 1 6 . 2 1  
3 1 6 . 0 0  
-190 .00  
1 4 6 . 9 5  
1 4 6 . 8 6  
1 4 5 . 2 5  
1 3 9 . 4 3  
1 3 1 . 0 0  

5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  
5 . 9 2  

2232.  
5251.  
6301.  

1 1 3 3 4 .  
22925.  
34077.  
39471.  
58139.  
58721.  
85072.  - - 

97573.  
97027.  
90849.  
67850.  
44684.  

2 . 1 0  
2 . 2 1  
2 . 3 9  

. 3 . 4 0  
4 . 9 2  
5 . 8 8  
6 . 3 0  
7 . 2 1  
7 . 3 1  

15.-00- - 

1 6 . 8 5  
1 6 . 8 5  
1 6 . 1 0  
1 3 . 8 0  
1 1 . 2 9  

4 . 5 8  
7 . 0 0  
7 . 7 8  

1 0 . 7 0  
1 5 . 4 4  
1 8 . 7 5  
2 0 . 1 6  
2 3 . 9 1  
2 4 . 1 0  
4 3 . 8 2  - - 

5 0 . 5 5  
5 0 . 4 6  
48 .73  
4 2 . 4 7  
3 5 . 3 2  

0006&$ 

. 459  

.316 

.307  
- 3 1 8  
. 3 1 9  
.314 
.312  
. 3 0 1  
.303 
. 3 4 2 .  - 
- 3 3 3  
.334  
. 3 3 0  
.325  
. 3 2 0  



16 130.00 5.92 
17 123.20 5.92 
18 115.96 5.92 
19 111.68 5.92 
20 110.71 5.92 
21 110.65 . 5.92 
22 103.33 . o o  

41840. 
24877. 
10125. 
2638. 
1613. 
1583. 

0 .  

8.72 26.75 .326 
6.19 17.57 .352 
3.55 9-00 .394 
3.31 7.06 .469 
3.32 7.00 .474 
88.41 . . o o  . o o o  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
AVERAGE VALUES ALONG FAILURE SURFACE 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Total Normal Stress = 3667.75 (psf) 
Pore Water Pressure = . o o  (psf) 
Shear Stress . - - 397.59 (psf) 

Total Length of failure surface = 282.53 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.787 

Total shear strength available 
along specified failure surface = 200.743+03 lb 
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2. Transmit XSTABL via any electronic media, 

3.  Duplicate the XSTABL Reference Manual, 

4. Attempt to disassemble the XSTABL machine-code for any purpose 
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CHAPTER. 7 

1 .O INTRODUCTION 

XSTABL is a fully integrated slope stability analysis program designed to operate on an 
IBM personal computer, or close compatible. It permits the engineer to develop the slope 
geometry interactively and perform the slope analysis from within a single program. The slope 
analysis portion of XSTABL uses a modified version of the popular STABL program, 
originally developed at Purdue University. 

XSTABL performs a two dimensional limit equilibrium analysis to compute the factor of 
safety for a layered slope according to: 

(a) 

(b) 

General Limit Equilibrium (GLE) Method, 

Janbu's Generalized Procedure of Slices (GPS), 

(c) Simplified Bishop, 

(d) Simplified Janbu. 

If the program is used, to search for the most critical surface, only the simplified Bishop and 
Janbu methods are available for calculating the factor of safety. The program can be used to 
search for the most critical surface or the factor of safety may be determined for specific 
surfaces. XSTABL, version 5.0, is programmed to handle: 

1. 

2. 

heterogenous soil systems with up to 20 soil units, 

The strength of a soil unit may be defined using: 

(a) conventional, c-4 parameters, 

(b) undrained strengths as a function of vertical 
effective stress, 

(c) a nonlinear Mohr-Coulomb envelop. 

3.  Anisotropic soil strength properties, 
-.- 

e- XSTABL Reference Manual I 

000637 



4. Reinforced slopes. 

5 .  Pore water pressures for effective stress analysis using: 

(a) phreatic and piezometric surfaces 

(b) pore pressure grid 

(c) R,, factor 

(d) constant pore water pressure 

6. Pseudo-static earthquake loading, 

7 .  Surcharge boundary loads, 

8. Automatic generation and analysis of an unlimited number of 
circular, noncircular and block-shaped failure surfaces. 

9. Analysis of right-facing slopes, 

10. Both SI and Imperial units. 

1.1 Summary of Interactive Features of XSTABL 

XSTABL is intended for use on an IBM-PC. or near compatible. suitably equipped for 
- screen graphics. The program uses menus and data-tables to "guide" the potential user through 

the many options available for performing a slope stability analysis. The interactive features of 
XSTABL include: 

1. Selection of options via intuitive, easy to understand menus, 

2. Context sensitive help information, 

3. 

4. 

5. 

All numeric data is entered through prompts into a table, 

Error checking during data entry phase, 

Slope geometry may be readily reviewed on-screen, 

6 .  Previously entered data can be edited, 

7. Single failure surfaces may be analyzed using several rigorous 
procedures that satisfy force and moment equilibrium, 

8. Previously saved files can be edited and saved as "new" files, 
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9. XSTABL files may be copied. deleted, printed, renamed or /+-\3\21 
viewed without exiting the program, 

Screen plots may be saved to disk in one of several different 
formats for later printing or inclusion within a document 
prepared with a wordprocessing or charting software. 

High quality plots may be generated, using XSTABL, on 
several different types of output devices if  the screen plots are 
saved in the default format. 

10. 

1 1 .  

It is expected that the approach offered by XSTABL will minimize potential errors and 
provide a more appropriate data preparation method for the less familiar user. The time 
expended in learning to use the program is expected to be nominal and users can be expected to 
generate input data files almost immediately. 

1.2 General Information 

The XSTABL Reference Manual is intended to provide information about the interactive 
features that allow the user to prepare data files and perform a slope stability analysis. The 
next six chapters of the Reference Manual provides details concerning the following topics: 

1.  XSTABL program components, 

2.  

3. 

XSTABL menus and available options, 

Data tables for establishing the slope geometry, and assigning 
soil properties and boundary loads, 

4. Methods of analysis, 

5 .  Slope stability analysis, including the creation and saving of 
screen plots, 

6. Printing of hardcopy plots. 

Further details about the limit equilibrium theory, search procedures and slice development are 
given in Appendix D. 

- 
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This manual concentrates on the interactive features and is g g  intended to provide the 

necessary engineering background for slope stability analysis. If the user wishes to obtain more 
information concerning slope stability analysis, the following publications are recommended: 

1 .  The Stability of Slopes, by E.N. Bromhead, 
Surrey University Press, Chapman and Hall. NY, 41 1 pages, 
ISBN 0 412 01061 5,  1992. 

2. Landslides: Analysis and Control, by R.L. Schuster and R.J. 
Krizek (editors). Special Repon 176, Transponation Research 
Board, National Academy of Sciences, 234 pages, ISBN 0 309 
02804 3, 1978. (new edition, edited by R.L. Schuster and K. 
Turner will be published in 1994) 

3. Rock Slope Engineering, by E. Hoek and J.W. Bray, Inst. of 
Mining and Metallurgy, London, England, Third Edition, 
358 pages, ISBN 0 900488 573, 1981. 

Please note that the above list represents u very small portion of literature available on the 
subject of slope stability analysis. 

a 
1.3 Hardware Requirements 

In order to use XSTABL, the user will require: 

1. An IBM-PC, or near compatible, with either dual floppy disk 
drives or a hard disk (preferred) and one floppy disk drive, 
640 kb RAM and DOS 2.1 (or later). 

Execution of XSTABL will require at least 450,000 bytes of 
- free RAM. The user may check the amount of RAM available 
by using the "MEMK" command, as documented in the DOS 
manual. 

2. An IBM compatible VGA, EGA or CGA graphics adaptor with 
an appropriate monitor, 
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3 .  One of the following devices for hardcopy output: Z A -  - 

(a) ' A laser printer. e.g. Hewlett Packard LaserJet 
with at least 1 Mb of RAM, or 

(b) An IBM Graphics compatible. 9 or 24 pin. dot 
matrix printer, e.g. EPSON FX-85. 

(c) A HPGL compatible pen plotter. 
e.g. Hewlett Packard 7475A Plotter. 

1.4 XSTABL INSTALLATION 

The XSTABL programs and example data files are supplied on one 3.5 inch or one 5.25 
inch disk in a. compressed format. To copy these files to a subdirectory on your hard disk, 
please follow the instruction listed below: 

1. 

2. 

3. 

create a directory on your hard disk (e.g. MD XSTABL etc ....) 

change to this newly created directory (e.g. CD XSTABL etc ....) 

from this directory type either : 

(a) A:INSTALL --> if the XSTABL disk is in "A" drive, or 

(b) B:INSTALL --> if the XSTABL disk is in "B" drive 

The installation program will place the XSTABL files in the current directory and copy all 
example datafiles into a subdirectory named: "EXAMPLES". The complete installation of 
these files will required about 500 kb of disk space. The PACK.LST file on the original disk 
includes a list, and description, of all files that should have been copied to the current directory 
on your disk. 

NOTE: 
The above procedure will work if you are preparing to use XSTABL from a 
hard-disk or at least a 720 kb floppy diskette. However if you would like to 
use the program on dual 360 kb disk drive system, please contact Znteruch've 
Software Designs, Znc., for special instructions to order a non-compressed 
version of XSTABL. 
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1.5 XSTABL Components 

Before using XSTABL, the user should ensure that files listed below. and section 2.2.  have . 
been copied : 

1. 

2.  

PACK.LST . . . . . . . summary of file descriptions 

README . . . . . . . special "last-minute" notes or revisions to this Manual 

3 .  DEMO.TXT . . . . . . dialogue script for demonstration/tutorial 

1.6 Files for using XSTABL 

1. XSTABL.EXE . . . . executable version of program 

2. 

3. 

SETUP1.STB . . . . . file used during program startup 

XSTABL.HLP . . . . . help screen information 

4. XSTABL.ERR . . . . . XSTABL error descriptions 

5 .  XSTABL.FN1 . . . . . font file for screen characters 

6. XSTABL.FN2 . . . . . font file for hardcopy plots 

7 .  XPLOT.EXE , . . . . executable program for hardcopy plots e 
The instal!ation process will also copy the example input data files and the output (4 files) 
corresponding to an analysis using the file EX-1.IPT to the "EXAMPLES" subdirectory. . . 
These "extra" files may be deleted to conserve disk space. 

The program can then be started by typing, XSTABL at the DOS prompt. The program 
will NOT operate without the S E v 1 . S T B  fie. 

Please note that the XSTABL software and documentation is 
copyrighted and may NOT be copied without permission. 
However, the user is permitted to make ONE archival backup 
copy of these files to guard against possible disk failure. 

.. . 

.. . .  
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1.7 Supporting XSTABL files R ? - h  

File: SETUPlSTB -- contains initialization information that sets several parameters at the Stan 
of the XSTABL program. Also. the first line of this file may be modified to control 
the amount of information that is written into the output file following a slope analysis. 
A typical unmodified file will have the following form: 

Line 1: 0 10 10 10 
Line 2: 1.000 1.000 0.30 9.80 
Line 3: (blank line) 

Let the four values on thefirst line be labeled as var-1, var-2, var-3 and var-4. Then 
the user is permitted to modify these according to the following: 

var-1 = 0 (zero) for all cases, unless advised otherwise; 

var-2 = value between 1 and 10. inclusive, for 
controlling the number of failure surface 
coordinates that will be listed in the O U ~ D U ~  file 
following each slope analysis; 

controlling the number of critical surfaces that 
will be displayed on the screen at the end of the 
slope analysis; 

var-3 = value between 1 and 10. inclusive, for 

var-4 = value between 1 and 10, inclu'sive, for 
controlling the number of surfaces plotted co the 
hardcopy file. 

Please note that the default for the number of surfaces is set at ten for all cases 
(i.e. var-2 = var-3 = var-4 = IO). These parameters may be changed directly by 
editing the SETUP1 .STB file. Alternatively these may be changed from within 
XSTABL via the F5 key just before the Stan of the multiple search analysis. 

The four values listed on the second line control the scaling and location of the 
hardcopy plot on paper. The first two values assign the scaling in the x and y direction 
of the plot. The last two numbers fix the origin of the plot on the basis of a global 
origin located in the right-hand comer of the printed 11 x 8.5 inch (landscape) page. 
The user can manipulate these values to scale the hardcopy plots, but must ensure that 
the aspect ratio of the vertical to horizontal axes is maintained at unity. 

-_  

- -  
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Other Files: 
The two files. XSTABL.HLP and XSTABLERR. are used by XSTABL to provide help 

and input data error information, respectively. Although the program can function without. 
these files, on-line help information will not be available and error messages will not be written 
to the output file created during the slope stability analysis. However, error numbers will be 
written to the output file and the user can determine the corresponding message from the 
complete list of possible errors given in Appendix B. 

-.- 

1.8 Connecting HP Plotters 

XSTABL screen plots may be successfully plotted using HP plotter models: 7440A. 7470A, 
7475A and 7550A connected to a personal computer. The cable should be connected to the PC 
with a DB 9 or DB 25 connector via the serial or asynchronous port. At the plotter, a DB 25 
connector should be used to connect the cable to the computerhnodem port. XSTABL uses the 
XON/XOFF protocol and thus only requires three connecting wires in accordance with Fig 1 .1 .  

a- 

m 
Personal Computer 

1 
D 9 / Pin - 3, or 0-• 
D 25 / Pin - 2 

Transmit Data 

Receive Data 2 

Signal Gr&nd 3 

D 9 /  Pin - 2, or 
D 25 / Pin - 3 

D 9/ Pin - 5, or - 
D 25 / Pin - 7 

HP Plotter 

Receive Data 
D 25 / Pin - 3 

Transmit Data 
D 25 / Pin - 2 

Signal Ground 
D 25 /Pin - 7 

Fig. 1.1. Wire connections for PC - HP plotter cable 
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1.9 Starting XSTABL 

-- 

XSTABL should be executed from the directory occupied by the program's files by typing 
"XSTABL" at the DOS prompt. Please note that an error will be reported if the user attempts 
to execute XSTABL from a directory which does not have the SETUP1.STB file. Also, the 
program expects to access the files: XSTABL.HLP and XSTABL.ERR (Le. the help and error 
files) from the current directory only. If these files are not in the current directory, XSTABL 
will be unable to provide a complete repon on the errors and the context sensitive help 
information will not be available. 

In executing the program, XSTABL offers the user an opportunity to change three 
default parameters via a command line option. If the user executes the program by only typing 
"XSTABL", the following default options are invoked: 

(a) Imperial units, i..e. pounds, psf, pcf and feet; 

(b) 

(c) 

Parallel printer port selected as LPT1; 

Serial port selected as COMl . 

The parallel port is used for printing input and output files and for printing all slope analysis 
plots, except those sent to a plotter. In this case the plotter is assumed to be connected to the 
COMl serial port. If the above default selection is not appropriate, the user may change any of 
these according to the command-line switches given below. 

Alternative SI Units may be selected by executing the program by typing: "XSTABL -m" at 
the DOS prompt. In this case the program will starmp with SI units represented by: 
kN, kPa (kilo Pascals), kN/m3 and meters. 

The Alternative Parallel Port LPTZ may be selected by starting the program by typing: 
"XSTABL LPT2". This selection will send all parallel port output to the LPT2 port. 

The Alternative Serial Port COM2 may be selected by starting the program by typing: 
"XSTABL COM2". This selection will send the plotter output to the alternative serial 
port. 

Any combination of the above three options is possible. For example by typing : 
"XSTABL COM2 LPT2 -m" the user may invoke (1) COM2 as the serial port, (2) LPT2 as the 
default parallel printer port and (3) SI units. 

-- 

.. . . -  . . -  - . . . . .. 
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.1.10 Example Input and Output Files 

Several data files are provided with the main programs, on the enclosed disk. for evaluating 
the XSTABL software. These files are based on the slope geometry described in Appendix A 
of this manual. The ourput files, for example EX-1.IPT. are also included for the convenience 
of the user and to check for proper operation of XSTABL on your computer. A complete 
description of these example files is summarized in the disk file: PACK.LST. 

1.1 1 XSTABL Tutorial 

A dialogue script for a tutorial that demonstrates some of the unique features of XSTABL is 
included with the program disk(s) in the file: DEMO.TXT. The user is encouraged to print 
this file. and follow the suggested instructions. This tutorial will familiarize users with the 
editing features, special commands and other data tables that are used to assemble a data file 
for slope stability analysis. 

1.12 ANSI.SYS Device Driver 

The XSTABL program has been designed to access the video hardware directly, thus 
minimizing the response time between keyboard entry and subsequent actions. However if the 
ANSI.SYS device driver is loaded. it "filters" the data before i t . k  written to the screen. Thus 
in order to maximize the speed of XSTABL, the use of the ANSI.SYS device driver is not 
recommended as it tends to slow the response time for data written to screen. 

The user may check to see if the ANSI.SYS driver is loaded by examining the 
CONFIG.SYS file in the root directory. A line of the general form : 

DEVICE= ANSI.SYS 

will indicate that the device driver is loaded at the start of every session. The user must then 
choose to either load or omit the ANSI.SYS device driver. 

-.- 
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Ptl It( 1.13 Loading and Execution Errors 

It is possible that an "unexplainable" error may occur durin? the loading and execution 
phase of the program. If such an error occurs. please check you data thoroughly. If  your data 
appears to be correct and the error condition persists. please contact: 

Dr. Sunil Sharma, 
Interactive Software Designs, Inc., 
953 N. Cleveland, 
Moscow, ID 83843. 
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Partial Closure Cover System 
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3H:lV Long-Term Stability FS = 1.3 acceptable 



g*:: - 8 6 
GEOSYNTEC CONSULTANTS Page- of Iq 

Writtenby: / % I C  ~ L - ~ x D J  Date: 9 f-I 1 0  I Z Reviewed by: sa\ Date: " I  lo I 6 

Client: fEmt co Roject: OSDF F'roject/Proposd No.: 6 E 39m Task No.: 9t 7 
Y Y  M m  DD YY M M  Dn 



4.- 

Q*; + 1 8 6  GEOSYNTEC CONSULTANTS Page Z of IY 

Date: ' 5 /  l o /  od 
Y Y  M M  DD 

Written by: A4 I 6 LEK-O~ Date: 951 10 1 ? Reviewed by: 5Q 
YY m m  DD 

000711 



r 

d- 

* 186  GEOSYNTEC CONSULTANTS Page '3 of iy 

0007312 



k 1 8 6  GEOSYNTEC CONSULTANTS Page 4 of / I /  

, 
J 

J 



GEOSYNTEC CONSULTANTS Page 

J 

O(dQ7lQ 



L- .' 1 8 6  GEOSYNTEC CONSULTANTS Page 6 of I 4  

Writtenby: /h. & L S o / J  Date: 9r I 10 1 7 Reviewed by: s% Date: q51 (C! I CG 
Y Y  M M  D O  YY M M  DD 



i- 

k - 18,g GEOSYNTEC CONSULTANTS L Page 3 of 



GEOSYNTEC CONSULTANTS Page $3 of iq 

Date: '1s / [O / C& rJ Date: qr I \ 0 I Z R e v i e w e d  by: a 
Y Y  M U  D D  

-- Written by: h. / ? L E K 0  
YY urn DD 

f5 = 

OtsE i3 

F5 = 

FS = 
. .  

3300717 



GEOSYNTEC CONSULTANTS e Pag; 9 1 8 6  
Date: IO I Z i  Reviewed by: -% Date: 'is/ ( C /  OL? Writtenby: M. & L  WQr3 

YY M M  DD Y Y  M M  DD 

-- 

000'7l.8 



GEOSYNTEC CONSULTANTS Page-0 l a c ) @  
Date: --- ?SI 10 1 s Reviewed by: Date: 951 (C I Ci, 

Y Y  M y  DD YY M M  Dn 
Written by: . b f Z K o f i  

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

000729 



$8 GEOSYNTEC CONSULTANTS Page of 



OCT-85-1995 12: 26 GEOSYNTEC CC#JSULTWTS 

k. 1 8 6  

8.75' N. 1.S. 

DETAIL 
FINAL COVER SYSTEM 
SCALE. 1' = 2' 
all. - 

CEOTEXRLE FILTER 



GEOSYNTEC CONSULTANTS Page I3 of 
* 

Date: qsl IC I CG Written by: A\ .  6 ~T=,+svh, Date: % I  10 I Reviewed by: 
Y Y  M M  DO YY m m  on 

Projeclmoposal No.: '59 00 Task No.: 9.7 Client: F Ec&t\ LO Project: OSDG 

rq3 9r/10/*( 



0 -0 z 

0 . 0  ea 

000723 



3.5 Perimeter Access Corridor 

0007x4 



COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: PERIMETER ACCESS CORRIDOR 
Computations By: Sirnature -, 7 dcf GJ , 

Date 
~ - c L f - 2  2. Sr LMCtMClnn 

(Cognizant Engineer) 
Printed Name 

and Title 
sal:.- ‘%> cl EnJ:*e,-- 

e. (3pcrsw-. 7 O$q& 
Date 

Signature Q2n:?3& LCS Date 

Assumptions 
and Procedures Signature 
Checked by : 

%Lt c .  u v s  

Printed Name %t c . L  

(Checker) Printed Name 
and Title 

q OJf5/  Computations 
Checked by: 
Checked by: 

and Title 

Computations 
Backchecked by: Signature 7 oci- w 

(Cognizant Engineer) Date 
PrintedName &.r E .  S r k m  er+m\sfin 

Signature 70c i -  w 
Printed Name -74~4 2- . CAH ‘PP r? 

and Title ‘*;e& f n .  I n e r  e 
Approved by: 

(PDP) ( J ’  Date 

- .  

Approved by: 7 OfA 91’ 
(DTL and TETL) Date 

Printed Name zd 0 [ D h  BQV a m i k  
and Title 

Record of Revision (Number and initial all revisions) 

signature: 
Number: 

Registration Stamp (if applicable) 

95.10.07/2:19pm 



1 8 6  - 
LfcD 

GeoSvntec Consultants Page of 1 

Written by: 6 # 5  Date (YMID): q$/ 12 / 13 Reviewed by:@6 Date: \ * 0- '95 

Task No.: ?,'f Client.: fiedra Project: OSDF Project NO.: G E ~ W  

PERIMETER ACCESS CORRIDOR STABILITY 

EXECUTIVE SUMMARY 

PurDose of Calculations: 

These calculations are performed to evaluate the stability of the outer berm of the 
perimeter access corridor for short-term and long-term conditions. 

Methodolom: 

I Stability is evaluated by first calculating the minimum slope stability factor of 
safety (FS) of the outboard slopes of the berm using the 2-dimensional limit equilibrium 
analysis chart solutions presented by Duncan et al. (1987) (reference no. 2 in 
Calculation Procedures/Methods package). The calculation considers the following: (i) 
location of cross section with the least stable outer berm slopes; (ii) potential traffic 
loading on the top of the berm; (iii) stability for both short-term (Le., end-of- 
construction) and long-term conditions; (iv) appropriate shear strength of the berm 
material (i.e., compacted brown till) and underlying foundation material (Le., in-situ 
brown till); and (v) pore pressures within the berm. The calculated minimum FS is 
then compared to the target value of FS given in the Design Criteria Package, i.e., 1.3 
for short-term conditions and 1.5 for long-term conditions. Adequate stability is 
demonstrated if the calculated minimum FS is equal to or greater than the target value. 

Conclusions: 

Calculated minimum slope stability FS for short-term conditions is 2.36. This 
value exceeds the target value of 1.3. Therefore, short-term stability is adequate. 

Calculated minimum slope stability FS for long-term conditions is 1.87. This 
value exceeds the target value of 1.5. Therefore, long-term stability is adequate. 

End of Executive Summary 
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SEISMIC HAZARD ASSESSMENT 

1. EXECUTIVE SUMMARY 

A seismic hazard assessment was performed for the Fernald Environmental 
Management Project (FEMP) On-Site Disposal Facility (OSDF). The analysis was 
performed for fhe purposes of assigning a magnitude to the design peak ground 
accelerations for the OSDF and selecting an acceleration time history for use in design 
analyses. Seismic sources within a 250-mile (400-km) radius of the facility were 
evaluated. Based on this evaluation, a maximum moment magnitude M, = 6.1 was 
assigned to both the Grenville and Illinois Seismic Source Zones (SSZ). A maximum 
moment magnitude M, = 6.6 was assigned to the Reelfoot Rift Complex Subzone B, 
which is a part of the New Madrid seismic source megazone. Based upon estimates of 
the peak horizontal acceleration in a hypothetical bedrock outcrop (PGA) at the OSDF 
from the maximum magnitude events, a moment magnitude of 6.1 was assigned to the 
design event. Based on the analysis, a PGA of 0.16 g was selected in accordance with 
USEPA 40CFR $258. A synthetic accelerogram, B2-SYN, developed at the California 
Institute of Technology was recommended for use in the seismic site response analysis. 

J 
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2. PURPOSE 

The purpose of the seismic hazard assessment is to evaluate the'magnitude , 
associated with peak ground acceleration (PGA) from DOE-STD- 1020-94 and 
Algermissen et al. (1990) and to select design accelerogram(s). 
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3. 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

PROCEDURE 

Review available literature on regional and local seismic geology and geophysics 
(limit study area by 250-mile or 400 km radius). The study should include data 
published in scientific and technical literature (e.g., ATC, 1994) as well as 
technical reports for critical structures in the vicinity of the FEMP site. 

' 

/ 

Based on the literature review, identify and delineate seismic source zones 
(lateral extents and hypocentral depths). Make a clear distinction between a 
local (near-field) event (Le., Grenville seismic zone) and a distant (far-field) 
event (Le., Reelfoot Rift Complex B in the New Madrid Seismic Zone). 

/ 

Based on the literature review, assign a maximum (credible) magnitude to each 
delineated zone. 

Review available literature on attenuation relationships for rock conditions in the 
central United States. Select the most appropriate attenuation relationship. The 
latest update of the Boore and Atkinson (1987) attenuation relationship (Atkinson 
and Boore, 1990) will be used for seismic analysis of the OSDF. 

Based on data identified in steps 2 and 3, using the acceleration relationship 
selected in step 4, estimate mean and mean plus one standard deviation peak 
horizontal ground acceleration (PGA) for the OSDF for both the near-field and 
far-field maximum credible events. 

Compare estimated PGA value for the near-field and far-field events with the 
PGA-s obtained from applicable standards (e.g., the ground surface PGA for a 
1000 years return period from DOE-STD-1020-94 and, in accordance with 
USEPA 40CFR 258, and the hypothetical bedrock outcrop PGA for a 2372 , 
years return period obtained, as recommended in EPA (1993) and EPA (1995), 
by interpolation from the Algermissen et al. (1990) map. Based on this 
comparison, evaluate which source zone (or zones) is (are) the primary 
contributor(s) to the design PGA and assign a magnitude to the design event(s). 

3 
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3.7 Select a strong motion record (or records) on the basis of seismic geology data 
evaluated in step 2 and the design earthquake magnitude from step 6 .  If 
necessary, i.e., if historic strong motion records are unavailable or nonexistent, 
select a synthetic earthquake record (or records). / 
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4. DATA VERIFICATION 

4.1. PURPOSE 

The purpose of this section is to provide the input data for the seismic hazard 
assessment for the OSDF. The data thus collected is provided for verification and 
further use in the seismic hazard analysis. 

4.2 PARAMETERS FOR DESIGN 
/ 

The parameters required for the seismic hazard assessment are the earthquake 
seismic sources (zones) and the corresponding magnitudes that may affect the OSDF. 
An assessment of the design earthquake sources and magnitudes is presented in this 
section. 

Opinions vary widely about the best way to delineate and quantify the seismic 
sources (areal zones) in central United States. GeoSyntec adopted the most recent 
approach contained in the recent study by Johnston and Nava (1994) to evaluate design 
earthquake sources and magnitudes for the OSDF. 

Johnston and Nava (1994) provide a map of seismic source zones and associated 
maximum credible magnitudes for the central United States. This map is reproduced 
in Figure 1.  The seismic source zones delineated in the map are regions within which 
structures have similar seismogenic potential. Consequently, the approach by Johnston 
and Nava implies that the maximum credible earthquake must be allowed to occur 
anywhere within the boundaries of these seismic source zones. 

According to Johnston and Nava, the following three seismic source zones are / 

within a 250-mile (400 km) radius from OSDF: (i) the Grenville seismic source zone 
(SSZ); (ii) the Illinois SSZ; and (iii) the Reelfoot Rift Complex seismic source 
megazone, also known as the New Madrid seismic source zone. 

The Grenville SSZ is classified by Johnston and Nava as a "Seismotectonic" 
SSZ, a source zone defined on the basis of a tectonic feature such as a fault zone, rift, 

5 
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suture, or intrusion with which seismicity is spatially associated, but where a clear 
association with a specific fault or faults is lacking. Johnston and Nava estimate that 
the maximum credible earthquake for the Grenville SSZ is an event with a (short 
period) body wave magnitude m,, = 5.7, which according to the chart in Figure 2a 
from Heaton et al. (1986), corresponds to a moment magnitude M, = 6.1. Based on 
the Johnston and Nava map (epicentral) distance of 17 miles (28 km) , and a hypocentral 
depth estimate for the Grenville SSZ of 10 miles (16 km) (see Johnston and Nava), 1 
GeoSyntec estimates a hypocentral (site-to-source) distance of 20 miles (32 km) from 
the OSDF to the nearest point within the Grenville SSZ. 

The Illinois SSZ is classified by Johnston and Nava as a "seismic" SSZ, a 
source zone defined on the basis of seismicity which is "enhanced over background", 
(Le., a zone in which spatial clustering if microseismicity is evident, but where data are 
insufficient to associate the activity with seismogenic or seismotectonic crustal 
structures.) Johnston and Nava estimate that the maximum credible event in the Illinois 
SSZ is an event with a the body wave magnitude m, = 5.7, corresponding to a moment 
magnitude M, = 6.1 (see Figure 2a). Based on the Johnston and Nava map 
(epicentral) distance of 125 miles (200 km), and a hypocentral depth estimate for the 1 
Illinois SSZ of 10 miles (16 km) (see Johnston and Nava), GeoSyntec estimates a 
hypocentral distance of 125 miles (200 km) from the OSDF to the nearest point within 
the Illinois SSZ. 

The Reelfoot Rift Complex seismic source megazone is subdivided by Johnston 
and Nava (1994) in two subzones called Zone A and Zone B. Subzone A is classified 
by Johnston and Nava (1994) as a "Seismic" source zone, identified on the basis of the 
linear trend of numerous small epicenters. The great New Madrid earthquakes of J 

181 1-1814 occurred in Subzone A. Subzone A is more than 250-miles (400 km) from 
OSDF and therefore unlikely to impact the OSDF. 

Reelfoot Rift Complex Seismic Subzone B is classified by Johnston and Nava 
(1994) as a "Seismotectonic" and has been delineated on the basis of the geophysically 
inferred limits of the Reelfoot complex. In accordance with the study by Johnston and 
Nava (1994), a maximum credible earthquake of (short period) body wave magnitude 
m,, = 6.5 is assigned to Subzone B. This magnitude has been converted to the moment 
magnitude scale using the upper bound curve from the Boore and Atkinson (1987) chart 

GE3900-3.1\FER9530028.CD 6 
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(see Figure 2b), because the chart by Heaton et al. (1987) used for the other seismic 
source zones (see Figure 2a) saturates at m, = 6.4. As indicated in Figure 2b, 
GeoSyntec conservatively assigned M, = 6.6 to Subzone B. Based on the Johnston and 
Nava map (epicentral) distance of 60 miles (100 km), and a hypocentral depth estimate 
of 10 miles (16 km) (see Johnston and Nava, 1994), GeoSyntec estimates a hypocentral 
distance of 63 miles (100 km) from the OSDF to the nearest point within the Reelfoot 
Rift Complex Subzone B. 

/ 

4.3 DESIGN VERIFICATION 

The following calculation elements used in the seismic hazard assessment are 
presented below for verification. 

0 The equation presented below by Atkinson and Boore (1990) is used to 
attenuate the strong ground motions (Le. , to calculate the peak horizontal 
acceleration (mean and mean plus one standard deviation)) for the 
maximum credible earthquake estimated on the basis of data presented 
in Johnson and Nava (1994). 

Atkinson and Boore (1990) attenuation relationship has the following form: 

log@) = a" + b (M, - 6) + c (M, - 6)2 - log(R) + k(R) + s J 

where: y = 

b =  
c =  
k =  
s =  

depending on the s-term in equation above, the mean or, the mean + 
one standard deviation peak horizontal acceleration value 
3.65 (coefficient of attenuation equation) 
a - log(980.7) (a" is coefficient a modified in order to get acceleration 

0.42 (coefficient of attenuation equation) 
-0.03 (coefficient of attenuation equation) 
-0.0028 1 (coefficient of attenuation equation) 
standard error term (s = 0 yields mean acceleration value; s = 0.3 
yields mean + one standard deviation peak horizontal acceleration 
value) 

values in g-units) J 
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R = [(RJ2+(h)2)]0.s (note: RE = epicentral distance from Johnston and 
Nava Map; h = hypocentral depth from study by 
Johnston and Nava; R, RE and h in kilometers). 

e The following peak accelerations for the site are obtained from the 
literature. 

DOE STD 1020-94 gives the peak acceleration at the ground 
surface with a mean recurrence interval of 1000 years at the 
OSDF as 0.13 g. 

/ 

The peak bedrock acceleration with a probability of not being 
exceeded of 10 percent in a 250 year period as specified by EPA ’ 
40 CFR 258 evaluated as recommended by EPA (1993) and EPA 
(1995) is 0.16 g. 

8 
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5. ANALYSIS 

5.1 INTRODUCTION 

Given the earthquake sources and magnitudes provided in the previous section, 
the seismic hazard analysis presented in this section consists of the following elements: 

e assessment of source-to-site attenuation of design ground motions; and 

e selection of a representative acceleration time history. 

5.2 

These elements are discussed in greater detail in the following section. 

SOURCE-TO-SITE ATTENUATION OF DESIGN 
GROUND MOTION 

The large earthquakes in the central United States associated with the Reelfoot 
Rift Complex seismic source zone occurred in the 19th century before the development 
of instrumental seismology and at a time when the area was sparsely populated. 
Consequently, available Modified Mercalli isoseismal maps are of relatively poor 
quality and strong motion recordings are practically nonexistent. Therefore, the 
attenuation of earthquake peak ground acceleration with distance for the Central United 
States is based primarily on theoretical models and experience from similar tectonic 
regimes in other parts of the world. 

To attenuate strong ground motions in this study, GeoSyntec selected the latest 
update of the Boore and Atkinson (1987) Central United States attenuation relationship, 
as presented in Atkinson and Boore (1990). This attenuation relationship has been 
developed on the basis of a theoretical model of strong ground motion attenuation in 
the central United States. Based on the estimated moment magnitude and hypocentral 
(site-to-source) distance of a design earthquake, this attenuation relationship provides 
mean and standard deviation estimates of peak horizontal ground acceleration in a 
hypothetical bedrock outcrop at a site. The mean and mean plus one standard deviation 
peak horizontal ground acceleration estimates for a hypothetical bedrock outcrop at the 

GE3900-3.1 \FER953W8.CD 9 
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OSDF site calculated using the Atkinson and Boore (1990) attenuation relationship are 
provided in Table 1 along with the calculation details in footnote. The horizontal 
ground acceleration estimates are provided for the maximum credible earthquake from 
Johnston and Nava (1994) in all three seismic source zones identified in the previous 
section as contributing to the seismic exposure of the site. 

5.3 DESIGN PEAK GROUND ACCELERATION AND 
EARTHOUAKE MAGNITUDE 

The intensity of the design earthquake for the OSDF is the maximum of the peak 
acceleration at the ground surface as specified by DOE-STD-1020-94 and the peak 
ground acceleration as specified by EPA 40CFR 258 (Subtitle D of the Resource 
Conservation and Recovery Act). As stated in DOE-STD-1020-94, the design 
earthquake has mean recurrence interval of 1000 years and corresponds to a peak 
ground acceleration of 0.13g. The design seismic event specified by EPA 40CFR 258 
is for peak ground accelerations for a hypothetical bedrock outcrop with a probability 
of not being exceeded of 10 percent in a 250 year period, corresponding to a mean 
recurrence interval of 2372 years. The peak ground accelerations as specified by EPA 
40CFR 258 at the OSDF, evaluated as recommended in EPA (1993) and EPA (1995) 
by interpolation from the map provided by Algermissen et al. (1990), is 0.16 g. 

The estimated mean value of the peak horizontal ground acceleration in a 
hypothetical rock outcrop at the OSDF from the maximum credible earthquakes defined 
by Johnston and Nava (1994) as the M, = 6.1, M, = 6.1 and M, = 6.6 events in the 
Grenville, Illinois, and Reelfoot Subzone B seismic source zones respectively, is 
between 0.01 g and 0.13 g. The estimated mean plus one standard deviation peak 
horizontal ground acceleration in a hypothetical bedrock outcrop at the OSDF is 
between 0.01 g and 0.25 g for the maximum credible earthquakes from the same three 
seismic source zones. For both the mean and mean plus one standard deviation cases, 
the largest peak ground acceleration is associated with the Grenville source zone. The 
Subzone B of the Reelfoot Rift Complex Seismic Source Zone produces the second 
largest peak ground acceleration in a hypothetical bedrock outcrop in both cases. It 
should be noted that, even at the mean plus one standard deviation level, Subzone B of 
the Reelfoot Rift Complex Seismic Source Zone produces a peak ground acceleration 

10 
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of only 0.08 g at the OSDF. On the basis that Subzone B of the Reelfoot Rift Complex 
is not capable of producing a peak ground acceleration in a hypothetical bedrock 
outcrop at the OSDF in excess of 0.08 g even at the mean plus one standard deviation 
level, the design peak ground accelerations of 0.16 g, evaluated in accordance with 
EPA 40CFR 258 will be used for the seismic site response analysis. This peak ground 
acceleration may conservatively be associated with the maximum earthquake moment 
magnitude M, = 6.1, corresponding to a maximum credible earthquake (short period) 
body wave magnitude mb = 5.7. 

5.4 REPRESENTATIVE ACCELERATION TIME HISTORY 

Selection of design strong motion records (acceleration time histories) for use 
in seismic response analyses is a key element of a seismic hazard analysis. 
Acceleration time histories from western United States earthquakes (western 
earthquakes) have often been used in the past for seismic response analyses of central 
United States sites, mainly because of the lack of acceleration time histories from strong 
central earthquakes. However, acceleration time histories from earthquakes in the 
western United States may not be the most appropriate time histories to use for the 
central United States for the following reasons: 

0 Central United States earthquakes are believed to be enriched in high 
frequency energy compared to western United States earthquakes 
(ATC-35, 1994): 

0 A rational method for predicting the duration of a central United States 
earthquake is not available. Earthquake duration typically increases with 
magnitude, but Nuttli and Herrman (1981, p. 43) reports that empirical 
data for duration of central United States earthquakes is not available. 

0 A recorded acceleration time history from a western United States 
earthquake of a given magnitude is not likely to have a peak acceleration 
and duration that are consistent with a similar magnitude event at an 
eastern site. This lack of consistency is because the relationship between 
magnitude, peak acceleration, and duration depends largely on the 

GE3900-3. l\FER953E28.CD e. 11 
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attenuation of the motions between the source and the recording site. 
Available data indicate that attenuation in central United States geologic 
conditions is significantly less rapid than in western United States 
geologic conditions. 

e Source mechanisms are believed to be different for central and western 
United States earthquakes. Typically, western United States earthquakes 
are associated with shallow surface faulting, while central United States 
earthquakes are generated by complex tectonic mechanisms (see 
discussion of Mechanisms for Grenville and Reelfoot Rift Complex 
provided in data verification section of this document). 

Unfortunately, the catalog of strong motion acceleration time histories for the 
central United States is very limited (Friberg and Jacob, 1990). The strongest 
earthquakes that have been recorded in the New Madrid Seismic Zone after the strong 
motion network was installed are the Risco (M, = 4.6) and Cape Girardeau 
(M, = 4.8), Missouri earthquakes. Acceleration time histories recorded during these 
events can not by themselves constitute a representative set of time histories for the site 
because of their relatively moderate magnitude. Therefore, GeoSyntec selected a 
synthetic accelerogram, the B2-SYN accelerogram developed at the California Institute 
of Technology, for the site response analyses at the OSDF. The B2-SYN synthetic 
accelerogram was generated by Jennings et al. (1968) to simulate M, = 7.0 
earthquakes on alluvium. It should be noted that application of B2-SYN introduces in 
the seismic analysis at OSDF a twofold source of conservatism. First, the selected 
accelerogram is representative of the strong motion shaking of a significantly larger 
magnitude earthquake than the design magnitude. Second, the B2-SYN motion was 
developed to be characteristic of a soil site motion. As such, it has more energy at 
longer periods than typical rock site strong ground motions. As longer period motions 
are potentially more damaging than short period motions, an additional level of 
conservatism is introduced into the design through the use of the B2-SYN motion. 
B2-SYN synthetic accelerogram response spectrum, calculated for commonly used 5 % 
viscous damping value, is shown in Figure 3. 
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SEISMIC SITE RESPONSE ANALYSIS 

1. EXECUTIVE SUMMARY 

A seismic site response analysis was performed for the Fernald Environmental 
Management Project (FEMP) On-Site Disposal Facility (OSDF). The analysis was 
performed for the purpose of evaluating the average acceleration time history at the 
liner and final cover levels of the facility. A representative soil-landfill profile 
approximately 3004 (9 1 -m) thick was analyzed using the one-dimensional total-stress 
equivalent-linear computer program SHAKE91 (Idriss and Sun, 1992). A synthetic 
accelerogram B2-SYN scaled to a peak ground acceleration (PGA) of 0.16 g, 
established in the Seismic Hazard Assessment calculation package, was used in the 
analysis. Results of the seismic site response analysis indicate that the design seismic 
event induces a peak average acceleration of approximately 0.14 g at the OSDF final 
cover level and of approximately 0.11 g at the OSDF liner level. 

,, 
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2. PURPOSE 

The purpose of these calculations is to evaluate the site-specific peak average 
acceleration values at the liner and final cover levels of the facility, and, if necessary, J 
provide corresponding average acceleration time histories. 
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3. 

3.1 

3.2 

3 .3  

3.4 

3.5 

PROCEDURE 

Perform one-dimensional total-stress equivalent-linear site response analysis of 
the OSDF using the latest update of the SHAKE program, SHAKE91 (Idriss and 
Sun, 1992). 

Based on the results of geotechnical, geophysical and other investigations 
performed at the site and/or on the materials recovered from the site, develop 
a representative site profile(s). The representative profile(s) should reflect the 
soil conditions and waste and containment system material properties from the 
top of bedrock to the top of the landfill. The profile(s) should also be consistent 
with, but not necessarily exactly the same as, the profile(s) developed for 
settlement and stability analyses. 

, 

Assign dynamic soil properties (e.g., small strain shear modulus, mass density, 
and strain-dependant modulus reduction and equivalent viscous damping) to the 
representative site profile(s). Utilize site-specific data on the site soils and 
impacted materials to be disposed of in the OSDF in conjunction with published 
correlations from technical literature to establish dynamic properties. Evaluate 
small-strain shear moduli from correlations with Standard Penetration Test 
(SPT) blow counts (Imai and Tonouchi, 1982), from void ratios (Hardin and 
Black, 1968) and/or from undrained shear strengths for foundation materials 
(Seed and Idriss, 1970). Use the same values of unit weight as in settlement 
and slope stability calculation procedures. Based on the plasticity index of the 
site materials, select strain-dependant modulus reduction and equivalent viscous 
damping curves from a family of curves shown in Figure 1 following 
recommendations of Vucetic and Dobry [ 19921. 

f 

Perform the seismic response analysis for the profile(s) defined in step 3 using 
the strong motion data derived from the seismic hazard analysis procedure. 

Present the peak average accelerations and the peak average acceleration time 
histories from the site-specific seismic response analyses in tabular or graphical 
form and evaluate the results. The upper bound values of peak average 
acceleration calculated in the site response analysis at the base foundation, liner, 

/ 
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and final cover system levels should be used in the seismic performance 
evaluation to determine whether or not a seismic deformation analysis is 
necessary. J 
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4. DATA VERIFICATION 

4.1 INTRODUCTION 

The purpose of this section is to provide the data required for input for the 
Seismic Site Response Analysis. Also presented in this section is the methodology for 
calculating additional data required for the dynamic properties of the materials. The 
data and methodology are presented for verification and further use in the Seismic Site 
Response Analysis. 

4.2 RESULTS OF SEISMIC HAZARD ASSESSMENT 

The strong motion data derived from the seismic hazard analysis procedure is 
used in the Seismic Site Response Analysis. As stated in the Seismic Site Response 
Analysis, the characteristics of the design seismic event for the OSDF are as follows: 

0 peak bedrock acceleration of 0.16 g in accordance with EPA 40CFR 
258; 

0 maximum credible earthquake moment magnitude M, = 6.1 
(corresponds to the maximum credible earthquake (short period) body 
wave magnitude of mb = 5.7); and 
the design strong motion record (acceleration time history) represented 
by the synthetic accelerogram B2-SYN. 

J 

0 

4.3 MATERIAL PROPERTIES 

The properties of the materials used in the Seismic Site Response Analysis are 
derived from parameters defined in previous calculation packages. The properties for 
the site strata and the site profile are described in the following sections and are 
summarized in Table 1. 

Based on the results of geotechnical investigations performed at the site and/or 
on the materials recovered from the site, a representative profile was developed for the 
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seismic response analysis. The profile is similar to that used for the foundation stability 
and foundation settlement analyses. The layers of the profile are as follows from the 
cover of the OSDF to bedrock: 

e 7-ft (2.1-m) thick cover system; 
e 

e 

e 

e 

e 

e bedrock. 

50-ft (15-m) thickness of impacted materials; 
3-ft (0.9-m) thick compacted clay liner; 
10-ft (3-m) thick brown till layer; 
45-ft (14-m) thick gray till layer; 
1 7 2 4  (52-m) thlck granular soil layer (Great Miami Aquifer Soils); and 

I 

The material properties for these layers are summarized in Table 1. Specific 
sources for the properties listed in the table are described below. 

e The unit weights for all materials and the undrained shear strength for 
the cohesive foundation soils were obtained from the data verification 1 

sections of the Foundation Stability and Impacted Materials Settlement 
analyses. 

For the cover system granular soils, a void ratio (e) of 0.7 and a , 
plasticity index (PI) of 0 are assumed. These parameters are consistent 
with the granular nature of the soils to be used in the cover system. 

e 

e For the impacted materials on the OSDF a PI value of 15 was assumed , 
for the analysis. The value of PI is an average value based on 
laboratory data presented in Parsons (July, 1995). 

e For the subsurface cohesive soils, an average PI value of 15 was 
assumed for the analysis based on laboratory data presented in Parsons 
(July, 1995). 

e For the granular soils in the Great Miami Aquifer, the SPT blow counts 
(N-values) range from 30 to greater than 50 blows per foot, based on 
data presented in Parsons (July, 1995). For this analysis, a conservative 

/ 
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average N-value of 40 is assumed. 

The bedrock at the site is defined as a shale with interbedded limestone 
(Parsons, [January, 19951). A unit weight of 145 pcf (22.8 kN/m3) is 
assumed for the bedrock. 

/ 

4.4 MATERIAL DYNAMIC PROPERTIES 

The purpose of this section is to define the dynamic properties of the materials 
used in the analysis. The dynamic'properties are calculated using the following 
equations and the material properties identified in the previous section and presented 
in Table 1. 

The unit weight values for the site materials, y ,  presented in Table 1 and in 
calculation sheets attached to Table 1 are considered to be representative of the site 
materials. Shear wave velocity for each layer is evaluated from corresponding small 
strain shear modulus, G,, using the basic principles of physics: 

Vs = [(Gm ~ I ~ Y I O . ~  J 

where g is acceleration of gravity. For underlying bedrock, a descriptive correlation 
from Clark [1966] was used. 

The small strain shear moduli of granular cover system materials were evaluated 
from the Hardin and Black [1968] equation as: 

(in psi) G, = [(22.52 - 10.6e)* / (1 + e)] (u',,J~'~ / 

where e is the average void ratio and u', is the mean effective stress in the mid-height 
of the layer calculated as a mean value of the vertical and horizontal stress acting in 
two perpendicular horizontal directions. . 

The small strain shear moduli of on-site natural and recompacted cohesive soils 
were evaluated from Seed and Idriss [1970] correlation as: 
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where S, is the undrained shear strength of the material in consideration. 

The small strain shear moduli of on-site natural cohesionless soils were 
evaluated from Imai and Tonouchi [ 19821 correlation as: 

where N is the Standard Penetration Test (SPT) blow count and g is a constant of 
gravity. 

Strain-dependant modulus reduction and equivalent viscous damping values were 
selected based on the plasticity index, PI, of the site materials following 
recommendations of Vucetic and Dobry [ 19921. 
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5. ANALYSIS 

GeoSyntec used the theory of one-dimensional wave propagation through layered 
media to model the response of OSDF to strong ground shaking. The analysis was 
performed in time domain using total-stress equivalent-linear computer program 
SHAKE91 (Idriss and Sun, 1992), an updated version of the well-known program 
SHAKE (Schnabel et al. , 1972). This computer program is publicly available through 
the Earthquake Engineering Research Center at University of California, Berkeley. 

/ 

A seismic response analysis for the profile characterized in Table 1 and with 
Figure 1 was performed using the B2-SYN synthetic accelerogram. The B2-SYN 
synthetic accelerogram developed at the California Institute of Technology and 
characterized in the seismic hazard analysis procedure was scaled to 0.16 g peak value 
prior to site response analysis. 

Results, which include reprint of all input parameters employed in site response 
analysis, are enclosed in the Appendix to this calculation package. These results 
indicate that the design seismic event induces a peak average acceleration of 
approximately 0.14 g at the facility final cover level and of approximately 0.11 g at the 
facility liner level. These calculated values for peak average accelerations will be used 
in the Seismic Performance Evaluation to estimate the potential for permanent seismic 
deformation of the OSDF. 

/ 

GE3900-3.llFER9530029.CD 9 



GEOSYNTEC CONSULTANTS 
k 1 8 6  

Written by: Neven Matasovif gXi'. Date: 17 Oct. 1995 
Client: FERMCO Project: OSDF Project No.: GE3900 Task No.: 9.10 

Reviewed by: @i4b Date: 2~ G,+ qs 

175 L4 b d  q C  

6.  REFERENCES 

Clark, S.P., Jr. (1966), "Handbook of Physical Constants," Sidney P. Clark, Jr. 
Editor, Geological Society of America, Mem. 97. 

Hardin, B.O. and Black, W.L. (1968), "Vibration Modulus of Normally Consolidated 
Clay," Journal of the Soil Mechanics and Foundations Division, ASCE, Vol. SM 2, pp. 
353-369. 

Idriss, I.M. and Sun, J.I. (1992), "SHAKE91 - A Computer Program for Conducting 
Equivalent Linear Seismic Response Analyses of Horizontally Layered Soil Deposits, 'I 

User's Manual, Center for Geotech. Modeling, Department of Civil and Environmental 
Engineering, University of California, Davis, California, 13 p. (plus Appendices). 

Imai, T. and Tonouchi, K. (1982), "Correlation of N Value with S-Wave Velocity," 
Proc. 2nd European Symposium on Penetration Testing, Amsterdam, The Netherlands, 
pp. 67-72. 

Parsons, "Remedial Investigation Report for Operable Unit 2, 'I Fernald Environmental 
Management Project , Fernald , Ohio , January 1995. 

Parsons, "Disposal Facility Pre-Design Geotechnical Investigation, Soil Investigation 
Data Report Summary Document, I' Operable Unit 2 ,  Fernald Environmental 
Management Project, Fernald , Ohio , July 1995. 

Parsons, "Geotechnical Investigation Report, On-Site Disposal Facility, 'I Operable 
Unit 2, Fernald Environmental Management Project, Fernald, Ohio, Revision A, 
September 1995. 

Schnabel, P.B., Lysmer, J. and Seed, H.B. (1972), "SHAKE: A computer program for 
earthquake response analysis of horizontally layered sites," Report No. EERC 72-12, 
Earthquake Engineering Research Center, Univ. of California, Berkeley, California. 

GE3900-3.llFER9530029 .CD 10 



GEOSYNTEC CONSULTANTS 
Written by: Neven MatasoviC }/. ,v. Date: 17 Oct. 1995 

Project: OSDF Project No.: GE3900 Task No.: 9.10 

Reviewed by: mh Date: 2.0 out q s r  
Client: FERMCO 

$0 2 4  Od 'l* 

Seed, H.B. and Idriss, I .M. (1970), "Soil moduli and damping factors for dynamic 
response analyses. Report No. EERC 70-10, Earthquake Engineering Research Center, 
University of California, Berkeley, California, 40p. 

Vucetic, M. and Dobry, R. (1991), "Effect of Soil Plasticity on Cyclic Response." 
Journal of the Geotechnical Engineering, ASCE, Vol. 117, No. 1, pp. 89-107. 

GE3900-3.llFER9530029.CD 11 



m 
5 





186 *- 
GEOSYNTEC CONSULTANTS Page 2 of 3 

"1 



I L  

"B iib 

GEOSYNTEC CONSULTANTS Page '3 of  



- .... 

25 

20 
A 

$ 
Y 

4 

d 15 
I- 
Q tx 

. z  
CL 

" 10 

a 
n 

- 

5 

CYCLIC SHEAR STRAIN, %(%I c 

(a) 

I I I I 
A/. k. 

CYCLIC SHEAR STRAIN, %(%I 
(6) 

I 
FIG: / Relations between G/G,, versus yc and h versus yc Curves and Soil Plas- 
ticity for Normally and Overconsolidated Soils ( (/ucc+ic Debrr ,P92) 

/ 

IG 

0010789 



GEOSYNTEC CONSULTANTS 1 8 6  bb 
lb 

Written by: Neven MatasoviC k.fl Date: 17 Oct. 1995 

Client: FERMCO Project: OSDF Project No.: CE3900 Task No.: 9.10 

Reviewed by: MHb Dare: 74 Q& ?< 

APPENDIX 

SHAKE 91 OUTPUT 

GE3900-3.llFER9530029.CD 



N U m Q U k k Q N O  
Q O m m ~ k ~ O r r O  

- - N U P c - S O  
- - N  

. . . . . . . . . .  

- m 0 0 0 0 0 0 0 0  
oo-p11oooooo 0 0 0 0 - m 0 0 0 0  
? ? ? ? ? ? 7 ? ? ?  - 

. - m 0 0 0 0 0 0 0 0  0 0 - u o o o o o o  0 0 0 0 - u o o o o  
? ? ? ? ? ? 7 ? ? ?  - 

C C NN 
C N C  c c  c - c  
c o c  c z c  c c  
c w c  
c 2 - c  m u  
c c c  
& I (  

* n c .- .. 
i Ji c a c  d d  c - c  z z  c erc 
c w c  w w  
* e *  > >  
c 5 c  3 3  
c c u u  
c a c  erer 

\ 

w ii I 

3 II a I o o o o - m o o o o o  u I1 er I ? ? o ~ ? O ' q ? o ?  
> l l z ~ - m 0 0 0 0 0 0 0 0 0  
e r l l - ~ o o - m o o o o o o o  

I1  c I 

- m o  - ii in I 
I1  0 

I1 i ii 
w I1 > I1 =? I - m o o o o o o o o o  
e r l l - ~ 0 0 - m 0 0 0 0 0 0 0  
~ ~ ~ a ~ o o o o - m o o o o ~  
u I1 er I ??????yq??o 

I1  v) I - m o  
I1 c I 

- .  - 
c c  
c -I* 
c u c  
c - c  c w *  
c w *  * c c  
c u c  c 5 c  
c c  

+- 
a- - 1 8 6  

W 
0 

er 
W > 

a 

a 

Y 
V 

8 

O S  
0 
a -  2t 
w n  
e a  a o  

Y u u  

z 

I- 

I-z 

m m  
U *  

.. .. 
m 9  

. .  
0 0  z z  
w w  > >  
erp:  
3 3  v u  

I1 U 8 00000000 
11 - I . . .  
I 1  z I 

11 z t ~ Q " 0 ' 9 0 0 0  
~ O I C L I  - m u  
- i i a  I 

O I I O I  z I1 
I1 

w I1 I > I1 z 8-0000000 er 11 - I o - o o o o o o  
3 II a I 0 0 - o o o o o  
u 11 er @ q o o - 0 0 0 0  . . . . .  

c 
11 c I 

I 1  v) I r 
I1 I 

W -1 

U 
0 er 

W I- 
v) 

3 
\ 

-1 

- 
n. 

a 

- 
a 
n 
U W 
er 

c -  
c 
c 

N 

z 
0 
c 
n 0 

c 
c 
c 
c 
c 
c 

Lc 

0 L 
n 

U 

L 
u 
U m 
r 
0 
r e 

.- 

m 
W v) 

U u 

P 
W 
-1 

U 
0 er 

J 

I 

a 

I 

2 

b 

c c c c c * * + c c c c c c * c c c c c c c c c c c c c c c c c c c * c c c c c c  
& !! c 

c 
c 
c 
c 
c 
c 
c 
c 

~ c c c c c c c * c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c * ~  

t 
a 
p: 
I- 
v) 

0 z 

v) 
W 

e er 
W 

a 

- 
n 

n 
8 
-I 

0 v) 

z 
W 
W 

- 
z 
E! 
4 

W 
m 
z 

e 

W er 
o 
W er 

c 
c 

a 

- 
z 

I- 

0 

E! 
n 

c 
c 
+I 

c 

10 000786 



m 'c 

0 L 
0. 

r 
L 
u 
r 
v) 
0 az 
W 
r L e  

m 
v ) I  

z M  * 
l n w  I v )  

N U  

.- 

m u  
I ,  

W 
5: 
u - l  E 
u -  
0 
CLU 
W 
-lo W 
V E  
U 
u n  

z 
W 

W 
v) 

z 

c 
O r 
I- 
V 
W 7 

5 
I 

El 

m 
0 
W 
w 
W 
I 
3 

u W 
CL 

c 
c 

U 

z 

I- 

n 

El 
% 

* 
c * * 
* 

0 0  
u o  N O  
-0 

k 0  
09 
m o  

L A -  . .  
I I  I I  

CL 

V 
P 
2 

-El 

u 
* z  

0 c  
w u  - E  
- l w  
- w  
I-u 
- l u  
3 u  5: 

5: w 3  

A X  
-la - z  

3 
3 
l n w  
w z  

n-l 

m I :  

3,  
2 2  

W 
W 
S O  I-+ 

OLA 
- 9  

II II 

z 
u 
E 0 
0 

W 

c 
rn;L z -  

c -  
u u  CLE 
w e  
I -v )  

E UCL 

E -  
w z  
E 
3 C L  

E 
302 

x u  u u  
5:u 

- 

r 

El= 

- 
0 :  

=: 
5 2  

m 3  

0 

t 
n 
n 
0 e 
U I- 
3 
0 

2 
CL W 

E 
3 z 
E 
W * 

m 

4 

El 

z 

z 

I- 
O z 
c 
V 
W 7 

0 

- 

m 

u 
aJ 
v) 
\ 
U 

N 

M 

a 

I I  

* 
U 
;L 
W 
3 
0 W 

CL Y 

W e u 
3 a 
z 
U W 
5: 

c 
v) 

E 
2 
m 
0 

4 

4 

m 

z 

I- 

0 

El 
n 

c 
c * 
c 
* 

- 
E 
W 
m 
J 

El 
d 

31 

z 

I- 

W c - 

t z 
n 
w 

c 
z 

v) 
W 

u > 

r 
I 

3 

N 

E 
W 

E 
3 z 
z 
0 

m 

W az 
I- 

+ 
- 
u 

k g g G z  \ t t h h N 9  
U N m - 9  \ t N h - U  O I Q N O I M  
- 0 N h O  m h ~ m 9  
00000 00000 
? ? ? ? ?  33999 

-4,gcgg m u a - . -  

, I , , ,  , I ,  

M m m U h  h m 9 N S  

- 0 0 Q N  9 O Q N -  M m N O I N  

00000 00000 
a o o o o  0 0 - 0 0  . . . . . . . . . .  
I , , ,  I , ,  

W z ~00000000000000 
nae - .  
E " m m L A m m L A m L A m m m m L A 0  u - 
0 

- no 0 9  0.0. Os?? O*?? - N O m M  N h S N -  
00000 00--0 
? ? ? ? ?  ? ? ? ? ?  

m Q 9 m  . 88 -4 , f ;g  

00000 *00--0 
on-a- . - h u m m  

? ? ? ? ?  : ? ? ? ? ?  

M U O M k  ' 0 0 . U Q  * . - I n M 9  . M N U O c  

? ? ? ? ? ~ ? ? O ? ?  

I ,  I ,  I . 
N S U U N  * U m N S M  

O N O 9 U O U Q . - - h O I  o o o o o w o o - 0 0  

* * 
c 
c 
E 

W 

0 

u 
W 

I 

E 

u 
CL 

W 
0 
E 

W 

-l 

W 

u 
V 

u 
c 
c 

* .  

v) 
v) 
W n O O O O O O O O O O O O O  

Q h L A O O O O O  O N h  O N 0  
* ~ Q N O L A O m O N L A N ~ m O  
e - S L A h O N m  Q m m Q O  P - N U L A 9 c h Q m z k  

CL w- y 0. y m. 0. y 3 nv) 

L 
9 v) 

W 
m N h - 0 .  Q N O U h  
m U Q - N I - Q Q U O L A  
M Q h h - O m U S h Q  
O N - U U z m U m M h  
00000 00000 
????3~????? 

8 8 0 ,  w ,  I ,  

E 

D m M U N Z m M L A a N  

O N N U O - M Q U m N  o o o o o c o o o o o  

- S O ~ L Q  Q ~ U O M  

- - M N N O O ~ M N - M  

? ? ? 9 9.4 ? ? 9 3 3 

8 Z 8 2 8 i ? % X X Z 6  

? ? ? ? ?  : ? ? ? ? ?  

I , , ,  0 I ,  

I- 

O Q - O L A Z U h O Q Q  
O - - U M - N Q O h -  
00000 00000 

I I  I I  I I  II I1 I 1  II 
I 0000000000000 
I - n L A o o o o o o L A m m o m o  n r . . . . . . . . . . . . .  
W e - L A N N N N N Q N h m h -  
0 -  - N M u m m Q S h D O  

N 

m 

I- 
ln 
4 
OLI 

c 
v) 
E 

Y 
- 
c 

- N M U m  * S h Q m O '  
* u u u u L A  
. N N N N N  



0 
. .  

P : ,  
d 

Y- 

O L 
n 

U 

L 
U 

U m 
0 
5 
aJ r 

L C  m m a  
z m  * 
v ) w  I v )  

N U  

.- 

m u  
I ,  

W 
I: 
P: w -  

W 
-40 W 

UP: U 

a-4 

& U  

a n  

'c 

2 
n 

U 

L 
U 

U m 
0 
I: 
aJ 
.c L C  

m a  
z M  * 
r n w  I r n  

.- 

~a m u  

I ,  

W 
I: 
u-4 P: 
u -  

W 
-40 W 

U L I ?  U 

& U  

u n  

3 
2 
n 
W r 
E 

3 

C 

rn 
W 

a > 

Y- 

0 L 
n 

U 

L 
U 

U m 
I: 
aJ r 

L C  

m u  
Z M  * 
r n w  I r n  

I- 

~a m u  

I ,  

W x 
u-4 p: 
u -  

W 
-40 
W 
UP: 
U 

2U 

u n  

'c 

2 
n 

U 

L 
U 

U 
0) 
0 
5 
aJ 
r L C  

m 
m a  

z m  * 
r n w  
I v )  
N U  

.- 

m u  
I ,  

W 
I: 
LI? 
0 -  

W 
-40 W 
UP: 
U 

a-4 

2 L  

a n  

Y- 

0 L 

n 

U 

L 
U 

U 
m 
0 
I: 
aJ r 

L C  m 
m a  

z m  > 
r n w  

0 -  

.- 

~a m u  
I ,  

W 
I: 
LI? u -  

W 

W 
UP: 
U 

a-4 

& U  

-40 

u n  

h C a M  
Q h h O .  
? ? ? ?  

z 
U 
I: 0 

- 
n 
W 

E 
2 
C 

2 0  



0 -0 w u  
> w  

U 
x u  
I-u 

2 4  

E!:- 
c o o  
U N O  

I- E 

* W  v -  
v 3  a o  

E -m 
:? 

0 m.- 
v ) \  * u  
z v  
E 

m 
W - M  

k-v) 
E :& 

Y 

u r n  u -  
4 : -  

-.Y 

x u  - 
U 
E 

. m- 

1-0 
n'c 
C r .  

w w  
0 

z 
E -  
W I  
* C  

4 5 .  

U 
V u -  
u > 
U 

rn 
. w  

v) 
v) 
W 
E -  
I-- 
v ) v )  

Q 

X 
U 
I 

. w  

v) 
E 
W * 
4 
m 
3 In 

3 W 
z 
z - 

'c . e  
a 

Y 

L 
V 

U 
v) 
0 z 
w 
r L I -  

m 
v ) I  

Z M  * 
v ) w  
I v )  
N U  

.- 

m u  
I ,  

W = 
U A  E 
u -  
0 E U  
W 
-lo W 

V E  U 
u a  

'c 

0 L 
a 

r 

L 
V 

v) 
0 
lE 
w 
x L C  

m r n I  

z m  * 
v ) w  
I v )  

N U  m u  

.- 
r 

I ,  

I- = 
u -  E 
uv) 
0 
E O  W 

W 
u w  
U u 0  

~ n .  

z 
E! 

I I I I I I  * 

. . . . . . . . . . . . . .  m w  

v) 
W E  

3 e  
5 4  

m 
0. z 

W 

'c e 
n 

r 
L 
V 

U 
v) 0 
L 
w 
.c L e  

m 

z m  * 
v ) w  

m v )  
N U  

.- 

m u  
I ,  

W az 
u-4 E 
u-. 0 
MU- 
W 
A 0  W 

ver V 
a n  

-4- 

L 
0 
a 

r 
L 
V 

r 
v) 
0 
5 
w 
.c L e  

m 
v ) o  

z m  > 
v ) w  
I v )  
N U  

.- 

m u  
I ,  

W 
I 
U A  er u -  

W 
A 0  W 
V E  
V 

SLL 

u n  

1 ? ? ? ? ? ? ? ? ?  
I 
Q 9 M h O - m Q 9  
9hQhUJQ990. 
? ? ? ? ? ? ? ? ?  

Q 9 M h O - m Q 9  
9hQhQQ990.  
? ? ? ? ? ? ? ? ?  

Q 

lx 
W 

lE 3 
Z? 

z 

m 

2 
c 
U E 
W 
I- - 

z 
U z 0 
0 

w 

- 



+- 

I 186 
* 
s) 

a 

b 
00000000000 

- - - - - - - N - - -  
00000000000 q o o o q o o o o o o  . . . . . . . .  

. . . . . . . . . .  

? ? ? ? ~ ? ? ? ~ 0 ?  
MhbbhhhOInhh 

- N M U I n I O I O Q C O  
NN 

> 
E 

ln 

I 

Z 

e - 
- 
d 
I- 
v) 
\ 
ln v) 

W 
E 
I- 
ln 

W 
I- 
3 

aI 
0 V 

c 
c 

IC 

z 

I- 

a 

0 
n 
0 

c 
c 
c 

N 

E 
W * 
4 
I L L  
0 
n E 
W I N  
I- 

I - 0  
a >  aJ * -  
E 

l n o  
- 0  c 

m 
Z L  
- r  

d 

E 0 .E 
I q .- 

d "  
I - *  
l n I  

0 
p:z 
0 -  I I- 

w - l  
I - <  

0 w u u  
I - -  
3 w I -  

=at- 

v)azE 

* 
p: 

v) 

I 

e 
t 
i 

- 

I- 
v) 
\ 
v) VI 
W 
E 
I- 
ln 

W 
I- 
3 

ar n 

8 
c 
c 

h 

Z 

I- 
n 
0 

0 

c 
c 
c 
c 

0. 

E 
W > 
4 

g \  n 

e 
I - -  

W x m  
I - a J  

* -  
E 

v)O 
- 0  0) 

Q 
Z L  
- 4 . l  

20.5 
I? " 

d "  
I - ,  
l n I  

u 
E Z  
0 -  8 I- 

:&: w - l  

E U P  

~ n c  
I - <  
l n E V  

0 -  
W U L L  
I - -  
3 w I -  

U W  
n- lz  

0. 

p: 
W * 
4 
Y 
0 
a e 
W 
I Q  
I- 

I - a J  u >  
* -  
E 

l n 0  
-0 c 

Z L  
- u  

E o . 5  
I q .- 

d "  
I - ,  
v ) o  
W 

p:Z 
0 -  I I- 

Z E S  

v ) E ?  

w - l -  
I - <  

0 
W I L Y  
I - -  
3 w I -  

< w  

E ~ I -  

n d z  

S U P  

22 



APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATION PACKAGE 

SHAKE91 

Idriss, I.M. and Sun, J.I., "SHAKE91 - A Computer Program for Conducting 
Equivalent Linear Seismic Response Analyses of Horizontally Layered Soil Deposits, 'I 
User's Manual, Center for Geotechnical Modeling, Department of Civil and 
Environmental Engineering, University of California, Davis, California, 1992, 13 p. 
(plus Appendicies) . 
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USER5 MANUAL 
FOR 

SHAKE91 
A Computer Program for Conducting Equivalent Linear 

Seismic Response Analyses of Horizontally Layered Soil Deposits 

Program Modified based on the Original SHAKE program published in 
December 1972 by Schnabel, Lysmer & Seed 

Modifications by 

I. M Idrissl and Joseph I .  Sun2 

t INTRODUCTION 

The computer program SHAKE was written in 1970-7 1 by Dr. Per Schnabel and 
Professor John Lysmer and was published in December 1972 by Dr. Per Schnabel and 
Professors John Lysmer and H. Bolton Seed in report No. UCBEERC 72/12, issued by 
the Earthquake Engineering Research Center at the University of California in Berkeley. 
This has been by far the most widely used program for computing the seismic response of 
horizontally layered soil deposits. 

The program computes the response of a semi-infinite horizontally layered soil deposit 
overlying a uniform half-space subjected to vertically propagating shear waves. The 
analysis is done in the frequency domain, and, therefore, for any set of properties it is a 
linear analysis. An iterative procedure is used to account for the nonlinear behavior of 
the soils as summarized below. 

The object motion (ie, the motion that is considered to be known) can be specified at the 
top of any sublayer within the soil profile or at the corresponding outcrop. 

The program SHAKE was originally written for a main frame computer. It  was 
converted for use on a personal computer by Dr. S. S. Lai in 1985; almost everything else 

. remained identical to the original computer program. While there have been many 
modifications and several editions of the program SHAKE have been referenced in recent 
publications, the version included herein constitutes the most extensive modifications to 

I 
2 

1 

Department of Civil Engineering, University of California, Davis 'a 1 

i 2Woodward-Clyde Consultants, Oakland, California 
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the original program. The intent of the modifications was to make the program more 
convenient for use with a personal computer. 

MODIFICA TIONS IMPLEMENTED IN SHAKE91 

-'- The main modifications incorporated in SHAKE91 include the following: 

The number of sublayers was increased from 20 to 50; this should permit a more 
accurate representation of deeper andor softer soil deposits. 

All built-in modulus reduction and damping relationships were removed. These 
relationships are now specified by the user; up to 13 different relations of modulus 
reduction, G/Gm,, versus shear strain and damping ratio, h. versus shear strain can 
be specified as part of the input file. A number of published variations of G/Gmax and 
h with shear strain are available in the literature (eg, Hardin and Drnevich, 1970; Seed 
and Idriss. 1970; Seed et al, 1986; Sun et al, 1988; Vucetic and Dobry, 1991). 

1 8 6  

.'. - - I 
I 

The maximum shear velocity or the maximum modulus are now specified for each 
sublayer; again these are part of the input and therefore the program no longer 
calculates modulus values as a function of either confining pressure or shear strength 
The user specifies the maximum values, which are derived by the user. 

Object motion is now read from a separate file; the number of header lines and format 
are specified by the user. 

Other clean-up include: renumbering of options, elimination of infrequently used 
options, user specified periods for calculating spectral ordinates .. . etc. 

DESCRIPTION OF THE PROGRAM 

The soil profile is idealized as a system of homogeneous, visco-elastic sublayers of 
infinite horizontal extent; the idealized soil profile is shown in Fig. 1. The response of 
this system is calculated considering vertically propagating shear waves. The algorithm 
in the original program SHAKE (Schnabel et al, 1972) is based on the continuous 
solution to the wave equation (Kanai, 195 1 ; Matthiesen et al, 1964; Roesset and 
Whitman, 1969; Lysmer et a1 1971), which was adapted for transient motions using the 
Fast Fourier Transform techniques of Cooley and Tukey (1  965). The program SHAKE91 
retains this feature of the original program. Details pertinent to the derivation of the 
applicable equations of motion and solution of these equations are summarized in the 
original SHAKE manual. in the aforementioned references and in most textbooks on 
wave propagation. Therefore, they are not repeated in this user's manual. 

An equivalent linear procedure (Idriss and Seed, 1968; Seed and Idriss, 1970) is used to 
account for the nonlinearity of the soil using an iterative procedure to obtain values for 

008796 2 
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6 .  modulus and damping that are compatible with the equivalent uniform strain induced in 
each sublayer. Thus, at the outset, a set of properties (shear modulus, damping and total 
unit weight) is assigned to each sublayer of the soil deposit. The analysis is conducted 
using these properties and the shear strains induced in each sublayer is calculated. The 
shear modulus and the damping ratio for each sublayer are then modified based on the 
applicable relationship relating these two properties to shear strain. The analysis is 
repeated until strain-compatible modulus and damping values are arrived at. Starting 
with the maximum shear modulus for each sublayer and a low value of damping, 
essentially strain-compatible properties (ie, difference less than about one percent) are 
obtained in 5 to 8 iterations for most soil profiles. 

The following assumptions are incorporated in the analysis (Schnabel et al. 1972): 

0 

Each sublayer, m, is completely defined by its shear modulus, G,, damping ratio, 
hm, total unit weight, Ytm (or corresponding mass density, Pm) and thickness. hm; 
these properties are independent of frequency. 

The responses in the soil profile are caused by the upward propagation of shear waves 
from the underlying rock half-space. 

The shear waves are specified as acceleration ordinates at equally spaced time 
intervals. (Cyclic repetition of the acceleration time history is implied in the 
solution). 

The strain dependence of the shear modulus and damping in each sublayer is 
accounted for by an equivalent linear procedure based on an equivalent uniform 
strain computed in that sublayer. The ratio of this equivalent uniform shearstrain 
divided by the calculated maximum strain is specified by the user (see Option 5 
below); the same value of this ratio is used for all sublayers. 

Available Outiorts 

The options incorporated into SHAKE91 are as follows: 

Option Number 
1 
2 
3 
4 

5 

DescriDtion 
dynamic soil properties 

data for soil profile 
input (object) motion 

assignment of object motion to 
the top of a specified sublayer 

or to the corresponding outcrop 
number of iterations specified 
& ratio of uniform strain to 

maximum strain 

000797 3 



I 6 I sublayers at top of which peak I 
accelerations & time histories 

are computed and saved 
sublayer at top of which time 

history of shear stress or strain 
is computed and saved 

time history of object motion 
response spectrum 

amplification spectrum 
Fourier amditudes 

~ 

Note that the original program SHAKE included 16 options and that the modified 
program includes only 1 1 ; the five options eliminated pertain mostly to plotting and to 
adjusting the time increment. Such operations can best be done in auxiliary programs. 

INPUT DATA 

The input data are provided in an input file; the name and location of this input file is 
specified directly from the key board at the time of program execution. A sample input is 
presented in Table 1. As can be noted in the table, each option starts with the following 
two lines: 

Line No. 1 (Format: A80) 

columns 1 - 80 Identification information for this option (this line cannot be 
blank) 

Line No. 2 (Format: 15) 

columns 1 - 5 Option Number 

The specific inputs for each option are presented below. 

Option I - D-vnamic Soil Properties 

0 first line after option number (Format: 15) 

columns 1 - 5 Number of materials included (maximum is 13) 

then, for each material, the following input should be supplied: 

first line (Format: 15, 11A6) 

columns 1 - 5 number of strain values to be read (maximum is 20) 

000798 4 



columns 6 - 71 identification for this set of modulus reduction values 

second & consecutive lines (Format: 8F10.0) 

columns 1 - 80 strain values, in percent, beginning with the lowest value. Eight 
entries per line using 8F 10.0 Format (maximum is 20) 

consecutive lines (Format: 8F 10.0) 

columns 1 - 80 values of modulus reduction (G/GmaX) each corresponding to the 
shear strain provided in the previous lines; these values should be 
in decimal not in percent. 

the second set for the same material will consist of identical information except that 
values of damping (in percent) are provided as illustrated in Table 1.  

After the last set is completed, the following information is to be provided (Format: 
1615): 

columns 1 - 5 
columns 6 - 10 
columns 11 - 15 

: > 4  

@ columns 16 - 20 third material number to be used . 

number, N, of materials to be used in this analysis 
first material number which will be used 
second material number to be used 

........... 
etc until all N materials are identified. 

Values of G/Gm, and h versus strain for these N materials will then be saved in output 
file No. 1 (see section on OUTPUT below) so that only the material properties used in 
this analysis are saved in this file. This feature was added for the convenience of the user 
who can include up to 13 sets of material properties in the input file but for any one 
analysis uses fewer than 13. This feature also provides a check that the intended material 
properties were utilized in the analysis. 

Option 2 - Soil Profile 

first line after option number (Format: 215, 5X, 6A6) 

1 I 

a #F offilk ! columns 1,- 5 

columns 16 - 5 1 

soil deposit number; may be left blank 

identification for soil profile 

second and subsequent lines; one line for each sublayer, includin 
(Format: 215,5X. 5F10.0) 

-' co lumnsx-  10 number of sublayers, including the half-space I I - I 5 4 

I 



columns 1 - 5 
columns ‘IJ, - 10 

b - . \ o  

columns 51 - 62 

0 

format for reading acceleration values 

’a+ dqlw p- 
second line after option number (Format: 3F10.0,215) 

sublayer number 
soil type (corresponding to numbers assigned to each material in 
Option 1). 
mote that if this material type is given as 0 (zero) for all sublayers, 
then the calculations are conducted for only one iteration using the 
properties (modulus, or shear wave velocity, and damping) 
specified in this input]. 
thickness of sublayer, in feet 
maximum shear modulus for the sublayer, in ksf (leave blank if 
maximum shear wave velocity for the sublayer is given) 
initial estimate of damping (decimal) 
total unit weight, in ksf 
maximum shear wave velocity for the sublayer, in Wsec (leave 
blank if maximum shear modulus for the sublayer is given) 

columns 16 - 25 
columns 26 - 35 

columns 36 - 45 
columns 46 - 55 
columns 56 - 65 

For the half-space, leave columns 16 to 25 blank: ie. no thickness should be specified for 
the half-space. 

Option 3 - Input (Ob! ‘ect) Motioa 

0 first line after option number (Format: 215. F10.3, A30, A12) 

columns 1 - 5 
columns 6 - 10 

number, NV, of acceleration values to be read for input motion 
number, MA, of values for use in Fourier Transform; MA should 
be a power of 2 (typically, this number is 1024,2048 or 4096). 
Note that MA should always be greater than NV. The following 
may be used as a guide: for NV I 800, MA can be 1024. for NV I 
1800, MA can be 2048 and for NV I 3800. MA can be 4096. The 
current program is limited to a maximum value of 4096 for MA. 
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columns 3 1 - 35 
columns 36 - 40 

number of header lines in file containing object motion 
number of acceleration values per line in file containing object 
motion 

Ootion 4 - Assignment o f  Object Motio n to a SDec lfic Sublave r 

first line after option number (Format: 215) 

columns 1 - 5 

columnsx - 10 

number of sublayer at the top of which the object motion is 
assigned 
use 0 (zero) if the object motion is to be assigned as outcrop 
motion, otherwise 
use 1 (one) if the object motion is applied within the soil profile at 
the top of the assigned sublayer 

6 

Option 5 - Number o f  Iteratr bns & Ratio o f  Eauivalent Un- iform Strain to Maximum 
Straiq 

first line after option number (Format: 215, F1O.O) 

columns 1 - 5 parameter used to specify whether the strain-compatible soil 
properties are saved after the final iteration: set = 1 if these 
properties are to be saved; otherwise leave columns 1 - 5 blank 
number of iterations 
ratio of equivalent uniform strain divided by maximum strain; 
typically this ratio ranges from 0.4 to 0.75 depending on the input 
motion and which magnitude earthquake it is intended to represent. 
The following equation may be used to estimate this ratio: 

in which M is the magnitude of the earthquake. Thus, for M = 5. 
the ratio would be 0.4. for M = 7.5. the ratio would be 0.65 ... etc. 

6 
columnsW- 10 

+columns 1 1  - 20 

[ ratio = (M - 1)/10 ] 

Option 6 - Co moutation o f  Accele ration at Top o f  Specified Subla-vers 

(Note that a maximum of fifteen sublayers can be specified at a time; if accelerations for 
more than 15 sublayers are desired. then Option 6 can be repeated as many times as 
needed). 

0 first line after option number (Format: 1515) 

columns 1 - 75 array to indicate the numbers of the sublayers at the top of which 
the acceleration is to be calculated .. - 

second line after option number (Format: 1515) 

7 



columns 1 - 75 array to specify type of each sublayer: 0 (zero) for outcropping 
or 1 (one) for within the soil profile 

0 third line after option number (Format: 1515) 

columns 1 - 75 array to specify the mode of output for the computed accelerations: 
0 (zero) if only maximum acceleration is desired or 1 (one) if both 
the maximum acceleration and the time history of acceleration are 
to be calculated and saved 

Option 7 - Compu tation o f  S hear Stress or Strain Time Histoy at Top o f  Spec[ Xed 
Sublavers 

(Note that a maximum of two sublayers can be specified; if stress or strain time histories 
for more than two sublayers are desired, then Option 7 can be repeated as many times as 
needed). 

0 first line after option number (Format: 515. F1O.O, 5A6) 

columns 1 - 5 
columns 11 - 10 
columns 1 1  - 15 
columns 16 - 20 
columns 21 - 25 

columns 26 - 35 
columns 36 - 65 

number of sublayer 
set equal to 0 (zero) for strain or 1 (one) for stress 
set equal to one to save time history of strain or stress 
leave blank 
number of values to be saved; typically this should be equal to the 
number NV (see Option 3 above) 
leave blank 
identification information 

2049 play,  

second line after option number (Format: 515. F1O.O, 5.46) 

same as the above line for the second sublayer 

Note that the time histories of shear stresses or strains are calculated at the top of the 
specified sublayer. Thus, if the time history is needed at a specific depth within the soil 
profile, that depth should be made the top of a sublayer. The time history of stresses or 
strains is saved in the second Output file. 

This options should be specified after Option 6 as shown in Table 1 and in Table B-1 . 

Oution- 8 - Time H istow o f  Ob/ 'ecf Mot io@ 

Although this option was retained, its purpose is most easily accomplished in Option 6. 

a 
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Option 9 - Response Spect rum 

first line after option number (Format: 215) 

columns 1 - 5 sublayer number 
set equal to 0 (zero) for outcropping or equal to 1 (one) for within -- columns 6 - 10 

0 second line after option number (Format: 215, F 10.0) 

,.. 
: . t  number of damping ratios to be used 

- 0 \ ;, c;.,. o< ; ' i i columns 1 - 5 - columns 6 - I O  set equal to 0 (zero) or 7Q fd ,fi.j3> /'>--i !'.'"''- . - T--C-- c_ 

columns 1 1  -20 acceleration of gravity \ fib GduLy 4errdr: 

third line after option number (Format: 6F10.0) 

0 first line after option number (Format: 415, F1O.O, 8A6) , 

------ -- ~ - . I_ _. . - . 
columns 1 - 5 number of first sublayer 

set equal to 0 (zero) for outcropping or equal to 1 (one) for within columns 6 - 10 
columns 1 1 -1 5 
columns 16 - 20 
columns 21 - 30 

number of second sublayer 
set equal to 0 (zero) for outcropping or equal to I (one) for within 
frequency step (in cycles per second); the amplification spectrum 
is calculated for 200 frequencies using this frequency step and 
starting with 0 
identification information columns 31 - 78 

[The amplification spectrum is the ratio of the amplitude of motion at the top of the 
second sublayer divided by that at the top of the first sublayer]. 

If the amplification spectrum is desired for two other sublayers. Option 10 can be 
repeated as many times as needed. 

Option I1 - Fou rier Spec trum 

0 first line after option number (Format: 515) 

columns 1 - 5 
columns 6 - 10 
columns 11 -15 'e columns 16 - 20 
columns 21 - 25 

number of the sublayer 
set equal to 0 (zero) for outcropping or equal to 1 (one) for within 

set equal to 2 (two) if spectrum is to be saved to file 
number of times the spectrum is to be smoothed 
number of values to be saved \ 

1 
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The following expression (Schnabel et al, 1972) is used to smooth the Fourier spectrum: 

A .  + 2 A . + A i + *  1 
1 - 1  

1 4 
A. = 

in which Ai is the amplitude of the spectrum for the ith frequency 

A second line is always needed when using Option 1 1. Thus, the user should either 
provide a second line for another sublayer or repeat the information provided in the first 
line in a second line. 

I t  may be noted that calculation of Fourier amplitudes for a specific accelerogram is best 
accomplished in an auxiliary program. 

Propram Terminatiorz 

For program termination. the user should provide a line that contains infomation that 
execution will terminate when the number is encountered as an option number; the line 
following this information should have 0 (zero) with a format of 15. Execution will then 

;; 

The output of the program is contained in two files. The first file echoes much of the 
input information and contains the results of each iteration. the listing of calculated 
maximum shear stresses and strains, maximum acceleration. response spectrum, Fourier 
spectrum and amplification spectrum, as appropriate. The second file contains all the 
time histories requested. The name of each file is specified by the user at the time of 
program execution directly from the key-board. 

COMPUTER LISTING 

The FORTRAN listing of program SHAKE91 is given in Appendix A. 

SAMPLE PROBLEM 

The results for a sample problem are given in Appendix B. 
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CONCL UDING EMARKS 

The computer program SHAKE has been widely used throughout the United States and in 
many parts of the world for conducting ground response studies. Its use in recent studies 
involving recordings obtained at several sites from the 1989 Loma Prieta earthquake (eg, 
Idriss, 1990; Dickenson et al, 1991; Idriss. 1991: Rollins et al, 1992; Yokel. 1992) have 
indicated that the calculated surface motions are in reasonably good agreement with the 
recorded values when the appropriate soil properties and input rock motions are used. 

-- 

Therefore. this program remains a convenient tool for conducting such analyses at many 
sites and for a \.ariety of applications. 
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Sample Input 

option 
1 
3 

11 
-._ 0.0001 

1. 
1 . 0 0 0  
0 . 2 3 8  

11 
0 . 0 0 0 1  
1. 
0 . 2 4  
2 1 .  

0.0001 
11 

1. 
1.000 
0 . 0 8 0  

11 
0 . 0 0 0 1  
1. 
0 . 2 4  
2 1 .  

8 
. O O O l  
1.000 

5 
. O O O l  

0 . 4  
2 

2 
1 

option 

8 
9 

3 
option 

1 - dynamic soil properties - (max is thirteen): 

#1 modulus reduction fo r  clay ( S u n  et al, 1 9 8 8 )  upper range 
0 . 0 0 0 3  0.001 0 . 0 0 3  0.01 0 . 0 3  0.1, 0 . 3  
3 .  1 0 .  
1 . 0 0 0  1 . 0 0 0  0 . 9 8 1  0 . 9 4 1  
0 . 1 4 4  0 . 1 1 0  
damping for clay (Idriss 1 9 9 0 )  - 
0 . 0 0 0 3  0 . 0 0 1  0 . 0 0 3  0 . 0 1  0 . 0 3  0.1 0 . 3  
3 . 1 6  1 0 .  
0 . 4 2  0 . 8  1 . 4  2 . 8  5 . 1  9 . 8  1 5 . 5  
2 5 .  2 8 .  
# 2  modulus reduction for sand (seed & idriss 1 9 7 0 )  - upper Range 
0.0003 0.001 0.003 0 . 0 1  0 . 0 3  0 . 1  0 . 3  
3 .  1 0 .  
1 . 0 0 0  0 . 9 9 0  0 . 9 6 0  0 . 8 5 0  0 . 6 4 0  0 . 3 7 0  0.180 
0 . 0 5 0  0 . 0 3 5  
damping for sand (Idriss 1 9 9 0 )  - (Lhg from seed & idriss) 1 9 7 0 )  
0 . 0 0 0 3  0.001 0 . 0 0 3  0 . 0 1  0 . 0 3  0 . 1  0 . 3  
3. 1 0 .  
0 . 4 2  0 . 8  1 . 4  2 . 8  5 . 1  9 . 8  1 5 . 5  
2 5 .  2 8 .  
# 3  modulus for rock half space (Schnabel et al, 1 9 7 2 )  

0 . 4 3 8  0 . 8 4 7  0 . 6 5 6  

0 . 0 0 0 3  0 . 0 0 1  0 . 0 0 3  0 . 0 1  0 . 0 3  0 . 1  1 . 0  
1 . 0 0 0  0 . 9 8 7 5  0 . 9 5 2 5  0 . 9 0 0  0.810 0 . 7 2 5  

Damping in Rock (Schnabel et al, 1 9 7 2 )  
0.001 0.01 0 . 1  1. 
0 . 8  1 . 5  3 .O 4 . 6  

0 . 5 5 0  

1 3 
2 - -  soil profile: 

, ( , , ! ! p l  5 :.> 
9 EXAMPLE SITE / ~. c 
1 7 . 0 0  1500. 0 . 0 5  0 . 1 2 0  
1 1 3 . 0 0  1 0 0 0 .  0 . 0 5  0 . 1 0 0  
1 1 0 . 0 0  1 8 0 0 .  0 . 0 5  0 . 1 0 0  
1 1 2 . 0 0  2 0 0 0 .  0 . 0 5  0 . 1 0 0  
1 2 0 . 0 0  2 5 0 0 .  0 . 0 5  0 .  12.5 
1 18.00 3 0 0 0 .  0.05 0 . 1 2 5  
1 2 0 . 0 0  4 0 0 0 .  0 . 0 5  0.125 
1 2 0 . 0 0  5 0 0 0 .  0 . 0 5  0 . 1 2 5  
3 0 . 0 1  0 . 1 5 0  3 0 0 0 .  

3 - -  input motion: 

800 2 0 4 8  

option 
4 
9 

: opt ion 
5 

” 1 

6 
1 

option 

j. 1. 1 

I 

4 - -  

0 
5 - -  

7 
6 - -  

2 
1 
0 

. 0 2  PAS. acc ( 8 f 9 . 6 )  

.1 2 s .  1 8 
sublayer where input motion is applied (within or outcropping): 

number of iterations & ratio of avg. strain to max strain: 

0 . 6 5  
sublayers for which accn. time histories are to computed & saved: 

3 4 5 6 7 8 9 9 
1 1 1 1 1 1 1 0 
0 0 0 0 0 0 1 0 



Sample Input 

option 7 - -  sublayer for which shear stresses or strains are computed & saved: 
7 
4 1 1 809 - -  stress in level 4 
4 0 1 809 - -  strain in level 4 

9 
1 0 
1 0 981.0 

-_ option 9 - -  compute & save response spectrum: 

0 . 0 5  

1 0  
option 1 0  - -  compute & save amplification spectrum: 

9 0 1 0 0 . 1 2 5  
option 11 - -  compute & save Fourier spectrum: 

11 
1 0 1 1 1 0 0 0  
1 0 1 3 1 0 0 0  

0 
execution will stop when program encounters 0 



coordinate r u  system 

7 
reflected wave V I  

For Each Sublayer, m: 
shearmodulus = G m  
damping ratio = A mass density = pm m 

rn 

rn+ 7 

incident wave l a  

N 
fh a If -sp a c e) 

particle motion 

_. a Fig. I .One-Dimensional Idealization of  a Horizontally- 
.d 1 La yered Soil Deposit Over a Uniform Half-space 
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4.3 Seismic Performance Evaluation 
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SEISMIC PERFORMANCE EVALUATION 

EXECUTIVE SUMMARY 

The potential for seismic deformation of the On-Site Disposal Facility (OSDF) 
during the design seismic event is evaluated in this calculation package. For the 
relevant stability conditions presented in the static stability analysis, a pseudo-static 
stability analysis is performed to obtain a yield acceleration. The yield 
acceleration is the horizontal acceleration (reported as a percentage of gravity) at 
which the factor of safety is equal to 1.0. This value is compared to the peak 
average acceleration obtained in the Seismic Site Response Evaluation. For three 
cases of concern, the yield acceleration is less than the peak average acceleration 
for the design seismic event. For these cases, a seismic deformation analysis was 
performed. Based on the results of this analysis, the maximum permanent seismic 
deformation for the OSDF during the design seismic event is expected to be less 
than 0.1 ft (3 mm). This calculated deformation is within the limits of acceptable 
permanent seismic deformations described in Seed and Bonaparte (1992) and 
Anderson and Kavazanjian (1995). Therefore, the seismic performance of the 
OSDF during the design seismic event is acceptable. 
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SEISMIC PERFORMANCE EVALUATION 

PURPOSE 

The purpose of this document is to provide the engineering calculations for the 
evaluation for seismic performance of the On-Site Disposal Facility (OSDF). The 
calculations provide an evaluation, and if necessary, a calculation of the potential 
for permanent seismic deformation of the OSDF during the design seismic event. 

The potential for permanent seismic deformation is calculated for the base 
(foundation), the impacted material mass, along the liner system, the OSDF 
perimeter berm, and the OSDF final cover system. The permanent seismic 
deformation is calculated for each configuration in which the yield acceleration 
(calculated in a pseudo-static stability analysis) exceeds the upper bound peak 
average acceleration (calculated in the Seismic Site Response Evaluation). 

Several of the parameters and data used in these calculations are obtained from 
other calculations. These reference calculations are as follows: 

Seismic Hazard Assessment; 
Seismic Site Response Analysis; 
OSDF Foundation Stability; 
OSDF Interim/Final Waste Stability; 
OSDF Perimeter Berm Stability; and 
OSDF Cover System Stability. 

J 

PROCEDURE 

1 .  Using the sections evaluated in the static stability analyses indicated above, 
perform a pseudo-static stability analysis to calculate the yield acceleration. 
The yield acceleration is the value of horizontal acceleration (measured as a 
percentage of gravity) at which the factor of safety for the critical slope 
stability interface is equal to 1 .O. The computer program XSTABL (Sharma, 
1994) is used in the pseudo-static stability analysis. Circular failure surfaces 
are evaluated using Bishop's Simplified Method (Bishop, 1955). Wedge 
failure surfaces are analyzed using Janbu's Method (Janbu, 1973). 
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SEISMIC PERFORMANCE EVALUATION 

2. For each case, compare the yield acceleration calculated in the previous step I 

to the upper bound peak average acceleration for the foundation liner and / 
cover system of the OSDF as presented in the results of the Seismic Site 
Response Analysis. Identify the conditions that require an evaluation , of 
permanent seismic deformation as follows: 

For conditions in which the yield acceleration exceeds the upper bound 
peak average acceleration as calculated in the Seismic Site Response 
Analysis, it is concluded that no permanent seismic deformations will 
occur and the analysis is complete. 

.,' 

For conditions in which the yield acceleration is smaller than the upper 

occur during the seismic event and a Seismic Deformation Analysis is 
required. 

bound peak average acceleration, permanent seismic deformations may / 

3. For each stability condition requiring evaluation of permanent seismic 
deformations, perform a quantitative Newmark deformation analysis using the 
calculated yield acceleration from the pseudo-static limit equilibrium analysis 
and the acceleration time histories for the design earthquakes calculated in the J 

Seismic Site Response Analysis. The yield acceleration and the average 
acceleration time history are entered into the validated Newmark computer 
program YSLIP C (Yan, 1991). The permanent seismic deformation for 
cases requiring evaluation is then calculated. 

4. For each case considered in Step 3, evaluate the potential for seismic upset 
to the OSDF by comparing the calculated deformation to the deformation 
levels considered to have the potential for impairment to the OSDF (Le., 
greater than 6 to 12 inches of deformation) as reported by Seed and Bonaparte 
(1992) and Anderson and Kavazanjian (1995). Consider the lower bound 
limit of 6 inches for the OSDF. 

1 
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SEISMIC PERFORMANCE EVALUATION 

DATA VERIFICATION 

Each of the parameters used in the pseudo-static stability analysis come from 
parameters defined in previous calculation packages. Listed on Table 1 and Table 
2 are the material, geosynthetics, and interface properties used in the pseudo-static 
stability analysis. The location of the original data verification package for each 
parameter is also specified in the tables. 

1 

The sections used for the pseudo-static stability analysis are identical to the 
sections defined in previous static stability analyses. 

ANALYSIS 

A pseudo-static stability analysis using XSTABL is performed to calculate the yield 
acceleration for the cases listed in Table 3. The yield acceleration is the value of 
horizontal acceleration (reported as a percentage of gravity) at which the factor of 
safety is 1.0. The minimum yield acceleration for each case is reported. The 
yield acceleration, the peak average acceleration, and the acceleration ratio for 
each case is presented in Table 3. The XSTABL output for each yield acceleration 
case is attached to these calculations. 

For the cases indicated in Table 3 for which the yield acceleration is less than the 
peak average acceleration, a seismic deformation analysis was performed according 
to the procedures outlined in the procedure section. The cases for which the 
analysis was performed are as follows: (i) OSDF Foundation - Interim 
Configuration Condition; (ii) OSDF Liner System and Impacted Materials - Final 
Configuration; and (iii) OSDF Final Cover System - Long-Term Conditions. 

I 

To perform the seismic deformation analysis the shear stress time history for the 
final cover layer and the base of the impacted materials layer (liner) was obtained 
from the Seismic Site Response Analysis. The shear stress time history for each 
layer is used to obtain a peak average acceleration time history for the layer. The 
peak average acceleration time history for each layer is input into the validated 
Newmark computer program YSLIP C (Yan, 1991). The permanent seismic 
deformation for each case requiring evaluation was then calculated. The files for 
the seismic deformation analysis are attached to this calculation package. 
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SEISMIC PERFORMANCE EVALUATION 

RESULTS 

Presented in Table 3 are the yield acceleration, the peak average acceleration and 
the acceleration ratio for all cases considered in this analysis. For those cases for 
which the calculated peak average acceleration is less than the calculated yield 
acceleration, the permanent seismic deformation is considered to be negligible and 
no further analysis is required. 

/ 

For the three cases for which the calculated peak average acceleration is greater 
than the calculated peak average acceleration, a seismic deformation analysis is 
performed. The results of this analysis are summarized in Table 4. As indicated 
in the $able, the maximum permanent seismic deformation for the OSDF during 
the design seismic event is expected to be less than 0.1 ft (3 mm) for each case. 
This calculated deformation is within the limits of acceptable permanent seismic 
deformations described in Seed and Bonaparte (1992) and Anderson and 
Kavazanjian (1995). Therefore, the seismic performance of the OSDF during the 
design seismic event is considered acceptable. 

/ 
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GEOSYNTEC CONSULTANTS 

Granular Soils in Liner and 
Cover System 

Impacted Materials 
short term 

long term 

Compacted Clay 
short term 
long term 

Brown Till 
short term 
long term 

short term 
long term 

Gray Till 

Great Miami Aquifer Soils 

Page of fi 

125 friction angle = 30" Foundation Stability 

Foundation Stability 125 friction angle = 25 " , 

Foundation Stability 125 friction angle = 25" 

130 su  = 1,200 psf / Foundation Stability 
130 friction angle = 25" Foundation Stability 

135 s u  = 1,200 psf / Foundation Stability 
135 friction angle = 25" Foundation Stability 

145 su  = 1,900 psf J Foundation Stability 
145 friction angle = 30" Foundation Stability 

135 friction angle = 350 /' Foundation Stability 

/ 
, J c = 200 psf 

p',, 
Date: %--I ,;<:I ,c: 

Project: OSDF Proj./Proposal No.: & 3900 Task  NO.:?^ 
Written by: h ' b L F 5 0 d  Date: %/ 10 / Ib Reviewed by: ,c ? f 

a 

DATA VERIFICATION 
MATERIAL PARAMETERS 

Seismic Performance Evaluation 
Fernald Environmental Management Project 

On-Site Disposal Facility 
Fernald, Ohio 
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DATA VERIFICATION 
GEOSYNTHETICS AND INTERFACE PARAMETERS 

Seismic Performance Evaluation 
Fernald Environmental Management Project 

On-Site Disposal Facility 
Fernald, Ohio 

Geos yntheticdhterfaface 

Final Cover System 

GCL Strength 
HDPE/GCL and/or Internal 

Liner System and Impacted 
Materials 

Interim Configuration 
- Reinforced GCL 

- DqGCL 

Final Configuration 
- Hydrated GCL 

. .  

i )  

GE3900-09.1 llF9530055.CD 

Shear Strength 

friction angle = 15" 

friction angle = 15" @ a,, = 7,500 psf ' 
friction angle = 17" @ a,, = 5,600 psf ' 

friction angle = 23" @ a,, = 1,900 psf 
friction angle = 30" @ a,, = 200 psf -' 

/ 

friction angle = 20" / 

J friction angle = 8" @ a,, = 7,500 psf 
friction angle = 8" @ a,, = 6,300 psf ' 
friction angle = 10" @ a,, = 3,900 psf 

Source Calculation 
Package 

Cover System Stability 

Interim/Final Waste Slope 
Stability 

Interim/Final Waste Slope 
Stability 

Interim/Final Waste Slope 
Stability 
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TABLE 3 

EVALUATION SUMMARY 

Seismic Performance Evaluation 
Fernald Environmental Management Project 

On-Site Disposal Facility 
Fernald, Ohio 

OSDF Foundation 
Interim Configuration 
Final Configuration 

OSDF Liner System and Impacted 
Materials 

Interim Configuration 
Final Configuration 

OSDF Interim Closure 

OSDF Final Cover System 
Long-Term Conditions 

OSDF Perimeter Berm 
Long-Term Conditions 

I 
0.10 
0.30 

0.11 
0.11 

0.20 
0.11 

0.11 
0.11 

I 
0.20 0.11 I 

0.9 - Deformation Analysis 
Required 

2.7 - No Seismic Deformation 

1.8 - No Seismic Deformation 
1 .O - Deformation Analysis 

Required 

N/A 

0.9 - Deformation Analysis 
Required 

1.8 - No Seismic Deformation 

Notes: 

(I) Calculated in pseudo-static stability analysis. 
(2) Calculated in the Seismic Site Response Analysis. 
(3) Ratio of yield acceleration to peak average acceleration. If the acceleration ratio is greater than 1.0, no 

permanent seismic deformation is expected. 

i 
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DEFORMATION ANALYSIS 

Seismic Performance Evaluation 
Fernald Environmental Management Project 

On-Site Disposal Facility 
Fernald, Ohio 

OSDF Liner System and 
Impacted Materials 

OSDF Final Cover System 

Final Configuration 1 .o 

Long-Term Conditions 0.9 

Acceptable 

Acceptable 
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I 
I 

.&- - 8 .;$6 131 rv\ Btu ' - r  
4TJIOlllp 

, .  +,-. i 77. XSTABL File: STWRlY 1 0 - 1 6 - 9 5  1 5 : 4 2  
7 '+& 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* 

X S T A B L  * 
;* 

* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1 9 9 2  6 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843,  U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

* * 
* * 
* Ver. 5.100 95  6 1 3 0 5  * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FERMCO/INTERMED. CONFIG./SHORT TERM 

8 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

. o  
1 3 5 . 0  
3 0 0 . 0  
3 1 2 . 0  
3 2 2 . 0  
3 5 0 . 0  
3 5 7 . 0  
3 7 6 . 0  

1 6 0 . 0  
1 6 0 . 0  
1 0 5 . 0  
1 0 8 . 0  
1 0 8 . 0  
1 0 1 . 0  
1 0 1 . 0  

96 .0  

1 3 5 . 0  
3 0 0 . 0  
312 .0  
322 .0  
3 5 0 . 0  
3 5 7 . 0  
3 7 6 . 0  
475 .0  

1 4  SUBSURFACE boundary segments 

Segment x-left y-left x-right 
. No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 -  
7 
8 
9 

1 0  
11 

. o  
2 9 6 . 0  

. o  
2 9 6 . 0  
3 1 2 . 0  
3 2 2 . 0  
3 5 0 . 0  
3 6 5 . 0  

. o  
3 1 7 . 0  
3 3 0 . 0  

1 0 0 . 0  
1 0 4 . 0  

98 .0  
1 0 2 . 0  
1 0 6 . 0  
106.0. 

9 9 . 0  
9 9 . 0  
9 5 . 0  

1 0 0 . 0  
9 7 . 0  

2 9 6 . 0  
3 0 0 . 0  
2 9 6 . 0  
3 1 2 . 0  
3 2 2 . 0  
3 5 0 . 0  
3 6 5 . 0  
3 7 4 . 0  
3 1 7 . 0  
3 3 0 . 0  
3 7 4 . 0  

y-right Soil Unit 
(ft) Below Segment 

1 6 0 . 0  
1 0 5 . 0  
1 0 8 . 0  
1 0 8 . 0  
101.0 
1 0 1 . 0  

9 6 . 0  
94 .0  

y-right 
(ft) 

1 0 4 . 0  
1 0 5 . 0  
1 0 2 . 0  
1 0 6 . 0  
1 0 6 . 0  

- 9 9 . 0  
9 9 . 0  
9 6 . 0  

1 0 0 . 0  
9 7 . 0  

- 9 6 . 0  

Soil Unit 
Below Segment 

2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
4 

. .  

000825 



1 2  3 7 4 . 0  
1 3  . o  
1 4  . o  

90 .0  5 9 0 . 0  - 4 7 5 . 0  
4 0 . 0  4 7 5 . 0  4 0 . 0  6 yc/jz,h.  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
ISOTROPIC Soil Parameters 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

6 Soil unit(s) specified 

Soil Unit Weight Cohesion 
Unit Moist Sat. Intercept 
No. (pcf) (pcf) (psf 1 

1 1 2 5 . 0  1 2 5 . 0  2 0 0 . 0  
2 1 2 5 . 0  1 2 5 . 0  . o  
3 1 3 0 . 0  1 3 0 . 0  1 2 0 0 . 0  
4 1 3 5 . 0  1 3 5 . 0  1 2 0 0 . 0  
5 1 4 5 . 0  1 4 5 . 0  1 9 0 0 . 0  
6 1 3 5 . 0  1 3 5 . 0  . o  

Friction Pore Pressure 
Angle Parameter Constant 
(deg) Ru (psf) 

2 5 . 0 0  . o o o  . o  
3 0 . 0 0  . o o o  . o  

. o o  - 0 0 0  . o  

. o o  . o o o  . o  

. o o  . o o o  . o  
3 5 . 0 0  . o o o  . o  

Water 
Surface 
No. 

0 
0 
0 
0 
0 
0 

A horizontal earthquake loading coefficient 
of .lo0 has been assigned 

A vertical earthquake loading coefficient 
of . O O O  has been assigned 

A critical failure surface searching method, using a random 
technique for generating sliding BLOCK surfaces, has been 
specified. 

The active and passive portions of the sliding surfaces 
are generated according to the Rankine theory. 

5 0 0  trial surfaces will be generated and analyzed. 

2 boxes specified for generation of central block-base 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 

Length of line segments for active and passive portions of 
sliding block is 1 4 . 0  ft 

Box 
no. 

x-left y-left x-right y-right 
(ft) (ft) (ft) (ft) 

Width 
(ft) 

1 3 0 0 . 0  7 0 . 0  3 7 0 . 0  6 0 . 0  6 0 . 0  
2 1 3 0 . 0  7 0 . 0  2 1 0 . 0  7 0 . 0  6 5 . 0  



ERROR # 3 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The program calculated a point for the ACTIVE wedge that is outside 
the defined slope geometry. The analysis will continue, but the user 
should adjust the search box or slope geometry to allow an active 
wedge to be formed from all points within last box. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 

Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 1 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 23  coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22  
23 

x-surf 
(ft) 

3 7 2 . 4 1  
3 7 1 . 9 5  
371 .33  
3 6 5 . 2 7  
3 5 7 . 3 4  
3 4 7 . 4 4  
3 3 7 . 5 4  
3 2 7 . 6 4  
3 1 7 . 7 4  
1 5 6 . 2 3  
1 4 6 . 3 3  
1 3 6 . 4 3  
1 2 6  - 5 3  
1 1 6 . 6 3  
1 0 9 . 0 5  
1 0 2 . 4 3  

9 9 . 7 0  
9 8 . 5 5  
91 .03  
8 3 . 5 1  
7 5 . 9 9  
6 8 . 4 7  
6 1 . 1 8  

y-surf 
(ft) 

9 6 . 9 5  
9 6 . 6 8  
9 6 . 0 6  
9 0 . 0 0  
8 2 . 0 7 '  
7 2 . 1 8  
6 2 . 2 8  
5 2 . 3 8  
42 .48  
42 .82  
52 .72  
62 .62  
7 2 . 5 2  
8 2 . 4 2  
9 0 . 0 0  
9 6 . 6 2  
9 9 . 3 5  

1 0 1 . 3 3  
1 1 3 . 1 4  
1 2 4 . 9 5  
1 3 6 . 7 5  
1 4 8 . 5 6  
1 6 0 . 0 0  

* *  Corrected JANBU FOS = 1.011 * *  

_ _  

(Fo factor =1 .087)  

.. . 

The following is a summary of the TEN most critical surfaces 

Problem Description : FERMCO/INTERMED. CONFIG./SHORT TERM 
000827 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

1 0 .  

Modified 
JANBU FOS 

1 . 0 1 1  
1.015 
1.020 
1.023 
1.024 
1.032 
1.033 
1.035 
1.041 
1.041 

Factor x-coord x-coord Strength 
(ft) (ft) (Ib) 

1.087 
1.086 
1.084 
1.084 
1.085 
1.085 
1.085 
1.087 
1.084 
1.086 

372.41 
372.76 
404.69 
418.50 
403.03 
376.78 
415.79 
365.22 
410.02 
395.76 

* * * END OF FILE * * * 

61.18 
48.10 
61.32 
65.74 
62.00 
39.48 
78.57 
33.63 
40.64 
63.80 

6.6773+05 
6.923E+05 
7.280E+05 
7.482E+05 
7.216E+05 
7.1273+05 
7.182E+05 
7.0443+05 
7.7353+05 
6.989E+05 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 d 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

* * 
* ’  * 
* Ver. 5.100 95 6 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FREMCO/ FINAL CONFIG./ DRAINED 

3 SURFACE boundary segments 

Segment x-left y- lef t x- right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  160.0 130.0 153.0 7 
2 130.0 153.0 436.0 102.0 . 7 
3 436.0 102.0 500.0 102.0 4 

17 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

. o  
130.0 

. o  
316.0 
340.0 

. o  
316.0 
352.0 
380.0 

. o  
316.0 
345.0 
364.0 
401.0 
436.0 

. o  

150.0 
143.0 
100 * 0 
1 0 0 . 0  
106.0 
98.0 
98.0 
106.0 
106.0 
95.0 
95.0 
101.0 
102.0 
102.0 
102.0 
90.0 

130.0 
380.0 
316.0 
340.0 
352.0 
316.0 
352.0 
380.0 
401.0 
316.0 
345.0 
364.0 
401.0 
436.0 
500.0 
500.0 

143.0 
. 106.0 
100.0 
106.0 
106.0 
98.0 
106.0 
106.0 
102.0 
95.0 
101.0 
102.0 
102.0 
102.0 
102.0 
90.0 

Soil Unit 
Below Segment 

1 
1 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 

008838 



17 . o  4 0 . 0  

7 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist s,at. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg 1 Ru (psf) No. 

1 1 2 5 . 0  1 2 5 . 0  . o  2 5 . 0 0  . o o o  . o  0 
2 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  . o o o  . o  0 
3 1 3 0 . 0  1 3 0 . 0  . o  2 5 . 0 0  . o o o  . o  0 
4 1 3 5 . 0  1 3 5 . 0  . o  2 5 . 0 0  . o o o  . o  0 
5 1 4 5 . 0  1 4 5 . 0  . o  3 0 . 0 0  . o o o  . o  0 
6 1 3 5 . 0  1 3 5 . 0  . o  3 5 . 0 0  . o o o  . o  0 
7 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  . o o o  . o  0 

A horizontal earthquake loading coefficient 
of . 3 0 0  has been assigned 

A vertical earthquake loading coefficient 
of . O O O  has been assigned 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

200 trial surfaces will be generated and analyzed. 

10 Surfaces initiate from each of 20 points equally spaced 
along the ground surface between x = 4 5 0 . 0  ft 

and x = 5 0 0 . 0  ft 

Each surface terminates between x = 10.0 ft 
and x = 3 5 0 . 0  ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = . o  ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 
6 . 0  ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 000831 



The first segment of each failure surface will be incl?Li$" t o / 7 ~  
within the angular range defined by : 

Lower angular limit :=  - 2 0 . 0  degrees 
Upper angular limit : =  (slope angle - 5 . 0 )  degrees 

Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 53 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
.6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
23 
24  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  

481 .58  
4 7 5 . 6 0  
4 6 9 . 6 2  
4 6 3 . 6 4  
4 5 7 . 6 5  
4 5 1 . 6 6  
4 4 5 . 6 7  
4 3 9 . 6 7  
4 3 3 . 6 7  
4 2 7 . 6 7  
4 2 1 . 6 7  
4 1 5 . 6 7  
4 0 9 . 6 7  
4 0 3 . 6 7  
3 9 7 . 6 8  
3 9 1 . 6 8  
3 8 5 . 6 9  
3 7 9 . 7 0  
3 7 3 . 7 1  
3 6 7 . 7 3  
3 6 1 . 7 5  
3 5 5 . 7 7  
3 4 9 . 8 0  
3 4 3 . 8 4  
3 3 7 . 8 8  
331 .93  
3 2 5 . 9 9  
3 2 0 . 0 5  
314 .13  
3 0 8 . 2 1  
3 0 2 . 3 0  
2 9 6 . 4 0  
2 9 0 . 5 1  
284 .63  
2 7 8 . 7 7  
2 7 2 . 9 1  
2 6 7 . 0 7  
261 .24 .  

1 0 2 . 0 0  
1 0 1 . 4 6  
1 0 0 . 9 7  
1 0 0 . 5 3  
1 0 0 . 1 5  

99 .83  
9 9 . 5 6  
99 .34  
9 9 . 1 8  
9 9 . 0 7  
9 9 . 0 2  
9 9 . 0 3  
9 9 . 0 9  
9 9 . 2 0  
9 9 . 3 7  
9 9 . 5 9  
9 9 . 8 7  

1 0 0 . 2 0  
1 0 0 . 5 9  
1 0 1 . 0 4  
1 0 1 . 5 3  
1 0 2 . 0 9  
1 0 2 . 6 9  
1 0 3 . 3 5  
1 0 4 . 0 7  
1 0 4 . 8 4  
1 0 5 . 6 7  
1 0 6 . 5 5  
1 0 7 . 4 8  
1 0 8 . 4 7  
1 0 9 . 5 1  
1 1 0 . 6 1  
1 1 1 . 7 6  
1 1 2 . 9 6  
1 1 4 . 2 2  
1 1 5 . 5 3  
1 1 6 . 8 9  
1 1 8 . 3 1 .  000832 



3 9  
4 0  
4 1  
4 2  
43  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  

2 5 5 . 4 2  
2 4 9 . 6 2  
243 .83  
238 .06  
232 .30  
226 .55  
2 2 0 . 8 3  
2 1 5 . 1 2  
209 .42  
203 .75  
1 9 8 . 0 9  
1 9 2 . 4 5  
1 8 6 . 8 3  
1 8 1 . 2 3  
1 7 7 . 8 7  

e 1 8 6 /Ai. 
Y 

1F/\ -G\t- ~ /’<-. I 
1 1 9 . 7 8  

1 2 2 . 8 8  
1 2 4 . 5 1  
1 2 6 . 2 0  
1 2 7 . 9 3  
1 2 9 . 7 2  
1 3 1 . 5 6  
1 3 3 . 4 6  
1 3 5 . 4 0  
1 3 7 . 4 0  
1 3 9 . 4 5  
1 4 1 . 5 5  
1 4 3 . 7 0  
1 4 5 . 0 2  

1 2 1 .  3 1  q ~ l l O l ’ b  ’t r//:hL 

****  Simplified BISHOP FOS = .  1 . 0 0 7  * * * *  

The following is a summary of the TEN most critical surfaces 

Problem Description : FREMCO/ FINAL CONFIG./ DRAINED 

FOS 
(BISHOP) 

1. 1 . 0 0 7  
2 .  1 . 0 0 8  
3 .  1 . 0 0 8  
4 .  1 . 0 0 9  
5 .  1 . 0 0 9  
6 .  1 . 0 1 0  
7 .  1 . 0 1 1  
8 .  1 . 0 1 2  
9 .  1 . 0 1 3  

10: 1 . 0 1 4  

Circle Center 
x-coord‘ y-coord 

(ft) (ft) 

4 1 9 . 1 2  7 5 4 . 6 7  
3 9 4 . 5 7  8 9 0 . 0 2  
3 9 5 . 4 0  5 7 6 . 6 1  
3 7 7 . 2 3  710 .22  
4 0 0 . 1 0  5 5 4 . 8 6  
3 9 4 . 1 5  5 6 9 . 7 9  
4 0 2 . 6 6  899 .65  
418 .19  505 .16  
421 .16  4 0 9 . 4 9  
4 2 5 . 0 4  5 0 5 . 2 7  

Radius 

6 5 5 . 6 6  
7 9 3 . 4 0  
4 7 8 . 7 1  
613.90  
456.53  
472 .47  
8 0 3 . 5 6  
405 .66  
3 0 9 . 3 7  
4 0 5 . 6 0  

Initial Terminal 
x-coord x-coord 

(ft) (ft) 

4 8 1 . 5 8  1 7 7 . 8 7  
4 8 6 . 8 4  96 .33  
4 5 7 . 8 9  1 9 4 . 0 0  
4 6 0 . 5 3  1 1 8 . 2 6  
4 5 7 . 8 9  2 1 0 . 4 6  
4 6 0 . 5 3  1 9 2 . 2 8  
5 0 0 . 0 0  1 0 1 . 8 1  
4 6 3 . 1 6  261 .14  
4 5 5 . 2 6  3 0 0 . 6 8  
4 6 8 . 4 2  2 7 3 . 3 7  

Res is t ing 
Moment 
(ft-lb) 

* .* * END OF FILE * * * 
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XSTABL File: STHYDOlY 10-16-95 15:25 c l C = ) ~ O 1 ' ' 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * * using the * 

* Copyright (C) 1992 6 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

* * 

* * 
* Ver. 5.100 95 6 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : SHORT-TERM HYDRATED GCL STRENGTHS 

- _ - _ _ _ - _ _ _ _ _ _ _ - - - - - - - - - - - - _ _ _  
SEGMENT BOUNDARY COORDINATES 
- - - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  

8 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

. o  
85.0 
246.0 
262.0 
272.0 
300.0 
307.0 
310.0 

159.0 
159.0 
104.0 
108.0 
108.0 
101.0 
101.0 
100.0 

85.0 
246.0 
262.0 
272.0 
300.0 
307.0 
310.0 
'310.3 

159.0 
104.0 
108.0 
108.0 
101.0 
101.0 
100.0 
99.9 

14 SUBSURFACE boundary segments 

Segment x-left y-left x- right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2' 
3 
4 
5 
6 
7 
8 
9 

10 
11 

. o  

. o  
85.0 
170.0 
246.0 
250.0 
262.0 
272.0 
300.0 

. o  
246.0 

99.0 
98.0 
99.7 
101.4 
103 .O 
104 .O 
107.0 
107.0 
100.0 
97.9 
102.9 

246.0 104.0 
85.0 99.7 
170.0 101.4 
246.0 103 .O 
250.0 104.0 
262.0 107.0 
272IO 107.0 
300.0 100.0 
310.0 100.0 
246.0 102.9 
262.0 . 106.9 

6 
6 

OQ0835 
7 



6 j  2Y/ 
1 8 6  L- - 

33- 
2 7 2 . 0  1 0 6 . 9  7 . I / . .  

2 6 2 . 0  1 0 6 . 9  
2 7 2 . 0  1 0 6 . 9  3 0 0 . 0  9 9 . 9  7 
3 0 0 . 0  9 9 . 9  3 1 0 . 3  9 9 . 9  5 3 / +  

1 2  
1 3  
1 4  

7 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 
No. (pcf) (pcf) (psf 1 ( deg 1 RU (psf 1 

1 1 2 5 . 0  1 2 5 . 0  2 0 0 . 0  2 5 . 0 0  . o o o  . o  
2 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  . o o o  . o  

- 3  1 2 5 . 0  1 2 5 . 0  . o  1 5 . 0 0  . o o o  . o  
4 1 2 5 . 0  1 2 5 . 0  . o  1 7 . 0 0  . o o o  . o  
5 1 2 5 . 0  1 2 5 . 0  . o  2 3 . 0 0  . o o o  . o  
6 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  . o o o  . o  
7 1 3 0 . 0  1 3 0 . 0  . o  2 5 . 0 0  . o o o  . o  

A horizontal earthquake loading coefficient 
of . 2 0 0  has been assigned 

A vertical earthquake loading coefficient 
of . O O O  has been assigned 

A critical failure surface searching method, using a random 
technique for generating sliding BLOCK surfaces, has been 
specified. 

The active and passive portions of the sliding surfaces 
are generated according to the Rankine theory. 

5 0 0  trial surfaces will be generated and analyzed. 

2 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 2 0 . 0  ft 

Water 
Surf ace 
No. 

Box x-left y-left x-right y-right Width 
no. c (ft) (ft) (ft) (ft) (ft) 

1 2 2 6 . 0  1 0 2 . 5  2 4 6 . 0  1 0 2 . 9  . o  e 2 8 5 . 0  9 9 . 7  2 2 5 . 9  1 0 2 . 5  . o  

000836 
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73 

' . ,' / .Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED JANBU METHOD * * * * * qq!, o/(G. 

f l .  d \ W ~  
q .;I loll@ 

The 1 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 11 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

2 4 5 . 6 6  
2 4 5 . 4 6  
2 4 3 . 6 7  
2 4 3 . 5 1  
1 0 8 . 7 6  
1 0 8 . 7 6  
1 0 8 . 1 6  

9 7 . 4 2  
8 6 . 6 7  
7 5 . 9 3  
7 1 . 3 4  

1 0 4 . 1 2  
1 0 3 . 9 9  
1 0 2 . 9 5  
1 0 2 . 8 5  . 

1 0 0 . 1 7  
1 0 0 . 1 8  
1 0 1 . 2 0  
1 1 8 . 0 7  
1 3 4 . 9 3  
1 5 1 . 8 0  
1 5 9 . 0 0  

**  Corrected JANBU FOS = 1.010 **  (Fo factor = 1 . 0 8 1 )  

The following is a summary of the TEN-most critical surfaces 

Problem Description : SHORT-TERM HYDRATED GCL STRENGTHS 

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  

9 .  
1 0 .  

a .  

Modified Correction Initial Terminal Ava i 1 ab 1 e 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (Ib) 

1 . 0 1 0  
1 . 0 1 1  
1 . 0 1 2  
1 . 0 1 2  
1 . 0 1 3  
1 . 0 1 3  
1 . 0 1 3  
1 . 0 1 5  
1 . 0 1 5  
1 . 0 1 5  

1 . 0 8 1  
1 . 0 8 0  
1 . 0 8 1  
1 . 0 8 1  
1 . 0 8 1  
1 . 0 8 0  
1 . 0 8 1  
1 . 0 8 1  
1 . 0 8 1  
1 . 0 8 1  

2 4 5 . 6 6  
2 4 5 . 9 5  
2 4 5 . 3 9  
2 4 5 . 0 2  
2 4 4 . 5 9  
2 4 5 . 9 4  
2 4 5 . 9 8  
2 4 3 . 7 5  
2 4 4 . 5 8  
2 4 3  - 4 6  

7 1 . 3 4  2 . 2 2 9 E + 0 5  
6 8 . 2 2  2.3053+05 
7 5 . 4 4  2 . 1 2 8 E + 0 5  
7 4 . 8 8  2 . 1 4 3 E + 0 5  
71 .37  2 . 2 3 1 E + 0 5  
6 5 . 9 9  2 . 3 6 0 E + 0 5  
78 .38  2 . 0 5 4 E + 0 5  
7 0 . 0 5  2 . 2 6 5 E + 0 5  
77.33 2 . 0 8 3 E + 0 5  
6 9 . 6 9  2 . 2 7 5 3 + 0 5  

* * * END OF FILE * * * 
.. . . - 
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XSTABL File: FHYDP02Y 10-16-95 15:17 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 94 * 
* Interactive Software Designs, Inc. * 
* MOSCOW, ID 83843, U.S.A. * 
* All Rights Reserved * 

* Method of Slices * 
* * 

* * 

* * 
* Ver. 5.100 95 6 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FINAIL CONFIGURATION - PEAK STRENGTHS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

a 
1 . o  160.0 130.0 153.0 6 
2 130.0 153 .O 436.0 102.0 6 

18 SUBSURFACE boundary segments 

. .  - a  

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 ~ 

11 
12 
13 
14 
15 
16 
17 

. o  
130.0 
370.0 
394.0 

. o  
130.0 
190.0 
322.0 
340.0 
348.0 
348.4 

. o  
316.0 

- 0 .  
130.0 
316.0 

. o  

153.0 
146.0 
106.0 
102.0 
151.0 
144.0 
133.0 
112.0 
106.0 
106.0 
106.0 
103.2 
100.0 
101.2 
99.9 
98.0 
101.1 

130.0 
370.0 
394.0 
436.0 
130.0 
190.0 
322.0 
340.0 
348.0 
348.4 
370.0 
-316.0 
340.0 
130.0 
316.0 
348.0 
316.0 

y-right 
(ft) 

146.0 
106.0 

102.0 
144.0 
133.0 
112.0 
106.0 
106.0 
106.0 
106.0 
100.0 
106.0 
99.9 
98.0 
106.0 
97.9 

i02.0 

Soil Unit 
Below Segment 

7 
7 
7 
7 
1 
1 
1 
1 
2 
5 
7 
2 -  . .  

2 
3 
4 
5 
7 000839 



Tt- 
1 8  3 1 6 . 0  9 7 . 9  3 4 8 . 4  1 0 6 . 0  

ISOTROPIC. Soil Parameters 
_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

7 Soil unit(s) specified 

Soil 
Unit 
No. 

Unit Weight 
Moist Sat. 
(pcf) (pcf) 

1 2 5 . 0  1 2 5 . 0  
1 2 5 . 0  1 2 5 . 0  
1 2 5 . 0  1 2 5 . 0  
1 2 5 . 0  1 2 5 . 0  
1 2 5 . 0  1 2 5 . 0  
1 2 5 . 0  1 2 5 . 0  
1 3 0 . 0  1 3 0 . 0  

Cohesion Friction Pore Pressure 
Intercept Angle Parameter Constant 

(psf 1 (deg) Ru (psf 1 

. o  2 5 . 0 0  . o o o  . o  

. o  3 0 . 0 0  . o o o  . o  

. o  8 . 0 0  . o o o  . o  

. o  8 . 0 0  . o o o  . o  

. o  1 0 . 0 0  . o o o  . o  

. o  3 0 . 0 0  . o o o  . o  

. o  2 5 . 0 0  . o o o  . o  

Water 
Surf ace 
No. 

A horizontal earthquake loading coefficient 
of .110 has been assigned 

A vertical earthquake loading coefficient 
of . O O O  has been assigned 

A critical failure surface searching method, using a random 
technique for generating sliding BLOCK surfaces, has been 
specified. 

a 

300  trial surfaces will be generated and analyzed. 

2 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 2 0 . 0  ft 

Box x-left y- lef t x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 3 1 6 . 0  9 8 . 0  3 1 6 . 0  9 8 . 0  . o  
2 7 5 . 0  1 0 0 . 4  3 1 5 . 9  9 7 . 9  . o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety-calculation for surface # 4-  * *  
**  failed to converge within FIFTY iterations * *  

**  The last calculated value of the FOS was - 2 . 0 6 9  * *  
**  This will be ignored for final summary of results **  
* *  * *  a 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 0 0 &i 0 



The trial failure surface in question is 
defined by the following 7 coordinate points 

Point 
No. 

x-surf 
(ft) 

3 5 9 . 5 6  
3 5 0 . 2 4  
3 3 0 . 2 6  
3 1 6 . 0 0  
3 1 3 . 6 7  
3 0 5 . 8 5  
2 9 7 . 6 4  

y-surf 
(ft) 

1 1 4 . 7 4  
1 1 2 . 9 2  
1 1 2 . 0 3  

9 8 . 0 0  
9 7 . 9 2  

1 1 6 . 3 3  
1 2 5 . 0 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 1 8  * *  

* *  
* *  

* *  failed to converge within FIFTY iterations 

* *  The last calculated value of the FOS was - 1 . 8 8 8  * *  
* *  

* *  This will be ignored for final summary of results * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The trial failure surface in question is 
defined by the following 6 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 3 3 8 . 8 5  1 1 8 . 1 9  
2 3 3 0 . 2 4  1 1 2 . 0 5  
3 3 1 6 . 0 0  9 8 . 0 0  
4 3 1 5 . 2 3  9 7 . 9 1  
5 3 0 6 . 1 5  1 1 5 . 7 3  
6 3 0 4 . 3 3  1 2 3 . 9 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 3 4  * *  
* *  failed to converge within FIFTY iterations **  

* *  This will be ignored for final summary of results * *  

**  * *  
* *  The last calculated value of the FOS was - 2 . 3 3 1  * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The trial failure surface in question is 
defined by the following 6 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 3 4 3 . 9 7  1 1 7 . 3 4  
2 3 3 3 . 4 2  1 0 7 . 8 2  
3 3 1 6 . 0 0  98 .00  
4 3 0 9 . 7 4  97 .96  
5 3 0 3 . 4 4  1 1 6 . 9 5  
6 3 0 2 . 0 0  1 2 4 . 3 3  



A- 
b- 

6’) 3 q  
Ib 1 8 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n * *  Factor of safety CalCUlatiOn for surface # 68 * * ,/.,, 
* *  failed to converge within FIFTY iterations * * yi/,>/;& * *  **  
* *  The last calculated value of the FOS was -2.219 **  
* *  This will be ignored for final summary of results * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L Qellrcr! 

qc;lro/lb 

The trial failure surface in question is 
defined by the following 6 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 341.98 117.67 
2 332.87 108.75 
3 316.00 98.00 
4 286.22 98.21 
5 286.00 118.21 
6 276.49 128.59 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 88 **  
* *  failed to converge within FIFTY iterations **  

* *  The last calculated value of the FOS was -1.691 * *  
* *  This will be ignored for final summary of results **  

* *  **  

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

The trial failure surface in question is 
defined by the following 6 Coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 339.79 118.04 
2 331.67 110.43 
3 316.00 98.00 
4 313.48 97.93 
5 311.31 117.81 
6 311.00 122.83 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 121 **  
* *  failed to converge within FIFTY iterations **  

* *  This will be ignored for final summary of results * *  

* *  **  
* *  The last calculated value of the FOS was -1.652 * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The trial failure surface in question is 
defined by the following 6 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 340.22 117.96 
2 330.28 112.01 



..fy 3, 
1 8 6  & -. 

I -  

3 3 1 6 . 0 0  9 8 . 0 0  

5 
6 

4 2 9 0 . 1 3  9 8 . 1 7  fit . b\cusm 
2 8 7 . 1 0  1 1 7 . 9 4  4 < I 4 b  ‘ i . Y /  I ./, L 
2 7 8 . 7 7  1 2 8 . 2 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 225  **  
* *  failed to converge within FIFTY iterations * *  
* *  The last calculated value of the FOS was - 3 . 0 7 7  * *  
* *  This will be ignored for final summary of results * *  

* *  * *  

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

The trial failure surface in question is 
defined by the following 6 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 3 4 5 . 3 2  1 1 7 . 1 1  
2 3 3 0 . 7 5  1 1 1 . 5 1  
3 3 1 6 . 0 0  98‘.00 
4 3 1 1 . 7 2  9 7 . 9 4  
5 2 9 9 . 5 2  1 1 3 . 7 9  
6 2 9 9 . 5 2  1 2 4 . 7 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 2 4 0  **  
* *  failed to converge within FIFTY iterations **  
**  The last calculated value of the FOS was - 1 . 3 6 3  * *  
**  This will be ignored for final summary of results **  

* *  **  

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

The trial failure surface in question is 
defined by the following 6 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 3 4 6 . 0 9  1 1 6 . 9 8  
2 3 3 1 . 8 0  1 1 0 . 2 6  
3 3 1 6 . 0 0  9 8 . 0 0  
4 3 1 2 . 1 4  9 7 . 9 4  
5 309 .20  1 1 7 . 7 2  
6 3 0 4 . 0 2  1 2 4 . 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  Factor of safety calculation for surface # 2 9 2  **  
* *  failed to converge within FIFTY iterations **  

**  This will be ignored for final summary of results * *  

* *  * *  
* *  The last calculated value of the FOS was - 2 . 6 1 9  * *  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0063863 The trial failure surface in question is 
defined by the following 6 coordinate points 



Point 
No. 

x-surf 
(ft) 

340.46 
331.39 
316.00 
309.92 
300.50 
297 i19 

y-surf 
(ft) 

117.92 
110.77 
98.00 
97.96 

115.61 
125.14 

Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED J A N B U  METHOD * * * * * 

The 1 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 9 coordinate points 

Point x-surf 
No. (ft) 

359.30 
353.34 
335.44 
316.00 
166.65 
153.73 
139.94 
127.74 
119.29 

* *  Corrected J A N B U  FOS = 

y-surf 
(ft) 

114.78 
111.61 
102.69 
98.00 
99.45 

114.72 
129.20 
145.05 
153. 5 a  

.995 * *  (Fo factor =1.043) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  * *  
* *  Out of the 300 surfaces generated and analyzed by XSTABL, * *  
**  9 surfaces were found to have MISLEADING FOS values. * *  
* *  * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The following is a summary of the TEN most critical surfaces 

Problem Description : FINAL CONFIGURATION - PEAK STRENGTHS 

Modified Correction Initial Terminal Ava i lable 
J A N B U  FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 



1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

1 0 .  

. 9 9 5  
1 . 0 3 2  
1 . 0 3 4  
1 . 0 4 0  
1 . 0 4 8  
1 . 0 5 1  
1 . 0 5 2  
1 . 0 5 5  
1 . 0 5 7  
1 . 0 5 7  

1 . 0 4 3  
1 . 0 3 7  
1 . 0 3 9  
1 . 0 3 9  
1 . 0 4 2  
1 . 0 4 0  
1 . 0 4 2  
1 . 0 4 1  
1 . 0 3 7  
1 . 0 4 1  

3 5 9 . 3 0  
3 8 0 . 4 1  
3 8 0 . 6 1  
3 5 9 . 6 5  
3 5 2 . 8 0  
3 4 9 . 4 7  
3 5 2 . 1 9  
3 8 2 . 6 0  
3 8 4 - 6 3  
3 4 7 . 8 2  

1 1 9 . 2 9  1 .953E+05  ,< ,’ 
4 7 . 1 0  3 .053E+05 
8 0 . 0 0  2 .  697E+05 ?/‘:/> 
4 5 . 0 0  2 .811E+05 
8 6 . 9 4  ’ 2 . 4 5 0 3 + 0 5  
5 3 . 1 3  2 .7083+05  
7 7 . 4 8  2 .418E+05 

2 .4053+05  1 0 9 . 9 1  
2 .863E+05 5 0 . 2 4  

4 8 . 6 2  2 . 7 8 4 3 + 0 5  

* * * END OF FILE * * * 

000843 
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XSTABL File: FCOVY 10-16-95 15:05 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 T/,+ 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

X S T A B L  

Slope Stability Analysis 
using the 

Method of Slices 

Copyright (C) 1992 6 94 
Interactive Software Designs, Inc. 

MOSCOW, ID 83843, U.S.A. 

All Rights Reserved 

* 
* 
* h.bleu.QM 

* 
* 
* 
* 

- *  
* 
* 

* Ver. 5.100 95 5 1305 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : FINAL COVER VENER STABILTY - STATIC 

SEGMENT BOUNDARY COORDINATES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 SURFACE boundary segments 

Segment x-left y-left x- righ't y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  160.0 130.0 153.0 1 
2 130.0 153.0 , 436.0 102.0 1 

3 SUBSURFACE boundary segments 

Segment x-left y-left x-right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 

. o  153.0 130.0 146.0 
130.0 146.0 394.0 102.0 
394.0 102.0 436.0 102.0 

2 
2 
2 

2 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 - 0  30.00 . o o o  . o  1 
2 125.0 125.0 - 0  15.00 . o o o  . o  1 



A horizontal earthquake loading coefficient 
of -120 has been-assigned 

A vertical earthquake loading coefficient 
a. 

of - 0 0 0  has be& assigned 

A critical failure surface searching method, using a random 
technique for generating sliding BLOCK surfaces, has been 
specified. 

200 trial surfaces will be generated and analyzed. 

2 boxes specified for generation of central block base 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 

Length of line segments for active and passive portions of 
sliding block is 12.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 300.0 117.6 394.0 102.0 - 0  
2 130.0 146.0 200.0 134.3 . o  

Factors of safety have been calculated by the : 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 5 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 5 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 397.94 108.34 
2 397.08 107.51 
3 385.82 103.36 
4 134.26 145.29 
5 126.39 153.19 

* Corrected JANBU FOS = 1.004 * *  (Fo facto- =1.007) 



Failure surface No. 2 specified by 5 coordinate points .fi> 371 
Point x-surf y-surf 
No. (ft) (ft) 

1 400.81 107.87 
2 399.02 106.88 
3 387.65 103.05 
4 -147.72 143.04 
5 139.31 151.45 

**  Corrected JANBU FOS, = 1.007 **  (Fo factor =1.008) 

Failure surface No. 3 specified by 5 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 406.05 106.99 
2 403.89 104.85 
3 392.16 102.30 
4 142.46 143.92 
5 135.64 152.06 

* *  Corrected JANBU FOS = 1 . 0 1 1  **  (Fo factor =1.008) 

Failure surface No. 4 specified by 4 coordinate points 

Point x-surf y-surf 
NO. . (ft) (ft) 

1 389.21 109.80 
2 379.54 104.40 
3 135.20 145.13 
4 127.96 153.11 

**  Corrected JANBU FOS = 1 . 0 1 1  **  (Fo factor =1.008) 

Failure surface No. 5 specified by 5 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 376.35 111.94 
2 373.12 110.84 
3 361.63 107.37 
4 139.06 144.48 
5 132.21 152.63 

**  Corrected JANBU FOS = 1.013 **  (Fo factor =1.008) 

a -  
The following is a summary of the TEN most critical surfaces 

0008.89 



f; > 3s 
ci rll clr t 

Problem Description : FINAL COVER VENER STABILTY - STATIC .~ 

Modified Correction Initial Terminal Available 

1. 
2. 
3. 
4. 
5 .  
6. 
7. 
8. 
9. 

10. 

JANBU FOS 

1.004 
1.007 
1.011 
1.011 
1.013 
1.014 
1.014 
1.015 
1.016 
1.016 

Factor x-coord x-coord Strength 
(ft) (ft) (lb) 

1.007 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 
1.008 

397.94 
400.81 
406.05 
389.21 
376.35 
402.67 
406.00 
404.83 
381.47 
371.60 

* * * END OF FILE * * * 

126.39 6.359E+04 
139.31 6.113E+04 
135.64 6.379E+04 
127.96 6.148E+04 
132.21 . 5.7123+04 
153.08 5.878E+04 
158.01 5.8463+04 
147.91 5.968E+04 
140.24 5.633E+04 
126.06 5.786E+04 
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XSTABL File: BERMY 1 0 - 1 6 - 9 5  1 5 :  10 4T)10/IIp I? 3 S- / lCJ /L-  

* *- - 
N\ G \ C U W A  /i: / 1 liq 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1 9 9 2  6 94 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843,  U.S.A. * 
* All Rights Reserved * 

* * 

* * 
* * 
* Ver. 5 . 1 0 0  95 6 1 3 0 5  * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : PERIMETER BERM STABILITY - LONG TERM 

SEGMENT BOUNDARY COORDINATES 

4 SURFACE boundary segments 

Segment x-left y- lef t x-rigkit y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  5 0 . 0  1 0 0 . 0  5 0 . 0  1 
2 1 0 0 . 0  5 0 . 0  1 7 6 . 0  6 9 . 0  1 
3 1 7 6 . 0  6 9 . 0  1 9 6 . 0  6 9 . 0  1 
4 1 9 6 . 0  6 9 . 0  2 3 6 . 0  5 9 . 0  1 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
ISOTROPIC Soil Parameters 

1 Soil unit(s) specified 

Soil Unit Weiqht Cohesion Friction Pore Pressure Water 
Unit' Moist sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf (psf ( deg Ru (psf) No. 

1 1 3 5 . 0  1 3 5 . 0  . o  2 5 . 0 0  . o o o  . o  0 

A horizontal earthquake loading coefficient 
of . 2 0 0  has been assigned 

A vertical earthquake loading coefficient 
of . O O O  has been assigned 



c .. 

BOUNDARY LOADS 

1 load(s) specified 

Load x-left x-right Intensity Direction 
No. (ft) (ft) (psf 1 (deg 1 

1 176.0 196.0 2 5 0 . 0  - 0  

NOTE - Intensity is specified as a uniformly distributed 
force acting on a HORIZONTALLY projected surface. 

d 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

5 0 0  trial surfaces will be generated and analyzed. 

10 Surfaces initiate from each of 50 points equally spaced 
along the ground surface between x = 80.0 ft 

and x = 110.0 ft 

Each surface terminates between x = 170.0 ft 
and x = 2 0 0 . 0  ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = . o  ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 
2.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit := -45.0 degrees 
Upper angular limit := (slope angle - 5.0) degrees 

Factors of safety have been calculated by the : 
(308853 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 



The most critical circular failure surface 
is specified by 4 1  coordinate points 

Point x-surf 
No. (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22  
23 
24 
25  
26  
2 7  
28  
29  
3 0  
3 1  
3 2  
33  
34  
35  
3 6  
3 7  
3 8  
3 9  
40  
4 1  . 

1 0 1 . 4 3  
1 0 3 . 4 3  
1 0 5 . 4 2  
1 0 7 . 4 2  
1 0 9 . 4 1  
1 1 1 . 4 0  
1 1 3 . 3 9  
1 1 5 . 3 8  
1 1 7 . 3 7  
1 1 9 . 3 5  
1 2 1 . 3 3  
1 2 3 . 3 1  
1 2 5 . 2 8  
1 2 7 . 2 6  
1 2 9 . 2 2  
1 3 1 . 1 9  
1 3 3 . 1 5  
1 3 5 . 1 0  
1 3 7 . 0 5  
1 3 9 . 0 0  
1 4 0 . 9 4  
1 4 2 . 8 8  
1 4 4 . 8 1  
1 4 6 . 7 4  
1 4 8 . 6 6  
1 5 0 . 5 7  
1 5 2 . 4 8  
1 5 4 . 3 8  
1 5 6 . 2 8  
1 5 8 . 1 7  
1 6 0 . 0 5  
1 6 1 . 9 3  
1 6 3 . 8 0  
1 6 5 . 6 6  
1 6 7 . 5 1  
1 6 9 . 3 6  
1 7 1 . 2 0  
1 7 3 . 0 3  
1 7 4 . 8 5  
1 7 6 . 6 6  
1 7 6 . 8 7  

y-surf 
(ft) 

5 0 . 3 6  
5 0 . 4 5  
5 0 . 5 7  
5 0 . 7 0  
5 0 . 8 6  
5 1 . 0 4  
5 1 . 2 4  
5 1 . 4 5  
5 1 . 6 9  
5 1 . 9 5  
5 2 . 2 3  
5 2 . 5 3  
5 2 . 8 4  
5 3 . 1 8  
5 3 . 5 4  
5 3 . 9 2  
5 4 . 3 2  
5 4 . 7 4  
5 5 . 1 8  
5 5 . 6 4  
5 6 . 1 2  
5 6 . 6 1  
5 7 . 1 3  
5 7 . 6 7  
5 8 . 2 3  
5 8 . 8 0  
5 9 . 4 0  
6 0 . 0 2  
6 0 . 6 5  
6 1 . 3 1  
6 1 . 9 8  
6 2 . 6 7  
6 3 . 3 9  
6 4 . 1 2  
6 4 . 8 7  
6 5 . 6 4  
66 .43  
67 .23  
6 8 . 0 6  
6 8 . 9 0  
6 9 . 0 0  

* ***  Simplified BISHOP FOS = 1 . 0 0 4  * * * *  

The following is a summary of the TEN most critical surfaces 



k-- 1 8 8  
Problem Description : PERIMETER BERM STABILITY - LONG TERM , , ,  

5 T/,G)/& 

FOS Circle Center Radius Initial Terminal Resisting 
Moment (BISHOP) x-coord y-coord x-coord x-coord 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. 1.004 
2. 1.034 
3. 1.036 
4. 1.041 
5. 1.042 
6 .  1.044 
7. 1.047 
8. 1.055 
9. 1.056 
10. 1.058 

93.08 246.11 195.93 101.43 176.87 2.4213+06 
102.00 187.83 138.54 87.96 171.18 2.2413+06 
110.51 174.67 125.32 97.76 177.89 2.8443+06 
108.96 179.22 130.30 92.24 178.46 3.1603+06 
106.44 169.18 120.17 91-02 170.82 2.2243+06 
42.28 506.06 459.10 105.10 182.83 4.4393+06 
108.68 189.38 140.57 90.41 181.26 3.8183+06 
107.72 189.19 140.76 86.73 180.99 3.9733+06 
107.07 204.43 155.69 87.35 183.86 4.5543+06 
90.20 307.73 257.87 100.20 187.69 5.5543+06 

* * * END OF FILE * * * 



DEFORMATION ANALYSIS FILES 



FERMCO - OSDF 

y 5 L e  c Seismic Deformation Analysis 
Founda t i on 

Tfi e b\ 

.oooooo .oooooo 
5.138869 .oooooo 
5.150000 6.380257 
5.175000 10.253719 
5.200000 1.718517 
5.225000 - 19.223190 
5.230072 - 25.365296 
5.230072 .oooooo 
6.344942 .oooooo 
6.350000 1.360990 
6.375000 3.347796 
6.400000 -3.431040 
6.407003 -6.409766 
6.407003 .oooooo 
9.318106 .oooooo 
9.325000 6.723750 
9.350000 21.582260 
9.375000 25.076653 
9.400000 17.948883 
9.425000 2.325751 
9.450000 - 18.899207 
9.475000 -42.300485 
9.489553 -55.399725 
9.489553 .oooooo 

50.975000 .oooooo 

Odp-t 6-4 

.oooooo 

.oooooo 

.035510 

.243434 

.393087 

.174279 

.oooooo 

.oooooo 

.oooooo 

.003442 

..062302 

.061261 

.oooooo 

.oooooo 

.oooooo 

.023176 

.377001 

.960238 
1.498057 

a 1.751490 
1.544322 

.779325 

.oooooo 

.oooooo 

.oooooo 

- D € m Q d  
Od 1 

.uooouo 

.oooooo 

.000052 

.001345 

.004653 

.007874 

.008115 

.008115 

.008115 

.008117 

.008400 

.009147 

.009273 

.009273 

.009273 

.009294 

.017468 

.029712 

.046024 

.062679 

.074594 

.077114 

.010959 . 

.077114 ).077114[ 



FERMCO - OSDF 
Seismic Deformation Analysis 
Final  / In ter im Impacted Materi a1 s y5Ltp-c OIJSp,F FI'Le. 

.oooooo 
9.348826 
9.350000 
9.375000 
9.400000 
9.407187 
9.407187 

50.975000 

.oooooo 

.oooooo 

.637381 
3.829339 

-2.681472 
-6.784200 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.000374 

.056208 

.070556 

.oooooo 

.oooooo 

.oooooo 

?W@AAMlON 

(IN) 

.oooooo 

.oooooo 

.oooooo 

.000213 

.000970 

.001129 

.001129 pm\ 



FERMCO - OSDF 
Sei smi c Deformation Analysi s 
Final Cover System y(;C\4-c oo’l.Po7- FILE 

c 
1 IAIE (4) 

.oooooo 
5.140645 
5.150000 
5.175000 
5.200000 
5.225000 
5.232683 
5.232683 
9.308584 
9.325000 
9.350000 
9.375000 
9.400000 
9.425000 
9.450000 
9.455978 
9.455978 

50.975000 

.oooooo 

.oooooo 
9.633136 

17.677656 
3.911492 

-27.310667 
-39.629547 

.oooooo 

.oooooo 
17.274693 
22.676986 
17.326034 
2.898036 

- 19.474762 
-46.603145 
-53.182988 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.045061 

.386446 

.656310 

.363820 

.oooooo 

.oooooo 

.oooooo 

.141787 

.641183 
1.141221 
1.394022 
1.186813 

.360839 

.oooooo 

.oooooo 

.oooooo 

~ F ~ Z t ‘ & T l  d u  
( 1 4  

.oooooo 

.oooooo 

.000055 

.002014 

.007428 

.013088 

.013824 

.013824 

.013824 

.014129 

.017872 

.026753 

.039526 

.052685 

.060858 

.061364 



YSLIP-IN.XLS 

FERMCO - OSDF GE 3900-9.1 1 
Seismic Deformation Analysis 
Calculate theta equivalent to yield acceleration for input to YSLIP-C. M. Gleason 

20-Oct-95 
Case 1 Critical Interface on Final Cover 

interface phi = 15 degrees 0.261 799 radians 

a-yield = 0.12 g 
theta (radians) a-yield 

10 0.1 74533 0.087489 
9 0.15708 0.105104 
8 0.139626 0.122785 

8.2 0.143117 0.119243 
8.1 5 0.142244 0.1 201 28 theta 

Case 2 Interim/Final Impacted Materials 
(Failure Surface Along the Liner System) 

Interface phi = 8 degrees 0.1 39626 radians 
a-yield = 0.11 g 

(radians) a-yield 
10 0.174533 -0.03492 

8 0.139626 0 
6 0.10472 0.034921 
4 0.069813 0.069927 
2 0.034907 0.105104 

1.5 0.02618 0.113936 
1.6 , 0.027925 0.1 121 68 
1.7 0.029671 0.1 10401 theta 

e theta 

Case 3 Foundation 
(Failure Surface Within Subsurface Till) 

phi = 25 degrees 0.436332 radians 
a-yield = 0.10 g 

theta ' (radians) a-yield 
10 0.1 74533 0.282968 
15 0.261799 0.19116 
20 0.349066 0.097357 
19 0.331613 0.11635 

3 9.5 0.340339 0.1 0687 
19.8 0.345575 0.1 01 167 theta 

Page 1 



-8.888889-8. 888818-8.888168 8.880177 8. 888897-8.888868 8.888210-8.880128 m n  Cd 
8.888172-8.888128 8.088028 8.88888~8.88884’)-8.888878-8.888178-8.888288 

-8.888788-8.888868-8.881838-8.881218-8.881368-8.881488-8.881548-8.881538 
-8.881498-8.88143~8.881368-8.881268-8.881138-8.881828-8.888988-8.8818S8 

-8.884598-8.804448-8.884888-8.883328-8.882538-8.881738-8.881858-8.888648 
9.888698-8.881218-8.882848-8.882968-8.883778-8.8~38-8.884898-8.884978 
1.884518-8.883588-8.882158-8.888888 8.8881Y1 8.888468-8.888328-8.882238 
8.884848-8.887468-8.889S88-8.818538-8.81~8.889368-8.887468-8.884868 

-8.881958 8.888748 8.883128 8.885222 8.887681 8.888S18 8.889868 0.810156 
8.811235 8.812369 8.813551 0.814537 8.815812 8.814833 8.B14161 8.813116 
8.811760 8.818342 8.889234 8.888825 8.889387 8.818366 8.811339 8.811797 
8.811259 8.809199 8.885828 8.881716-8.882728-8.887248-8.811788-8.816348 
-8.828488-8.823648-8.825688-8.826218-8.825258-8.822688-8.819878-8.815538 
-8.813868-8.811868-8.811638-8.812828-8.812148-8.81114S8.889838-8.886888 
-8.882940-8.888338 8.888366-8.881648-8.886128-8.813188-8.828738-8.828288 
-8.834568-8.837958-8.837368-8.832158-8.821988-8.887188 8.818887 8.828743 
8.842949 8.852392 8.858412 8.861577 8.861826 0.856768 8.8S1113 8.847259 
8.846768 8.848777 8.851652 8.854767 8.858333 8.861752 8.863278 8.861474 
8.855751 8.845988 8.832747 8.817539 8.881129-8.814838-8.827298-8.034338 
-8.836568-8.835388-8.831788-8.826748-8.819318-8.811468-8.887218-8.886228 
-8.888378-8.813818-8.818748-8.823578-8.826778-8.828778-8.838528-8.832558 
-8.833868-8.833578-8.832518-8.832938-8.836118-8.848548-8.8435S8-8.843968 
-8.841918-8.837798-8.832828-8.825528-8.819788-8.815s18-8.812548-8.889158 
-8.883518 8.886214 8.821282 8.841341 8.8636S8 8.883625 8.896932 8.188S29 
8.892683 8.873156 8.845843 8.814583-8.811618-8.829948-8.841178-8.~6538 

-8.818998-8.814868-8.819188-8.822678-8.824668-8.823468-8. 817678-8.888128 
8.882491 8.812433 8.821633 8.828973 8.831526 8.827481 8.816222-8.881688 
-8.823968-8.847788-8.869838-8.887298-8.897698-8.899428-8.898948-8.871828 
-8.844848-8.812888 8.819474 8.847672 8.869649 0.886824 8.892271 8.894116 
8.087821 8.877946 8.064889 8.846241 8.826882 8.887611-8.813188-8.833678 
-8.851948-8.865398-8.873398-8.876928-8.877248-8.874498-8.868868-8.861978 
-8.854878-8.842788-8.826228-8.886298 8.813884 8.831488 8.846468 8.8S9887 

8.866585 0.866544 8.859561 8.848849 8.838822 8.829822 8.821439 8.815199 
8.811862 8.812185 8.815372 8.821738 8.831477 8.843386 8.855128 8.864116 

-~.8~~338-8.888i48-8.888ii8-8.888i68-8.88~238-~.~~~i28-~.~~mi8-8.888ss8 

- ~ . ~ ~ i 2 i 8 - 8 . ~ ~ i 4 ~ 8 - 8 . 8 8 i ~ s 8 - ~ . ~ ~ ~ i ~ 8 - ~ . 8 8 2 ~ 8 8 - 8 . ~ ~ ~ ~ i 8 - ~ . ~ m 8 6 8 - 8 . 8 ~  

a 

-8.845718-8.838918-8.828738-8.819298-8.813248-8.8l8l38-8.888718-8.888838 e 

8.868399 8.867317 0.868159 8.846547 8.828455 8.818898-8.883938-8.818788 
-8.889918-8.883148 8.887792 8.828815 8.832847 8.848363 8.848276 8.831581 
8.816516-8.888168-8.814838-8.822938-8.827288-8.828988-8.829648-8.838878 
-8.838558-8.831288-8.831748-8.831568-8.829498-8.824138-8.81S998-8.887528 
-8.888888 8.882915 8.883169-8.888198-8.886228-8.815838-8.828868-8.845238 
-8.863118-8.879598-8.889178-8.893988-8.898888-8.882288-8.866368-8.846718 
-8.827888-8.812848-8.881978 8.882271 8.888689-8.885848-8.811788-8.816788 
-8.818488-8.816258-8.818828-8.882598 8.887658 8.818171 8.827434 0.833877 
8.835751 8.832378 8.824894 8.811411-8.884558-8.828678-8.832358-8.835388 
-8.826848-8.887858 8.817967 8.846743 8.874688 8.897251 8.111849 8.114294 
8.187675 8.893167 8.873457 8.851726 8.838829 8.813533 8.882148-8.883888 
-8.886868-8.886348-8.883548 8.803468 8.811183 8.828845 8.831884 8.848846 
8.849847 8.855759 8.861386 8.864882 8.8635SB 8.8SS695 8.841348 8.823563 
8.885983-8.812128-8.832628-8.854718-8.874818-8.889558-8.897398-8.898288 
-8.893458-8.884838-8.878888-8.855878-8.841728-8.831258-8.826238-8.825888 
-8.826198-8.823188-8.815458-8.885168 8.884778 8.813227 8.828813 8.824284 

8.811178 8.818747 8.886861-8.88l988-8.812278-8.823968-8.834738-8.841818 
-8.841128-8.831778-8.813578 8.887645 8.827866 8.841831 B.BSB966 8.854858 
8.854944 8.849578 8.843871 8.839358 8.836588 8.83863 8.837S64 8.842161 

- F i l a :  L Y R 8 A . l N P  Pas. 2 
1.845435 8.843728 8.836293 8.825401 8.813277 8.888169-8.813968-8.826478 
8.833828-8.832848-8.824798-8.812278 8.884945 8.824961 8.843483 8.855588 
8.858959 8.853922 8.841454 8.82236~8.881798-8.827278-8.849298-8.864828 
-8.873S88-8.876288-8.873828-8.863668-8.8S8148-8.835588-8.821688-8.889828 
8.881652 8.889738 8.814487 8.813762 8.886663-8.88588-8.819938-8.833588 
-8.844588-8.852248-8.857868-8.862448-8.866838-8.868128-8.868198-8.865628 
-8.868328-8.855848-8.847658-8.838418-8.825718-8.811898 8.803359 8.816723 
8.838879 8.844528 8.856958 8.864437 8.865813 8.861484 8.858483 B.BS1658 
8.843866 8.838986 8.817579 8.882998-8.811888-8.827888-8.842178-8.855268 
-8.864888-8.867498-8.864888-8.855588-8.848728-8.822548-8.882548 8.815656 
8.826682 8.828575 8.823785 8.816238 8.888983 8.883888 8.883558 8.818155 

-8.~889S8-8.824418-8.834888-8.839518-8.837968-8.838998-8.828348-8.888548 
8.882614 8.812844 8.822245 8.828975 8.829863 8.824872 8.813529 8.888567 
-8.813858-8.829518-8.845888-8.8S7S58-8.863368-8.868558-8.84~888-8.833458 
-8.814128 8.086375 8.026684 0.845348 8.868548 8.869971 8.872S68 8.878159 
8.865778 8.868314 8.8S2828 8.838985 8.821589 8.882839-8.813158-8.825S38 
-8.835948-8.845878-8.851278-8.8S2448-8.848718-8.843798-8.838898-8.837398 
-8.838218-8.839358-8.848678-8.842838-8.843888-8.842738-8.848138-8.83S298 
-8.829968-8.826888-8.8246S8-8.824848-8.825848-8.824488-8.823278-8.821658 
-8.819288-8.815618-8.811278-8.888868-8.886948-8.88634B-8.883458 8.883887 
8.813147 8.826181 8.841958 8.859835 8.873468 8.881633 8.882762 0.878807 
8.868524 8.854965 8.839885 8.824588 8.816254 8.816387 8.822964 8.833251 
8.044917 8.858288 8.871937 8.888374 8.884819 8.082364 8.876234 8.878564 
8.867844 8.864318 8.861524 8.859171 8.857869 0.055111 8.853883 8.852166 
8.848248 8.841828 8.838767 8.818388 8.884848-8.888298-8.828168-8.828778 
-8.838638-8.823228-8.888428 8.888168 8.821493 8.829577 8.8326S4 8.818427 

. 8.021992 8.888191-8.887358-8.828568-8.838828-8.83S358-8.83S828-8.828188 
-8.814828 8.894434 8.823688 8.840268 8.851199 B.BS2624 8.847726 8.834922 
8.817877-8.884888-8.827568-8.847738-8.862888-8.873258-8.881818-8.886878 
-8.88S6S8-8.878228-8.865788-8.851428-8.837848-8.823188-8.818588-8.88l928 
8.888121-8.884998-8.816438-8.832188-8.848618-8.86~78-8.872368-8.878328 
-8.888828-8.876778-8.868928-8.8S8718-8.848498-8.839688-8.832428-8.827728 
-8.826868-8.829248-8.832298-8.834258-8.835138-8.835288-8.834458-8.831618 
-8.826628-8.821838-8.818948-8.817638-8.817848-8.819368-8.821158-8.822158 
-8.821438-8.818978-8.815848-8.811948-8.885348 8.884865 8.817353 8.838521 
8.843346 8.855817 8.864823 8.872228 8.077149 8.879256 8.877911 8.8737S6 
8.868648 8.864881 8.868843 B.BSSl73 8.848268 0.039192 8.820227 8.815127 
8.888149-8.814968-8.827778-8.836898-8.838578-8.836428-8.827948-8.813718 
8.884747 8.825486 0.846818 8.863884 8.878332 8.88S842 B.BBCB58 8.888624 
0.869518 8.855837 8.839829 8.824956 8.818599-8.882848-8.814588-8.824148 

-8.831898-8.838178-8.842388-8.843728-8.842418-8.83969B-8.837198-8.836178 
-8.8363S8-8.836148-8.834118-8.8293Y8-8.822228-8.81371B-8.885298 0.881266 
8.884986 8.885669 8.883818-8.882918-8.811378-8.828258-8.827588-8.832858 
-8.837328-8.842138-8.847618-8.853~28-8.8S8188-8.862718-8.867818-8.869608 
-8.868068-8.864128-8.856988-8.849118-8.841488-8.833S58-8.825~8-8.816688 
-8.887198 8.882484 8.811263 8.818282 8.823315 0.826921 8.829114 8.838179 
8.831145 8.832872 8.834559 8.834586 8.832875 8.028195 8.823511 8.817718 
8.818748 8.883672-8.881528-8.883548-8.882398 8.881674 8.888491 8.817489 
8.827258 8.835667 8.848YS8 8.842568 8.839771 8.833932 8.821921 8.817558 
7.818988 8.886944 8.885747 8.8871SS 8.811537 8.819321 8.828998 8.837638 

.E42885 8.843198 8.838764 8.838284 8.818211 8.883S92-8.812888-8.826278 
d.836538-8.848688-8.837928-8.829448-8.816438-8.888158 8.817594 8.835878 
8.850444 8.868988 0.864538 8.868631 8.05884Y 8.83824Y 8.825934 8.815783 
8.888364 8.884778 8.885873 8.887823 8.018726 0.812886 8.811348 8.887651 
8.881351-8.887188-8.816848-8.822668-8.827578-8.831218-8.834898-8.834338 

-8.838348-8.822518-8.812Y68-8.884118 8.882974 8.888552 8.812877 8.815528 
8.815712 8.813167 8.889872 8.88S411 8.883847 8.801521 8.888293-8.888798 

-8.882178-8.884968-8.818428-8.819868-8.838638-8.~Y8-8.859288-8.872688 
-8.882888-8.888898-8.888188-8.883628-8.875888-8.862838-8.848258-8.8324Y8 

8.824787 8.82i327 8.81~11~ 8.8886~9 8.084787 8.883855 8.884383 8.888ii7 

e 
8.022939 8.037782 8.850354 B . B S ~ ~ ~ B  8.8~~888 8.84687s 8.8296~8 8.818847 

e 

7 Film: L I I I B A . I W  
-8.816388-8.800448 8.814188 8.026793 8.834964 8.837143 8.834888 8.826783 
8.814875 8.881192-8.811788-8.821378-8.826528-8.827488-8.824928-8.828898 
-8.814128-8.888438-8.884898-8.881588-8.888278 8.888287 8.888156-8.888894 ’ -8.888578 8.888315 8.883Y32 8.818866 8.017623 8.826737 8.8388?9 8.8S0585 
0.861774 8.869811 8.8748S2 8.874752 8.872842 8.868883 8.862945 8.855505 
8.847435 8.839588 8.832268 8.825863 8.828823 8.814629 8.818826 8.886739 
8.885296 8.885844 8.807889 8.818838 8.814349 8.81889Y 0.821660 0.824072 “/YT 
8.827324 8.827944 8.825682 8.828177 8.811833 8.881718-~.888758-8.818548 
-8.827248-8.834488-8.848818-8.844128-8.04784B-8.8S2188-8.8S6968-8.861968 
-8.86597B-8.869648-8.869288-8.867858-8.863l28-8.850538-8.852388-8.846828 
-8.848618-8.836558-8.832198-8.838838-8.828218-8.829188-8.831868-8.835828 
-8.848198-8.843858-8.046868-8.~858-8.845858-8.839678-8.836328-8.838138 
-8.824588-8.817928-8.811738-8.884818 0.882816 8.811825 8.822393 8.832514 
8.841764 8.847638 0.852188 8.054674 8.854587 8.851218 8.845523 8.839388 
8.833969 8.829517 8.826167 8.824296 8.024216 8.825588 8.827299 8.829858 
8.838537 8.831714 8.832668 8.833SlY 8.834324 0.034896 8.835169 8.83530S 
8.836188 8.837471 8.839866 8.848599 8.842539 8.845215 8.847848 8.848851 
8.846922 8.8413S6 8.832296 8.828812 8.888481-8.883588-8.813628-8.828768 
-8.824818-8.823248-8.819328-8.813618-8.887388-8.881458 8.882675 8.084851 
8.882659-8.888788-8.885298-8.818338-8.814578-8.816768-8.816878-8.812378 

-8.886548-8.888168 8.885829 8.818544 8.812668 8.811357 8.886813 8.888865 
-8.887448-8.8146S8-8.821158-8.826438-8.829858-8.838868-8.828518-8.825868 
-8.822968-8.828858-8.817818-8.813838-8.818778-8.888268-8.886278-8.8~8 
-8.882480-8.888368 8.881757 8.883492 8.804445 0.804443 0.883549 8.882231 
8.888978-8.888378-8.882158-8.884288-8.885878-8.886668-8.886988-8.887228 
-8.887598-8.887368-8.886~8-8.885498-8.884998-8.884788-8.884758-8 884920 
-8.885858-8.884778-8.883838-8.882338-8.888668 8.881191 8.883235 8:085357 
8.887889 8.088542 8.811238 8.012575 0.813878 8.812888 8.889911 8.886645 
8.882858-8.884898-8.811868-8.817888-8.828878-8.822248-8.821438-8.818498 
-8.813358-8.886538 8.008684 8.886855 8.818972 0.012627 8.811846 8.888878 
8.884236-8.881218-8.886618-8.811538-8.815018-8.819148-8.828778-8.828328 

-8.810358-8.81W8-8.811588-8.886018-8.882138 8.881398 8.882946 8.882634 
8.888916-8.882898-8.886158-8.818518-8.81~8-8.816878-8.815S78-8.813288 
-8.888488-8.881228 8.887251 8.815584 8.822277 0.826526 0.827454 8.824799 
8.818889 8.818893 8.882581-8.885238-8.812268-8.818698-8.824888-8.827788 
-8.829648-8.838278-8.838468-8.838838-8.828168-8.824818-8.828728-8.816478 
-8.812378-8.888798-8.886118-8.884588-8.883838-8.883S68-8.883358-8.883178 
-8.882688-8.881378 8.888615 8.802414 8.883337 8.883533 8.883578 8.883482 

0.888315 8.811495 8.814676 8.817869 8.821139 8.824195 0.026563 8.827958 
0.828658 8.829281 8.838183 8.838996 8.031677 8.831868 8.831518 8.838783 
8.829647 8.828816 8.825981 8.823844 8.021896 8.828195 8.818888 8.81794l 
8.817887 8.818197 8.818693 8.819213 8.819688 8.821814 8.821868 8.822883 
8.828677 8.818888 0.B16661 0.812155 8.888816 8.883886-8.888728-8.884388 
-8.886888-8.887788-8.887498-8.886498-8.885398-8.884668-8.884628-8.885498 
-8.887878-8.888828-8.818568-8.812368-8.814868-8.815578-8.817188-8.819388 
-8.822388-8.826388-8.838898-8.835858-8.837648-8.838848-8.836328-8.832958 
-8.820418-8.823118-8.817858-8.813978-8.812688-8.814368-8.818288-8.822978 
-8.827778-8.831938-8.834598-8.834728-8.831758-8.826128-8.819168-8.812128 
-8.885588 8.888248 8.804858 8.887774 8.889211 8.889638 8.889338 8.888349 
8.886732 8.884768 8.882757 8.888976-8.888318-8.888628 8.888397 8.882499 
8.884998 8.887158 8.089658 8.812855 8.814396 8.816482 8.818281 8.019085 
8.821384 8.822182 8.822596 8.022861 8.828597 8.818149 8.814982 8.811438 
8.888155 8.886478 8.886841 8.886114 8.886648 8.887168 8.887853 8.887292 
8.885241 8.881989-8.881458-8.884588-8.887868-8.888858-8.889388-8.888~ 
-8.886398-8.884888-8.881888-8.888338 8.088178 8.881848 8.881373 8.881724 
8.882267 8.883434 8.805478 8.88787Y 8.889766 8.818579 8.818269 8.888839 
8.886822 8.881612-8.883958-8.889728-8.815838-8.819688-8.823888-8.824568 

-8.823898-8.821378-8.817858-8.814268-8.811168-8.88879B-8.887338-8.886868 
-8.886948-8.886838-8.886498-8.885838-0.882788-8.888358 8.881916 8.883L63 

8 

0.882827 B . B B I ~ O ~  B.BBIIS~ 8.~8is78 e.e~z489 8.883268 8.084073 8.885676 

- F i l a :  L Y E 8 A . I W  Pa-. 4 - 
8.084549 8.884537 8.883882 8.882822 8.882813 8.881483 8.881113 8.888848 
8.888822 8.881139 8.881587 8.881Y48 8.88225Y 8.802861 8.883939 8.885312 
8.886655 8.887868 8.88898B 8.889921 8.818384 8.818142 8.889389 8.888198 
0.887837 8.886871 8.885628 8.885854 8.886634 8.887742 8.889185 8.818788 
8.812134 8.812513 8.811265 8.888628 B.BB5182 8.882261-8.888778-8.883368 
-8.885328-8.886178-8.885638-8.883928-8.881668 8.888267 8.881371 8.881868 
8.882114 8.882235 8.882873 8.881687 0.881859 8.888683 8.888123-8.888758 
-8.882168-8.883888-8.885688-8.887148-8.888338-8.888898-8.888618-8.887468 
-8.885638-8.883S28-8.881628-8.888398-8.888148-8.88803~8.882128-8.883478 
-8.88448-8.884778-8.804488-8.88364%-8.882398-8.888878 8.888677 8.801872 
8.882462 8.082543 8.882333 8.881863 8.881112 8.888231-8.88861S8.881278 
-8.881638-8.881478-8.888528 8.881293 8.883747 8.086548 8.889559 8.812591 
8.015297 8.817298 8.818354 8.818562 8.818069 8.816849 8.014989 8.01288S 
8.818963 8.889358 8.888822 8.886971 B.BBS9Y8 8.884659 8.882682 8.888283 

-8.888458 8.881982 8.881426 8.88468Y 8.884983 8.883988 8.882812 8.888368 
-8.882788-8.88S34B-8.888618-8.818988-8.812568-8.813438-8.813798-8.813768 
-8.813348-8.812688-8.812898-8.811718-8.011488-8.811418-8.811S28-8.811778 
-8.811998-8.811958-8.811328-8.88YY18-8.8877~8.884Y38-8.8817S8 8.88138Y 
8.883878 B.00S844 0.887116 8.88761S B.B07+Io 8.886819 8.BBSYY7 8.885275 
8.084786 8.084238 8.083971 8.804045 8.881417 8.884YM 8.08SZ48 8.805212 
8.88467Y 8.883544) 8.881792-8.888288-8.882lY8-8.883~88-8.884358-8.884358 
-8.883688-8.885398-8.888618 8.88138Y 8.882988 8.884l91 8.884634 8.883983 
8.882148-8.888678-8.804018-8.887468-8.818588-8.813~8.814678-8.81~8 
-8.81S178-8.813948-8.812898-8.818138-8.888268-8.886518-8.884868-8.883518 
-8.882718-8.882S38-8.882788-8.882978-8.88~8-8.883S98-8.883288-8.883138 
-8.883878-8.883198-8.883S68-8.883968-8.894a28-8.804488-8.884S38-8.884358 
-8.883678-8.882698-~.881758-8.881~8.88W98-0.88884Y 8.808251 8.888S58 
8.881944 8.881882 8.883040 8.884214 8.885875 8.88S4S4 B.BBS337 8.88485S 
8.884257 8.883768 8.883556 8.883821 8.B04523 8.88S747 8.886981 8.887831 
8.888279 8.888881 8.887268 8.88SY19 8.88417Y 8.882176 8.808826-8.081968 
-8.883558-8.884378-8.884218-8.883488-8.882~8.88148~8.888288 8.088647 
8.881132 8.8889YC 8.888238-8.888918-8.882118-8.883868-8.883688-8.883668 

-8.883228-8.882228-8.8886Y8 8.881282 8.883133 0.BB4c78 8.885511 8.BBSLBC 
8.885133 8.BBU71 8.80282Y 8.881421 8.888388-8.888428-8.888868-8.881178 
-8.8813~8.881218-8.888638 8.888328 0.88lW 8.883881 8.881413 8.88682Y 
8.887221 8.887975 8.888241 8.888S79 8.898871 8.88Y46B 8.810434 8.811784 
0.013286 8.814463 8.81523Y B.BlS361 8.814823 0.013616 8.811868 8.889845 
8.887Y83 8.886186 8.884783 8.803436 8.8022’1, 8.88118Y 8.888807-0.888988 

-8.881968-8.88269B-8.883888-8.883878-8.8825S8-8.881~ 8.88822Y 8.882197 
8.884821 8.885288 8.885752 8.885343 8.8841CC 8.88a7 8.88WC-0.881688 

-8.883438-8.884988-8.885868-8.88622B-8.886888-8.885628-8.884938-8.884128 
-8.883488-8.883~8.883168-8.883788-8.884538-8.885s1~8.886418-8.887838 
-8.887188-8.886988-8.886568-8.885968-8.88S25B-0.8~78-8.883978-8.883478 
-8.883888-8.882788-8.882578-8.88253B-8.882718-8.883138-8.8838~8.884838 
-8.885918-8.886818-8.887288-0.887328-8.887118-8.88677B-8.886388-8.885668 
-8.884978-8.884388-8.883928-8.883518-8.88264%-8.882528-8.882868-8.881318 
-8.880448 0.088396 8.081428 8.882615 8.881449 8.804641 8.885315 8.805894 
8.886813 0 . 8 8 5 W  8.894471 8.882Y74 8.8813368.888158-8.88128~8.881688 
-8.881548-8.888770 8.8884c7 8.881871 8.883149 0.8841S1 8.884838 8.885117 

8.802448 8.802537 8.802123 8.88234l 8.882838 8.881613 8.881185 8.088566 
8.888876-8.808318-8.888s38-8.888618-8.888668-8.88875B-8.8888L8-8.888938 
-8.881888-8~881178-8~881478-8.88lY4B-8.882618-8.88~B-8.8~78-8.884988 
-8.88S518-8~885~88-8.886248-8.886578-B.8868Y8-8.887248-8.887618-8.8878Y8 
-8.887888-8.887438-8.886598-8.88558B-e.884288-8.883l38-8.882238-8.88lL68 
-8.881428-8.8813Y8-8.881418-8.88154e8.881128-8.888738-8.888180 8.080457 
8.881132 8.881711 8.882183 0.802234 8.8817YS 8.881869 8.881516 8.888957 
8.888557 8.888228 8.888854 8.888B59 0.088285 0.880468 8.888883 8.881528 
0.882126 0.883288 0.884166 8.885237 8.886388 8.887224 8.887868 8.888116 

-8.8828i8--8.~m748-e.8873i8-8.~~~i78-~.~~~s~8-~.887728-8.88siz8-8.88~i68 

0.884987 a.amscs a.ewrm 0.0a3554 e.~03e~4 o.eezc96 1 ~ . 8 8 2 e u  8.88237s - 



- P11a: LYX8A.IW P.9. 5 - 
8.808815 8.88761Y 8.886883 8.885864 8.804758 8.883788 8.882918 0.802535 
8.882583 0.882998 8.883673 8.884417 8.885811 8.885335 8.885382 0.885187 
8.804767 8.804147 8.883376 8.882S18 8.881656 8.888886 8.888389 8.888884 
8.888194 8.889544 8.888961 8.881696 8.082159 8.882459 8.882348 8.801781 
8.888922-8.888138-8.881388-8.882~8-8.883598-8.804538-8.885168-8.88~38 

-8.885328-8.881848-8.8BuS8-8.883378-8.882688-8.881918-8.88146S-8.881358 

-8.8Bu2S-8.884158-8.883998-8.883918-8.883918-8.883938-8.8838~8.883538 
-8.882998-8.882388-8.881~8-8.88889~8.888528-8.888228 8.888893 8.88B868 
-8.888882-8.8888ll 8.888152 0.880498 8.888946 8.881452 8.881974 8.882386 

3.882566 8.882486 8.002191 8.881888 8.881488 8.881334 8 . 8 8 1 4 l 7  8.881882 
..B82535 8.883529 8.804681 8.085618 8.886589 8.887283 0.087638 8.887789 

8.887353 8.886563 8.88S429 8.883998 8.882314 8.888516-8.881188-8.882598 

-8.8Bu68-8.883868-8.883368-8.882LSS-8.881858-8.881178-8.888738-8.888598 
-8.888688-8.888948-8.881378-8.881988-8.882e48-8.882888-8.883248-8.883528 

-8.883128-8.882718-8.882228-8.881638-8.881838-8.888388 8.888194 8.888737 
8.888886 8.881698 8.881442 8.881839 8.881338 8.881833 8 . 8 8 1 W  8.88169Y 

- ~ . ~ ~ i 6 i 8 - 8 . 8 8 ~ i ~ 8 - - 8 . ~ ~ ~ 7 ~ 8 - ~ . ~ ~ 3 3 ~ 8 - ~ . ~ ~ 3 ~ 3 8 - ~ . ~ ~ 7 8 - ~ . ~ m 3 8 8 - 8 . 8 ~ 3 8  

.! ~ . ~ ~ ~ 5 9 8 - ~ . ~ ~ u 9 8 - ~ . ~ - ~ . ~ ~ 7 ~ ~ . ~ ~ 3 8 - ~ . ~ ~ ~ 8 - ~ . ~ m 3 ~ ~ ~ . ~ ~ 3 ~ ~  

- 8 . 8 8 3 7 ~ 8 - 8 . 8 8 3 9 7 8 - 8 . ~ ~ ~ 1 ~ 8 - ~ . 8 8 4 2 8 8 - 8 . ~ 8 4 2 ~ 8 - ~ . ~ ~ ~ 7 8 - ~ . ~ m 8 ~ 8 - 8 . 8 8 3 8 4 8  

a 



-8. 888889-8.888818-8.888l68 8. 888177 8. 088897-0. 888868 8.888218-8.888128 
8.888172-8.888128 8.888828 8.88888t-8.88884~8.888878-8.888178-8.888288 
-8.888338-8.888348-8.888118-8.888168-8.888238-8.888328-8.888438-8.888558 
-8.888788-8.888868-8.881838-8.881218-8.881368-8.881488-8.881548-8.881538 
-8.881498-8.881438-8.881368-8.881268-8.88ll38-8.881828-8.888988-8.881858 
-8.881238-8.881498-8.881858-8.882338-8.882988-8.883518-8.884868-8.884448 
-8.884598-8.884448-8.8~88-8.883328-8.882538-8.881738-8.881858-8.888648 
8.888698-8.881218-8.882848-8.882968-8.883778-8.884438-8.884898-8.884978 
1.884518-8.883588-8.882158-8.888888 8.088191 8.888488-8.888328-8.882238 
.884848-8.887468-8.889588-8.818S38-8.819448-8.889368-8.887468-8.884868 a -0.881958 8.888748 8.883118 8.885222 8.807601 8.888518 8.889868 8.818156 

8.811235 8.812369 8.813551 8.814537 8.815812 8.814833 8.814161 8.813116 
8.811768 8.818342 8.889234 8.888825 8.889387 8.818366 8.811339 8.811797 
8.811259 8.889199 B.BB5820 8.881716-8.882728-8.887248-8.811788-8.816348 
-8.828488-8.823648-8.825688-8.826218-8.825258-8.822688-8.819878-8.815538 
-8.813868-8.811868-8.811638-8.812828-8.812148-8.811148-8.889838-8.886888 
-8.882948-8.888338 8.888366-8.881648-8.886128-8.813188-8.828738-8.828288 
-8.834568-8.837958-8.837368-8.832158-8.821988-8.887188 8.818887 8.828743 
8.042949 8.852392 8.858412 8.861577 8.861826 8.856768 8.851113 8.847259 
8.846768 8.848777 8.851652 8.854167 8.858333 8.861752 8.863278 8.861474 
0.855751 8.845988 8.832747 8.817539 8.881129-8.814838-8.827298-8.834338 
-8.836568-8.83S388-8.831788-8.826748-8.819318-8.811468-8.887218-8.886228 
-8.888378-8.813818-8.818748-8.823578-8.826778-8.828778-8.838528-8.832558 
-8.833868-8.833578-8.832518-8.832938-8.836118-8.848548-8.843558-8.843968 

hi O O t  28. 199s - PAS. 3 - 
-8.816380-8.889448 8.011188 8.826793 8.034964 8.837143 8.834888 8.826783 

TLON 8.814875 8.88119E8.81l788-8.821378-8.826S28-8.827488-8.824928-8.828898 
-8.814128-8.888438-8.884898-8.881588-8.888278 0.888287 8.888356-8.888894 
-0.e00570 e.eae315 o.aoi932 o.eieacc a.817623 8.826737 8.098071 n.asasns K I  / 

-8.841918-8.837798-8.832828-8.825528-8.819788-8.815518-8.812548-8.889l58 
-8.883518 8.886214 8.821282 8.841341 0.863658 0.883625 8.896932 8.188529 \5 
8.892683 8.873156 8.845043 8.814583-8.811618-8.829948-8.841178-8.846538 
-8.845718-8.838918-8.828738-8.819298-8.813248-8.818138-8.888718-8.888838 
-8.818998-8.814868-8.819188-8.822678-8.824668-8.823468-8.817678-8.888128 
8.882491 8.812433 8.821633 8.828973 8.831526 8.827481 8.816222-8.881688 
-8.823968-8.847788-8.869838-8.887298-8.897698-8.899428-8.898948-8.871828 
-8.944848-8.812888 8.819474 8.847672 8.869649 8.886824 8.892271 8.894116 
8.887821 8.877946 8.864889 8.846241 8.826882 8.887611-8.813188-8.833678 
-8.851948-8.865398-8.873398-8.876928-8.877248-8.874498-8.868868-8.861978 
-8.854878-8.842788-8.826228-8.886298 8.813884 8.831488 8.846468 8.859887 

8 . 8 6 6 5 8 5  8.866541 8.859563 8.848849 8.838822 8.829822 8.821439 0.815199 
8.811862 8.812185 8.815372 8.821738 8.831477 8.843386 8.855128 8.864116 
8.868399 8.867317 8.868159 8.846547 8.828455 8.818898-8.883938-8.818788 
-0.809910-8.883148 8.887792 8.828815 8.832847 8.848363 8.848276 8.831581' 
8.816516-8.888168-8.814838-8.822938-8.827288-8.828988-8.829648-8.838878 
-8.838558-8.831288-8.831748-8.831568-8.829498-8.824138-8.815998-8.887528 

' -8.BBBBBB 8.882915 8.883169-8.888198-8.886228-8.815838-8.828868-8.845238 
-8.863118-8.879598-8.889178-8.893988-8.898888-8.882288-8.866368-8.846718 
-8.827888-8.812848-8.881978 8.802271 8.888682-8.885848-8.811788-8.816788 
-8.818488-8.816258-8.818828-8.882598 8.887658 8.818171 8.827434 8.833877 
8.835751 8.832378 8.824894 8.811431-8.884558-8.828678-8.832358-8.835388 . 
-8.826848-8.887858 8.817967 8.846743 8.874688 8.897251 8.111849 8.114294 
8.187675 8.893167 8.873457 8.851726 8.838829 8.813533 8.882148-8.883888 
-8.886868-8.886348-8.883548 8.083468 8.811183 8.828845 8.831884 8.848846 
8.849847 8.855759 8.861386 8.864882 8.863558 8.855695 8.841348 8.823563 
8.885983-8.812128-8.832628-8.854718-8.874818-8.889558-8.897398-8.898288 
-8.893458-8.884838-8.878888-8.855878-8.841728-8.831258-8.826238-8.825888 
-8.826198-8.823168-8.815458-8.885168 8.884778 8.813227 8.828813 8.824284 
8.824787 8.821327 8.815116 8.888659 8.884787 0.883855 8.084383 8.888117 
8.811178 8.818747 8.886861-8.881988-8.812278-8.823968-8.834738-8.841818 
-8.841728-8.831778-8.813578 8.807645 8.827866 8.841831 8.858966 8.854858 
8.854044 0.849578 8.843871 8.839358 8.836588 8.835463 8.837564 8.842161 

. . . - - - - - 
8.861774 8.869811 8.874812 8.874752 0.872842 8.068883 0.862945 8.855581 
8.847435 8.839588 8.832268 8.825863 8.828823 8.814629 8.818826 8.086739 
8.885296 8.085844 8.88788Y 8.818838 8.814349 0.818899 8.021668 8.824872 
8.827324 8.827944 8.825682 8.828177 8.811833 8.881718-8.888758-8.818548 
-8.827248-8.834488-8.848818-8.844128-8.847840-8.852188-8.856968-8.861968 
-8.865978-8.869648-8.869288-8.867858-8.863128-8.858538-8.852388-8.846828 
-8.848618-8.836558-8.832198-8.83883~.828218-8.829188-8.831868-8.835828 
-8.848198-8.Bu858-8.846868-8.845858-8.8458S8-8.839678-0.836328-8.838138 
-8.824588-8.817928-8.811738-8.884838 8.882816 8.811825 8.822393 8.832514 
8.841764 8.847638 8.852188 8.054674 8.854587 8.851218 8.845523 8.839388 
8.833969 8.829517 8.826167 0.824296 8.824216 8.825588 8.827299 8.829858 
8.838537 8.831714 8.832668 8.833539 8.834324 8.834896 8.835169 8.835381 

8.846922 8.841356 8.832296 8.828812 8.888481-8.883588-8.813628-8.828768 
-8.824818-8.823248-8.819328-8.013618-8.887388-8.881458 8.882675 8.884851 
8.882659-8.888788-8.885298-8.818338-8.814578-8.816768-8.816878-8.812378 
-8.886548-8.888168 8.085829 8.818SU4 8.812668 8.811357 8.886813 8.888865 
-8.887448-8.814658-8.82ll58-8.826438-8.829858-8.838868-8.828518-8.825868 
-8.822968-8. 828858-8.817818-8.813838-8.BlB778-8.888268-8.886278-8.884428 
-8.882488-8.888368 8.881757 8.883492 8.004445 8.804443 8.883549 8.882231 

\r 8.888978-8.888378-8.882158-8.884288-8.885878-8.886668-8.886988-8.887228 \e ?\ -8.885858-8.884778-8.883838-8.882338-8.888668 8.881191 8.883235 8.885357 
8.887889 8.888542 8.811238 8.812575 8.813878 8.812888 8.009911 8.886645 

8.836188 e.ao747i 8.8398~~ B . B ~ E S ~ S  8.042599 0.845215 ~.m7048 a.ea88si 

~.~~28~8-8.884898-8.8ii868-8.8i7888-8.828878-8.82~248-8.82i4~8-8.8~849~ 

- File: LyR8.INT P.g. 2 - 
1.845435 8.843728 8.836293 8.825481 8.813277 8.888169-8.813968-8.826478 
,833828-8.812848-8.824798-8.812278 8.884945 8.824961 8.843483 8.855588 

-8.873588-8.876288-8.873828-8.863668-8.858148-8.835588-8.821688-8.889828 
8.881652 8.889738 8.814487 8.813762 8.886663-8.885548-8.819938-8.833588 
-8.844588-8.852248-8.857868-8.862448-8.866838-8.868128-8.868198-8.865628 
-8.868328-8.855848-8.847658-8.838418-8.825718-8.811898 8.883359 8.816723 
8.838879 8.844528 8.856958 8.864437 8.865813 8.861484 8.858483 8.851658 
8.843866 8.838986 8.817579 8.882998-8.811888-8.827888-8.842178-8.855268 
-8.864888-8.867498-8.864888-8.855588-8.848728-8.822548-8.882548 0.015656 
8.826682 8.828575 8.823785 8.816238 8.888983 8.883888 8.883558 8.818155 
8.822939 8.837782 8.858354 8.857198 8.855888 8.846875 8.829658 8.818847 

-8.888958-8.824.uB-8.834888-8.839518-8.837968-8.838998-8.828348-8.888548 
8.882614 8.812844 8.822245 8.828975 8.829863 8.824872 8.813529 8.888567 
-8.813858-8.829518-8.845888-8.857558-8.863368-8.868558-8.849888-8.833458 
-8.814128 8.886375 8.826684 8.845348 8.868548 8.869971 8.872568 8.878159 
8.865778 8.868314 8.852828 8.838985 8.821589 8.882839-8.813158-8.825538 
-8.835948-8.845878-8.851278-8.852448-8.848718-8.843798-8.838898-8.837398 
-8.838218-8.839358-8.848678-8.842838-8.843888-8.842738-8.848138-8.835298 
-8.829968-8.826888-8.824658-8.824848-8.825848-8.824488-8.823278-8.821658 
-8.819288-8.815618-8.811278-8.888868-8.886948-8.886348-8.883458 8.883887 
8.813147 8.826185 8.841958 8.859835 8.873468 8.881633 8.882762 8.878887 
8.868524 8.854965 8.039085 8.024588 8.816254 8.816387 8.022964 8.833251 
8.844917 8.858288 8.871937 8.888374 8.084819 8.882364 8.076234 8.878564 
8.867044 8.864318 8.861524 8.859171 8.857869 8.055111 8.853883 8.852166 
8.848248 8.841828 8.838767 8.818308 8.884848-8.888298-8.828168-8.828778 

-8.838638-8.823228-8.888428 8.888168 8.821493 8.829577 8.832654 8.838427 
8.821992 8.888191-8.887358-8.828568-8.838828-8.835358-8.835828-8.828188 

-8.814828 8.884434 8.823688 8.848268 0.051199 8.852624 8.947726 8.834922 
8.817877-8.884888-8.827568-8.847738-8.862888-8.873258-8.881818-8.886878 
-8.885658-8.878228-8.865788-8.851428-8.837848-8.823188-8.818588-8.881928 
8.888121-8.8m998-8.816U8-8.832188-8.848618-8.862478-8.872368-8.878328 
-8.888828-8.876778-8.868928-8.858718-8.848498-8.839688-8.832428-8.827728 
-8.826868-8.829248-8.8322Y8-8.834258-8.835138-8.835288-8.834458-8.831618 
-8.826628-8.821838-8.818948-8.817638-8.817848-8.819368-8.821158-8.822158 
-8.821438-8.818978-8.815848-8.811948-8.885348 8.884865 8.817353 8.838521 
8.843346 8.855817 8.864823 8.872228 8.877149 8.879256 8.877911 8.873756 
8.868648 8.864881 8.868043 8.855173 8.848268 8.839192 8.828227 8.815127 
8.888149-8.814968-8.827778-8.836898-8.838578-8.836428-8.827948-8.813718 
8.884747 8.825486 0.846818 8.863884 8.878332 8.885042 B.886858 8.888624 
8.869518 8.855837 8.839829 8.824956 8.818599-8.882848-8.814588-8.824148 
-8.831898-8.838178-8.842388-8.843728-8.842418-8.839698-8.837198-8.836178 
-8.836358-8.836148-8.834118-8.829398-8.822228-8.813718-8.885298 0.881266 
8.884986 8.BBS669 8.883818-8.882918-8.811378-8.828258-8.827588-8.832858 
-8.837328-8.842138-8.847618-8.853228-8.858l88-8.862718-8.867818-8.869688 
-8.868868-8.864128-8.856988-8.849118-8.841488-8.833558-8.825348-8.816688 
-8.887198 8.882484 0.811263 8.818282 8.823315 8.826921 8.829114 8.838179 
8.831145 8.832872 8.834559 8.034506 8.832875 8.828195 8.823511 8.817718 
8.818748 8.883672-8.881528-8.883548-8.882398 8.881674 8.888491 8.817489 
8.827258 8.835667 8.048958 8.842568 8.839771 8.833932 8.825921 8.017558 
q.018988 0.886944 8.085747 8.887155 8.811537 8.819321 8.828998 8.837638 
.E42885 8.843198 8.838764 8.838284 8.818211 8.883592-8.812888-8.826278 

J.836538-8.848688-8.837928-8.829448-8.816438-8.888158 8.817594 8.835878 

8.888364 8.884778 8.885873 8.887823 8.810726 8.812886 8.811348 8.887651 
8.881351-8.88718~8.816848-8.822668-8.827578-8.831218-8.834898-8.834338 
-8.838348-8.822518-8.812968-8.884118 8.882974 8.888552 8.812877 8.815528 
8.815712 8.013167 8.889872 8.88Wl 8.883847 8.881521 8.888293-8.8BB798 
-8.882l78-8.884968-8.818428-8.8198L8-8.838638-8.640498-8.859288-8.872688 
-8.882888-8.888898-8.888188-8.883628-8.875888-8.862838-8.848258-8.832498 

0. 0.850959 8.853922 8.841454 8.822364-8.881798-8.827278-8.849298-8.864828 

a 8.858444 8.860988 8.864538 8.068633 8.858849 0.818249 8.825934 8.815783 

-8.813358-8.886538 8.888684 8.086855 8.818972 8.812627 0.811846 8.888878 
8.884236-8.881218-8.886618-8.811538-8.815818-8.819148-8.828778-8.828328 
-8.818358-8.8lW8-8.811588-8.886818-8.882138 8.881398 8.882946 8.882634 
8.888916-8.882898-8.886158-8.818518-8.814448-8.816878-8.815578-8.813288 
-8.088488-8.881228 8.887251 8.815584 8.822277 8.826526 8.827454 8.824799 
8.818889 8.818893 8.882581-8.885238-8.812268-8.8l8698-8.824888-8.827788 
-8.829648-8.838278-8.838488-8.838838-8.828168-8.824818-8.828728-8.816478 
-8.8l2378-8.888798-8.886118-8.884588-8.883838-8.883S68-8.883358-8.883178 
-8.882688-8.881379 0.088615 8.882414 8.883337 8.883533 8.883578 8.883482 
8.882827 8.881738 8.881157 8.881578 8.882409 8.883268 8.884873 8.885676 
8.088315 8.811495 8.814676 8.817869 8.821139 8.824195 8.826563 8.827958 
8.828658 8.829281 8.838183 8.838996 8.831677 8.831068 8.831518 8.838783 
8.829647 0.828816 8.825981 8.823844 8.821896 8.828195 8.818888 8.817941 
8.817887 8.8181Y7 8.8186Y3 8.81Y213 B.819688 8.821814 8.823868 8.822003 
8.828L77 8.818808 8.816661 8.812155 8.888816 8.883886-8.888728-8.884388 
-8.886888-8.887788-8.887498-8.886498-8.885398-8.884668-8.884628-8.885498 
-8.887878-8.888828-8.818568-8.812368-8.814868-8.815578-8.817188-8.819388 
-8.822388-8.826388-8.838898-8.835858-8.837648-8.838848-8.836328-8.832958 
-8.828418-8.823118-8.817858-8.813978-8.8l2688-8.814368-8.818288-8.822978 
-8.827778-8.831938-8.834598-8.834728-8.831758-8.826128-8.819168-8.812128 
-8.0BSSBB 8.888248 8.884858 8.887774 8.889211 0.089638 8.889338 8.888349 
8.886732 8.88476B 8.082757 8.888976-8.888318-8.888628 8.888397 8.882499 
8.884998 8.887358 8.8096SB 8.812855 8.014096 8.816482 8.818281 8.819885 
8.821384 8.822382 8.822596 8.822B61 8.8285Y7 8.818149 8.814982 8.811438 
8.888155 8.006470 8.886841 8.886114 0.086648 8.887168 0.887853 8.887292 
8.885241 8.881989-8.881458-8.884588-8.887868-8.888858-8.889380-8.888448 

8.882267 8.883434 8.885478 8.887879 8.809766 8.818519 8.81826Y 8.88883Y 
8.886822 8.881612-8.883958-8.889728-8.815838-8.819688-8.823888-8.824568 

-8.823898-8.821378-8.817858-8.814268-8.811168-8.8887Y8-8.887330-8.886868 
-8.886948-8.886838-8.886498-8.885838-8.882788-8.888358 0.801YSC 8.803663 

\ 

-8.886~98-8.8m888-8.~~i~~8-~.~~~~3~ 8.918578 e.~aiwe 8.881373 8.881724 

.- File: LYII8.INT PAS. 4 -. 
8.884549 8.084537 8.883882 8.882822 8'.882813 8.881483 8.881113 8.088848 
8.888822 8.881139 8.881587 8.801948 8.082259 8.882861 8.883939 8.005312 
8.886615 8.887868 8.888YBB 8.889921 8.818384 8.818142 8.889309 8.808198 
8.887837 8.886871 8.885628 8.885854 0.886634 8.887742 8.889185 8.810788 
8.812134 8.812513 8.811265 8.88BCZB 8.885182 8.8822L1-0.888778-8.~83368 
-8.885328-8.886178-8.885638-8.883928-8.881668 8.888267 8.881371 8.081860 
8.882114 8.882235 0.882873 8.881687 8.881859 8.888603 8.888123-8.00875B 

-8.882168-8.883888-8.885688-8.887140-8.888338-8.8888Y8-8.888618-8.887468 
-8.885638-8.883528-8.881628-8.888398-8.8881~8.888838-8.882128-8.883478 
-8.88442B-8.884778-8.884488-8.883648-8.882398-8.888878 8.888677 8.881872 
8.882462 8.882543 8.882333 8.881863 8.881112 8.888231-~.888610-8.881278 
-8.881638-8.881478-8.888528 8.881293 8.883747 8.88Ls18 8.88955Y 8.812591 
8.815297 8.817298 8.818354 8.818562 0.818069 8.816849 8.814989 8.812885 

-8.882818-8.884748-8.887318-8.888178-8.888598-8.887728-8.885128-8.883368 

-8.882788-8.885348-8.888618-8.818988-8.812568-8.813438-8.8l3798-8.813768 
-8.813348-8.812688-8.812898-8.811718-8.811488-8.811418-8.811528-8.811778 
-8.811998-8.811~58-8.811328-8.889918-8.887748-8.884Y38-9.881758 8.88138Y 
8.883878 8.885844 8.887116 8.887615 8.887e9e 8.886818 0.085Y97 8.885275 
8.884786 8.804238 8.883973 B.BB484L 8.881417 8.084YM 8.885248 8.885212 
8.884879 8.883S49 8.881792-8.888288-8.882118-8.883688-8.884358-8.884358 

-8.883L88-8.882390-0.888618 8.891389 8.882988 8.884191 8.004634 8.883983 
8.882148-8.888678-8.881818-8.887468-8.818588-8.813~8.814L78-8.81W8 
-8.815178-8.813948-8.812898-8.818138-8.888268-8.88651~8.884868-8.883118 
-8.882718-8.882538-8.882788-8.882Y78-8.88~8-8.883598-8.883288-8.883138 
-8.883878-8.883l98-8.883568-8.883lC8-8.8~2~8.894488-8.8~38-~.8~58 

8.818963 0.00~350 e.~ee022 8.a8~971 8.eeswe B.BBQCSS 0.a92981 8.888283 

-e.oemm B.BBI~BZ 0.0~342~ B.BWCBY 0.881983 8.003988 0.002012 0.0~03~8 

-.8.883678-8.882698-8.881758-8.881848-8.88mY8-8.888MY 8.888255 8.888558 
e.eei~y1 a.a~ie~2 B.BB~B+B ~.amaii B.BBSB~S ~ . e o n s 4  e.885337 e.amess 
8.084257 8.883768 8.083556 8.883821 8.004623 8.885747 8.886981 8.897831 
8.888279 8.888881 8.887268 8.885919 0.884179 8.082176 0.88882L-8.881968 

-8.883558-8.8Bu78-0.804218-8.883488-8.882~8.881488-8.888288 8.888647 
8.881112 8.808996 8.888238-8.888Yl8-8.882118-8.883868-8.88368~8.883668 
-8.883228-8.882220-8.888698 8.881202 8.883133 8.881c78 0.885511 8.085606 
8.885133 8.884171 8.88282Y 8.801421 0.888380-0.88Bu0-8.8088L~8.881178 
- ~ . 8 8 i ~ 4 8 - 8 . 8 8 i ~ i 8 - ~ . ~ ~ ~ ~ ~ ~  0.00ea2e B.BEIYU 1 1 . ~ 8 3 8 8 i  8 . ~ ~ 3  8.886829 
8.887221 8.887975 8.088241 8.888579 8.888875 8.809460 8.810434 8.811784 
8.813286 8.81UC3 8.815239 8.815361 8.814823 8.813616 8.811868 0.88984S 
8.887903 0.e86186 8.884703 8.883436 8.8822YY 8.801189 8.888887-8.888988 
-8.881968-8.882698-0.883888-8.883878-8.882558-8.881~ 8.88822Y 8.882197 
8.884821 8.885288 0.885752 0.885343 8.804lCC 8.882447 8.080436-0.881688 
-8.883438-8.884988-8.8858K8-8.886220-8.88688~8.805620-0.884938-8.884128 
- ~ . ~ ~ ~ % - ~ . ~ ~ ~ ~ ~ ~ - ~ . B ~ ~ ~ K ~ - B . B B I ' I ~ ~ - ~ . B B I S ~ ~ - B . B B ~ ~ ~ ~ - ~ . ~ ~ C U ~ - B . B B I B I B  
-8.887188-8.88698~8.886560-8.885Y69-8.885250-8.8Bu78-8.803970-8.88~78 
-8.883888-8.882788-8.882578-8.882538-8.882718-8.883138-8.883840-8.881838 
-8.885918-8.8868l8-0.887288-8.887328-8.887ll8-8.886778-8.886388-8.885668 
-8.884978-8.884388-8.883Y28-8.883518-8.8826~0.882520-8.8828L8-8.881318 
-8.88BeoB 0.888396 8.881428 8.882655 0.883440 8.804641 8.885315 8.885894 

-8.081540-8.880778 8.88BIL7 8.881871 8.083148 8.884151 8.881838 8.885117 
8.884987 8.884569 8.894849 8.883554 8.883894 8.802696 8.88z.W 8.882375 
8.802448 8.082537 8.882523 8.88234l 8.882838 8.081613 8.881105 8.888566 
8.888876-8.888318-8.888538-8.888618-8.888668-8.888758-8.888868-8.888938 

-8.881888-8.881178-8.881478-8.8819~0.892618-8.88~8.80427m.884988 
-8.885518-8.885988-8.88K~8.886578-8.88L8Y~.887t4%-8.887~10-8.887898 
-8.887888-8.887U8-8.886598-8.885588-8.8~88-8.883138-8.882230-8.881668 

8.881132 8.881711 8.882183 8.882234 8.881795 9.881069 8.881516 8.808957 

8.882326 8.883288 8.804l66 8.885237 8.886388 8.887224 0.807868 8.888116 

. 

~.aa~ei3 e . ~ ~ s s . a a  t1.em71 e.e~2974 8.8ei~3~8.88oi58-8.~ei280-8.88i688 

- ~ . ~ ~ i 4 2 8 - ~ . ~ 8 i ~ 9 8 - ~ . ~ ~ i u 8 - - 8 . ~ ~ i 1 4 9 - e . ~ o i i z 8 - ~ . ~ ~ ~ 7 ~ 8 - ~ . ~ ~ s i ~ ~  0.aemc7 

e.880557 8.8e0220 8 .88ean  a.ae88s~ 8.88028s B.BBBQCB 8.888883 9.e91520 



7 Pil*: Lrn8.IW Page 5 ---. 
8.888815 8.887619 8.886883 8.885864 8.884758 8.883788 8.802918 8.882535 
8.882583 8.8829Y8 8.883673 8.884417 8.885811 8.885335 8.885382 8.885187 
0.884767 8.884147 0.883376-0.882518 0.8B1656 8.888886 8.888389 8.888884 
8.8881Y4 8.888S44 8.888961 0.881696 8.882159 0.882459 8.882348 8.881781 
8.888922-8.888138-8.881388-8.882488-8.883S98-8.884538-8.885168-8.885438 

~-8.885328-8.884848-8.884158-8.883378-8.882688-8.881918-8.881468-8.881358 
-8.881618-8.882168-8.882788-8.883368-8.883838-8.884178-8.884388-8.8~38 
-8.884328-8.8841SG+8.8839Y8-8.883918-8.883918-8.883938-8.8838~8.883538 
-8.882998-8.882388-8.881548-8.88889~8.888S28-8.888228 8.888893 8.888868 
-8.888882-8.888811 8.888152 8.888498 0.888946 8.081452 8.801974 0.882386 

8.882486 8.8821Y1 8.881088 8.881488 0.881334 8.8814l7 8.881802 
8.883529 8.884681 8.881618 8.886589 8.887283 8.887638 8.887789 

.887353 8.886563 8.88S429 8.803998 8.882314 8.8~8Sl6-8.881188-8.882S98 

-8.884168-8.883868-8.883368-8.882658-8.8818S8-8.881178-8.888738-8.888598 
-8.888688-8.888948-8.881378-8.881988-8.882eP8-8.882888-8.883248-8.883528 
-8.883768-8.883978-8.884128-8.884288-8.884228-8.884178-8.884858-8.883848 
-8.883128-8.882718-8.882228-8.88163~8.88183~8.888388 8.888194 8.080737 

8.888886 B.881698 B . B B 1 9 u  8.881839 8.801338 8.881833 8 . 8 8 1 W  8.881699 



7 F i I . :  LYR2.IW PAg* 
15. 8.15 18888. 10888. 0. 
8. 1 1 
2848 255 16328 8.825 1 vs\?- c '"*' "e 6dm 
8.888111 0.888864 8.888312 8.888859 8.888187 8.88885C 0.080184 8.088851 
8.888899 8.888843 8.888891 8.888835 8.888888 8.888824 8.888867 0.808885 
8.888843-8.888827-8.888883-8.888893-8.888118-8.888278-8.888348-8.888548 
-8.888648-8.888848-8.888958-8.881198-8.881348-8.881598-8.881678-8.881748 
-8.881588-8.881398-8.881878-8.881838-8.881878-8.881168-8.888938-8.888738 
-8.888628-8.881818-8.881688-8.882368-8.882928-8.883498-8.881838-8.884768 
-8.885218-8.885298-8.884718-8.883728-8.882258-8.888868 8.888235 8 . 8 8 8 W  

1.888499 8.888168-8.888738-8.882638-8.884C88-8.885988-8.885998-8.88S388 
~.804468-8.884838-8.883868-8.881878 8.081656 8.883651 8.883968 8.882888 
8.881888-8.887898-8.81384~.816748-8.815888-8.818698-8.885688-8.881388 
0.888891 8.881631 8.883827 8.887153 8.889133 8.818229 8.812224 8.812275 
8.818888 0.811832 8.812792 8.8148C7 8.817277 8.818592 8.817867 8.814144 
8.889488 8.887291 8.887288 8.88L741 8.886976 8.888211 8.818339 8.812837 
8.814627 8.813184 8.889888 8.882968-8.886858-8.814178-8.817868-8.817868 
-8.819578-8.823158-8.828638-8.833828-8.832488-8.827878-8.828618-8.812398 
-8.884868-8.881448-8.884738-8.812278-8.817~8.817638-8.814618-8.888288 

8.882139 B.BB8659 8.888811 8.885819 8.88198e8.886868-8.813818-8.833428 
-8.842188-8.844218-8.044628-8.841258-8.828628-8.818918 8.889151 8.833483 

8.868912 8.883248 8.888344 8.872619 8.053171 8.81845C 8.853299 8.851488 
8.841928 8.836293 8.841288 8.852512 8.063128 8.868248 8.867637 8.86458Y 
8.868488 8.858725 8.835221 8.815933-8.885288-8.828858-8.843718-8.85988 
-8.861438-8.852968-8.831488-8.816148-8.813188-8.814818-8.812538-8.883738 

8.884664 8.88811t8.814288-8.829838-8.843928-8.858328-8.839778-8.822598 
-8.816578-8.825678-8.841278-8.848158-8.848338-8.828728-8.827288-8.841618 
-8.857878-8.856388-8.841818-8.822568-8.883888 8.888869 8.886981-8.886598 
-0.018988-8.016148 8.883131 8.833317 8.869837 8.184136 8.129691 8.137677 

8.124811 8.893816 8.853224 8.886875-8.848348-8.878588-8.8894Y8-8.868938 
-8.838288-8.824828-8.826638-8.826468-8.814478-8.888788 0.884168-8.BB8638 
-8.888898-8.814988-8.822478-8.828828-8.831888-8.828358-8.824638-8.828338 
-8.886788 B.018184 8.840491 8.845283 8.838797 8.835744 8.832229 8.812467 
-8.817718-8.847518-8.882458-8.116858-8.12955~8.123328-8.186138-8.882668 
-8.852988-8.813468 8.832757 8.877259 8.188475 8.117853 8.114115 8.184291 

8.889824 8.874987 0.863691 8.858549 8.833525 8.887557-8.825628-8.851528 
-8.864358-8.877278-8.892468-8.891788-8.883848-8.878948-8.864268-8.859388 
-8.858738-8.839598-8.032718-8.022928 8.088165 8.852464 8.882928 8.889531 

8.888787 8.878848 8.868821 8.862141 8.841867 8.819861 8.884131 8.888512 
8.887424 8.813851 8.813363 8.817723 8.826339 8.034181 8.848117 8.872816 
8.893328 8.894832 8.877773 8.852312 8.825589-8.888428-8.826168-8.842638 

8.831173 8.882181-8.833718-8.862888-8.866828-8.847878-8.819498-8.883248 
-8.889458-8.831828-8.851198-8.856298-8.845698-8.826318-8.889128-8.888818 

8.886867 0.811787 8.818813 8.882592-8.883438-8.812118-8.827788-8.841618 
-8.853978-8.888158-8.114588-8.138848-8.118798-8.892668-8.864518-8.836358 
-8.811238 B.BBC437 8.817544 8.822931 8.819656 8.886299-8.889418-8.82~8 
-8.837348-8.834888-8.816658 8.804283 8.820443 8.808888 8.834299 8.848128 

8.044371 8.04C299 8.044536 8.828511 8.881373-8.825338-8.847438-8.864588 
-8.865788-8.039718 8.887368 8.8624L4 8.111168 8.137277 8.142648 8.137328 

8.123881 8.188795 8.873864 8.846547 8.828275-8.886898-8.823518-8.828238 
-8.822818-8.886978 B.BB9416 8.889688-8.888888 8.883661 8.823653 8.843231 

8.858939 8.872464 8.874483 8.868824 8.858376 8.856163 8.868931 8.843387 
8.886717-8.835188-8.865878-8.871838-8.878128-8.887788-8.115528-8.138778 
-8.125148-8.183868-8.869568-8.836288-8.818858-8.813418-8.812948-8.814858 
-8.828978-8.831668-8.837738-8.826748 8.883448 8.837944 8.854792 8.846816 

8.827827 8.8154C7 8.889523 8.886883 8.BByieS 8.888536-8.884868-8.884778 
8.885611 8.828624 8.838784 8.824397-8.882198-8.834528-8.855118-8.862188 

-8.868368-8.848748-8.828758-8.888918 8.848811 8.879883 8.092992 8.87Y733 
8.857349 8.837643 8.828253 8.828712 8.833285 8.837627 8.848191 8.836891 

- F i l e :  LYR2.IW P.5,. 
1.831939 8.841243 8.859472 8.855587 8.822973-8.816378-8.848618-8.84C698 
.8.846378-8.846288-8.848948-8.823848 8.881381 8.821389 8.844875 8.873267 
8.894488 8.898557 8.859699 8.818843-8.817388-8.845768-8.867528-8.886488 
-8.898818-8.897258-8.884188-8.868638-8.854858-8.838498-8.813168 8.887731 

8.813387 8.014635 8.818685 8.828224 8.817187 8.811885-8.884338-8.839158 
-8.872768-8.884718-8.876798-8.868838-8.847838-8.847888-8.864248-8.883878 
-8.885948-B.868118-8.848148-8.814258-8.886268-8.812498-8.8888l8 8.813837 

8.838424 8.857192 8.873299 8.882539 8.882147 8.878581 8.863963 8.037235 
8.826771 8.834381 8.831861 8.818651-8.812918-8.835958-8.857778-8.871298 
-8.873888-8.875388-8.877638-8.869788-8.851528-8.828948 8.881629 8.834139 

8.854467 8.864547 8.861835 8.838688-8.813218-8.834568-8.824988-8.881788 
8.828691 8.044157 8.869768 8.884248 8.870136 8.864899 8.843723 8.818488 
-8.827498-8.853448-8.861888-8.818118-8.846678-8.832318-8.819428-8.887C58 

8.885899 8.828992 8.838968 8.833883 8.836361 8.042197 8.838189 8.818931 
-8.825348-8.848598-8.857738-8.863388-8.878858-8.875718-8.873588-8.855788 
-8.818898 8.824312 8.855547 8.868819 8.872115 8.874681 8.879416 8.884296 

8.888293 8.068723 8.839483 8.831792 8.838589 8.816536-8.814338-8.84Y170 
-8.871238-8.868488-8.851418-8.843668-8.858168-8.855968-8.848518-8.831278 

-8.823588-8.818338-8.812348-8.812478-8.819998-8.829268-8.832388-8.824778 
-8.813488-8.885598-8.882788-8.882878-8.888ll8 0.084147 8.882488-8.884818 
-8.882230 8.817115 8.845368 8.878243 8.898771 8.181467 8.115771 8.183360 

8.873528 8.846616 8.838861 8.819283 8.886448-8.885488-8.884538 8.816224 
8.851824 8.882149 8.891891 8.888787 8.891648 8.891123 8.887171 8.871589 
8.853976 8.848563 8.044587 8.862125 8.869881 8.861128 8.858671 8.841248 

-8.8538Y8-8.&42838-8.827538-8.884578 8.832797 8.866466) 0.869SCB 8.044237 
8.81486~8.883618-8.815678-8.838388-8.844228-8.811148-8.848798-8.843348 

-8.835848-8.812618 8.822939 8 . 8 1 7 W  8.888528 8.881757 8.878269 8.83894Y 
8.881267-8.821418-8.848128-8.857289-8.877638-8.896238-8.182618-8.894788 
-8.88Sl48-8.885698-8.887868-8.86Y17~.833588-8.884C28 8.888453 0.812312 

8.811981 8.887381-8.884988-8.825158-8.848848-8.876898-8.899858-8.186418 
-8.892398-8.873548-8.864288-8.858738-0.847368-8.832798-8.822798-8.817348 
-8.813518-8.814678-8.822838-8.83899-88.811598-8.846938-8.831188-8.821138 
-8.818488-8.819138-8.81C888-8.889288-8.886998-8.813878-8.815318-8.818748 
-8.825998-8.827498-8.817318-8.883258 8.887488 8.888925 8.889293 8.822912 

8.848789 8.871963 8.885419 8.898921 8.888413 8.879979 0.874176 8.87598Y 
8.878835 8.868063 8.852285 8.044376 8.044S68 8.044368 8.837547 8.822831 
8.888888-8.821858-8.042768-8.857988-8.861118-8.811618-8.833928-8.814528 
8.883184 8.824277 8.8581Y7 8.874771 8.895853 8.189856 8.187837 8.891283 
8.871565 8.858965 8.828987 8.888248-8.885888-8.889488-8.816428-8.818968 
-8.843768-8.858738-8.852558-8.852358-8.811838-8.043338-8.836288-8.829168 
-8.826548-8.838318-8.848168-8.847418-8.848748-8.8213~0 8.882121 8.828365 

8.826187 8.819579 8.8839Yt8.811718-8.817378-8.828~8.8288Y8-8.839798 
-8.848218-8.847398-8.~18-8.84C988-8.853828-8.864818-8.874478-8.876388 
-8.873528-8.871178-8.864228-8.84C598-8.826668-8.816268-8.816388-8.816658 
-8.818868-8.B0B758 0.014751 8.833Y71 8.846632 8.04438Y 0.83246) 8.824483 

8.825189 8.829224 8.834989 8.84282Y 8.849131 8.043832 8.821747 8.087411 
8.888831 8.882285 8.888952-8.884728-8.889728-8.889118-8.888378 8.813688 
8.838161 8.847256 8.858288 8.819928 8.812112 8.837264 8.823589 8.812917 

.E49987 8.864161 0.062456 8.044088 8.81758e8.887978-8.825728-8.836470 
d.844418-8.851678-~.855758-8.818148-8.829158 8.88873Y 8.828171 8.849888 

-8.828218-8.814848-8.888893 8.81133L 8.817627 8.819872 8.016629 8.887557 
-8.881688-8.887738-8.815148-8.827868-8.841498-8.847718-8.848428-8.829778 
-8.829788-8.834368-8.827588-8.887718 8.814899 8.828869 8.829859 8.018951 

8.888336 8.8856Y6 8.889477 8.0183LS 8.883813-8.886698-8.889238-8.886358 
-8.884818-8.882788-8.882688-8.888198-8.824218-8.846898-8.86L788-8.8831L~ 
-8.897198-8~185268-8.182L38-8.892188-8.876738-8.859558-8.843268-8.828188 

a 

-8.84i898-8.824398 0.e84587 8.832448 8.849888 8 . 8 ~ 4 6 7 ~  8.8ssg)s 8.848219 

e 

-~. ~ i 9 ~ 4 8 - ~ . ~ 2 ~ ~ 2 8 - ~ . ~ ~ ~ ~ s 8 - ~ . ~ s i ~ ~ 8 - ~ . ~ s ~ i 4 8 - ~ . ~ s i ~ 7 8 - - 8 . ~ ~ s i 8 - ~ . ~ ~ m ~ ~  

8.832384 8 . 8 3 ~ 2 ~ 1  e.044824 B . B ~ S K B S  B . B B B B B B - B . B Z ~ ~ ~ ~ - B . ~ ~ S ~ ~ - - ~ . E ~ ~ S K ~  

~ . ~ ~ i i s s - ~ . ~ ~ ~ ~ g ~ - ~ . e m i e e  8.083779 o.eiasss 0.01~733 8.823936 ~ . e 3 3 8 1 3  

8 . 8 6 ~ 4 8 8  B . B ~ ~ C B B  B . B ~ C Z B ~  8.877725 8 . ~ 7 8 3 ~ 2  a . w c g m  n . 8 1 w a - a . 8 i e e ~ 8  

e 

F r i  O c t  28. 1995 - Pas. 3 - 1 - -Film: LYR2.IW 
-8.818918 8.887189 8.822773 8.837253 8.849693 8.056877 8.854829 8.843141 
8~821981-8.882188-8.823628-8.838488-8.~338-8.848748-8.828438-8.813978 

-8.884738-8.881128 8.881563 8.084112 B . B W l C  8.883837 8.8828W 8.882133 
8.882139 8.882L75 8.00lLSL 8.882320 8.818117 8.828472 8.849864 8.816227 
8.064893 8.879275 8.891653 8.889875 8.87Y821 8.86Y853 8.857128 8.847464 
8.844485 8.048773 8.831176 8.019413 8.811869 8.886739 8.884781 8.883173 
8.881515-8.888468-8.888968 8.883344 8.812464 8.828339 8.824845 0.825551 
8.826131 8.824981 8.824881 8.825976 8.820987 8.884989-8.815848-8.034298 
-8.846238-8.849428-8.845878-8.843178-8.BIC578-8.812358-8.857838-8.864858 
-8.873148-8.877398-8.876578-8.87epZS8.869898-8.858448-8.846298-8.839898 
-8.836588-8.833938-8.829288-8.825758-8.824158-8.822378-8.822518-8.828178 
-8.836858-8.846188-8.853378-8.854768-8.847788-8.836598-8.827618-8.822428 
-8.818838-8.814728-8.888538-8.881378 8.887312 8.017288 8.825885 0.834467 

8.847867 8.862789 8.878413 8.867088 8.818357 8.851915 8.849773 8.044629 
8.833189 8.822651 8.819536 8.828189 8.821221 8.823949 8.828928 8.833227 
8.834789 8.833637 8.832912 8.832472 8.832571 8.834333 8.837285 8.838456 
8.836949 0 . 8 W 7 1  8.833344 8.836829 8.042995 8.846552 8.846341 0.847837 
8.858688 8.858781 8.8418S9 8.825395 8.884563-8.817628-8.833458-8.838198 \ 2 -8.83SlSE-8.838390-8.8246S0-8.816268-8.886438 8.881344 8.886816 8.818949 
8.811989 8.885349-8.885948-8.817378-8.823158-8.825238-8.825228-8.828458 

-8.818788 8.888864 8.818765 0.819459 8.821184 8.817461 8.813147 8.884829 8 -B.818168-8.823S68-8. 831690-8. 834828-8.833468-8.833518-8.833298-8.838478 
-8.823618-8.815668-8.811278-8.811298-8.811588-8.889548-8.88S858-8.8815QB 

8.888931 8.888784 8.881291 8.882573 8.885168 8.888288 8.889829 8.885984 
8.888371-8.881188-8.887878-8.804438-8.882388-8.884978-8.889518-8.811368 
-8.888898-8.886218-8.886328-8.886668-8.884838-8.881248-8.882348-8.885378 
-8.885618-8.885188-0.886218-8.881188-8.888658 8.B84016 8.006283 8.886312 

8.887848 8.889464 8.818741 8.88993Y 8.811917 0.01781L 8.819341 8.818557 
-8.888888-8.886368-8.811948-8.819318-8.826828-8.832378-8.831328-8.823678 
-8.813818-8.884978 8.882693 8.818845 8.818736 8.821923 8.819747 8.813579 
8.884968-8.884898-8.811648-8.816998-8.819488-8.828218-8.821488-8.823888 

-8.825288-8.821818-8.811868-8.882988 8.BBllKB 8.885512 8.809981 8.818883 
8.885421-8.881518-8.887288-8.811368-8.815718-8.828458-8.822148-8.818868 

-8.811938-8.883588 0.886213 8.818181 8.838987 8.038763 8.838925 8.833824 
8.824728 8.8ll3~1-8.882898-8.814798-8.822388-8.824188-8.823868-8.825568 
-8.832688-8.838238-8.836798-8.838548-8.824818-8.823838-8.822898-8.817868 

4 d 0 ' 
9 

8.882883 8.882667-8.881128-8.881148-8.881818 
8.884848 8.887291 8.889845 8.888379 8.883523 
8.882683 8.888395 8.882677 8.887981 8.889643 
8.828Y8Y 8.825949 8.828445 8.83838Y 0.831464 
8.828601 8.83878Y 8.834888 8.035572 0.834288 
8.822144 8.828949 8.819195 8.817413 8.015936 
8.819427 8.821856 8.828797 8.818989 8.819856 
8.813243 8.886288-8.888813-8.88~8-8.810348 
-8.889928-8.881198-8.882658-8.881698-8.804268 

-8.889818-8.884778-8.888538 
-8.003498 8.888181 8.882512 

8.888587 0.882168 8.884333 
8.888277 8.888BIB 8.014147 
8.831269 8.838325 8.829125 
8.838288 8.825728 8.823264 
8.814549 8.813736 8.815672 
8.828168 8.828827 8.8181Y2 
-e.~i3398--~.~i~~g8--8.~i2~2e 
-8.887858-0.811388-8.811888-8.817718-8.816638-8.811848-8.817188-8.828338 
-8.821978-8.825818-8.838458-8.836718-8.842688-8.847458-8.847368-8.839318 
-8.826778-8.816898-8.811658-8.889198-8.887488-8.887818-8.818258-8.818578 
-8.838888-8.839638-8.~518-8.848458-8.836148-8.829418-8.819l28-8.886748 

8.884245 8.88982Y 8.818911 8.818912 8.812413 8.813451 8.831912 8.818197 
8.889429 8.887211 8.88~2-8.888188-8.881748-8.882148-8.881868-8.888816 
8.804147 8.818883 0.815688 8.81C637 B.815867 8.814688 8.817551 8.821877 
8.823752 8.825387 0.825L43 8.824141 8.821115 8.818368 8.81561Y 8.811968 
8.886832 8.881192-8.881878 8.088680 8.886243 8.811488 8.811944 8.888512 
8.886117 8.8848¶6-8.881218-8.888688-8.812948-8.813898-8.811868-8.811288 

-8.889138-8.881858 8.888117 8.883787 8.804947 8.883488 8.88886Y-8.881578 
-8.881488 8.881L53 0.881171 8.887229 8.018099 8.814195 8.81582Y 0.81289Y 

8.886128 8.881179-8.883378-8.818888-8.818278-8.825458-8.828878-8.829C58 
-8.829218-8.826538-8.828818-8.811478-8.884638-8.881858-8.882488-0.885310 
-8.887688-8.888678-8.888498-8.88C578-8.882678 8.881288 8.00429C 8.886691 

2 7 7 F i l e :  LYR2.IW Pas. 4 - 
8.888675 8.088403 8.885848 8.883043 8.888744-8.881398-8.881168 8.881581 
8.883731 8.883184 8.881269 8.888739 8.082161 8.883237 8.883885 8.884899 
8.886875 8.88921Y 0.818Y68 8.811211 8.811144 8.811291 8.811355 8.809848 
8.886845 8.884864 8.8829Y2 8.883832 8.884al3 8.887843 8.818768 8.812421 
8.812187 8.812269 8.813877 8.8141Y2 8.089CBI 8.888C3t8.887278-8.810748 
-8.889838-8.887228-8.885548-8.881218-8.884168-8.88ll98 8.883488 0.0878Cl 
8.8866Cl 8.882813-8.881~98-0.881810 8.880112 9.881416 8.881525 8.888736 

-8.888968-8.883798-8.88L939-8.889818-8.818Y28-8.818588-8.889818-8.889288 
-8.887288-8.884228-8.888528 8.8826Y1 0.884J25 8.883699 8.888899-0.884910 
-8.888628-8.889669-8.887418-8.883358 8.888293 8.881773 8.881871 8.881581 

8.882397 8.884133 8.884904 8.883437 8.881424 8.888821-8.881138-8.882158 
-8.882568-8.881498-8.8888L9-8.800430 8.881C80 8.88585Y 0.811845 8.815161 

8.817835 0.019720 0.82BY60 8.820621 8.81Y224 0.81CBSl 8.014627 8.812731 
8.889896 8.886241 8.88433Y 8 .884W 8.885147 8.884711 8.804231 8.082691 
-8.882838-8.888189-8.812498-8.813399-8.812738-8.818458-8.886288-8.882148 

8.888739 8.882648 8.884621 8.886824 8.886512 8.881723 8.803459-8.888188 
-8.883978-0.887139-8.809889-8.012CY8-8.8lL228-8.817988-8.816478-8.814128 
-8.812438-8.811868-0.811718-8.811L49-8.811288-8.8111~8-8.811138-8.818838 
-8.818818-8.8ll878-8.812618-8.812138-8.889Y99-8.886168-8.888680 8.00444E 

8.888831 8.818869 9.810184 8.888480 0.887536 8.887488 0.806688 8.881201 
8.BMBBS 8.883136 8.883872 8.883376 8.883643 8.884139 8 . 8 8 W 9  8.086387 
8.806464 8.885283 8.8027Y7-8.888380-8.803538-8.88C938-8.888599-8.887418 

-8.884898-8.882488-8.888138 8.881525 8.883845 8.884941 8.88L45L 0.086416 
8.881141 8.88284t8.883438-8.818198-8.815268-8.817648-8.818818-8.817248 
-8.811528-8.814238-8.81~18-8.811188-8.887~8.883438-8.882228-8.882398 
-8.88l848-8.88l238-8.881218-8.88212ee.8832L8-8.8841L9-8.8BQZ18-0.883Y80 

-8.882788-0.882418-8.881478 8.880157 8.801787 8.081133 8.8884Y9 8.080787 
8.881237 8.881043 8.882072 8.804400 8.886800 8.888184 8.888803 8.08693L 
8.884881 B.BBlSC0 8.888872 8.882851 0.884256 8.086176 8.88888S 0.88Y544 
8.818821 8.889281 8.888411 0.886917 8.004317 8.881443-8.880758-8.002878 
-8.884988-8.88LC89-0.807858-8.886168-8.8837'18 8.888819 8.882821 8.883883 

8.882885 8.881312 8.88OY52-8.88882Y-8.881398-0.88W~O.885368-8.88LlSO 
-8.885818-0.882738-8.888200 8.881760 8.883032 8.88LBBO 0.8878Y1 0.888779 
8.808048 8.881241 8.8828L1 8.888883-8.888Y68-8.88zll8-8.882118-8.888788 
8.8883Y7-8.880218-0.881~8.881518-8.800178 B.BB2717 8.881184 8.88842Y 
8.889776 8.818483 8.80YY36 8.888352 8.887309 8.887L48 8.889UC 8.811768 
8.814191 8.0119LS 0.01785C 8.817115 8.816075 8.81389C 8.811747 8.889351 
8.88653Y 0.883627 0.881885 8.881531 8.881648 8.881824 8.88824l+8.881168 
-8.883238-8.884978-8.885318-8.881878-8.883729-8.882389-8.888778 8.881883 

8.883544 B.BBCS7Y 8.809880 0.888933 8 . 8 B C u B  8.88218Y-O.881868-8.884Y68 
-8.886198-8.886398-8.88C468-8.887858-8.887778-8.8877Y8-8.886288-8.884348 
-8.882718-O.801CY8-O.881218-8.882218-8.8Beot8-8.88CYl8-O.888199-8.888168 
-8.888688-8.888228-0.886778-8.881218-8.0845L8-8.884639-8.883YY8-8.883850 
-8.882748-8.882729-8.882118-8.882~8.88~8-8.882728-8.883898-0.8~48 
-8.885528-8.887288-8.888848-8.889748-8.8888Y8-8.88C498-8.884288-8.883718 
-8.804488-8.881840-0.8B4148-8.8838Y8-8.8821Y8-8.881598-8.88ll38-8.881848 
-8.888559 8.880437 8.881871 8.883056 0.881891 8.8851Y2 8.806328 8.886883 

8.887871 8.887168 8.886sag 8.8mn 8.88i4~9-~.~8i678-8.883868-8.884~88 
-8.883518-B.881310 0.881827 0.002688 9.884d2l 8.805619 8.88C256 8.085881 

8 . 8 8 5 W  8.881311 8.804435 8.882824 8.881963 8.88189L 8.882191 8.8828YY 
8.882856 8.882281 0.882184 0.882544 8.002576 8.881Y44 0.888787-8.888218 
-8.888619-8.801119-0.881389-0.881218-8.888188-8.888778-8.088178-0.888880 
-8.881yIB-8~882828-8.801668-8.8814Y8-8.882888-8.883818-8.804288-8.886810 
-8.887~8-8~8875L8-8.886128-8.881718-8.881688-8.886518-0.88769-88.888720 
-8.889818-8.888688-8.887~8.885L48-8.883158-8.881358-8.8884~9-8.888128 
-8.88883t8.880718-0.88lCt9-8.881748-8.801129-8.888958 8.88018Y 8.881151 

8.081911 8.082461 0.~82Y68 0.883192 8.88317Y 8.882688 8.8818YL 8.8887LS 
8.888123 8.888918 0.888155-8.888843 8.8881Y2 8.888733 8.881245 8.881528 
8.8821LS 8.883184 0.804616 8.886043 8.8BC813 0.887664 8.888Y41 8.88Y477 

- ~ . ~ ~ ~ ~ ~ 8 - o . ~ ~ i s 8 8 - o . ~ ~ ~ ~ ~ 9 - ~ . ~ ~ ~ ~ s 8 - 8 . 8 m s 8 - ~ . ~ 8 ~ ~ 9 - o . ~ ~ ~ ~ i ~ ~ . ~ ~ ~ 8 o  



7 F11e: LYR2.IW P.9. s - 
8.089344 8.8886ig 8.887213 8.eess8i 0:804s73 ~ . e 8 3 2 4 8  8.881813 8.881824 
8.881864 8.881S9S 8.883853 8.804787 8.886179 8.886715 8.886S2S 8.88S411 
8.884189 8.883187 8.882992 8.882624 8.881883 8.888557-8.888668-8.881718 

-8.881848-8.8889S8 8.8888SY 8.88248S 8.883888 8.882891 8.882648 8.882184 
8.881389-8.888238-8.882888-8.883498-9.804S28-8.88S6S8-8.88Ll98-8.886468 
-8.886498-8.8868S8-8.884838-8.883488-8.881888-0.888988-8.888728-8.888828 
-8.888988-8.881S38-8.882S78-8.804888-8.88S888-8.88S288-9.8048~8.804378 
-8.883948-8.883978-8.883978-8.883768-8.883488-8.883S88-8.883S68-8.8838S8 
-8.883828-8.883138-8.88lS88 8.888288 8.881437 8.801351 8.888739 8.888136 
-8.888W-8.888388-8.888288 8.888381 8.881893 8.881789 8.88264S 8.803848 

9.883248 8.883392 0.883253 8.882283 0.881112 8.888323 8.888256 8.888893 
1.88224s 0.883533 8 . 8 W 7 S  8.886272 8.8875M 8.88792S 8.887968 8.888816 
8.887963 8.887245 8.886891 8.884133 8.881731-8.888~8.882348-8.884238 
-8.88S618-8.886128-8.88S668-8.804188-8.884278-8.883788-8.883788-8.8&44S8 

8.888187-8.881838-8.881948-8.882~8.882S38-8.8828~8.883378-8.883848 
-8.884818-8.884178-8.8Bu48-8.884118-9.884148-8.884188-8.884848-8.883888 
-8.883488-8.883878-8.882438-8.881818-8.881818-8.888248 0.888688 8.88123S 

8.881773 8.881987 8.882181 8.88lY79 8.881899 8.88172S 8.881688 8.081176 

-8.88S118-8.88S818-8.884188-8.8838S8-8.881738-8.88~8 8.808643 8.888883 
e 



I L -: - 
c Fila: xCLLYRIB.I%I 

-8.81634 8.01634 -0 - OSDF 2 . 7 7 5  - 8 . 1 1 6 4 1  
-8.82848 8. 82848 Cg3980-9.11 2 . 8  -8.14594 
-8.82364 8.82364 2 . 8 2 5  -8.16847 
-8.82560 8.82568 2 . 8 5  -8.18248 

2 . 8 7 5  -8.18673 -8.82621 8.82621 

l.auer 8 - Liner and Foundation Assleratlon 
Synthmtio - 82-Sm 

-8.82525 8 .  82525 
tllk -8.89942 I::::::: -8.82268 8.82268 
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.1  
8 . 1 2 5  
8.15 
8 . 1 7 5  
8 . 2  
8 . 2 2 5  
.e. 2 5  
8 . 2 7 5  
8 . 3  
8 .  325 
0 . 3 5  
8 . 3 7 5  
0 . 4  
8 . 4 2 5  
8 . 4 5  
0 . 4 7 5  
8 . 5  
8. 525 
8 .55  
8. 5 7 5  
8.6 
8.625 
8.65 
0 . 6 7 5  
8 . 7  
8 . 7 2 5  
8 . 7 5  
0 . 7 7 5  
8 . 8  
8. 825 
8.85 
8 . 8 7 5  
8 . 9  
8.925 
8 . 9 5  
8 . 9 7 5  
1 
1 . 8 2 5  
1 . 8 5  
1 . 8 7 5  
1 . 1  
1 . 1 2 5  
1 . 1 5  
1 . 1 7 5  
1 . 2  
1 . 2 2 5  
1 . 2 5  

S h e a r  Stress AocIeratl 
-8.80087 -8. 88881 
-8.88887 -8.88881 
-0.88115 -8.88816 
8.88126 8.88818 -8.88818 
8.88869 0.80818 -8.88818 
-8.88049 -8.88887 
8.80158 8.08821 -8.88821 
-8.88883 -8. 88812 
8.88123 8.88817 -8.88817 
-8. 88884 -8. 88812 
8.88815 8.88882 -8.88882 
8.88884 0.88888 8.88808 
-8.88033 -8.88885 
-8. 88858 -8.88887 
-8.88128 -8.88817 
-8. 88141 -8. 88828 
-8.88236 -8.88833 
-0.88244 -8. 88834 
-8.88877 -0. 88811 
-0.88113 -8.88816 
-8.88164 -8.88823 
-8.88228 -8.88832 
-8.88385 -8.88843 
-8.88394 -8.88855 
-8.88496 -8.88878 
-8.88611 -8.88886 
-8.88735 -8.88183 
-8.88859 -8.88121 
-8 .  88971 -8.88136 
-8.81855 -8.88148 
-8.81896 -8.88154 
-8.81893 -8.881S3 
-8.81862 -8.88149 
-8.81821 -8.88143 
-8.88969 -8.88136 
-8.88894 -8.88126 
-8 .  88883 -8. 88113 
-0.88725 -8.88182 
-8.88781 -8.88898 
-8. 887Sl -0.88185 
-8.88873 -8.88123 
-8.81861 -0.88149 
-8.81318 -8.88185 
-8.81657 -8.88233 
-8.82868 -8.88298 
-8.82584 . -8.88351 
-8.82893 -8.88486 
-8.83166 -8.88444 
-8.83269 -8. 88459 
-8.83164 -8.88444 
-8.82849 -8.88488 

8.88855 
8.08878 
8.88886 
8.88183 
8.88121 
8.88136 
8.88148 
8.88154 
8.88153 
8.88149 
8.88143 
8 .  88136 
8.88126 
8 . 8 0 1 1 3  
8.88182 
8. 88898 
e. 88185 
8.88123 
8.88149 
8. 88185 
8.88233 
8.88298 
8 .  88351 
8.88486 
8.88444 
8. 88459 
8.88444 
8.88480 

3b 

2 . 9 5  
2 . 9 7 5  
3 
3.825 
3.85 
3 . 8 7 5  
3 . 1  
3 . 1 2 5  
3 . 1 5  
3 . 1 7 5  
3 . 2  
3 . 2 2 5  
3 . 2 5  
3 . 2 7 5  
3 . 3  
3 . 3 2 5  
3 . 3 5  
3 . 3 7 5  
3 . 4  
3 . 4 2 5  
3 . 4 5  
3 . 4 7 5  
3.5  
3 . 5 2 5  
3 . 5 5  
3 . 5 7 5  
3 . 6  
3.625 
3 . 6 5  
3 . 6 7 5  
3 . 7  
3 . 7 2 5  
3 . 7 5  
3 . 7 7 5  
3 . 8  
3 .  825 
3 . 8 5  
3 . 8 7 5  
3 . 9  
3 . 9 2 5  
3 . 9 5  
3 . 9 7 5  
4 
4 . 8 2 5  
4 . 8 5  
4 . 8 7 5  
4 . 1  
4 . 1 2 5  
4 . 1 5  
4 . 1 7 5  
4 . 2  
4 . 2 2 5  
4 . 2 5  

-8.13586 -8.81987 
-8;11868 ' -8.81553 
-8.89388 -0.81386 
-8. 88453 -8.81186 
-8.88289 -8.81163 
-0.88563 -8.81282 
-8.886S2 -8.81214 
-8. 87934 - 8 . 8 1 1 1 4  
-8.86431 -8.88983 
-8.84332 -8.88608 
-8.82897 -8.88294 
-8.88237 -8.88833 
8.88261 8.88837 -8.88837 
-0.81169 -8.88164 
-8. 04368 -8.88612 
-8.89331 -8.81318 
-8.14772 -8.82873 
-8.28149 -8.82828 
-8.24622 -8.83456 
-8.27942 -8.83795 
-8.26628 -8.83736 
-8.22986 -8.83215 
-8.15662 -8.82198 
-8.85114 -8.88718 
8.87788 8.81881 -8.81881 
8.28479 8.82874 -8.82874 
8.38681 8.94295 -8.84295 
8.37329 8.85239 -8.85239 
8 . 4 1 6 1 9  8.85041 -8.85841 
8.43874 8.86158 -8.86158 
8.43481 8.86183 -8.86183 
8.48447 8.85677 -8.05677 
8.36418 8.85111 - 8 . 8 5 1 1 1  
8.33672 8.84726 -8.84726 
8.33322 8.84677 -8.84677 
8.34754 8.04878 -8.84878 
8.36882 8.85165 -8.85165 
8.39821 8.85477 -8.05477 
8.41562 8.85803 -8.85833 
8.43999 8 . 8 6 1 7 5  -8.86175 
8.45888 8.86327 -8.86327 
8.43888 8.86147 -8.06147 
8.39723 8.85575 -8.85575 
8.32789 8.84591 -8.84591 
8.23333 8.83275 -8.83275 
8.12496 8 . 8 1 7 5 4  -0.81754 
8.88084 8 . 8 6 1 1 3  -8.86113 
-8.18563 -0.81483 
-8.19442 -8.82729 
-8.24462 -8.83433 
-8.26852 -8.83656 
-8.25154 -8.83538 
-8.22642 -8.03178 

~~~~ 

8.81987 
8 . 8 1 5 5 3  
8.81386 
8.81186 
8 . 8 1 1 6 3  
8.81282 
8 . 8 1 2 1 4  
8 . 8 1 1 1 4  
8.88983 
8.88688 
8.88294 
8.88833 

8.88164 
8.88612 
8 . 8 1 3 1 8  
8.82873 9' 
8.82828 
8.83456 
8.83795 
8. 83736 
8 .  83215 
8.82198 
0.88718 

8.81483 
8.82729 
8.83433 
8.83656 
8 .  83538 
8.83178 

Fil.: xcLLYR0.m Pig. 2 - - F11e: x t L L Y R 8 . m  Pas. 4 - 
:75 -8.82368 -8.80332 8.88332 4 . 2 7 5  -8.19856 -8.82674 8.02674 

-8.81884 -8.88253 0.88253 4 . 3  -8.13757 -8.81931 8.81931 
1 . 3 2 5  
1 . 3 5  
1 . 3 7 5  
1 . 4  

. 1 . 4 2 5  
1 . 4 5  
1 . 4 7 5  
1 . 5  
1 . 5 2 5  
1 . 5 5  
1 .  5 7 5  
1 . 6  
1 . 6 2 5  
1 . 6 5  
1 . 6 7 5  

1 . 7 2 5  
1 . 7 5  
1 . 7 7 5  
1.8 
1 . 8 2 5  
1 . 8 5  

' 1 . 7  

1 . 8 7 5  
1 . 9  
1 . 9 2 5  
1 . 9 5  
1 . 9 7 5  
2 
2 . 8 2 5  
2 . 8 5  
2 . 8 7 5  
2.1  
2 . 1 2 5  
2 . 1 5  
2 . 1 7 5  
2 . 2  
2 . 2 2 5  
2 . 2 5  
2 . 2 7 5  
2 . 3  
2 . 3 2 5  
2 . 3 5  
2 . 3 7 5  
2 . 4  
2.425 
2 . 4 5  
2 . 4 7 5  0:. 2 . 6  5 7 5  

2 . 6 2 5  
2 . 6 5  
2 . 6 7 5  
2.7 
2 . 7 2 5  
2 . 7 5  

-8.81236 -8.88173 
-8 .  88747 -8.08185 
-8.88459 -8.88864 
-8.88491 -8.88869 
-8.88861 -8.88121 
-8.81455 -8.88284 
-8. 82188 -8.88296 
-8.82689 -8.88377 
-8.83159 -8.88443 
-8.83482 -8.88489 
-8.83543 -8.88497 
-8.83217 -8.80451 
-8.02495 -8.88358 
-8.81532 -8.88215 
-8.88573 -8.BB88B 
8.88136 8.88819 -8.88819 
8.88333 8.88847 -8.88847 
-8.88225 -8.88832 
-8.81587 -8.88223 
-8. 83448 -8.88484 
-8.85316 -8.88746 
-0.86769 -8.88958 
-8.87S86 -8. Bl8S3 
-8.87436 -8.81844 
-8.86667 -8.88936 
-8.815313 -8.88746 
-8.83462 -8.88486 
-8.81388 -8.88195 
8.88533 8.88875 -8.88875 
8.82223 8.88312 -8.88312 
8.83721 8.88522 -8.88522 
8.85472 8.88768 -8.88768 
8.86869 8.88852 -8.88852 
8.86461 8.88987 -8.88987 
8.87236 8 . 8 1 8 1 6  -8.81816 
8.88885 8 . 8 1 1 2 3  -8.81123 
8.88813 8 . 8 1 2 3 7  -8.81237 
8.09655 8 . 8 1 3 5 5  -8.81355 
8.18358 8.81454 -8.81454 
8.18696 8.81581 -8.81581 
8.18569 8.81483 -8.81483 
8.18898 8 . 8 1 4 1 6  -8.81416 
8.89345 8 . 8 1 3 1 2  -8.81312 
8.88379 8 . 8 1 1 7 6  -8.81176 
8.87369 8.81834 -8.81834 
8.86579 8.88923 -8.88923 
8.86288 8.88883 -0.88883 
8.86631 8.88931 -8.88931 
8.87386 8.81837 -8.81837 
8.88879 8 . 8 1 1 3 4  -8.81134 
0.88485 0.01188 -8.81188 
0.88822 8.81126 -8.81126 
8.86555 8.88928 -8.88928 
8.04147 8.88582 -8.88582 
8.81223 8 . 8 8 1 7 2  -8.88172 
-8.81936 -8.88272 
-8.85156 -8. 88724 
-8.88391 - 8 . 8 1 1 7 8  

8.88173 
8.88185 
8.88864 
8.88869 
8 . 8 8 1 2 1  
8. 88204 
8.88296 
8.88377 
8.80443 
e. 88489 
8. 88497 
8.88451 
8. 80358 
8. 88215 
8 .  88888 

8.88832 
8.88223 
0.88484 
8.88746 
8.88958 ' 

8.818S3 
e. 81844 
8.80936 
8. 88746 
8. 80486 
8.08195 

8.88272 
8 .  88724 
8 . 8 1 1 7 0  

4 . 3 2 5  
4 . 3 5  
4 . 3 7 5  
4 . 4  
4 . 4 2 5  
4 . 4 5  
4 . 4 7 5  
4 . 5  
4 . 5 2 5  
4 .  55 
4 . 5 7 5  
4 . 6  
4 . 6 2 5  
4 . 6 5  
4 . 6 7 5  
4 . 7  
4 . 7 2 5  
4 . 7 5  
4 . 7 7 5  
4 . 8  
4.825 
4 . 8 5  
4 . 8 7 5  
4 . 9  
4.925 
4 . 9 5  
4 . 9 7 5  
5 
5.825 
5.85 
5 . 8 7 5  
5 . 1  
5 . 1 2 5  
5 . 1 5  
5 . 1 7 5  
5 . 2  
5 . 2 2 5  
5 . 2 5  
5 . 2 7 5  
5 . 3  
5 , 3 2 5  
5 . 3 5  
5 . 3 7 5  
5 . 4  
5 ,425 
5 . 4 s  
5 , 4 7 5  
5 . 5  
5 . 525 
5.55 
5 .  5 7 5  
5 . 6  
5 . 6 2 5  
5.65 
5 . 6 7 5  
5 . 7  
5 . 7 2 S  
5 . 7 5  

-8.en166 -0.01146 
-8.05139 -8.88721 
-8.04429 -8.88622 
-0.85963 -8.88837 
-8.89266 -8.81381 
-8.13351 -8.81874 
-8.16791 -8.82357 
-8.19876 -8.82677 
-8.28496 -8.82877 
-8.21748 -8.83852 
-8.23198 -8.83255 
-0.24128 -8.83386 
-8.23922 -8.83357 
-8.23167 -8.83251 
-8.23461 -8.83293 
- 8 . 2 1 7 3 1  -8.83611 
-8. 28885 -8.84854 
-8.31831 -0.84355 
-8.31318 -8.84396 
-0.29858 -8.84191 
-8.26927 -8.83779 
-8.22815 -8.83282 
-8.18184 -8.82552 
-8.14831 -8.81978 
-8. 118.52 -8. B1551 
-8. 88935 -8.81254 
-8.86518 -8.88915 
-8.82582 . -8. 883Sl 
8.04427 8.88621 -8.80621 
8 . 1 5 1 6 3  8.82128 -0.82128 
8.29456 8.84134 -8.84134 
8.45356 8.86366 -8.86366 
8.59583 8.88363 -8.88363 
8.69864 8.89693 -8.8Y693 
8 . 7 1 6 2 7  8.18853 -8.18853 
8.65979 8.89268 -8.89268 
8 . 5 2 1 2 4  8.87316 -8.87316 
8.32893 8.04584 -8.04594 
0.18334 8.81450 -8.81458 
-8.88269 -8.81161 
-8.21334 -8.82994 
-8.29334 -8.84117 
-8.33149 -8.84653 
-8.32569 -8.84571 
-8.27722 -8.83891 
-8.20467 -8.82873 
-8.13748 -8.81929 
-8.89433 -8.81324 
-8.87221 -8.81813 
-8.86287 -8.88871 
-8.86209 -8.88883 
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8.83399 8.88477 -8.80477 
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8.26928 8.83778 -8.83778 
8.35877 8.85835 -8.85835 
8.48748 8 . 8 5 7 1 9  -8.85719 
8.39815 8.85588 -8.85588 
8.32020 8.84687 -8.84687 
8.21126 8.82965 -8.82965 
8.87159 8.81885 -8.81885 
-8.86374 -8.88895 
-8.17392 -8.82441 
-8.24852 -8.83488 
-8.28158 -8.81951 
-8.27848 -8.8379 6 
-8.22803 -8.83899 
-8.14493 -8.82834 
-8.86881 -8.88854 
8.81863 8.88261 -8.88261 
8.89152 8 . 8 1 2 8 4  -8.81284 
8.15858 8.82225 -8.82225 

8 . 2 1 2 7 7  8.02986 -8.82986 
8 . 1 7 1 5 1  8.82487 -8.82487 
8.89639 8 . 8 1 3 5 3  -8.81353 
8.88484 8.88857 -8.88857 
-8.89869 -8.01385 
y8.21825 -8.82951 
-8.32118 -8.84580 
-8.41881 -8. 85755 
-8.45145 -8.86336 
-8.43144 -8.86855 
-8.35479 -8. 84988 
-8.23831 -8.81345 
-8.18868 -8.81412 
0.84542 8.88637 -8.88637 
8.19813 8.82668 -8.82660 
8.32318 8.84535 -8.84535 

8.49855 8.86997 -8.86997 
8.51699 8.87256 -0.87256 
8.49909 8.87816 -8.87816 
8.46867 8.86578 -8.86578 
8.42974 0.86831 -8.86831 
8.37864 8.85282 -9.85282 
8 . 2 7 7 7 7  8.83899 -8.83899 
8.15325 8 . 8 2 1 5 1  -0.82151 
8.82823 8.88284 -8.88284 
-8.89371 - 8 . 8 1 1 1 5  

8 . 2 e m s  8.82898 -8.82898 

8.43141 8;86ess -8.86855 

e .  85558 
8.84872 
0.82254 
8.88254 

8.88895 
8 .  82441 
e .  83488 
8.03951 
8.83796 
8.83899 
8.82834 
8.88854 

8.81305 
8.82951 
8.84588 
8.85735 
8.86336 
8.86855 
8.84988 
8.83145 
8.81412 

8 . 8 1 3 1 5  

Pi1 
1 4 . 7 7 5  
1 4 . 0  
1 4 . 8 2 5  
1 4 . 8 5  
1 4 . 0 7 5  
1 4 . 9  
1 4 . 9 2 5  
1 4 . 9 5  
1 4 . 9 7 5  
15 
1 5 .  825 
1 5 . 8 5  
1 5 . 8 7 5  
1 5 . 1  
1 5 . 1 2 5  
1 5 . 1 5  
1 5 .  1 7 5  
1 5 . 2  
1 5 . 2 2 5  
1 5 . 2 5  
1 5 . 2 7 5  
1 5 . 3  
1 5 . 3 2 5  
1 5 . 3 5  
1 5 .  375 
1 5 . 4  
1 5 . 4 2 5  
1 5 . 4 5  
1 5 . 4 7 5  
1 5 . 5  
1 5 . 5 2 5  
1 5 . 5 5  
1 5 . 5 7 5  
1 5 . 6  
1 5 . 6 2 5  
1 5 . 6 5  
1 5 . 6 7 5  
1 5 . 7  
1 5 . 7 2 5  
1 5 . 7 5  
1 5 . 7 7 5  
1 5 . 8  
1 5 . 8 2 5  
1 5 . 8 5  
1 5 . 8 7 5  
1 5 . 9  
1 5 . 9 2 5  
1 5 . 9 5  
1 5 . 9 7 5  
1 6  
1 6 . 8 2 5  
1 6 . 8 5  
1 6 . 8 7 5  
1 6 . 1  
1 6 . 1 2 5  
1 6 . 1 5  
1 6 . 1 7 5  
1 6 . 2  
1 6 . 2 2 5  
1 6 . 2 5  

8 :  Iax.L.YR8.M 
-8.18188 -8.82553 
-0.25687 -8.83594 
-8.32114 -8.84587 
-8.36532 -8.85127 
-8.37368 -8.85244 
-8.34789 -8.84871 
-8.31197 -8. 84379 
-8.27786 -8.83089 
-8.26639 -8.83739 
-8.27227 -8. 83821 
-8.28837 -8.83935 
-9.28976 -8.04967 
-8.29946 -8.84281 
-8.38637 -8.84388 
-8.30445 -8.84273 
-8.28592 -8.84813 
-8.25145 -8.83589 
-8.21345 -8.82996 
-8.18583 -8.82688 
-0.17562 -8.82465 
-8.17699 -8.82484 
-8.17841 -8.82584 
-8.17444 -8.82448 
-8.16588 -8.82327 
-8.15429 -0.82165 
-8.13748 -8.81928 
- 8 . 1 1 1 2 4  -8.81561 
-8.88833 -8.81127 
-8. 85744 -8. 88886 
-8.84947 -8.88694 
-0.84519 -8.88634 
-8.82468 -8.88145 
8.82288 8.88389 -8.88389 
8.89367 8 . 8 1 3 1 5  -8.81315 
8.18657 0.82619 -8.82619 
8.29895 8.84196 -8.84196 
8.42863 8.85984 -8.85984 
8.52348 8.87346 -8.07346 
8.58164 8.88163 -8.88163 
8.58968 8.88276 -8.08276 
8.55588 8.87881 -8.87881 
8.48823 8.86852 -8.86052 
8 . 3 9 1 6 1  8.8S496 -0.85496 
8 . 2 7 7 9 1  8.83988 -8.83988 
8 . 1 7 5 1 9  8.82459 -8.824S9 
8 . 1 1 5 8 1  8.81625 -8.81625 
8 . 1 1 6 1 8  8.81631 -8.81631 
8.16362 8.82296 -8.02296 
8.23691 8.83325 -8.8332S 
8.32884 8.04492 -8.04492 
8.41525 8.85828 -8.85828 
8 . 5 1 2 5 5  8.87194 -8.87194 
8.51266 8.88837 -8.88837 
8.68414 8.88482 -8.88482 
8.58684 8.88236 -8.88236 
8 . 5 4 3 1 7  8.87623 -8.87621 
8.58277 0.87856 -8.87856 
8.47769 8.86784 -8.86784 
8.45821 8.86431 -8.86431 
8.43836 8.86152 -8.86152 

- Pri ?et 28. 1995 - Pas8 11 - 
8.82553 
8.83594 c 
8.84587 
8 . 8 5 1 2 7  
8.  8S244 
8.84871 
8.84379 ‘ tt 
8.83889 
8.83739 
8.83821 
8.83935 
8.84867 
8.84283 
8.84388 
8.84273 
8.84813 
8.83529 
8.82996 
8.82688 
8.82465 
8.82484 
8 .a2584 

8.82327 
8.82165 
8.81928 . 
8 . 8 1 5 6 1  
8 . 8 1 1 2 7  
8 .  88086 
8.88694 
8.88634 
8.88145 

e.02448 
1 

r Pile: XCLLIIL8.m P.9. 12 - 
1 6 . 2 7 5  8.42159 8.85917 -8.85917 
1 6 . 3  
1 6 . 3 2 5  
1 6 . 3 5  
1 6 . 3 7 5  
1 6 . 4  
1 6 . 4 2 5  
1 6 . 4 5  
1 6 . 4 7 5  
1 6 . 5  
1 6 . 5 2 5  
1 6 . 5 5  
1 6 . 5 7 5  
1 6 . 6  
1 6 . 6 2 5  
1 6 . 6 5  
1 6 . 6 7 5  
1 6 . 7  
1 6 . 7 2 5  
1 6 . 7 5  
1 6 . 7 7 5  
1 6 . 8  
1 6 . 8 2 5  
1 6 . 8 1  
1 6 . 0 7 5  
1 6 . 9  
1 6 . 9 2 5  
1 6 . 9 5  
1 6 . 9 7 5  
1 7  
1 7 . 8 2 5  
1 7 . 8 5  
1 7 . 8 7 5  
1 7 . 1  
1 7 . 1 2 5  
1 7 . 1 5  
1 7 . 1 7 5  
1 7 . 2  
1 7 . 2 2 1  
1 7 . 2 5  
1 7 . 2 7 5  
1 7 . 3  
1 7 . 3 2 5  
1 7 . 3 5  
1 7 . 3 7 5  
1 7 . 4  
1 7 . 4 2 5  
1 7 . 4 5  
1 7 . 4 7 5  
1 7 . 5  
1 7 . 5 2 5  
1 7 . 5 5  
1 7 .  S75 
1 7 . 6  
1 7 . 6 2 5  
1 7 .  65 
1 7 .  675 
1 7 . 7  
1 7 . 7 2 5  
1 7 . 7 5  

8.48662 8.85787 -8.85187 
8.39267 8 . 8 5 5 1 1  -0.85511 
8.38335 8.85388 -8.85388 
8.37160 8.85217 -8.85217 
8.34377 8.84825 -8.84825 
8.29232 8.84183 -8.84183 
8.21921 8.83877 -8.83877 
8.13845 8.01831 -8.81831 
8.83454 8.88405 -8.88485 
-8.85986 -8.88829 
-8.14361 -8.82816 
-8.28498 -8.82877 
-8.21827 -8.83861 
-8.16542 -8.82322 
-8.85998 -8. 88842 
8.85814 8.88816 -8.88816 
8 . 1 5 3 1 4  8.82149 -8.82149 
8.21874 8.82958 -8.82958 
8.23266 8.83265 -8.83265 
8.21679 8.83843 -8.83841 
8.15669 8.82199 -8.82199 
8.85836 8.80819 -8.88819 
-8.85248 -8.88715 
-8.14618 -8.82856 
-8.21386 -8.83882 
-8.25198 -8. 83535 
-8.24953 -8.81582 
-8.28881 -8.82818 
-8.89988 -8.81482 
8.83159 8.80443 -8.80443 
8 . 1 6 8 1 5  8.82368 -8.82368 
8.28691 8.94927 -8.04927 
8.36479 8.85128 -8.85128 
8.37494 8.85262 -8.85262 
8.34885 8.84773 -8.84773 
8.24882 8.83492 -8.83492 
8 . 1 2 1 6 7  8.81780 -8.81788 
- 8 . B W 7  -8.88488 
-8.19638 -8.82716 
-8.34884 -8. 84773 
-8.44742 -8. 86288 
-8.52198 -8.87325 
-8.57717 -8.88181 
-8.61322 -8.88687 
-8.6 1824 -8.88565 
-8.55733 -8.87822 
-8.46 8 69 -8.86578 
-0.36636 -8.85142 
-8.26391 -8.81784 
-8.16456 -8.82318 
-8.87482 -8. 81858 
-8.81371 -8.88192 
8.88886 8.88912 -8.88812 

- 8 . 1 1 7 8 4  -8.81643 
-8.22872 -8.83218 
-8.34611 -8.04061 
-8.44513 -8.86247 
-8.51555 -8.87236 

-8.81556 - e . e m g g  

8.88829 
8.82816 
8.82877 
8.83861 
8.82122 
8.88842 

8.88735 
8.82856 
8.83882 
8 .  8353s 
8.83582 
8.82818 
8.81482 

8.80498 
8.82756 
e.  84773 
8.86288 
8.87325 
8. 88181 
8.88687 
8.88565 
8.87822 
8.86578 
8.85142 
8 . 8 1 7 8 4  
8 . 8 2 1 1 8  
8.81BSB 
8.88192 

8.88499 
8.81643 
8 .  83218 
8.84861, 
8.86247 
8.87236 



18.125 
18.15 
18.175 
18.2 
18.225 
18.25 
18.275 
18.3 
18.325 
18.35 
18.375 
18.4 
18.425 
18.45 
18.475 
18.5 
18. 525 
18.55 
18.575 
18.6 
18.625 
18.65 
18.675 
18.7 
18.725 
18.75 
18.775 
18.8 
18.825 
18.85 
18.875 
18.9 
18.925 
10.95 
18.975 
19 
19.825 
19.85 
19.875 
19.1 
19.125 
19.15 
19.175 
19.2 
19.225 
19.25 

- File: XCUYR8. 
17.775 -8.55881 
17.8 -8.57816 
17.825 -8.54697 
17.85 -8.49185 
17.875 -8.41833 
17.9 -8.34547 
17.925 -8.28213 
17.95 -8.23899 
17.975 -8.19748 

-8.19139 -8.82686 
-8.28834 -8.82924 
-0.23885 -8.83229 
-8.24482 -8 .  83425 
-8.25838 -8.83513 
-8.25148 -8.  83528 
-8.24546 -8.83445 
-8.22523 -8.83161 
-0.18967 -8.82662 
-8.15551 -8.82183 
-8.13496 -0.81894 
-8.12559 -8.81763 
-8.12718 -8.81784 
-8.13793 -8.81936 
-8.lS872 -8.82115 
-8.15782 -8.82215 
-8.15267 -8.82143 
-8.13517 -8.81897 
-8.11284 -8.81584 
-8.88588 -8.81194 
-8.83884 -8.88534 
8.83466 8.88487 -8.88487 
8.12364 8.81735 -8.81735 
8.21746 8.83852 -8.83852 
8.38884 8.84335 -8.84335 
8.39288 8.85582 -8.85582 
8.46186 8.86482 -8.86482 
8.51463 8.87223 -8.87223 
8.54969 8.87715 -8.87715 
8.56478 8.87926 -8.87926 
8.55511 8.87791 -8.87791 
8.52551 8.87376 -8.87376 
8.48986 8.86864 -8.86864 
8.45658 8.86488 -8.06488 
8.42781 8.86884 -8.86884 
8.39311 8.85517 -8.85517 
8.34391 8.84827 -8.84827 
8.27925 8.83919 -8.83919 
8.28112 8.82823 -8.82823 
8.18778 8.81513 -8.81513 
8.88187 8.88815 -0.88815 
-8.18662 -8.81496 
-8.19783 -8.82777 
-8.25712 -8.83689 
-8.21483 -8.83857 
-8.25949 -8.83642 
-8.19918 -8.82794 
-8.89766 -8.81371 
8.83382 8.88475 -8.88475 
8.18159 8.82549 -8.82549 
8.33318 8.84682 -8.84682 

M 
-8.87832 
-8.88882 
-8.07677 
-8.86892 
-8.85871 
-8. 84849 
-8.83968 
-8.83242 
-8.82772 

- File: X C U Y R 8 . M  
275 8.45468 8.86388 -8.86388 .., 19.325 

19.35 
19.375 
19.4 
19.425 
19.45 
19.475 
19.5 
19.525 
19.55 
19.575 
19.6 
19.625 
19.65 
19.675 
19.7 
19.725 
19.75 
19.775 
19.8 
19.825 
19.85 
19.875 
19.9 
19.925 
19.95 
19.975 
28 
28.825 
28. 85 
28.875 
28.1 
28.125 
20.15 
28.175 
28.2 
28.225 
28.25 
28.275 
28.3 
28.325 
28.35 
28.375 
28.4 
28.425 
28.45 

28.6 
28.625 

8.65 
28.675 
28.7 
28.725 
28.75 

Pap. 13 
8.87832 
8.88882 
8.87677 
8.86892 
8.85871 
8 .  84849 
8.83968 
8.83242 
8.82772 
8.82686 
8.82924 
8.83229 
8.83425 
8.83513 
8.83528 
8.83445 
8.83161 
8.82662 
8.82183 
8.81894 
8. 81763 
8.81784 
8.81936 
8.82115 
8.82215 
8.82143 
8:81897 
8.81584 
8.81194 
8.88534 

8.81496 . 
8. 82777 
8.83689 
e .  83857 
8.83642 
8.82794 
8. 81371 

8.55812 8.87833 -8.87833 
8.68592 8.88584 -8.88584 
0.61316 8.88686 -8.88686 
8.57445 8.88862 -8.88862 
8.49526 8.86951 -8.86951 
8.39214 8.85584 -8.85584 
8.28378 8.83983 -8.83983 
8.17181 8.82496 -8.82496 
8.87552 8.81868 -8.81868 
-8.82824 -8.88284 
-8.18391 -8.81458 
-8.17283 -8.82414 
-8.22722 -8.83189 
-8.27196 -8.83817 
-8.38193 -8.84238 
-8.31147 -8.84372 
-8.38228 -8.84241 
-8.28278 -8.83969 
-8.26495 -8.83719 
-8.25775 -8.83617 
-8.25898 -8.83635 
-8.25751 -8.83614 
-8.24385 -8.83411 
-8.28948 -8.82939 
-8.15832 -8.  82222 
-8.89772 -8.81371 
-8.83767 -8.88529 
8.88982 8.88127 -8.88127 
8.83553 8.88499 -8.88499 
8.84848 8.88567 -8.88567 
8.82158 8.88382 -8.88382 
-8.82876 -8.88291 
-8.88183 -8.81137 
-8.14427 -8.82825 
-8.19596 -8.82758 
-8.23485 -8.83285 
-8.26593 -8.83732 
-8.38816 -8.84213 
-8.33923 -8. 84761 
-8.37918 -8.85322 
-8.41451 -8.85818 
-8.44682 -8.86271 
-8.47746 -8.86781 
-8.49646 -8.86960 
-8.49865 -8.86886 
-8.45683 -8.86412 
-8.48538 -8.85698 
-8.34988 -8.84911 
-8.29508 -8.84148 
-8.23981 -8.83355 
-8.18854 -8.82534 
-8.11831 -8.81668 
-8.85122 -8.88719 
8.81778 8.88248 -8.88248 
8.88825 8.81126 -8.81126 
8.12969 8.81828 -8.81828 
8.16612 8.82331 -8.82331 
8.19181 8.02692 -8.82692 
8.28743 8.82911 -8.02911 
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8.88284 
'8.81458 
8. 02414 
8.83189 
8.83817 
8.84238 
8.84372 
8.84241 
0.83969 
8.83719 
8.83617 
8.83635 
8.83614 
0.83411 
8.82939 
8.82222 
8.81371 
8.88529 

8.88291 
8.81137 
8.82825 
8.82758 
8 .  83285 
8.83732 
8.84213 
8.84761 
8.85322 
8.85818 
8.86271 
8.86781 
8.86968 
8.86886 
8.86417 
8.85698 
8.84911 
8. 84148 
8.83355 
8.  82534 
8.81668 
8.88719 

7 - C i l  
28.775 
28.8 
28.825 
28.85 
28.875 
28.9 
28.925 
28.95 
28.975 
21 
21.825 
21.85 
21.875 
21.1 
21.125 
21.15 
21.175 
21.2 
21.225 
21.25 
21.275 
21.3 
21.325 
21.35 
21.375 
21.4 
21.425 
21.45 
21.475 
21.5 
21.525 
21.55 
21.575 
21.6 
21.625 
21.65 
21.675 
21.7 
21.725 
21.75 
21.775 
21.8 
21.825 
21.85 
21.875 
21.9 
21.925 
21.95 
21.975 
22 
22.025 
22.85 
22.875 
22.1 
22.125 
22.15 
22.175 
22.2 
22.225 
22.25 - r C i 1  
22.275 
22.3 
22.325 
22.35 
22.375 
22.4 
22.425 
22.45 
22.475 
22.5 
22.525 
22.55 
22.575 
22.6 
22.625 
22.65 
22.675 
22.7 
22.725 
22.75 
22.775 
22.8 
22.825 
22.85 
22.875 
22.9 
22.925 
22.95 
22.975 
23 
23.825 
23. 85 
23.875 
23.1 
23.125 
23.15 
23.175 
23.2 
23.225 
23.25 
23.275 
23.3 
23.325 
23.35 
23.375 
23.4 
23.421 
23.45 
23.475 
23.5 
23.525 
23.55 
23.575 
23.6 
23.625 
23.65 
23.675 
23.7 
23.725 
23.75 

1.: XCLLYE8.rxT 
8.21583 8.83818 -8.83818 
8.22191 8.83114 -8.83114 
8.23422 8.83287 -8.83287 
8.24623 8.83456 -8.83156 
8.24585 8.83451 -8.834S1 
8.22853 8.83287 -8.83287 
8.2888Y 8.82819 -8.82819 
8.16752 8.82351 -8.82351 
8.1261) 8.81771 -8.81771 
8.87652 8.81874 -8.81874 
8.82616 8.88367 -8.88367 
-8.81882 -8.88152 
-8.82526 -8.08354 
-8.81781 -8.88239 
8.81193 8.88167 -8.08167 
8.86858 8.88849 -8.88849 
8.12461 8.01749 -8.81749 
8.19416 8.82725 -8.82725 
8 . 2 W 3  8.83567 -8.83567 
8.29183 8.84896 -8.84896 
8.38338 8.84257 -8.84257 
8.28337 8.83977 -8.83977 
8.24116 8.83393 -8.83393 
8.18468 8.82592 -8.82592 
8.12585 8.81755 -8.81755 
8.87767 8.81898 -8.81898 
8.84948 8.08694 -8.88694 
8.84895 8.88575 -8.88575 
8.85898 8.88716 -8.88716 
8.88228 8.81154 -8.81154 
8.13766 8.81932 -8.81932 
8.28661 8.82988 -8.82988 
8.26817 8.03764 -8.83764 
8.38499 8.84281 -8.84281 
8.38778 8.84328 -8.84328 
8.27619 8.83876 -8.83876 
8.21521 8.83828 -8.83828 
8.12975 8.81821 -8.81821 
8.02559 8.88359 -8.08359 
-8.88553 -8 .  81288 
-8.18715 -8.82627 
-8.26838 -8.83653 
-8.28926 -8.84868 
-8.27817 -8.83792 
-8.28977 -8.82944 
-8.11785 -8.81643 
-8.88185 -8.88815 
8.12536 8.81759 -8.81759 
8.24993 8.83588 -8.83588 
8.35942 8.85844 -8.85844 
8.43454 8.86899 -8.86899 
8.45978 8.86453 -8.86453 
8.43281 8.86863 -8.86863 
8.36238 8.85885 -8.85885 
8.27253 8.83825 -8.83825 
8.18478 8.82593 -8.82593 
8.11188 8.81578 -8.01578 
8.81968 8.88836 -8.88836 
8.83399 8.88477 -8.88477 
8.83615 8.88587 -8.88587 

I.: X C U Y R 8 . M  
8.85574 8.88782 -8.88782 
8.87643 8.81873 -8.81873 
8.80612 8.81289 -8.81289 
8.08886 8.81135 -8.81135 
8.85452 8.88765 -8.88765 
8.88963 8.88135 -8.88135 
-8.85114 -8.88718 
-8.11997 -8.81684 
-8.16148 -8.82266 
-8.19644 -8. 827S7 
-8.22239 -8.83121 
-8.24287 -8.83489 
-8.24457 -8.83433 
-0.216 15 -8.83834 
-8.16848 -8. 82251 
-8.89233 -8.81296 
-8.82938 -8.88411 
0.82119 8.88297 -8.88297 
8.86894 8.88855 -8.88855 
8.89175 8.81288 -8.81288 
8.11858 8.81552 -8.81552 
8.11195 8.81571 -8.01571 
8.89382 8.81317 -8.81317 
8.86464 8.88987 -8.88987 
8.83856 8 . B B W  -8 .BBW 
8.82171 8.88385 -8.88385 
8.81884 8.88152 -8.88152 
8.88289 8.88829 -8.88829 
-8.88566 -8.88879 
-8.81546 -8.88217 
-8.83533 -8.88496 
-8.  87427 -8.81842 
-8.13577 -8.81986 
-8.21821 -8.83863 
-8.31697 -8.04449 
-8.42179 -8.85928 
-0.51786 -8.87268 
-8.58997 -8.88288 
-8.62764 -0.88889 
-8.62831 -8.88818 
-8.59581 -8.88362 
-8.53448 -8.87588 
-8.44778 -8.86283 
-8.34088 -8.84825 
-8.23146 -8.83249 
-8.11614 -8.81638 
-8.88311 -8.88844 
8.18189 8.81419 -8.81419 
8.19898 8.02679 -8.82679 
8.24912 8.83496 -8.83496 
8.26465 8.83714 -8.83714 
8.24852 8.83488 -8.83488 
8.19883 8.82678 -8.82678 
8.18598 8.81487 -8.81487 
8.88849 8.88119 -8.88119 
-0.88338 -8.81178 
-0.15225 -8.82137 
-8.18897 -0.82652 
-8.19521 - -8.82748 
-8.17759 -8.82492 

8.88152 

8.88239 
9.88354 

8.81288 
8.82627 
8.83653 
8.84868 
8.83792 
8.82944 
8.81643 
8 .  88815 

Pig. 16 --, 

0.88718 
8.81684 
8.82266 
8.82757 
8 .  83121 
8.83489 
8.83433 
8.83834 
8. 82251 
8.81296 
8.88411 

8 .  88879 
8.88217 
8.88496 
8.81842 
8.81986 
8.83863 
8.0444, 
8.85928 
8.87268 

.8 .88288 
8.8888, 
8. 88818 
8 .  88362 
8. 87588 
8.86283 
8.84825 
8.83249 
8.81638 
8.88844 

8.81178 
8.82137 
8.82652 
8. 82748 
8.82492 



7 F11.: X C I U Y R 8 . M  
23.775 
23.8 
23.825 
23.85 
23.875 
23.9 
23.925 
23.95 
23.905 

24.125 
24.15 
24.175 
24.2 
24.225 
24.25 
24.275 
24.3 
24.325 
24.35 

. 24.375 
24.4 
24.425 
24.45 
24.475 
24.5 

‘ 24.525 
24.55 
24.575 
24.6 
24.625 
24.65 
24.675 
24.7 
24.725 
24.75 
24.775 
24.8 
24.825 
24.85 
24.875 
24.9 
24.925 
24.95 
24.975 
25 
25.825 
25.85 
25.875 
25.1 
25.125 
25.15 
25.175 
25.: 
25. 225 
25.25 

25.4 
25.425 
25.45 
25.475 
25.5 
25.525 
25.55 
25.575 
25.6 
25.625 
25.65 
25.675 
25.7 
25.725 
25.75 
25.775 
25.8 
25.825 
25.85 
25.875 
25.9 
25.925 
25.95 
25.975 
26 
26. 025 
26.85 
26.875 
26.1 
26.125 
26.15 
26.175 
26.2 
26.225 
26.25 
26.275 
26.3 
26.325 
26.35 

26.4 
26.425 
26.4s 

26.37a 

26.625 
26.61 
26.675 
26.7 
26.721 
26.75 

~ 

-8.14314 -8.82889 
-8.10861 -0.81412 
-8.86885 -8.88843 
-8.82914 -8.88489 
-8.81871 -8. 08158 
-8.88193 -8.88827 
8.88285 8.88829 -8.88829 
8.88253 8.88836 -8.88836 
-8. 88867 -8.88889 
-8.88485 -8.88857 
8.88224 0.88831 -8.88831 

.8.82881 8.88393 -8.88393 
8.87172 8.81887 -8.81887 
8.12557 8.81762 -8.81762 
8.19858 8.82674 -8.82674 
8.27131 8.83888 -8.83888 
8.36942 8.85859 -8.8585Y 
8.44814 8.86177 -8.86177 
8.49741 8.86981 -8.86981 
8.52762 8.87485 -8.87485 
8.53261 8.87475 -8.87475 
8.51988 8.87284 -8.87284 
8.49879 8.86888 -8.86888 
8.44849 8.86295 -8.86295 
8.39548 8.85551 -0.85551 
8.33797 8.84743 -8.84743 
8.28158 8.83951 -8.83951 
8.22991 8.83227 -8.83227 
8.18427 8.82586 -8.82586 
8.14266 8.82882 -8.82882 
8.18423 8.81463 -8.81463 
8.87143 8.81883 -8.81883 
8.84882 8.88674 -8.88674 
8.83774 8.88538 -8.88538 
8.84164 8.88S84 -8.88584 
8.85621 8.88789 -8.88789 
8.87722 8.81884 -8.81884 
8.18224 8.01435 -8.81435 
8.12895 0.81818 -8.81818 
8.15439 8.82167 -8.82167 
8.17721 8.82487 -8.82487 
8.19468 0.82732 -0.82732 
8.19918 8.82794 -8.82794 
8.18298 8.82568 -8.82568 
8.14376 8.82818 -8.82018 
8.88431 8.81183 -8.81183 
8.81224 8.88172 -8.88172 
-8.86233 -8.88875 
-8.13213 -8.81854 
-8.19488 -8.82724 
-8.24568 -8.83448 
-8.28518 -8.84881 
-8.31436 -8.04412 
-8.34883 -8.84784 
-8.37121 -8.85218 
-8.48586 -0.05696 
-8.44149 -8.86196 
-8.47888 -8.86597 
-8.49618 -8.86964 
-8.49363 -8.86928 .: XCLLYRO.l%r 
-8.48343 -8.86785 
-8.44972 -8.86312 
-8.41783 -8. 85853 
-8.37324 -8.05238 
-8.33358 -8.84682 
-8.28935 -8.84861 
-8.26838 -8.  836SS 
-8.22933 -8.83219 
-8.21393 -8.83883 
-8.28899 -8.82821 
-8.28733 -8.82918 
-8.22138 -8.83186 
-8.25524 -8.83582 
-8.28635 -8.84019 
-8.31246 -8. 84385 
-8.33385 -8.84686 
-8.32895 -0.84585 
-8.32896 -8.84585 
-8 .28266 -8.83967 
-8.25876 -8.83632 
-8.21467 -8.83813 
-8.17458 -8.82458 
-8.12765 -8.81792 
-8.88355 -8.81173 
-8.83441 -8.88483 
8.82887 8.88282 -8.88282 
8.88425 8.01182 -8.81182 
8.15955 8.82239 -8.82239 
8.23166 8.83251 -8.83251 
8.29757 8.84176 -8.84176 
8.33937 8.04763 -8.84763 
8.37184 8.85219 -8.85219 
8.38955 8.85467 -8.85467 
8.38894 8.85459 -8.05459 
8.36493 8.85122 -8.85122 
8.32435 8.84552 -8.84552 
8.28864 8.83939 -8.83939 
8.24283 8.83397 -0.83397 
8.21831 8.82952 -8.82952 
8.18644 8.82617 -8.82617 
8.17311 8.82438 -8.82438 
8.17254 8.82422 -8.82422 
8.18169 8.82558 -8.82558 
8.19451 8.82738 -8.82738 
8.28784 8.82986 -8.82986 
8.21758 8.83854 -8.83854 
8.22596 8.83171 -8.83171 
8.23276 8.83267 -8.83267 
8.23897 8.83354 -8.83354 
8.24456 8.83432 -8.83432 
8.24864 0.83498 -8.83498 
8.2S858 8.83517 -8.83517 
8.25212 8.83539 -8.83539 
8.25721 8.83618 -8.83618 
8.26698 8.83747 -8.83747 
8.27834 8.83987 -8.83987 
8.28927 8.84868 -8.84068 
8.38389 8.84254 -8.04254 
8.32216 8.84522 -8.84522 
8.14886 8.84784 -8.84184 

8.82889 
8.81412 
0.88843 
8.88489 
8.B8158 
8.88827 

e. 88889 
8.88857 

8.88875 
8.81054 
8.82724 
0.83448 
8.84881 
8 .  84412 
8.84784 
8.85218 
8.85696 
8.86196 
8.86597 
8.86964 
8.86928 

8.86785 
8. 86312 
8. 85853 
8 .  85238 
8.84682 
0.84861 
8.83655 
8.83219 
8.83883 
8.82821 
8.82918 
8.83186 
0.83582 
8.84819 
8.84385 
8.84686 
8 .  84585 
8.84585 
8.83967 
8.83632 
8.83813 
8 .  82458 
8.81792 
8.81173 
8.88483 

8.82076 
8.82401 
8.82324 
0.01932 
8.81361 
8. 88738 
8.08145 

8.88878 
8.88529 
8.81833 
8.81457 
8.81676 
8.81687 
8.81237 
8.88654 
8.88816 

e. 88744 
8.81465 
e. 82115 
8.82643 
8.82985 
8 .  83886 
e. 82851 
8.82586 
8.82296 
8. 82885 
8.81781 
8.81383 
8.81877 
8.88826 
8.88627 
8.80442 
8.88248 
8.88836 

Fri  O c t  28. 3995 - Pas. 19 -. Page 17 - - FI1.: KCLLYR8.TxT 
26.775 8.34886 8.84885 -8 .84885 
2 6 . 8  8.33432 8.04692 -8.84692 
26.825 8.2Y467 8.84136 -0.94l35 
26.85 8.23811 8.83238 -8.83238 
26.875 8.14829 8.82881 -8.82881 
26.9 0.85986 8.88818 -8.88848 
26.925 -8.82494 -8. 88358 8. 88358 
26.95 -8.8Y784 -8.81362 8.81362 
26.975 -8.14791 -8.82876 
27 -8.17185 -8.82481 
27.825 -8.16556 -8.82324 
27.85 -8.13763 -8.81932 
27.875 -8.8969Y -8.81361 
27.1 -8.8519Y -8.88738 
27.125 -8.81831 -8.88145 
27.15 8.81986 0.88267 -8.88267 
27.175 8.82887 8.88485 -8.88485 
27.2 8.81894 8.88266 -8.88266 
27.225 -8.88582 -8.88878 
27.25 -8.83772 -8.88529 
27.275 -8.87357 -8.81833 
27.3 -8.18383 -8.81457 
27.325 -8.11938 -8.81676 
27.35 -8.11449 -8. 81687 
27.375 -8.88813 -8.81237 
27.4 -8.84663 -8.68654 
27.425 -8.88112 -0.88016 
27.45 8.84153 8.88583 -8.88583 
27.475 8.87512 8.81854 -8.81854 
27.5 8.89821 8.81266 -8.81266 
27.525 8.88892 8.81136 -8.81136 
27.55 8.84854 8.88681 -8.88601 
27.575 8.88046 B.BB886 -8.88886 
27.6 -8.85299 -8.88744 
27.625 -8.10439 -8.8146S 
27.65 -8.15872 -0.82115 
27.675 -8.18834 -8.82643 
27.7 -8.21271 -8.82985 
27.725 -8.214l9 -8.83886 
27.75 -8.28315 -8.82851 
27.775 -8.18429 -8 .  82S86 
27.8 -8.16357 -8.82296 
27.825 -8.14288 -8.82885 
27.85 -8.12118 -8.81781 
27.875 -8.09855 -8. 81183 
27.9 -8.87678 -8.81877 
27.925 -8.85882 -8. 88826 
27.95 -8.04478 -8.88627 
27.975 -8.83158 -8.80442 
28 -8.01767 -8.88248 
28.825 -8.88268 -8.80836 
28.85 8.81252 8.88176 -8.88175 
28.875 8.82488 8.88349 -8.80349 
28.1 8.83167 8.88444 -8.88444 
28.125 8.83166 8.88444 -8.88444 
28.15 8.82529 8.88355 -8.88355 
28.175 8.81598 8.88223 -8.88223 
28.2 8.88697 8.88898 -8.88898 
28.225 -8.88265 -0,88837 
2 8 . 2 5  -8.81532 -8.88215 

Pig. 18 - F i l m :  XCLLYR8.TxT 
28.275 -8.82994 -8.89428 
28.3 - 8 . W 8 2  -8.88587 
28.325 -8.8474S -8.88666 
28.35 -8.84913 -8.88698 
28.375 -8.85145 -8.88722 
28.4 - 8 . B W B  -8.88759 
28.425 -8.85247 -8.88736 
28.45 -8.84583 -8.88643 
28.475 -8.83913 -8. 88549 
28.5 -8.83555 -8.8049Y 
28.525 -8.83483 -8.88478 
28.55 -8.83383 -8.80475 
28.575 -8.83586 -8.88492 
28.6  -8.83681 -8.BBSBS 
28.625 -8.83399 -8.80477 
28.65 -8.82725 -8. 88383 
28.675 -8.81663 -8.88233 

-8.BBBLL 28.7 -8.88467 
28.725 8.88840 8.BBllY -8.88119 
28.75 8.82385 8.88324 -8.88324 
28.775 8.83817 8.88536 -8.08536 
28.8 8.84994 8.88781 -8.88781 
28.825 8.86887 8.888S4 -8.888S4 
2 8 . 8 5  8.88887 8.81124 -8.81124 
28.875 8.8896S 8.81258 -8.81258 
28.9 8.89313 8.81387 -8.81307 
28.925 8.88612 8.81289 -8.812BY 
28.95 8.87862 8.88991 -8.08991 
28.975 8.04734 0.88664 -8.88664 
29 8.81468 8.88285 -8.88285 
29.825 -8.82917 -8.88489 
29.85 -8.87881 -8.81186 
29.875 -0.12172 -8.81788 
29.1 -8.14869 -8.82887 
29.125 -8.15844 -8.82224 
29.15 -8.15278 -8. 82143 
29.175 -8.13177 -8.81849 
29.2 -8.89SlS -8.81335 
29.225 -8.04655 -8. 88653 
29.25 8.88488 8.88868 -0.88868 
29.275 8.84884 8.88686 -8.B8686 
29.3 8.87818 8.81897 -8.81897 
29.325 8.88996 8.81263 -8.81263 
29.35 8.88448 8.81185 -8.01185 
29.375 8.86326 8.88888 -8.88888 
29.4 8.83818 8.80424 -8.80424 
29.425 -8.88868 -8.88121 
29.41 -8.84789 -8.88661 
29.475. -8.88213 -8.81153 

-0.81581 29.5 -8.11264 
29.525 -8.13638 -8.81914 
29.55 -8.14736 -8.82877 
29.575 -8.14478 -8.82832 
29.6 -8.13877 -8.81835 
29.625 -8.18988 -8.81541 
29.65 -8.88197 -8. 81158 
29.675 -8.84852 -8. 80681 
29.7 -8.81519 -8.88213 
29.725 8 . 8 8 Y Y 8  8.88139 -8.8813Y 
29.75 8.828YY 8.88295 -8.88295 

8. 88837 
8.88215 

P.9. 28 -. 
8.89428 
8. 08587 
8.88666 
8.88698 
8.88722 
8. 88759 
8.88736 
8.88643 
8 .  88549 
8.80499 
8.80478 
8.80475 
8.80492 
8.88585 
8. 88477 
8.08383 
8.08233 
8. 88866 

8 .  88489 
8.81186 
8 .  81788 
8.82887 
8.82221 
8.02143 
8.81849 
0.81335 
8.88553 

8.88121 
8.80651 
8.81153 
0.81581 
8.81914 
8.82877 
8 .  82832 
8.81835 
8 . 8 1 W  
8.81150 
8.88681 
8.88213 CPQO8”l 



Fri O c t  28. 1995 - Page 23 - - File: X C L L I l l 8 . M  Page 21 - 7 F i l e :  XCLLyII8.IxT 
29.775 8.81877 8.88263 -8.88263 32.775 -8.23488 -8.83295 8 .  83295 
29.8 
29.825 
29.85 
29.875 
29.9 
29.925 
29.95 
29.975 
‘(8 

38.15 
38.175 
38 .2  
38.225 
38.25 

‘38.275 
38.3 
38.325 
38.35 
38.375 
38.4 
38.425 
38.45 
38.475 
38.5 
38.525 
38.55 
38.575 
38.6 
38.625 
38.65 
38.675 
38.7 
38.725 
38.75 
38.775 
38.8 
38.825 
38.85 
38.875 
38.9 . 
38.925 
38.95 ~~ 

38.975 
31 
31.825 
31.85 
31.875 
31.1 
31.125 
31.15 
31.175 
31.2 
31.225 
31.25 

@-$ 
1.325 

31.35 
31.375 
31.4 
31.425 
31.45 
31.475 
31.5 
31.525 
31.55 
31.575 
31.6 
31.625 
31.65 
31.675 
31.7 
31.725 
31.75 
31.775 
31.8 
31.825 
31.85 
31.875 
31.9 
31.925 
31.95 
31.975 
32 
32.825 
32.85 
32.875 
3 2 . 1  
32.125 
32.15 
32.175 
32.2 
32.225 
32.25 
32.275 
32.3 
32.325 
32.35 
32.375 
32.4 
32.425 
32.45 
32.475 a r 2 . 6  ,575 :!? 
32.625 
32.65 
32.675 
32.7 
32.725 
32.75 

8.88653 8.88892 -8.88892 
-8.81488 -8.88289 
-8.84382 -8.88615 
-8.87491 -8. 81851 
-8.18285 -8.81444 
-8.11452 -8.81687 
-8.11896 -8.81557 
-8.89486 -8.81328 
-8.85985 -8.88848 
-8.88872 -8. 88122 
8.85166 8.88725 -8.88725 
8.11847 8.81558 -8.81558 
8.15873 8.82228 -8.82228 
8.18988 8.02653 -8.82653 
8.19561 8.82745 -8.82145 
8.17669 8.82488 -8.82488 
8.13458 8.81889 -8.81889 
8.87761 8.81889 -8.81889 
8.81782 8.88258 -8.88258 
-8.83738 -8.80523 
-8.08733 -8.81226 
-8.13315 -8.81869 
-8.17156 -8.82488 
-8.19798 -8.82778 
-0.21116 -8.82964 
-8.21571 -8.83827 
-8.21785 -8.83846 
-8.21397 -8.83883 
-8.28862 -8.82816 
-8.17679 -8.82481 
-8.14763 -8.82872 
-8.11737 -8.81647 
-8.88816 -8.81237 
-8.86264 -8.88879 
-8.04356 -8.88611 
-8.83286 -8.  88458 
-8.82725 -8.88383 
-8.82536 -0.88356 
-8.82385 -8.88335 
-8.82261 -8.88317 
-8.81911 -8.88268 
-8.88976 -8.88137 
8.88438 8.88861 -8.88861 
8.81728 8.88241 -8.80241 
8.82378 8.88334 -8.88334 
8.82518 8.88353 -8.08353 
8.82543 8.08357 -8.88357 
8.82481 8.88348 -8.88348 
8.82814 8.88283 -8.88283 
8.81238 8.88174 -8.88174 
8.88825 8.88116 -8.88116 
8.81124 8.88158 -8.88158 
8.81773 8.88249 -8.88249 
8.82323 8.88326 -8.88326 
8.82982 8.88487 -8.88487 
8.84044 8.88568 -8.88568 
8.85925 0.88832 -8.88832 
8.88191 8.81158 -8.81158 
8.18456 8.81468 -8.81468 

I.: XCLLrR8.IxT 
8.12732 8.81787 -8.81787 
8.15862 8.82114 -8.82114 
8.17239 8.82428 -8.82428 
8.18926 8.82656 -8.82656 
8.19915 8.82795 -8.82795 
8.28419 8.82866 -8.82866 
8.28862 8.82928 -8.82920 
8.21448 8.83818 -8.83818 
8.22885 8.83188 -8.83188 
8.22578 8.83168 -8.83168 
8.22788 8.83186 -8.83186 
8.22451 8.03151 -8.83151 
8.21933 0.83878 -8.83878 
8.21124 8.82965 -8.02965 
8.19961 8.82882 -8.82882 
8.18511 8.82598 -8.82598 
8.16989 8.82384 -8.82384 
8.15681 8.82198 -8.82198 
8.14389 8.82828 -8.82828 
8.13395 8.81888 -8.01888 
8.12783 8.81794 -8.81794 
8.12687 8.81781 -8.81781 
0.12965 8.81828 -8.81828 
8.13319 8.81869 -8.81869 
8.13689 8.81921 -8.81921 
8.13971 8.81961 -8.81961 
8.14973 8.82181 -8.82181 
8.15885 8.82186 -8.82186 
8.15677 8.82288 -8.82288 
8.14732 8.82868 -8.82868 
8.13395 0.81888 -8.81888 
8.11871 8.81666 -8.01666 
8.88661 8.01216 -8.81216 
8.85712 8.88882 -8.88882 
8.82199 8.88389 -8.88389 
-8.88512 -8.88872 
-8.83119 -8.88438 
-8.84842 -8.88680 
-0.85542 -8.88778 
-8.85348 -8.88749 
-8 .E4622 -8 .  88649 
-8.83841 -8 .  88539 
-8.83323 -8.88466 
-8.83293 -8.88462 
-8.83912 -8.88549 
-8.85838 -8.88787 
-8.86287 -8.88882 
-8.87524 -8.81856 
-8.88885 ‘8.81236 
-8.18815 -8.81486 
-8.11895 -8.81557 
-8.12241 -8.81718 
-8.13753 -8.81938 
-8.15891 -8.82238 
-8.18741 -8.  82638 
-8.22811 -8.83889 
-8.24975 -8.83585 
-8.26828 -8.83764 
-8.27188 -8.83884 
-8.25877 -8.83632 

8.88289 
8.88615 
8.81051 
8 .  81444 
8.816 87 
8.81557 
8.81328 
8.88848 
8.88122 

8.88523 
8.81226 
8 .  81869 
8.82488 
8.82778 
8.82964 
8.83827 
8 .  83846 
8. 83883 
8 .  82816 
8.82481 
8 .  82872 
8.81647 
8.81237 
8.88879 
8.88611 
8.88458 
8.88383 
8.88356 
8.88335 
8,88317 
0.88268 
8 .  88137 

8 .  88872 
8 .  88438 
8.88688 
8 .  88778 
8. 88749 
8.88649 
8.  88539 
8.80466 
8.80462 
8.08549 
8 .  88787 
8.88882 . 
0.81856 
8.81236 
8.81486 
8.81557 
8.81718 
8.81938 
8 .  82238 
8.82638 
8.83889 
8.83585 
8.83764 
8.83884 
8.83632 

32.8 
32.825 
32.85 
32.875 
32.9 
32.925 
32. 95 
32.975 
33 
33.025 
33. 85 
33.875 
33.1 
33.125 
33.15 
33.175 
33.2 
33.225 
33.25 
33.275 
33.3 
33.325 
33.35 
33.375 
33.4 
33.425 
33.45 
33.475 
33.5 
33.525 
33.55 
33.575 
33.6 
33.625 
33.65 
33.675 
33.7 
33.725 
33.75 
33.775 
33.8 
33.825 
33.85 
33.875 
33.9 
33.925 
33.95 
33.975 
34 
34.825 
34.85 
34,875 
34.1 
34.125 
34.15 
34.175 
34.2 
34.225 
34.25 

Page 22 - - Pi1 
34.275 
34.3 
34.325 
34.35 
34.375 
34.4 
34.425 
34,45 
34.475 
34.5 
34.525 
34.55 
34.575 
34.6 
34.625 
34.65 
34.675 
34.7 
34.725 
34.75 
34.775 
34.8 
34.825 
34.85 
34.875 
34.9 
34.925 
34.95 
34.975 
35 
35.825 
35.85 
35.875 
35.1 
35.125 
35.15 
35.175 
35.2 
35.225 
35.25 
35.275 
35.3 
35.325 
35.35 
35.375 
35.4 
35.425 
35.45 
35.475 
35.5 
35.525 
35.55 
35.575 
35.6 
35.625 
35.65 
35.675 
35.7 
35.725 
35.75 

-8.28243 -8.82841 
-0.16467 -8.82311 
-8.12721 -8.81785 
-0.89957 -8.81397 
-8.89838 -8.81268 
-8. 1822Y -8.81436 
-8.12966 -8.81828 
-8.16363 -8.82297 
-8.19784 -8.82777 
-8.22750 -8.83193 
-8.24643 -8.83459 
-8.24748 -8.83492 
-8.22623 -8.83175 
-8.18687 -8.82612 

-8.81916 -8.13648 
-8.88634 -8.81212 
-8.83976 -8.88558 
8.88177 8.88825 -8.88825 

8.85539 8.88777 -8.88777 
8.86563 8.88921 -8.88921 
8.86862 8.88963 -8.88963 
8.86653 8.88934 -8.08934 
8.85949 8.8B835 -8.88835 
8.04797 8.88673 -8.88673 
8.83392 8.80476 -8.88476 
8.81965 8.88276 -8.88276 
8.88695 8.88898 -8.88898 
-8 .  88224 -8.88831 
-8.80444 -8.88862 
8.88283 8.88048 -8.88848 
8.81788 0.88258 -8.88258 
8.83555 8.80499 -8.88499 
8.85242 8.88736 -8.88736 
8.86881 8.88966 -8.88966 
8.8858Y 8.81285 -0.81285 
8.18257 8.81ME -8.81448 
8.11743 8.81648 -8.81648 
8.13825 8.81828 -8.81828 
8.14168 8.81989 -8.81989 
8.15179 8.82138 -8.82138 
8.15898 8.82238 -8.82238 
8.16188 8.82260 -8.82268 
8.15719 0.82286 -8.8228L 
8.14675 8.82868 -8.82868 
8.12931 8.81815 -8.81815 
8.18618 8.81498 -8.81498 
8.8815B B . B l l e (  -8.81144 
8.85818 8.88815 -8.88815 
8.04618 8,88647 -8.88647 
8.04385 8.88684 -8.88604 
8.04356 8.88611 -8.88611 
8.04737 8.88665 -8.88665 
8.85107 8.88717 -8.88717 
8.85596 8.88785 -8.88785 
8.85195 8.88729 -8.88729 
8.83735 8.88524 -8.88524 
8.81417 8.88199 -8.88199 
-8.81832 -8.88145 

8.03456 8.8mes - B . B ~ ~ B S  

e: XCLLIll8.IxT 
-8.83288 -8.80458 
-8.85829 -8.88786 
-8.06384 -8.88885 
-8.86687 -8.88938 
-8.86815 -8.88844 
-8.04552 -8.80639 
-8.82847 -8.88488 
-8.81339 -8.88188 
-8.88233 -8.88833 
8 . 8 B u Z  8.88858 -8.88858 
8.88741 8.88104 -8.88184 
8.88978 8.88137 -8.88137 
8.81228 8.88172 -8.88172 
8.81615 8.88227 -8.88227 
8.82447 8.88343 -8.88343 
8.83897 8.88547 -8.88547 
8.85614 8.88788 -8.88788 
8.86958 8.88977 -8.88977 
8.87537 8.01858 -8.81858 
8.87317 8.81827 -8.81827 
8.86298 8.88884 -8.08884 
8.84291 8.88682 -8.88682 
8.81149 8.88161 -8.88161 
-8.82813 -8.88395 
-8.06926 -8.88972 
-8.18718 -8.81583 
-8.13963 -8.81968 
-8.16385 -8.82380 
-8.17496 -8.82456 
-8.17819 -8.8218) 
-8.15223 -8.82137 
-8.12728 -8.81785 
-8.18157 -8.81426 
-8.87948 -8.81116 
-0.86264 -0.88879 
-8.85224 -8.88733 
-8.04891 -8.88686 
-8.  04943 -8.80694 
-8.04869 -8.88683 
-8.04627 -8.88649 
-8.83587 -8.88583 
-8.81979 -8.88278 
-8.88249 -8.  88835 
8.81194 8.88196 -8.88196 
8.82618 8.083CL -0.88366 
8.03241 8.80455 -8.80455 
8.83233 8.80454 -8.88454 
8.82789 8.88388 -8.88388 
8.82811 8.88282 -8.88282 
8.81434 8.88281 -8.88281. 
8.01056 8.88148 -8.88148 
8.88793 8.88111 -8.88111 
8.885Y9 8.88884 -8.88884 
8.80586 8.88882 -8.88882 
8.88812 8.88114 -8.88114 
8.81131 8.88159 -8.88159 
8.81382 8.88194 -8.88194 
8.8168Y 8.80226 -8.88226 
8.8283Y 8.88286 -8.88286 
8.8288L 8.88394 -8.88394 

8.82841 
8.82311 
8.01785 
8.81397 
8.81268 
8.8143L 
8.81828 
8.82297 
8.82777 
8.83193 
8. 83459 
8 .E3472 
8.83175 
8.82612 
8.81916 
8.81212 
8. 88558 

8.88831 
8.88862 

8.88145 

Page 24 - 
0.80458 
8.88786 
8.88885 
8.88938 
8.88844 
8.88639 
8.80488 
8.88188 
8 .  88833 

8.88395 
8.88972 
8.81583 
8.81968 
8.82388 
8.82456 
8.82389 
8.82137 
8.81785 
8.81426 ~ ~~~-~ 
8.81116 
8. 88879 
8. 88733 
8.88686 
8.88694 
8.88683 
8.88649 
8. 08583 
8.88278 
8. 88835 

.. . . . - . 



- Film: XCLLYR8.lXI P.53. 25 - 
35.775 8.83785 8.88531 -8.80531 
35.8 
35.825 
35.85 

, 35.875 
35.9 
35.925 

- 35.95 
35.975 
3a 

36.125 
36.15 
36.175 
36.2 
36.225 
36.25 
36.275 
36.3 
36.325 
36.35 
36.375 
36.4 
36.425 
36.45 
36.475 
36.5 
36.525 
36. 55 
36.575 
36.6 
36.625 
36.65 
36,675 
36.7 
36.725 
36.75 
36.775 
36.8 
36. 825 
36.85 
36.875 
36.9 
36.925 
36.95 
36.975 
37 
37.825 
37.85 
37. 875 
37 .1  
37.125 
37.15 
37.175 
37.7 
37.225 
37.25 

8.84742 8.88665 -8.88665 
8.85681 8.88786 -8.88786 
8.86398 8.88898 -8.88898 
8.87869 8.88992 -8.889Y2 
8.87399 8.81838 -8.81838 
8.87226 8.81814 -8.81814 
8.86633 8.88931 -8.08931 
8.85835 8.88819 -8.88819 
8.85814 8.88784 -8.88784 
8.84326 8.88687 -8.88607 
8.84884 8.88562 -0.88562 
8.84171 8.88585 -8.88585 
8.84727 8.88663 -8.88663 
8.05516 8.88774 -8.88774 
8.86487 0.88918 -8.88918 
8.87629 8.81871 -8.81871 
8.08645 8.81213 -8.81213 
8.88915 8.81251 -8.81251 
8.88827 8.81127 -8.81127 
8.86142 8.88862 -8.88862 
8.83692 8.08518 -8.88518 
8.81611 8.88226 -8.88226 
-8.88!549 -8.88877 
-8.82397 -8.88336 
-8.83792 -8.88532 
-8.04393 -8.88617 
-8.04812 -8.88563 
-8.82797 -8.88392 
-0.81186 -8. 88166 
8.88198 8.08827 -8.88827 
8.88977 8.88137 -8.88137 
8.81325 8.88186 -8.88186 
8.81586 8.88211 -8.88211 
8.81593 8.88224 -8.88224 
8.81477 8.88287 -8.88287 
8.81145 8.80161 -8.88161 
8.88754 8.88186 -8.88186 
8.88438 8.80860 -8.88868 
8.88888 8.88812 -8.88812 
-0.88531 -8. 08875 
-8.81542 -8. 88216 
-8.82768 -8.88388 
-8.83998 -8.88568 
-8.85898 -8.88714 
-8.85938 -8.88833 
-8.86337 -8.88889 
-8.86137 -8.88861 
-8. 85314 -8.88746 
-8.84838 -8.88563 
-8.82587 -0.88352 
-8.81151 -8.88162 
-8.88281 -8.88839 
-8.88182 -8.88814 
-8.88594 -8.88883 
-8.81512 -8.88212 
-8.82475 -8.88347 
-0.83152 -8.80442 
-8.83399 -8. 88477 
-8.83194 - @ . O M  

8. 88877 
8.88336 
8.88532 
8.88617 
8.88563 
8.88392 
8.88166 

8.88875 
8.88216 
8.88388 
8.88560 
8.88714 
8.88833 
0.88889 
8.88861 
8.88746 
8.88563 
8.88352 
8.88162 
8.88839 
8.88814 
8.88883 
8 .  80212 
8.88347 
8.88442 
8.88477 
8. 88448 

- File: XCLLYR8.lXI Page 26 - 
275 -8.82592 -8.88364 8.88364 ’ 

-8.88239 8.88239 
8.8B887 . - . 3  -8.81782 

7.325 
37.35 
37.375 
37.4 
37.425 
37.45 
37.475 
37.5 
37.525 
37.55 
37.575 
37.6 
37.625 
37.65 
37.675 
37.7 
37.725 
37.75 
37.775 
37.8 
37.825 
37.85 
37.875 
37.9 
37.925 
37.95 
37.975 
38 
38.825 
38. 85 
38.875 
38.1 
38.125 
38.15 
38.175 
38.2 
38. 225 
38.25 
38.275 
38.3 
38.325 
38.35 
38.375 
38.4 
38.425 
38.45 
30.475 

. 575 

38.625 
38.65 
38.675 
38.7 
38.725 
38.75 

-8.88622 -8. 88887 
8.88482 8.88868 -8.88868 
8.81334 8.88187 -8.88187 
8.81754 8.88246 -8.88246 
8.81812 8.88254 -8.88254 
8.81663 8.88233 -8.88233 
8.81327 8.88186 -8.88186 
8.88792 8.88111 -8.88111 
8.88164 8.88823 -8.88823 
-8.88432 -8.08861 
-8.88988 -8.88127 
-8.811 6 5 -8.88163 
-8.81845 -8.88147 
-8.88369 -8.88852 
8.88921 8.88129 -8.88129 
8.82678 8.88375 -8.88375 
8.84666 8.88655 -8.B8655 
8.86Bll 8.88956 -8.88956 
0.88971 8.81259 -8.81259 
8.18899 8.81538 -8.81538 
8.12325 8.81738 -8.81738 
8.13877 8.81835 -8.81835 
8.13225 8.81856 -8.81BSC 
8.12874 8.81887 -8.81887 
8.12885 8.81685 -8.81685 ’. 
8.18688 8.81499 -8.8?499 
8.89181 8.81289 -8.81289 
8.87811 8.81896 -8.81896 
8.86662 8.88935 -8.88935 
8.85716 8.88882 -8.88882 
8.94967 8.88697 -8.88697 
8.84274 8.88688 -8.88600 
8.83328 8.80466 -8.80466 
8.01911 8.88268 -8.88268 
8.88145 8.88828 -8.08828 
-8.82884 -8.88281 
-8.83381 -8.88474 
-8.85211 -8.88731 
-8.05823 -8.88817 
-8 .86  124 -8. 80859 
-8.85584 -8. 88772 
-8.83648 -8. 88512 
-8.82394 -8.88336 
-8.88328 -8.88841 
8.81355 8.88198 -8.88198 
8.82441 8.88343 -8.88343 
8.83341 8.88469 -8.88469 
8.83558 0.88498 -8.88498 
8.82841 8.88399 -8.8839Y 
8.81434 8.88281 -8.88201 
8.08262 8.88837 -8.88807 
-8.81983 -8.88278 
-8.83887 -8.88534 
-8.86132 -8. 88861 
-8.87825 -8.81898 
-8.88947 -8.81256 
-8.89567 -8.81343 
-8.89825 -8.01379 

8.88861 
8.88127 
8.88163 
8.88147 
8.88852 

8. 88281 
8.88474 
8.88731 
8.88817 
8.88859 
0 .  88772 
8.88512 
8.88336 
8.88845 

8.88278 
8.88534 
8.88861 
8.81898 
8.81256 
8.81343 
8.81379 

c PI1 
38.775 
38.8 
38.825 
38.85 
38.875 
38.9 
38.925 
38.95 
38.975 
39 
39.825 
39.05 
39.075 
39.1 
39.125 
39.15 
39.175 
39.2 
39.225 
39.25 
39.275 
39.3 
39.325 
39.35 . 
39.375 
39.4 
39.425 
39.45 
39.475 
39.5 
39.525 
39.55 
39. 575 
39.6 
39.625 
39.65 
39.675 
39.7 
39.725 
39.75 
39.775 
39.8 
39.825 
39.85 
39.875 
39.9 
39.925 
39.95 
39.975 
48 
48.825 
48.85 
48.875 
48.1 
48.125 
48.15 
48.175 
48.2 
48.225 
48.25 

r F l l  
48.275 
48.3 
48.325 
40.3s 
48.375 
48.4 
48.425 
48.45 
48.475 
48.5 
48.525 
48.55 
48.575 
48.6 . 
48.625 
48.65 
48.675 
48.7 
48.725 
48.75 
48.775 
48.8 
48.825 
48.85 
48.875 
48.9 
48.925 
48.95 
48.975 
41  
41.825 
41.85 
41.875 
41.1 
41.125 
41.15 
41.175 
41.2 
41.225 
41.25 
41.275 
41.3 
41.325 
41.35 
41,375 
41.4 
41.425 
41.45 
41.475 
41.5 
41 .525 
41.55 
41. 575 
41.6 
41.625 
41.65 
41.675 
41.7 
41.725 
4!.75 

e :  XCLLYR8.m 
-8.89881 -8.81376 
-8.89582 -8.81334 
-8. 89833 -8.81268 
-8.88611 -8.81289 
-0.80342 -8.81171 
-8.08180 -8.81148 
-8.08126 -8.81141 
-8.88218 -8.81152 

-8.81177 -8.88388 
-8.88s45 -8.8119Y 
-8. 88511 -8.81195 
-8. 88868 -8.01132 
-8.87863 -8.88991 
-8.85514 -8. 88774 
-8.83514 -8.88493 
-8.81248 -8.88175 
8.88933 8.88131 -8.88131 
8.82763 8.88388 -8.88388 
8.84164 8.88584 -8.88584 
8.85870 8.88712 -8.88712 
8.8S426 8.88762 -8.80762 
8.85381 8.88744 -8.88744 
8.84852 8.88681 -8.88681 
8.84273 8.88688 -8.88688 
8.83759 8.88528 -8.88528 

8.83828 8.88424 -8.88424 
8.82831 8.88397 -8.80397 
8.82883 8.88405 -8.88485 
8.83147 8.89442 -8.80442 

8.83739 0.88525 -8.88525 
8.83713 8.88521 -8.88521 
8.83334 8.80468 -8.88468 
8.8252Y 8.88355 -8.88355 
8.81277 8.8817Y -8.88179 
-8.88201 -8.98828 
-8.8155B -8.88219 

. -8.82568 -8.B8368 
-8.83096 -8. 88435 
-8.8389Y -8.88435 
-8.82625 -8.88368 
-8.81706 -8.88239 
-8.88434 -8.88061 
8.88903 8.88131 -8.88131 
8.82129 8.8829Y -9.88293 
8.82986 8 . 8 8 4 1 Y  -0.88419 
8.83382 8.88463 -8.88463 
8.82838 8.88398 -0.88398 
8.81525 8.88214 -0.88214 
-8.88475 -8. 88867 
-8.82868 . -8.88481 
-8.85316 -8.88746 
-8.07538 -8. B1858 
-8.89283 -8.81384 
-8.18453 -8.81467 

-8.18806 -0.81517 
-8.89933 -0.81394 
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8.81269 8.88178 -8.88178 

-8.88893 -8.88813 
-8.88924 -8.88130 
-8.81767 -8.88248 
-8.82559 -8.88359 
-8.83225 -8.88453 
-8.83676 -8.88516 
-0.838 68 -8.88543 
-8.83788 -8.88532 
-8.83451 -0.88484 
-0.82954 -8.88415 
-8.82484 -8.88337 
-8.81852 -8.88268 
-8.81364 -8.88191 
-8.81839 -8.88146 
-8.80959 -8.88135 
-8.8llSB -8.88161 
-8.81537 -8.88216 
-8.81983 -8.88278 
-8.82394 -8.88336 
-8.02729 -8.88383 
-8.82971 -8.88417 
-8.83128 -8.88438 
-8.83154 -8. 88443 
-8.83879 -8.80432 
-8.82954 -8.88415 
-8.02842 -8.88399 
-8.82784 -8.88391 
-8.82785 -8.80391 
-8.02798 -8.80393 
-8.82734 -8. 80384 
-8.82S17 -8.88353 
-8.82138 -8.88299 
-8.01636 -8.88238 
-8.81896 -8.08154 
-8.88631 -8.88889 
-8.88371 -8. 88852 
-8.88156 -8.88822 
8.88866 8.88889 -8.08889 
8.88849 8.88087 -8.88887 
-8. 88881 8.88888 8. 
-8. 88888 -8. 88881 
8.80188 8.88815 -8.88815 

8 . 8 0 6 ~ 7  e.ee892 -0.80092 

le :  x c L L Y x 8 . M  
8.88355 8.88858 -8.88858 
8.88674 8.88895 -8.88095 
8.81835 8.88145 -8.88145 
8.81486 8.88197 -8.88197 
8.81788 8.88239 -8.88239 
8.81828 8.88257 -0.88257 
8.81771 8.88249 -8.08249 
8.81561 8.88219 -8.88219 
8.81283 8.88188 -8.88180 
8.81854 8.88148 -8.88148 
8.88951 8.08133 -8.88133 
8.81818 8.88142 -8.88142 
8.81284 8.88188 -8.08188 
8.81886 8.88253 -8.88253 
8.82514 8.88353 -8.80353 
8.83278 8.88468 -8.88468 
8.84883 8.88562 -8.88562 
8.84638 8.88651 -8.88651 
8.85132 8.88728 -8.88728 
8.85436 8.88763 -8.88763 
8.85493 8.88771 -8.88771 
8.85239 8.88735 -8.88735 
8.84676 8.88656 -8.88656 
8.83868 8.88543 -8.88543 
8.82849 8.88488 -8.88408 
8.81648 8.88231 -8.88231 
8.88367 8.88852 -8.88852 
-8.88843 -8. 88118 
-8.81843 -8.88259 
-8.82568 -8.88359 
-8.82986 -8.88419 
-8.03166 -8.88444 
-0.83188 -8. 80447 
-8.83158 -8.8e443 
-8.83130 -8.88448 
-8.83118 -8.88438 
-8.83872 -8.88431 
-8.82963 -8.88416 
-8.82751 -8.B0386 
-0.82393 -8.88336 
-8.81886 -8.88265 
-8.81328 -8.88185 
-8.88833 -8.88117 
-8.88523 -8. 88873 
-0.88419 -8. 88859 
-8.88481 -8.88868 
-8.80669 -8.88894 
-8.88976 -8.88137 
-8.81357 -8.88198 
-8.81735 -8.88244 
-8.82854 -0.08208 
-8.82386 -8.88324 
-8.82587 -8.88352 
-8.82681 -8.08376 
-8.82838 -8.88397 
-8.82937 -8.88412 
-8.82991 -8.88428 
-8.83888 -8.88422 
-8.82974 -8.88417 
-8.82886 -0.88485 

8.88813 
8.88138 
8.88248 
8. 08359 
8. 88453 
8.88516 
8. 88543 
8.88532 
8.88484 
8.88415 
8.88337 
8.88268 
8.88191 
8.00146 
0.88135 
8.88161 
8.80216 
8.88278 
8.88336 
8.88383 
0.88417 
8.88438 
8. 88443 
8.88432 
8.88411 
8.88399 
8.88391 
8.88391 
8.80393 
8.80384 
8. 88353 
8.88299 
8. 88238 
8. 88154 
8.88889 
8. 88852 
8. 88822 

88880 
8. 88881 

8. 88118 
8.88259 
8. 80359 
8.084l9 
8.88444 
8.80447 
8.80443 
0.80448 
8. 88438 
8.88431 
8. 88416 
8.88386 
8.88336 
8.88265 
8.88185 
8.88117 
8.88873 
8. 88859 
8.88868 
8.88894 
8.88137 
e. 88198 
8. 88244 
8.88208 
8.88324 
8.88352 
0.88376 
8.88397 
8.88412 
8.88428 
8.88422 
8.88417 
8. 88485 

P.9. 33 - 7 P l l l  
58. 775 
5 8 . 8  
58.825 
58.85 
58. 875 
58.9 
58.925 
58.95 
50.975 
51 
51.825 
51.85 
51. 875 
51.1 

P.S. 34 - 

B :  X T a Y R 8 . M  Frl O e t  28. 1Y95 - Pag. 35 - 
-8.82737 -8.88384 8.88384 
-8.82222 -8.88318 n 11117%~ - . ----- ~ ~..__ 
-8.8192) -8.80271 8.88271 

-8.81161 -8.88163 8.88163 b 
8.88183 -8.88734 -8.88183 

-8.88267 -8. 88838 0.88838 

-8.81582 -8. 88222 8.88222 +-- 
’ 

8.88138 8.08819 -8.BBBlY 
8.88525 8.88074 -8.88874 
8.88631 8.8888Y -8.0888) 
8.81284 8 . 8 8 1 C Y  -8.88169 
0.81827 8.88144 -8.88144 
8.81318 8.88184 -8.88184 
8.88948 8.88133 -8.88133 
8.81386 8.88183 -8.88103 
8.8lBYY 8.8Bl54 -8.88154 
8.81211 8.88178 -8.88178 



7 F11m: XCLLYR2.TXT Pagm 1 - - FII.:  x C L L n t 2 . m  -8.81786 
0.81786 Fri O = ~ ? k s  - r.m 2 . 7 7 5  -8.886697 

8.82315 -8.82315 2.825 -8.88868 
-8.82863 8.82863 
-8.83382 8.83382 

A d e r d i w  = NJD,/rR( <+ (Th ) 2 . 8 5  -8.818735 
ruUt 8.14264' 2 . 8 7 5  -8.812381 
m e  -8.13884 2 . 9  -8.812181 -8.83248 8.83248 

2 . 9 2 5  -8.818452 -8.82787 0.82787 
S h e w  Stress ACCIerAtlO 2 . 9 5  -8. 887728 -8.82861 8.82861 

2 . 9 7 5  - 0 . ~ 8 4 6 4 7  -8.81239 8 .  81239 

2 . 8  -8.887339 -8.01957 8 . 8 1 9 5 7  cd* 
FEF3lCO - OSDP 
t63980-9.11 
L a y e r  2 - Cover A c c e l m r a t i y k  
Sunthmtlo - 82-SYN 

8. 888043 8.88811 -e?kJl GA : 3Ft ;P Q l i *  3 -8.881823 -8.88486 8.88486 4 0.: 8 . 1 2 5  . I  

0.15 
8 . 1 7 5  
8 . 2  
0.225 
8.25 
8 . 2 7 5  
8 . 3  
0.325 
8 . 3 5  
8 . 3 7 5  
8 . 4  
8.425 
8 . 4 5  
8 . 4 7 5  
8 . 5  
8 . 5 2 5  
8 . 5 5 .  
8 . 5 7 5  
0.6 
8 . 6 2 5  
8 . 6 5  
8 . 6 7 5  
8 . 7  
8 .  7 2 5  
8 . 7 5  
8 . 7 7 5  
8 . 8  
8.825 
8 . 8 5  
8 . 8 7 5  
8 . 9  
8 . 9 2 5  
8 . 9 5  
8 . 9 7 5  
1 
1 . 8 2 5  
1 . 8 5  
1 . 8 7 5  
1 . 1  
1 . 1 2 s  
1 .15  
1 . 1 7 5  
1 . 2  
1 . 2 2 5  
1.25 

1 . 3 5  
1 . 3 7 5  
1 . 4  
1 . 4 2 5  
1 . 4 5 '  
1 . 4 7 5  
1 . 5  
1 . 5 2 5  
1 . 5 5  
1 . 5 7 5  
1 . 6  
1.625 
1 . 6 5  
1 . 6 7 5  
1 . 7  
1 . 7 2 5  
1 . 7 5  
1 . 7 7 5  
1 . 8  
1 .  825 
1.85 
1 . 8 7 5  
1 . 9  
1 . 9 2 5  
1 . 9 5  
1 . 9 7 5  
2 
2.825 
2 . 8 5  
2 . 8 7 5  
2 . 1  
2 . 1 2 5  
2 . 1 5  
2 . 1 7 5  
2 . 2  
2 . 2 2 5  
2 . 2 5  
2 . 2 7 5  
2 . 3  
2 . 3 2 5  
2 . 3 5  
2 . 3 7 5  
2 . 4  
2 . 4 2 5  
2 . 4 5  
2 . 4 7 5  

2.625 
2 . 6 5  
2 . 6 7 5  
2 . 7  
2 . 7 2 5  
2 . 7 5  

- . . ~ ~  ~ 

8.888824 8.08886 -8.88886 f '  - 
8.888042 8.88811 -8.88811 
e. 888822 8.88886 -8.88886 
0.88884 8.88811 -8.88811 
8.888821 8.88886 -8.88886 . ~~~~~~ 

8.888839 8.88818 -8.88818 
8.888819 
0.888837 8.88818 -8.88018 
8.888816 8.88884 -8.88884 
8. 888834 
8.888813 8.88883 -8.88883 I 
8.88883 8.88888 -8.888BB 
8.888889 8.88882 -8.88882 
e . 8 8 ~ ~ 2 5  8.88887 -8.88887 
8.888882 0.88801 -8.88881 

-0.88801 -8. 88883 8.08803 
-e.eeeeei 8.88888 8.88888 
-8.888835 -8. 88889 8.88889 
-8 .888842 -8. 88811 8.88811 
-8.8881 -8.88827 8.88827 
-8.888129 -8.88834 
-8. 888282 -8.88854 

-8.888316 -8.88884 
-0.888357 -8.88895 
-8.888445 -8.88119 
-0.888584 -8.88134 8.88134 
-0.888598 -8.88159 0.88159 
-8.888628 -8.88167 8.88167 
-8. 8886S4 -8.88174 8.88174 
-8.888593 -8 .  8BlSB 8.88158 
-8. 88852 -8.88139 8.88139 
-8.888483 -8.88187 8.88187 
-8.888388 -8.88183 8.88183 
-8. 888482 -8.88187 8.88187 
-8.888434 -8.88116 8 . 8 8 1 1 6  
-8.888349 -8.88893 8 .  88893 
-8.888272 -8. 88873 e. 88873 
-8. 888234 -8.88862 8.88862 
-8.888379 -0. 88181 8.88181 
-8.888601 -8.88168 8.88168 
-8.888885 -8.88236 8.88236 
-8.881894 -8.88292 8.88292 
-8.881387 -8.88349 8.88349 
-8.88151 -8.88483 8.88483 
-8.881785 -0.88476 8.88476 
-0.881953 -8.88521 8.08521 
-8.881983 -8.88529 8.88529 
-8.881767 -8.88471 8 .  88471 

0.888816 o.aa~84 -a.mem 

8 08834 G U  
8:88854 + 

8.88119 0,375 

-8.88824 -8.88864 8.88864 - ,oo t7iLL4 
8.88884 
8.88895 Acs O- 

J 

11.: x c L L r R 2 . m  
-8.881394 -8.88372 8.88372 
-8.888845 -8.88225 8. 88225 
-8.888323 -8.88886 8.88886 
8 .  888088 8.88823 -8.88823 
8.888283 8.88854 -8.88854 
8 .  888187 8.88858 -8.B8858 
8.88886 8.88816 -8.88816 
-8.888274 -8.88873 8.80873 
-8.888988 -8.88263 8.88263 
-8.8817S4 -8.88468 8.88468 
-0.882243 -8.88598 8.88598 
-0.882245 -8.88599 8.88599 
-8.081989 -8.88538 0.88538 
-0.881674 -8.88446 8.88446 
-8.881513 -8.88483 8.88483 
-8.881148 -8.88386 8.88386 
-8. 888481 -8.88187 8.88187 
8.888621 8.88166 -8.88166 
8.881369 8.88365 -8.88365 
0.881485 8.88396 -8.88396 
8.88878 8.88288 -8.88288 
-8.888786 -8.88188 8.88188 
-8.882959 -8. 88789 8.88789 
-0.885191 -8.81384 8.81384 
-8.886278 -8.81674 8.81674 
-8.88S624 -8.815BB 8.81588 
-0.884887 -0.81869 8.81869 
-0.082181 -8. 88568 8.88560 
-8.880486 -8.88138 8.88138 
8.888334 8.88889 -8.88889 
8.888613 8.88163 -8.88163 
8.881435 8.88383 -8.88383 
8.882683 8 . 8 8 7 1 5  -8.80715 
8.883425 8.88913 -8.88913 
8.883836 8.81823 -8.81823 
8.884s84 8.81222 -8.81222 
8.884683 8.81227 -8.81227 
0.884853 8.81881 -8.81881 
8 .  884137 8 . 8 1 1 8 3  -8.81183 
8.884797 8.81279 -8.81279 
8.885575 8.81487 -8.81487 
8.886479 8.81728 -8.81728 
8.886972 8.81859 -8.81859 
8.8867 8 . 8 1 7 8 7  -8.81787 
8 .  885384 8 . 8 1 4 1 4  -8.61414 
8. 883555 8.88948 -8.88948 
8.882734 8.88729 -8.88729 
8.8827 8.88728 -8.88728 
8.882528 8.88674 -8.88674 
8.882516 . 8.88698 -8.88698 
8.883894 8.88825 -8.88825 
8.883877 8.81834 -8.81834 
8.884814 8.01284 -8.81204 
8.88S4ES 8.81463 -8.81463 
8.884944 8.81318 -8.81318 
8.883485 8.88988 -8.88988 
8 . 8 8 l l l  8.88296 -8.88296 
-8.882268 -0.88685 8.8B685 
-8.88S314 - 8 . 8 1 4 1 7  8 . 8 1 4 1 7  
-8.886396 -0.81786 0.81706 

3.825 
3 . 8 5  
3 . 0 7 5  
3 . 1  
3 . 1 2 5  
3 . 1 5  
3 . 1 7 5  
3 . 2  
3 . 2 2 5  
3 . 2 5  
3 . 2 7 5  
3 . 3  
3 . 3 2 5  
3 . 3 5  
3 . 3 7 5  
3 . 4  
3 . 4 2 5  
3 . 4 5  
3 . 4 7 5  
3 . 5  
3 . 5 2 5  
3 . 5 5  
3 . 5 7 5  
3 . 6  
3.625 
3 . 6 5  
3 . 6 7 5  
3 . 7  
3 . 7 2 5  
3 . 7 5  
3 . 7 7 5  
3 . 8  
3 . 8 2 5  
3 . 8 5  
3 . 8 7 5  
3 . 9  
3 . 9 2 5  
3 . 9 5  
3 . 9 7 5  
4 
4 . 8 2 5  
4 . 8 5  
4 . 8 7 5  
4 . 1  
4 . 1 2 5  
4 . 1 5  
4 . 1 7 5  
4 . 2  
4 . 2 2 5  
4 . 2 5  

Page 2 -. 7 F i l  
4 . 2 7 5  
4 . 3  
4 . 3 2 5  
4 . 3 5  
4 . 3 7 5  
4 . 4  
4 . 4 2 5  
4 . 4 5  
4 . 4 7 5  
4 . 5  
4 . 5 2 5  
4 . 5 5  
4 . 5 7 5  
4 . 6  
4 . 6 2 5  
4 . 6 5  
4 . 6 7 5  
4 . 7  
4 . 7 2 5  
4 . 7 5  
4 . 7 7 5  
4 . 8  
4 . 8 2 5  
4 . 8 5  
4 . 8 7 5  
4 . 9  
4 . 9 2 5  
4 . 9 5  
4 . 9 7 5  
5 
5.825 
5.85 
5 , 8 7 5  
5 . 1  
5 . 1 2 5  
5.15 
5 . 1 7 5  
5 . 2  
5 . 2 2 5  
5.25 
5 . 2 7 5  
5 . 3  
5 . 3 2 5  
5 . 3 5  
5 . 3 7 5  
5 . 4  
5 . 4 2 5  
5 . 4 5  
5 .  475 
5 . 5  
5 . 5 2 5  
5 . 5 5  
5 . 5 7 5  
5.6  
5 . 6 2 5  
5.65 
5 . 6 7 5  
5 . 7  
5 . 7 2 5  
5 . 7 5  

-8.88144 8.88144 
-8.88473 8.88473 
-8.81227 8.81227 
-8.81754 8 . 8 1 7 W  
-8.81763 8 . 8 1 7 6 3  
-0.81461 8 . 8 1 4 6 1  
-8.88828 8 .  88828 
8.88214 -8.88214 
8.88866 -0.88866 
8.88881 -8.88881 
8.88586 -8.80586 
8.88198 -8.88190 
-8.BB686 
-8.81981 
-8.83342 8.83342 
-8.84258 8.84258 
-8.04421 8.84423 
-8.84462 8.04462 
-8.84125 8.84125 
-8.82862 8.82862 

-8. 888539 
-8.88177S 
-0.884681 
-0.886577 
-8.886613 
-8.88W77 
-0.883186 
8.888882 
8.883247 
8.883884 
8.882197 
8.888714 
-0.882574 
-8.887129 
-8.812532 
-0.815967 
-0.816577 
-8.816732 
-0.815467 
-8.818731 
-8.884892 
8. 883433 8.88915 -8.88915 
0.812526 8.83348 -8.83348 
8.822842 8.86891 -0.86891 
8 . 8 3 1 2 1 5  8.88324 -8.88324 
8.833129 8.88834 -8.88834 
8.827232 8.87262 -8.87262 
8.819939 0 . 8 5 3 1 7  -8.85317 
8 . 8 1 8 1 7 1  0.84846 -8.04846 
8.819987 8.85338 -8.85338 
8.819275 8.85148 -8.85141 
8 . 0 1 5 7 2  8.84192 -8.84192 
8.81361 8.83629 -8.83629 
0.815453 8 . 8 4 1 2 1  -8.84121 
8.819692 0.85251 -8.85251 
8.82367 8.86312 -8.86312 
8.82559 8.86824 -8.86824 
8.825364 8.06764 -8.86764 
8.824221 8.86459 -8.86459 
8.82268 8.86848 -8.86848 
8.819822 8.85873 -8.05873 
8.813288 8.83522 -8.83522 
8.88635 8.81693 -8.81693 
-8.881981 -8.88528 8.88528 
-8. 8 1 8 S l 7  -8.82885 8.82885 
-8.816392 -8.84371 8.84371 
-8.828617 -8.85498 8.85498 
-8. 82383S -8.86143 8.86143 
-8.81986 -8.85296 8.85296 
- 8 . 8 1 1 7 7 S  -8.83148 8.83148 

-0.81891 8.81891 

I.: x c L L m 2 . m  P.W. 4 - 
-8.886854 -8.81614 8 . 8 1 6 1 4  
-8.884912 -8.81318 8 . 8 1 3 1 8  
-8.885255 -8.81481 8.81481 
-8.884697 -8.81253 8.81253 
-8.881397 -8.88373 8 .  88373 
8.881749 8.88466 -8.88466 
8. 888843 8.88811 -8.88811 
-8. 88S326 -8.81428 8.81428 
-8.811188 -8.82983 8.82983 
-8.81647 -8.84392 8.84392 
-0.818869 -8.85832 8.85832 
-0.814915 -8.83977 8.83977 
-8.888473 -8. 82259 8.82259 
-8.806215 -8.81657 0 . 8 1 6 5 7  
-8.889626 -8.82567 8.82567 
-8.815476 -8.04121 8. 84127 
-8.818851 -8.84815 8.84811 
-8.815122 -8.84833 8.84833 
-8.81877 -8.82872 8 .  82872 
-8.81823 -8.82728 0.82728 
-8.015685 -8.84161 8.84161 
-8.8214 -8.85787 8 .  85787 
- 8 . 8 2 1 1 1 4  -8.85638 8.85638 
-8.81S678 -8.84181 8.84181 
-8.888461 -8.82256 8.82256 
-8.881156 -8.88388 8.88388 
8.883326 8.88887 -8.88887 
0.882618 8.88698 -8.88698 
-8.882473 -8.B8659 8.8865Y 

8.818SB -8.81850 -8.886936 
-8.886852 -8.81614 8 . 8 1 6 1 4  
8 . 8 8 1 1 7 4  8.88313 -8.88113 
8.812494 8.83332 -8.83332 
8. 825889 8.86984 -8.86984 
8.839851 8 . 1 8 4 1 4  -0.18414 
8.848634 8.12969 -8.12969 
8.851629 8.13768 -8.13768 
8.846584 8.12481 -8.12481 
8 .  834881 8.89382 -8.89382 
8.81995Y 8.85322 -8.85322 
8 .  882S78 8.88607 -8.88687 
-8.815352 -8. 84894 8 .  84894 
-8.829436 -8.87858 8. 87858 
-8. 83356 -8.88949 8.88¶4¶ 
-0.825847 -8.86893 8.86893 
-8.814324 -8.83828 8.83828 
-8. 889887 -8.82482 8.82482 
-8. 889986 -8.82663 8.82663 
-8.889¶21 -8.82644 8.02646 
-8. 88s425 -8.81447 8 .  81447 

-8.88878 8.88878 -8.880292 
8.88156 8.88416 -8.88416 

-8.88863 8.88863 -8.888238 
-8.88889 8.88889 -8.883832 

-8. 885618 -8.81498 8.81498 
-8.888427 -8.82247 8.82247 
-8.818089 -8. 82882 8.82882 
-8 . e 1 1 6 2 5  -8.83188 8.83188 
-8.818633 -8.82835 8.82835 

-0.82463 8.82463 -8.889235 
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5.775 -8.887622 -8.82833 8.82833 8.775 -8.88953 -8.82541 8.82541 
5.8 
S.825 
5.85 
5.875 
5.9 
5.925 
5.95 
5.975 

6.125 
6.15 
6.175 
6.2 
6.225 
6.25 
6.275 
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8.a4372 -8.04372 

.85555 -8.05555 
8.86882 -8.86882 
8.87211 -8.87211 
8.87469 -8.87469 
8.87942 -8.87942 
8.88438 -0.88438 
8.88838 -8.88838 
8.86872 -8.86872 
8.83948 -8.83940 
8.83179 -8.83179 
8.83859 -8.83859 
8.816S4 -8.81654 
-8.81433 8.81433 

- FLI 
14.775 
14.8 
14.825 
14.85 
14.875 
14.9 
14.925 
14.95 
14.975 
15 
15.825 
15.05 
15.875 
15.1 
15.125 
15.15 
15.175 
15.2 
15. 225 
15.25 
15.275 
15.3 
15. 325 
15.35 
15.375 
15.4 
15.425 
15.45 
15.475 
15.5 
15.525 
15.55 
15.575 
15.6 
15.625 
15.65 
15.675 
15.7 
15.725 
15.75 
15.775 
15.8 
15.825 
15.85 
15.875 
15.9 
15.925 
15.95 
15.975 
16 
16.025 
16.85 
16.875 
16.1 
16.125 
16.15 
16.175 
16.2 
16.225 
16.25 

7 F i 1  
16.271 
16.3 
16.325 
16.35 
16.375 
16.4 
16.425 
16.45 
16.475 
16.5 
16.525 
16.55 
16.575 
16.6 
16.625 
16.65 
16.675 
16.7 
16.725 
16.75 
16.775 
16.8 
16.885 
16.85 
16.875 
16.9 
16.925 
16.95 
16.975 
17 
17.825 
17.85 
17.875 
1 7 . 1  
17.125 
17.15 
17.175 
17 .2  
17.225 
17.25 
17.271 
17.3 
17.325 
17.35 
17.375 
17.4 
17.425 
17.45 
17.475 
17.5 
17. 525 
17.55 
17.575 
17.6 
17.621 
17.65 
17.675 
17.7 
17.725 
17.75 

F r i  O c t  28. 1995 - Pag. 11 - .: xcLLYR2.M 
-8.818587 -8.04957 8. 04957 
-8.82671 -8.87123 8.87123 
-8.82564Y -8. 86849 8.86848 
-8.81928 -8.05141 8.85141 
-0.816374 -8.04366 e . 0 4 3 c e -  
-8.818811 -8.85016 
-8.828985 -8.85596 
-8.818lYl -0.04851 0.84 
-8.811726 -8.83127 8.831Z7 
-8.887254 -8.81934 8.81934 
-8.888633 -8.82382 8.82382 
-8. 814888 -8.83735 8 .  83735 

-8.85182 8. 05182 -8.819131 
-8.821851 -8.05614 0.85614 . 
-8.819488 -8.85197 0.85197 
-8.815565 -8.84151 8. 84151 
-8.811427 -8.83847 8.83047 
-8.888841 -0.82358 8.82358 . 
-8.886872 -8.81833 8.81833 

-8.804678 -8.81247 8.81247 
-8.887495 -8.8199Y 8.81999 

8.82926 -8.818971 -8.82926 
-8. 812112 -8.83238 8.83238 
-8.88929 -8.82477 8.82477 
-8.885825 -8.81348 8.81348 
-8.882896 -8. aessg 8.88559 
-8.881813 -8.88278 8.88278 
-8.881876 -8.88287 8.88287 
-8. 888842 -8.88811 8 .88Bl l  
8. BBlS55 8.88415 -8.80415 
8.8889 8.88248 -8.88248 
-8. 881116 -8. 80404 8.88484 
-8. 888836 -8.88223 8.88223 
8.886418 8.81711 -8.81711 
8.81781 0.04536 -8.04536 
8.826341 8.87824 -8.87824 
8 .  83483Y 8.89877 -8.89877 
8.0483 8.18747 -8.18747 
8 . 0 4 W 4  8.11577 -8.11577 
8.83876 8.18336 -8.18336 
8. 827S73 8.87353 -8.87353 
8.817481 0.04662 -8.84662 
8.811573 8.83886 -8.83086 
8.887211 8.81928 -8.81928 
8. 882418 8.8864!i -8.88645 
-8.882854 -8. 88uB 0.88548 
-0.8817 -8.804S3 8.80453 
8.886884 8.81622 -8.81622 
8.819134 8.85182 -8.85182 
8.838886 8.88215 -8.88215 
8.834459 8.89189 -8.89189 
8.833265 8.88871 -8.88871 
8.834365 8.89164 -8.89164 
8.835611 0.89512 -8.89512 
8.832689 8.88717 -8.88717 
8.826816 8.87151 -0.87151 
8.828241 0.85398 -8.85398 
0.815211 B.MmS6 -8.04856 
8.81672 8.84459 - 8 . B Q w Y  

::::* 1 8 6 

-8.804626 . -8.81234 8.81234 

.: X t L L Y R 2 . M  P.9. 12 - 
8.823297 8.86213 -8.86213 
8.826177 8.86981 -8.86981 
8.82292 8.86112 -8.86112 
8.819883 8.85867 -8.85867 
8.815465 8.04124 -8.84124 
8.812114 8.83238 -8.83238 
8.813219 8.83525 -8.83525 
8.816589 8.04482 -8.04482 
8.813352 8.83561 -8.83561 
8.883883 
-0.888395 
-0.016322 
-8.820459 
-8.819989 
-8.815761 
-8.818325 
-8.801715 

8.824926 
8.826888 
8 .  816589 
8.885574 
-8.881355 
-8.885875 
-8.811361 
-8. 816584 
-8.819177 
-8.818296 
-8. 8162Sl 
-8.813139 

8.088682 
8.821578 
8.838198 
8.832159 
8.826351 
8 .  814686 
8. 88lY75 
-8.888828 
-8.815046 
-8.82148 
-8.829113 
-8.836885 
-8 .E38493 
-8.835s44 
-0.831927 
-8.832133 
-8.832648 
-8.82594 
-8.812562 
-8.881731 
8.88317 8. 
8.804617 
8.004466 
8.882768 
-0.881838 
-8.889433 
-8.818316 
-8.828534 
-8.837141 

a.81229~ 

-8. seam 

8.0 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
8.8  
8 .0  
8 .0  
8 .0  
0 .0  
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
8.0 
8 . 0  
8.1 

8.1 
8.t 

-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. 
-8. - -8. 
-8. 
-8. 

,88845 -8. 
8 . I  
8.1 
8.6 
-8. 
-8. 
-8. 
-8. 
-8. 

8.e 

8.e 

18 
8 
8 
8 
8 
8 
8 
8 
13 
16 
16 
14 
I1 
8 
8 
8 
8 
0 
8 
8 
E 
8 
I2 
I3 
18 
18 
1.2 
I3 
10 
E 
E 
E 

E 
1 

E 
E 
E 
E 
E 
E 
E 
I1 
I1 
10 
E 
E 
E 
E 
E 

a 

a 

881 -8.08881 
2239 8.82239 
4353 8. 04353 
5456 8. as456 
5389 8 .  85389 
4283 8.04283 
2753 8.82753 
0457 8.804S7 
288 -8.83288 
647 -8.86647 
957 -8.86957 
A24 -8.84424 
486 -8.81486 
8361 8.88361 
1567 8.81567 
3038 0. 83830 
14422 8.84422 
5114 8.85114 
1487) 8.04879 
14334 8.04334 
3504 8.83504 
11261 8.81261 
2Y4 -8.82294 
754 -8.85754 
853 -8.88813 
576 -8.88576 
‘827 -8.87827 
1895 -8.83895 
1527 -8.88527 
12141 8.82111 
14812 8.04812 
15728 8.85728 
I7763 8.87763 
19623 8.89623 
8265 8.18265 
I9478 8.89478 
I8514 0.88514 
18569 8 .  88569 
I8786 8.88786 
I6917 8.86917 
13358 8.83358 
18462 8.88462 
I8845 
231 -8.81231 
191 - 8 . 8 l l Y l  
1738 -8.88738 

I2515 8.82515 
I4884 8.04884 
l768Y 8.8768Y 
I9985 8.89985 

10498 e.88498 

0008’478 



17.775 
17.8 
17.825 
17.85 
17.875 
17.9 
17.921 
17.95 
17.975 
I 8  

(I);: 
10.125 
18.15 
18.175 
18 .2  
18.225 
18.25 
18.275 
18.3 
18.125 
18.35 
18.375 
18.4 
18.425 
18.45 
18.475 
18 .1  
18.525 
18. 55 
18.575 
18.6' 
18.625 
18.65 
18.675 
18.7 
18.725 
18.75 
18.775 
18.8 
18.825 
1 8 . 8 5  
18.875 
18.9 
18.925 
18.95 
18.975 
19 
19.825 
19.85 
19.875 
19.1 
19.125 
19.15 
19.175 

7 Pile: XCLLYR2.N Parr- 13 - 

19.2  
19.225 
19.25 

-8.839982 -8.18641 8.18641 
-8.834645 -8.89239 8 .  8923) 
-8.827576 -8.87354 8 .  87354 
-8.824184 -8.86428 8.86428 
-8.822824 -8.85871 8.85873 
-8.01776 -8.84736 a. 84736 
-8.012295 -8.83279 8.83279 
-8.888548 -8.82279 8.82279 
-8.086581 -8.81734 8.81734 
-8. 885883 -8.81355 8 .  81355 
-0.805581 -8.81467 8.81467 
-8.888563 -8.82283 8.82283 
-8.814604 ' -8.83894 8.83894 
-8.819345 -8.85159 8.85159 
-8.8176 -8.84693 8.04691 
-8.811842 -8.83158 . 8.03158 
-8.887923 -8.82113 8.82113 
-8.886931 -8.81848 0.81848 
-8.887174 -8.81913 8.81913 
-8.886299 -8.81688 8.91688 
-8.883449 -8.88928 8.88928 
-8.88262 -8.88699 8.88699 
-8.884981 -8.81387 8.81387 
-8.885943 -8.81531 8.81531 
-8.887829 -8.81874 8.81874 
-0.818123 -8.82699 8.82699 
-8.818389 -8.82749 8.82749 
-8.88649 -8.81731 8.81731 
-8.881218 -8.88321 . 8.88325 
8.882885 8.88748 -8.88748 
8.883347 8.88893 -8.88893 
8.881485 8.88929 -8.88929 
B.088592 8.82291 -8.82291 
8.818296 8.84879 -8.04879 
8.826986 8.87196 -8.07196 
8.832832 8.88542 -8.88542 
8 .  834897 8.89893 -8.89893 
8.8331S5 8.88841 -8.88841 
8.829992 8.87998 -8.87998 
8 .  827816 8.87418 -8.87418 
0.828456 8.87591 -8.87591 
8.829263 8.87881 -8.87883 
8.825526 8.86887 -8.86887 
8.819577 8.85221 -8.85221 
8.816 641 8.84438 -8.84438 
8.81671 8.04456 -8.84456 
8.816638 8.04437 -8.84437 
8.81488 8.83755 -8.83751 
8.888263 8.82283 -8.82283 
8.88833 B.BBB88 -8.88888 
-8.888193 -8.82185 8.8218s 
-8.816834 -8.84276 8.84276 
-8.821744 -8.85798 8 .  85798 
-8.822918 -8.86111 8 . 8 6 l l l  
-8.819367 -8.85165 8.85165 
-8.812719 -8.83392 8.83392 
-8.885444 -8.81452 8 .  81452 
0.881194 8.88318 -8.88318 
0.889184 8.82428 -8.82428 
8.018824 8.85828 -8.81828 

Parrs 14 - 
19. 31 
19.375 
19.4 
19.421 
19.45 
19.475 
19.5 
19.525 
19. 55 
19. 575 
19.6 
19.625 
19.65 
19.675 
19.7 
19.721 
19.15 
19.775 
19.8 
19.825 
19.81 
19.875 
19.9 
19.925 
19.95 
19.975 
28 
28.825 
28.85 
28.875 
28 .1  
28.125 
20.15 
28.175 
28.2 
28.225 
28.25 
28.271 
28.3 
28.325 
28.3s 
28.375 
28.4 
28.425 
28.45 
28.475 

28.625 
28.65 
28.675 
28.7 
28.725 
28.75 

8.828839 8.87477 -8.87477 
8. 831945 8.89585 -8.89585 
8.84119 6 8.18986 -8.18986 
8.848439 8.18784 -8.18784 
8.834281 8.89128 -8.89128 
8.826837 8.87157 -8.87157 
8.819112 8.85897 -8.85897 
8.81887 8.82899 -8.82899 
8. 883893 8.88825 -8.88825 
-8.881984 -8.88588 8 .  88588 
-8.883526 -8.88948 8.88948 
-8.886157 -8.81642 8.81642 
-8.811689 -8.83896 ' 8.83896 
-8.816489 -8.84376 8.84376 
-8.819824 -8.85873 8.85873 
-8.819787 . -8.852SS 8.85255 
-8.819632 -8.85215 8. 85231 
-8.819138 -8.85181 8.85183 
-8.817 -8.84533 8. 84533 
-8.813574 -8.83628 8.83628 
-8.818936 -8.82916 8.82916 
-8.889954 -0.82654 8.82654 
-8.811368 -8.83831 8.83831 
-0.81586 -0.84816 ' 8.84816 
-8.017777 -8.04741 8.84741 
-8.815277 -8. 04874 8. 84874 
-8.888889 -8.82136 8.82136 
8.888797 8.08213 -8.88213 
8.887637 8.82837 -8.82837 
8.88979 8.82611 -8.82611 
8.887341 8.81918 -8.81318 
8.881498 8.88399 -8.8839Y 
-8.884392 -8.81171 8.81171 
-8 .  886512 
-8.887628 
-8.818533 
-8.814923 
-8.818879 
-8.81777 
;E. 816743 
-8.817586 
-8.828184 
-0.824381 
-8.827927 
-8.828643 
-8.82757 
-8.826839 
-8.824883 
-8.817471 
-8.809998 
-8.88689Y 
-0.886112 
-8.886243 
-8.884871 
-8.888283 
8.88SS13 
8.812739 
8.817487 
8.816616 
8.812176 

-8.81737 8.81737 
-8.82834 8.82834 
-8.82889 8.82889 
-8.81979 8.83979 . 
-8.04821 8.94821 
-8. 84739 0.84739 
-8.84461 8.84465 
-8.04698 8.84698 
-8.85182 8.81382 
-8.86481 8.86481 
-8.87447 8 .  87447 
-8.87638 8.87638 . 
-8.87352 8.87312 
-8.87157 8.87157 
-8.85422 8.86422 
-8.84659 8.84659 
-8.82666 8.82666 
-8.81626 0.01626 
-8.81638 8.81638 
-8.01665 8.81665 
-8 .  81886 8 .  81886 
-8.88871 8.88875 
8.81475 -8.81475 
8.83397 -8.83397 
8.84663 -8.04663 
8.04431 -8.84431 
8.83247 -8.83247 

8.82175 -8.82571 
0.88741 -8.88741 
8.88883 -8.80883 
8.88229 -8.88229 
8.88895 -8.88895 
-8.88472 8.88472 
-8.88972 8.88972 
-8.88911 0.08911 
-8.88837 8.88837 
8.81361 -8.81361 
8.83857 -8.83857 
8.84726 -8.94726 
8.85828 -8.85828 

Fri O c t  28. 1995 - PIP. 15 - 7 F11.: XCLLYR2.M 
28.775 8.889181 8.82M8 -8.02448 
28.8 8.88Y446 
28.821 8.81895Y 
28.85 8.813891 
28.875 8.816861 
28.9 8.818425 
28.925 8.816437 
28.95 8.889615 
28.975 8.88277Y 
21 8.888313 
21.825 8.888857 
21.05 8. 888357 
21.875 -8.881771 
21 .1  -8.883646 
21.125 -8.883417 
21.15 -8.888138 
21.105 8.88S183 
21.2 8.811462 
21.225 8.817721 
21.25 e. 821825 

8.82SlY -0 .BZSlY  

21.275 8.82247 8.81992 -8.85992 
21.3 8.019542 8.85211 -8.85211 
21.325 8.813974 8.83726 -8.83726 
21.35 8.808846 8.82319 -0.82359 
21.375 8.894844 8.01292 -8.81292 
21.4 
21.425 
21.45 
21.475 
21.5 
21.525 
21. 55 
21. 575 
21.6 
21.621 
21.65 
21.675 
21.7 
21.725 
21.75 
21.771 
21.8 
21.821 
21.85 
21.871 
21.9 
21.921 
21.95 
21.971 
22 
22.821 
22.85 
22.075 
22.1 
22.121 
22.1s 
22.175 
22.2 
22.225 
22.25 

8.888433 8.88115 -8.88115 
-8.882547 -8.88679 8.88679 
-8.881538 -8.88410 8.88418 
8.801417 8.88378 -8.88378 
8.883958 8.81855 -8.81855 
8. 886275 8.81673 -8.81673 
8.888976 8.82394 -8.82394 
8.812695 8.83385 -8.83385 
8.818745 8.84999 -8.84999 
8.824862 8.86417 -8.86417 
8.823421 8.86246 -8.86246 
8.8165 8.84488 -8.84488 
8.886564 . 8.81758 -8.81758 
-8.08299 -8.88797 8.88797 

-8.82572 8.82572 -8.889641 
-8.813677 -8.83647 8.83647 
-8.81667 -8.04445 8.W445 
-8.819178 -8.8S167 8.85167 
-8.828988 -8. B117S 8.85575 
-8.818882 -8.01814 8.85814 
-8.818932 -8.82911 8.82915 
8.888277 8.88874 -8.88874 
8.818714 8.82817 -8.82817 
8.818678 8.84981 -8.84981 
8. 824555 8.86S48 -8.06S4E 
8.8276 8.87368 -8.87368 
8.828576 8.87628 -8.87628 
8.829147 8.87773 -8.87773 
8.826397 8.87839 -8.87839 
8.817589 8.04698 -8.e4698 
8.885983 8.81574 -8.81174 
-8.883784 -8.81889 8.81889 
-8.887593 -8. 0202s 8.82821 
-8.88S264 -8.81484 8.81484 
-8.888835 -8.88889 8.88889 - Film: XCLLIII2.N P a m  16 - 

22.275 8.884251 8.81134 -8.81134 
22.3 8.88661 8.81763 -8.81763 
22.325 8.887452, 
92.35 8.886236 
22.375 8.882834 
22.4 -8.888629 
22.425 -8.882898 
22.45 -8.881678 
22.475 -8.818449 
22.5 -8.B15158 
22.525 -8.817893 
22.55 -8.815116 
22.575 -8.811164 
22.6 -8.811136 
22.625 -8.812886 
22.61 -8.818341 
22.675 -8.882893 
22.7 8.885287 
22.725 8.018526 
22.75 8.818897 
22.775 8.887188 
22.8 8.883126 
22.825 8.882136 
22.85 8.881154 
22.875 8.883887 
22.9 8.881145 
22.925 -8.882587 
22.95 -8.883462 
22.975 -8.882382 
23 -8.881583 
23.82S -8.881843 
23.85 -8.888974 
23.871 -8.8B3222 
23 .1  -8.889878 
21.125 -8.817281 
21.15 -8.825811 -~ ~~ 

23.175 -8.831336 
23.2 -8.836598 
23.221 -8.839471 
23.25 -8.838485 
23.275 -8.834539 
23.3 -8.82877S 
23.125 
23.15 
21.371 
23.4 
23.425 
23.41 
23.471 
21.5 
23.525 
21.15 
23. 571 
23.6 
23.621 
23.65 
23.675 
23.7 
23.725 
23.75 

-8.822332 
-8.816224 
-8.818568 
-8. 88489 
8.882666 
8.88854 8 
8.813Y7 8 

8.82182Y 
8.828561 
8.816178 
8.888243 
-8 .  880818 
-8.888858 
-8. 814429 
-8.816622 
-8.81127Y 
-8.818663 

8. eiscas 

8.81987 -8.81987 
8.81663 -8.81663 
8.88756 -8.88756 
-8.88168 8.80168 
-8.88773 8. 88773 
-8. 81S14 8.81514 
-8.82786 0.82706 
-8.84149 8.84149 
-8.84771 8.84771 
-8.84842 8.84842 
-8.82977 8 .  82977 
-8.82978 8.82978 
-8.83436 8.83436 
-0.82758 8 .  82718 
-8.88771 8.88771 
0.81418 -8.81418 
8.82087 -8.82887 
8.82986 -8.82986 
8.81891 -8.81891 
8.88834 -8.88834 
8.88578 -8.88578 
8.88948 -8.88948 
8.81837 -8.81837 
8.88385 -8.88385 
-8.88669 8.88669 

-8.88631 8.88635 
-8.80481 8 .  88481 
-8.88278 8.88278 
-8.88268 8.88268 
-8.88859 8.88819 
-8. 82421 8.82421 
-8.84689 8. 84689 
-8.86678 8.80678 
-8.88356 8.88356 
-8. 89759 8.89759 
-8.18526 8.18526 
-8.18263 0.18263 
-8.89218 8.89218 
-8.87673 8.87673 
-8.85955 8.85951 
-8.84126 8.84326 
-8.82818 8.82818 
-0.01891 8.818Y1 
8.88711 -8.88711 

-8.88923 e.88923 

.E2277 -8.82277 

.83721 -8.83721 
. 8.84969 -8.0496Y 

8.85688 -8.BSCB8 
8.8s403 -8.85483 
8.04314 -0.84314 
8.82198 -8.82198 
-8.88218 8.88218 
-8.82362 8.02362 

-8. 84433 8.84433 
-8. 94874 8.04874 
-8.82843 8. 82843 

-8. 83848 e.03848 



c F i l a :  X L L Y x 2 . M  Page 17 1 

23.775 -8.88524 -8.81397 8.81397 
23.8 -8.881773 -8. 88473 8.88471 
23.825 -8.888419 -8.88112 8.88112 
21.85 

. 21.875 
23.9 
21.925 
21.95 
23.975 c.ip .e75 

24.125 
24.15 

. 24.175 
24.2 
24.225 
24.25 
24.275 
24.3 
24.125 
24.35 
24.175 
24.4 
24.425 
24.45 
24.475 
24.5 
24.525 
24.55 
24.575 
24.6 
24.625 
24.65 
24.675 
24.7 
24.725 
24.75 
24.775 
24.8 
24.825 
24.85 
24.875 
24.9, 
24.925 
24.95 
24.975 
25 
2 5 .  825 
2 5 .  85 
2s. 875 
25 .1  
25.125 
25.15 
25.175 
25.2 
25.225 
25.25 

@>::I 

25.325 
25.15 
25.175 
25.4 
25. 425 
25. 45 
25.475 
25.5 
25.525 
25. 55 
25.575 
25.6 
25.625 
25.65 
25.675 
25.7 
25.725 
25.75 
25.775 
25.8 
25 .  825 
25.85 
25. 875 
25.9 
25.925 
25.95 
25.975 
26 
26.825 
26.85 
26.875 
26 .1  
26.125 
26.15 
26.175 
26.2 
26.225 
26.25 
26.275 
26 .1  
26.125 
26.15 
26.175 
26 .4  
26.425 
26.45 
26.475 

. .575 
26.6 
26.625 
'6.65 
26.675 
26.7 
26.725 
26.75 

8.888586 8.88156 -8.80156 
8.88lS4a 8.88411 -8.88411 
8.881886 8.88482 -8.88482 
8.8814lY 8.88384 -8.88184 
8.88187Y 8.88288 -8.80288 
8.8888 8.08211 -8.08211 
8. B889S2 8.88254 -8.88254 
8. 881881 8.88267 -8.88267 
8.888621 8.08166 -8.88166 
8.88887 8.88212 -0.88232 
8. 881944 0.81852 -8.81852 
8.818677 8.82847 -8.82847 
8.817649 8.84706 -8.84786 
8.821885 8.85621 -8.85621 
8.824835 8.8648Y -8.864439 
8.829728 8.87927 -8.87927 
8.83417 8.89165 -8.89165 
8.833781 8.88987 -8.88987 
8.829931 8.87982 -8.87982 
8.825895 8.86985 -8.86905 
8 .  821421 8.85713 -8.85711 
8.817799 8 .  84746 -8.84746 
8.816652 8.04441 -8.84441 
8.81529 8.84877 -8.84877 
8.811691 8.83118 -8.83118 
8.88728 8.81941 -8.81941 
8.884151 8.81187 -8.81187 
0.882527 8.88674 -8.88674 
8.881763 8.88478 -8.88478 
8.88119 8.88317 -8.88317 
8.888598 8.88159 -8.88159 
-e.  aiio io -8.88846 8.88846 
-8. 888359 -8.88896 8.88896 
8.881254 8.88114 -8.88314 
8.884674 8.81246 -0.01246 
8.887627 8.82834 -8.82834 
8.889817 8.82485 -8.82485 
8.889584 8.82556 -8.82556 
8.889799 8.82613 -8.82611 
8.889368 8.82498 -8.82498 
8.889382 8.82481 -8.82481 
8.889741 8.82598 -8.82598 
8.88784 8.82891 -8.82891 
8 .  881841 8.88491 -8.88491 
-8. 885939 -8.81584 0.81584 
-8.81286 -8.83429 8.81429 
-8.817335 -8.84623 8.84cZl 
-8.818532 -8.84942 8. 84942 
-8.817281 -8.84587 . 8.04587 
-8.816337 -0.84357 8.84357 
-8.817461 -8.84657 8.84657 
-8.81963 -8.81235 8.85235 
-8.821688 -8.85783 8.85783 
-8.824318 -8.86485 8.86485 
-8.827427 -8.87114 8.87114 
-8.829821 -8.87739 8.87719 
-8.828714 -8.87657 8 .  87657 

I: xcLLYR2.m P.9. 18 - 
-8.827986 -8.87442 8.87442 
-0.82591 -8.86989 8.86989 
-8.82191S -8.85844 8.85844 
-8.817359 -8.84629 8 .  84629 
-8.814659 -8.83989 e. 83989 
-8.811718 -8.83658 8.83658 
-8. 81272s -8.81193 8.83393 
-8.818981 -8.82928 8.82928 
-8.889656 -8.82575 8.82575 
-8.889857 -8.82415 8 .  82415 
-8.88839 -8.82237 8 .  82217 
-0.888441 -8.82251 8.82251 
-8.818564 -8.82817 8 .  82817 
-0.811819 -8.83685 8.83685 
-8.817287 -8.84618 8.84618 
-8.828814 -8.8S317 8.85337 
-8.820516 -8.85476 8.85476 
-8.817917 -8. 84778 8.84778 
-8.813721 -0.83659 8.83659 
-8.818155 -8.82761 8 .  82761 
-8.888489 -8. 82242 8 .  82242 
-8.88786 -8.81883 8.81881 
-8.885519 -8.81472 8.81472 
-8.883199 -8.88853 8.88853 
-8.888513 -8.88117 8. 88137 
8.882742 8.88711 -8.88711 
8.886481 0.81729 -8.81729 
0.889787 8.82589 -8.82589 
0.812925 8.81447 -8.83447 
8.81795 8.84787 -8.84787 
8 .  821546 8.86279 -8.86279 
8 .  82648S 8.87841 -8.87841 
8.825158 8.86789 -8.8678Y 
8.821884 0.85836 -8.B5816 
8.019468 8.05191 -8.85191 
8.018665 8.84977 -8.84977 
8.816716 0.04463 -8.04461 
8.812416 8.83111 -8.83311 
8.888494 8.82265 -8.82265 
8.887126 0.81954 -0.81954 
0.887S71 8.82819 -8.82819 
8.887958 8.82122 -8.82122 
8.888981 8.82195 -8.82395 
8.818845 8.82892 -8.82892 
8.81246 8.81323 -8.81323 
8.813816 0.81471 -8.81471 
0.812614 8.81164 -8.83164 
8.812342 0.83291 -8.83291 
8 .  812177 8.83247 -8.83247 
8.812214 8.81257 -8.83257 
8.812875 8.81411 -8.83411 
8.811952 8.81721 -8.81721 
8.814421 8.83846 -8.81846 
8.811856 8.83695 -0.83695 
8 .  812814 8.83417 - 8 . 8 W 7  
e. 812584 8.83134 -8.81134 
8.813811 8.83681 -8.83681 
8.816123 8.84299 -8.84299 
8.817457 8.84655 -8.84655 
8.817178 8.84634 -8.84614 

FLI 
26.775 
26.8  
26.825 
26. 85 
26.875 
26.9 
26.921 
26.95 
26.Y75 
27 
27.825 
27.85 
27.875 
27.1 
27.125 
27.15 
27.175 
27.2 
27.225 
27.25 
27.275 
27.3 
27.325 
27.15 
27.375 
27.4 
27.425 
27.45 
27.475 
27.5 
27.525 
27.55 
27.575 
27.6 
27.625 
27.65 
27.675 
27.7 
27.725 
27.75 
27.775 
27.8 
27.825 
27.85 
27.875 
27.9 
27.925 
27.15 
27.975 
28 
28.825 
28.85 
28.875 
28 .1  
28.125 
28.15 
28.175 
28.2 
28.225 
28.25 

7 F i I  
28.275 
28.1 
28.325 
28. 15 
28.175 

28.425 
28.45 
28.475 
28.5 
2 8 .  525 
28.  55 
28.575 
28.6 
28.625 
28.65 
28. 675 
28.7 
28.725 
28.75 
28.775 
28.8 
28.825 
28.85 
28.875 
28.9 
28.925 
28.95 
28.975 
29 
29.825 
29. 85 
29. 875 
29 .1  
29.125 
29.15 
29.171 
29.2 
29.225 
29.25 
29.275 
29.3 
29.921 
29.15 
29.375 
29.4 
29.425 
29.45 
29.475 
29.5 
29.525 
29. 55 
29.575 
29.6 
29.625 
29. 65 
29.671 
29.7 
29.725 
2). 75 

28.4 

.: xcLLmz. 
8.817639 
8.819888 
8.819813 
8.815697 
8.889521 
8.881711 
-8.886607 
- 8 . 8 1 2 W  
-8.814323 
-8.811101 
-8.811198 
-8.889242 
-8.886897 
-8.882413 
8. BBBSW 
8.882556 
8.884186 
0.804496 
8.882211 
-8.882227 
-8.886511 
-8.88868 
-8.88Y46 
-8.889458 
-8.887668 
-8.884814 
8.888824 

8.887297 
8.887914 
8.886548 
8.88493 8. 
8.881511 
-8.883811 
-8.888814 
-8.811883 
-8.812759 
-8.812s4L 
-8.812567 
-8.812482 
-8.811425 
-8.888811 
-8.88S871 
-8.884228 
-8.084211 
-8. 884311 
-8.883S76 
-8.882192 
-0.888578 
8.888349 
8.888294 
8.888484 
8.888965 
8.881918 
8. 883185 
8.883386 
8.882214 
8.888139 
-8.881942 
-8.88265 

8.884837 

m 
8.64784 -8.84784 
8.85869 -0.8586Y 
8.85878 -8.85878 
0.84186 -8.84186 
8.825lY -0.8253Y 
8.88456 -8.8BU6 

8.81762 
-8.83345 8. 83345 
-8.81819 8.01819 
-8.83515 8.03515 

-8.824LS 8.82465 
-8.81626 8.81626 
-8.88643 8.88641 
8.88334 -8.88134 , 
8.88682 -8.88682 
8.81895 -e.eia95 
8.8llYY -8.81199 
8.08595 -8.88595 
-8.08594 8.88594 
-8.81737 8.81737 
-8.82315 8.82115 
-8.82523 8.82551 
-0.82522 . 8.82522 
-8.82845 8.82845 
-8.81878 8.81078 
0.88886 -8.BBB86 
8.81877 -8.81877 
8.81946 -8.81946 
8.82118 -8.82118 
8.01746 -8.81746 

-8. 8 1 7 ~ a  

-8.8381Y ~ . ~ 3 e i 9  

81315 -8.81315 
0.084~3 -8.emei 
-8.81016 8.81816 
-8.82156 8.82356 
-8.83169 8 .  83169 
-8.81482 8.83482 
-8.03146 8.83146 
-8.83151 8.83351 
-8.83129 8.83129 
-8.83847 8.83847 
-8.82361 8.82361 
-8.81565 8.8156L 
-8. 81127 8.81127 
-8.81129 8.01129 
-8.81158 8.81118 
-8.88954 8.08954 
-8.88585 8.88585 
-0.88154 8.88154 
0.88891 -8.88891 
8.88878 -8.08878 
8.88129 -8.8812Y 
8.88257 -8.88257 
8.80517 -8.88517 
8.88828 -8.88828 
8.88981 -8.88983 
8.88598 -8.88590 
8.88837 -8.88817 
-8.08518 8. Bas18 
-8.88787 8 .  88787 

a :  xcLLYx2.m 
-8 .  881662 -8.00441 8.80441 
-8.888861 -8.88238 8.08210 
-8.881862 -8. 88497 8.88497 
-8.881567 -8.88951 8.88951 
-8.884259 -8.81136 8.81136 

-8.88889 0.88809 -8.881112 
-8.882329 -8.88621 8.886al 
-8.882369 -8.08612 8.88632 
-8.882498 -8. 80666 8. 88666 
-8.88151 -8.88481 8 .  88481 

-8.88124 8.88124 -8.88B4CC 
-8.888877 -8.88214 8. 88234 

-8. 882185 -8.88161 8 .  88561 
-8.881941 -0.88518 8. 88518 
-8.882128 -8.88621 8. 806al 
-8.881989 -8.BB518 0.88538 
-0.888245 -8.88865 8.88865 
8.88lSBK 8.88482 -8.8e4e2 
8.882156 8.88628 -8.88628 
8.882167 0.88611 -8.88631 
8.882641 8.88785 -8.88785 
8 .  88154Y 8.88946 -8.88946 
8.884028 8.81874 -8.81874 
8.883727 8.88994 -8.88994 
8.804469 8.81192 -8.81192 
8.086696 0.01786 -0.81186 
8.8872Sl 8.81914 -8.81914 
B.881951 8.81856 -8.81856 
-8. 88B81 -8.88888 8.88888 
-8.882184 -8.88616 0.88616 
-0.BB.1476 -8.81194 8.81194 
-8 .  8 8 7 U l  -8.81Yll  8 .  81911 
-8.818857 -8.82682 8.82682 
-8.812138 -8.83217 8.81217 
-8. 811746 -8.83132 8.81132 

-8.82367 8.82367 -8.888878 
-8.88S177 -8.81381 8.81381 
-8.881862 -8.88497 8.88497 
8.88181 8.88269 -8.88269 
8.884867 8.818BS -8.81885 
0.887826 8.81874 -8.81874 
8.888221 8.82192 -8.82112 
0.887485 8.8197s -0.8lY75 
0.885892 8.81358 -8.81158 
8. B81863 8.88497 -8.884Y7 
-8.881535 -8.8848Y 8.8MeY 
-8.884366 -8.81164 8.81164 
-8. 886172 -8.81699 8.81699 
-8.887275 -8.81948 8.81948 
-8 .  887578 -8.82821 8.82821 
-8.888025 -8.82148 8.82148 
-8. 888YSC -8.82388 8.02188 
-8.88Y48 -8.82528 8. 82528 
-8.887887 -8.82183 0.82183 
-8.884147 -8. 81186 8. 81186 
-8.881116 -8.88298 8.88298 
8.880438 8.88117 -8.88117 
8.882867 - 8.88551 -8.88551 
8.883741 8.889Y8 -8.88998 

-8.882811 -8.88537 e. 88537 
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29.775 
29.8 
29.825 
29.85 
29.875 
29.9 
29.Y25 
29.95 
29.975 

38.125 
38.15 
38.175 
38.2 
38.225 
38.25 
38.275 
38.3 
30.325 
38.35 
38.375 
38.4 
38.425 
38.45 
38.475 
38.5 
38.525 
38.55 
38. 575 
38.6 
38.625 
38.65 
38.675 
38.7 
38.725 
38.75 
38.775 
38.8 
38.825 
30.85 
30.875 
38.9 
38.925 
38.95 
38.975 
31 
31.825 
31.85 
31.875 
31.1 
31.125 
31.15 
31.175 
31.2 
31.225 
31.25 

@:2;;1 ,.3 

31.325 
31.35 
31.375 
31.4 
31.425 
31.45 
31.475 
31.5 
31.525, 
31.55 
31. 575 
31.6 

. 31.625 
31.65 
31.675 
31.7 
31.725 

31.775 
31.8 
31.825 
31.85 
31.875 
31.9 
31.925 
31.95 
31.975 
32 
32.825 
32.85 
32.875 
32 .1  
32.125 
32.15 
32.175 
32.2 
32.225 
32.25 
32.275 
32.3 
32.325 
32.35 
32.375 
32.4 
32.425 
32.45 

, 31.75 

32.475 

32.6 
32.625 
32. 65 
32.675 
32.7 
32.725 
32.75 

0.883781 8.81888 -0.81888 
8 .  882833 8.88W2 -8.88s42 
-8.888568 -8.08151 8.88151 
-8.882729 -8.88728 0.88728 
-8.88426 -8.81136 8.81136 
-8.88589 -8.81571 8.81571 
-8.887667 -8.82845 8.82845 
-8.888382 -8.82214 8.82214 
-8.887873 -8.81886 8. 01886 
-8.804474 -8.81193 8.81193 
-8.081342 -8.88358 8. 88358 
8.88233 8.88621 -0.88621 
8. 886788 8.81818 -8.81818 
8.81159 8.83891 -8.83891 

8.814597 8.83893 -8.03893 
8.812684 8.83382 -8.83382 
8.88927 8.82472 -8.82472 
8.884238 0.81138 -8.81138 
-8.881883 -8.88289 8 .  88289 
-8.885545 -8.81479 8.81479 
-8.888392 -8.82238 8 .  82238 
-8.889866 -8.02418 8.82418 
-8.888648 -8.82386 8.82386 
-8.889584 -8.82556 0.82556 
-8.812226 -8.83268 8.83268 
-8.814336 -8.83823 8.83823 
-8.813795 -8.83679 8.83679 
-8.811452 - 8 . 8 3 8 H  8.83854 
-8.889319 -8. 82485 8.82485 
-8.888637 -8.82383 8.82383 
-8.888284 -8.82289 8.82289 
-8.886396 -8.81786 8.81786 
-8.883678 -8.88981 8.88981 
-8 .  881788 -8.88477 8.88477 
-8 .  888198 -8.88853 8. 88853 
8. Bale81 8.88288 -8.88288 
8;88l 8.88267 -8.88267 
-8. 88857 -8.88152 8. 88152 
-8.881929 -8.88S14 0.88514 
-8.882177 -0.88581 8. 88581 
-8.881388 -8.88349 8. 88349 
8.888868 0.88818 -8.88818 
8.888942 8.B8251 -8.88251 
8. 0BlSlS 8.88484 -8.88484 
8.882734 8.88729 -8.88729 
8.883692 8.88985 -8.88985 
8.883142 8.88838 -8.88838 
8 .  881321 8.88352 -0.88352 
8.88822 8.88859 -8.08859 
8 .  888813 8.88217 -8.88217 
8.881625 8.88433 -8.08433 
8 .  881886 8.88268 -8.88268 
8.888148 8.88839 -8.88839 
8 .  881884 8.88268 -8.88268 . 
8.882963 8.88798 -8.88798 
8.883616 8.88964 -8.88964 
8.883104 8.88828 -8.88828 
8. 883318 8.88885 -8.0B885 
8.885385 8.81415 -8.81415 

8.814536 8.83876 - 8 . 9 3 8 7 ~  

e: xcLLYR2.m P.9. 22 7 

8.887871 8.82899 -8.82899 
8.889731 8.82595 -8.82595 
8.810667 8.82845 -8.82845 
8.811366 8.83831 -8.83831 
8.811799 0.83146 -8.03146 
8.811726 8.83127 -8.83127 
8.811372 8.83833 -8.83833 
8.818922 8.82913 -8.02913 
8.818727 8.82861 -8.82861 
0.811546 8.83879 -8.03879 
8.812783 8.83489 -8.83489 
8 .  813377 8.83567 -8.03567 
8.812828 8.83421 -8.83421 
8.811358 8.83829 -8.83829 
8.889648 8.82573 -0.82573 
8.888724 0.82326 -8.82326 
8.888384 8.82214 -8.82214 
8.887816 8.82895 -8.82895 
8.887198 8.01919 -8.01919 
8.88653 8.81741 -8.81741 
8.885976 8.81594 -8.01594 
8.885456 8.81455 -8.81455 
8.885151 8.81374 -8.81374 
8.885877 8.81567 -8.81567 
8.887285 8.81943 -8.81943 
8.888196 8.82186 -8.82186 
8.887799 8.82888 -8.82888 
8.887891 0.81891 -8.81891 
0.887146 8.81986 -8.81986 
8.887563 8.82817 -8.82817 
8.88751 8.82883 -8.82883 
8.886822 8.81819 -8.81811 
0.884966 8.01324 -8.81324 
8.882358 8.88629 -8.88629 
-8.88882 -8.08885 8. 88885 
-8.882829 -8.88541 8.88541 
-8.883877 -8.81034 8.81834 
-8.885823 -8.81339 8.81339 
-8.885283 -8.81489 8.81489 
-8.884731 -8.81262 8.81262 
-8.883719 -8.88992 8.88992 
-8.88232 -8.88619 8.88619 
-8.888992 -8. 8826S B.88265 
-8.888633 -8.88169 . 8.88169 
-8.881596 -8.88426 8.88426 
-0.882945 -8.88781 8.88785 
-8.884269 -8.01138 8.81138 . 
-8 .  885655 -8.81588 8.81508 
-8.88664 -8.81771 . 8.81771 
-8.886235 -8.81663 8.81663 
-8.885639 -8. 81504 8.81584 
-8.886411 -8.81718 8.01718 
-8.887622 -8.82833 8.82833 
-8.888238 -8.82197 8.82197 
-8.889378 -8.82581 8.82581 
-8.811417 -8.83845 8.83845 
-8.813768 -8.83671 8.83973 
-8.815976 -8 .84268 8.84268 
-8.817791 -0.84745 8.84745 
-8.817761 -8.84736 8.84736 

7 Pi1 
32.775 
32.8 
32.825 
32.85 
32.875 
32.9 
32.921 
32.95 
32.97S 
33 
33.825 
33.05 
33.875 
33.1 
33.125 
33.15 
33.175 
33.2 
33.225 
33.25 
33.275 
33.3 
33.325 
33.35 
33.375 
33.4 
33.425 
33.45 
33.475 
33.5 
33.525 
33.55 
33.575 
33.6 
33.625 
33.65 
33.675 
33.7 
33.721 
33.75 
33.775 
33.8 
33.825 
33.85 
33.875 
33.9 
33.925 
33.95 
33.975 
34 
34.825 
34.85 
34.875 
3 4 . 1  
34.121 
34.15 
34.175 
34.2 
34.221 
34.25 

.m 
-8.83Y31 
-8.826 77 
-8.81689 
-8.811 65 
-8.8011Y 
-8. 88748 
-8.88781 
-8. 81825 
-8.81857 
-8.03888 
-8.83963 
-0.84251 
-8.84841 
-8.83614 
-8.82141 
-8.81912 
-8.88674 

Fri O o t  28. 1995 - Page 23 - 
8.83931 
8.82677 
8.01689 
8.81165 
8.8891Y 
8. 88748 
8 .  88781 
8. 81025 
8.81857 
8.83888 
8.83963 

I.: )(uLYR2 
-8.814742 
-8.818839 
-8.886332 
-8.88439’1 
-8.883M7 
-8.882881 
-8.882629 
-8.883842 
-8.886965 
-8.011251 
-8.014862 
-8.815941 
-8 .  815167 
-8.8135S4 
-8.811829 
-8.887169 
-8.882526 
8.881592 8.88425 -8.88425 
8.883686 8.88983 -8.88983 
8.884893 8.81891 -8.81891 
8.8B4187 8.81895 -8.81895 
8.88497 8.81245 -8.81245 . 
8.885844 8.81345 -0.81345 
8.804467 8.81191 -8.81191 
8.883824 8.81828 -8.81828 
8.883536 8.88943 -8.88943 
8.882704 8.88721 -8.88721 
8.881287 8.88343 -8.88343 ’ 

-8 .  808867 -8.88818 8.88018 
-8.88174 8.88174 -8.888652 

-8. 888804 -8.88214 8.88214 
-8.888699 -8.88186 8.88186 
-8 .  088821 -8. 88886 8.888BL 
8.88178S 8.88455 -8.88455 
8. 884851 8.81088 -8.81888 
8.885881 8.81569 -8.01569 
8.886239 8.81664 -8.81664 . 
8.08561 8.81587 -8.81587 
8 .  885588 8.81469 -8.81469 
8.886583 8.81755 -8.81755 
e. 087904 8.82188 -8.82188 
8 .  888987 8.82375 -8.82375 
8.88952 8.82539 -8.82539 
8.889616 8.82564 -8.82564 
8.889853 8.82414 -8.82414 
8.888868 8.82151 -8.82151 
8. 886881 8.81836 -0.81836 
8.885857 8.81562 -8.81562 
8.884488 8.81197 -8.81197 
8. 882562 8.88683 -8.88683 
8.888597 0.88159 -0.88159 
-8.8804 -8.. 88187 8.88187 
8.88825B 8.88869 -8.88091 
0.882341 8.88624 -8.88624 
8.884278 8.81141 -8.81141 
8.804479 8.81194 -8.81194 
8.883287 8.88815 -8.88855 
8.88238Y 0.88916 -8.88616 

-8.880453 -8. 88121 8.88121 
8.881536 8 . 8 m i e  -8.8~418 

8.88674 
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34.275 -8.883226 -8.88868 8.88868 
34.3 -8.884851 -8.81294 8.01294 
34.325 -8.884989 -8.81389 8.81381 
34.35 -8.884448 -8.01186 8.81186 
34.375 -8.884199 -8.81128 8.81128 
34.4 -8.883424 -8.88913 8.88913 
34.425 -8.881818 -8.88485 8.88485 
34.45 8.888844 8.88812 -B.88812 
34.475 8.88139 8.88371 -8.88371 
34.5 8.881851 8.88495 -8.88495 
34.525 8.881388 8.88349 -8.88349 
34.55 8.888326 8.88887 -8.88887 
34.575 -8.888589 -8.88157 8.88117 
34.6 -8.888554 -8.88148 8.88148 
34.625 8.88862 8.88165 -8.BB165 
34.65 8.881939 8.88517 -8.88517 
34.675 8.882711 8.88723 -8.88723 
34.7 8.883787 8.81010 -8.01818 
34.725 8.885323 0.814lY -8.01411 
34.75 8.885936 8.81583 -8.81581 
34.775 8.884537 8.81218 -8.81218 
34.8 8.882295 8.88612 -8.88612 
34.825 8.888442 8.88118 -B.80118 
34.85 -8.881262 -8.88337 8.88337 
34.875 -8.88374Y -8.81808 8.81888 
34.9 -8.88685 -8.81827 0.81827 
34.925 -8.889S44 -8.82S41 8.82545 
34.95 -8.818825 -8.82887 8.82887 
34.975 -8.811119 -8.82965 8.82961 
35 -8.018953 -8. 82121 8.82921 
35.825 -8.889947 -0.82653 8.82653 
31.85 -8.887585 -8. 82881 8.82881 
35.875 -8.884381 -8.81147 8.81147 
3 5 . 1  -8.881735 -8.80463 8.80463 
35.125 -8.888694 -8.88185 8.88185 
35. 15 -8.888929 -8.88248 8 .  88248 
35.175 -8.882886 -8 .  88535 8.88535 
35.2 -8.882879 -8.88768 8.88768 
35.225 -8.883251 -8.88867 8.88867 
35.21 -8.883182 -8.88849 8. 88849 
35.275 -8.882463 -8. 88657 8.88617 
35.3 -8.881081 -8.88267 8.88267 
35.321 8.88818 8.88128 -8.88128 
35.35 8.881611 8.88438 -8.88438 
35.375 8.882189 8.88669 -8.88661 

8.88867 -8.88867 35.4 8.883253 
35.425 8.803151 8.88848 -8.88848 
35.45 8.882193 8.88581 -8.88585 

8.88304 -8.88384 35.475 8.881141 
8.88874 -8.88874 35.5 8.888271 

35.525 -8.888523 -8.88139 8.88131 
35.51 -8.888435 -8.88llC 8.88116 
35.575 8.888563 8.88158 -8.8B150 

8.88373 -8.88373 35.6 8.88139Y 
8.88318 -8.88318 35.625 8.801194 
8.88127 -8.88127 35.95 8.888476 
8.88874 -8.88874 35.675 8.888277 
8.88217 -0.88217 35.7 8.888812 
8.88324 -8.88324 35.725 8.881214 

35 .71  8.881417 8.8838Y -8.88381 



7 CII 
3 5 . 7 7 5  
35.8 
35.825 
3 5 . 8 5  
35.875 
35.9 
35.905 
35.95 
35.975 

3 6 . 1 2 5  
3 6 . 1 5  
3 6 . 1 7 5  
3 6 . 2  
36.225 

.: xcLLIII2.TyI . P.W. 25 - 
8.881837 8.88498 -8.88498 
8.882578 8.88687 -8.88687 
8.883457 8.88922 -8.88922 
8,88411 8.81896 -8.81896 
8.884219 8 . 8 1 1 2 5  -8.81125 
8.884179 8 . 8 1 1 1 4  - 8 . 8 1 1 1 4  
8.804234 8.81129 -8.81129 
8 .  884258 8 . 8 1 1 0 5  -8.81135 
8.88369 8.88984 -8.88984 
8.882567 8.88685 -8.88685 
8.881524 8.88486 -8.88486 
8.881122 8.88299 -8.88299 
8.881137 8.88383 -8.88383 
8.88158 8.88421 -8.88421 
0.882641 8.88784 -8.88784 
8.884835 8.01876 -8.81876 
8.884658 8.81242 -8.81242 
8.88457 8.81239 -8.8121Y 
8.884681 8.81227 -8.81227 

8.81388 -8.01388 36.25 0.885284 
3 6 . 2 7 5  8.885322 
3 6 . 3  8.883682 
36.325 8.888238 
36.35 -8.882727 
3 6 . 3 7 5  -8.884829 
3 6 . 4  -0.883685 
36.425 -8.882786 
36.45 -8.882877 
3 6 . 4 7 5  -8.881952 
3 6 . 5  -8.881559 
36.525 -8.888448 
36.55 8.881278 
3 6 . 5 7 5  8.882648 
36.6 8.882498 
36.625 8.888755 
36.65 -8.888633 
36.675 -8.88868 
3 6 . 7  8.888842 
36.725 8.888531 
3 6 . 7 5  8 .  888572 
3 6 . 7 7 5  8.888276 
36.8 -8.888359 
36.825 -8.881422 
36.85 -8.882597 
3 6 . 8 7 5 -  -8.88368 
3 6 . 9  -8.884896 
36.925 -8.883938 
3 6 . 9 5  -8.883695 
3 6 . 9 7 5  -8.80345 
37 -8.882729 
3 7 . 8 2 5  -8.881581 
3 7 . 8 5  -8.888195 
3 7 . 8 7 5  8.881889 
3 7 . 1  8.881697 
3 7 . 1 2 5  8.881387 
3 7 . 1 5  8.888837 
3 7 . 1 7 5  -8.88184 
3 7 . 2  -8.883234 
37.225 -8.883623 
3 7 . 2 5  -8.882794 

- P i l i  a::.. 7 . 3 2 5  

3 7 . 3 5  
3 7 . 3 7 5  
3 7 . 4  
3 7 . 4 2 5  
3 7 . 4 5  
3 7 . 4 7 5  
3 7 . 5  
3 7 . 5 2 5  
3 7 . 5 5  
3 7 . 5 7 5  
37.6 
3 7 . 6 2 5  
3 7 . 6 5  
3 7 . 6 7 5  
3 7 . 7  
3 7 . 7 2 5  
3 7 . 7 5  
3 7 . 7 7 5  
3 7 . 8  
3 7 . 8 2 5  
3 7 . 8 5  
3 7 . 8 7 5  
3 7 . 9  
3 7 . 9 2 5  
3 7 . 9 5  
3 7 . 9 7 5  
38 
38.825 
38.85 
38.875 
3 8 . 1  
3 8 . 1 2 5  
3 8 . 1 5  
3 8 . 1 7 5  
38.2 
38.225 
38.25 
38.275 
38.3 
38.325 
3 8 . 3 5  
3 8 . 3 7 5  
3 8 . 4  
38.425 
38.45 
38 .495 

38. 625 
38.65 
38.675 
3 8 . 7  
3 8 . 7 2 5  
3 8 . 7 5  

8 . 8 1 4 1 9  -8.81419 
8.88961 -8.88961 
8.88863 -8.88863 
-8. 88727 8.88727 
-8.81874 8.81874 
-8.88983 8.88983 
-8.88722 8.88722 
-8.88554 8.88554 
-8.88521 8.88521 
-8.88416 8.88416 
-0.88119 8 .  88119 
0.88341 -8.88341 
8.88786 -8.88786 
8.88666 -8.80666 
8.88281 -8.88281 
-8.881 69 8.88169 
-8.88181 8.88181 
0.80811 -8.88811 
8.88142 -8.88142 
8 . 8 8 1 5 3  -8.88153 
8.88874 -8.88874 
-0.80896 8.88896 
-8. 88379 8.88379 
-8.88693 8.88693 
-8.  88981 8.88981 
-8.81892 8.81892 
-8.81858 8.81850 
-8.88985 0.88985 
-8.88928 8.88928 
-8.88728 8.88728 
-8.88422 8.88422 
-8.88852 8.08852 
8.88269 -8.88269 
8.88453 -8.88453 
8.88378 -8.88378 
8.88818 -8.88818 
-8.88491 8. 88491 
-8.88862 8.88862 
-8.88966 8.08966 
-8.88745 8 .  88745 

,: xcLLrR2.TyI 
-8.881256 -8.88335 8.88335 
8.88811 8.88829 -8.88829 
0.888665 8 . 8 8 1 7 7  -8.88177 
8.888783 8.88187 -8.88187 
8.888593 0.88158 -8.88158 
8.888899 8.88248 -8.88248 
8.88155 8.88413 -8.88413 
0.881839 8.88498 -8.88498 
8.881289 8.88344 -8.88344 
8. 888534 8.88142 -8.88142 
8 .  888888 8.88882 -8.88882 
-8.888423 -8.88113 8.88113 
-8.888955 -8. 88255 8.88255 
-8.888959 -8.88256 0.88256 
-8. BBBS58 -8.88149 8.88149 
-8.888322 -8.88886 0.08886 
-8.888167 -8.88845 8.88845 
8.88863 8.88168 -8.88168 
8.882197 8.88586 -8.88586 
8.884142 8 . 8 1 1 8 5  -8.81185 
8. 885687 8 . 8 1 5 1 7  - 8 . 8 1 5 1 7  
8 .  886688 8 . 8 1 7 8 3  -8.81783 
8.887395 8 . 8 1 9 7 2  -8.81972 
8.88786 8.82896 -8.82896 
8.887733 8.82862 -8.82862 
8.887289 8 . 8 1 9 2 2  -8.81922 
8.886319 8.81685 -8.81685 
8.885485 8 . 8 1 4 6 3  -8.81463 
e. 884774 8 . 8 1 2 7 3  -8.81273 
8.883711 8.88998 -8.88998 
8.882342 8.88625 -8.80625 
8.881627 8.88434 -8.88434 
8.881783 8.80454 -8.BMs4 
8.88193 8.88515 -8.885lS 
8. 881768 8.88471 -8.88471 
8.881588 8.88423 -8.88423 
8.001889 8.88269 -8.88269 
-8. 88876 -8.88283 8.88283 
-8.883216 -8.88858 8 .  88858 
-8.884682 -8.81249 8.81249 
-8.88582 -8.81339 8.81339 
-8.884773 -8.81273 8 . 8 1 2 7 3  
-8.88392 -8. 81845 8.81845 
-8.882355 -8.88628 8.88628 
-8.888882 -0.88214 8.88214 
8.888277 8.88874 -8.88874 
8.88899 8.88264 -8.88264 
8.881733 8.88462 -8.88462 
8.882259 0.80682 -0.80602 
8.882442 B.BB65l -8.88651 
8.882146 8.88572 -8.88572 
8.881297 8.80346 -8.88346 
-8.888838 -8.88818 8.88818 
-0.88149 -8.88397 8.88397 
-8.882823 -8.88753 8. 88753 
-8.883786 -8.88988 8.88988 
-8. 884758 -8.81269 8.81269 
-8.B86881 -8.81622 8.81622 
-8.886714 -8.81798 8 . 8 1 7 9 8  
-8.886178 -8.81647 8.81647 

7 Pi1  
3 8 . 7 7 5  
38.8 
38.825 
38.85 
38.875 
38.) 
38.925 
3 8 , ) s  
38.975 
39 
39.825 
39.85 
39.875 
3 9 . 1  
3 9 . 1 2 5  
3 9 . 1 5  
3 9 . 1 7 s  
3 9 . 2  
39.225 
39.25 
39.275 
3 9 . 3  
39.325 
39.35 
3 9 . 3 7 5  
39.4 
39.425 
39.45 
39.475 
3 9 . 5  
39.525 
39.55 
39.575 
39.6 
39.625 
3 9 . 6 5  
3 9 . 6 7 5  
3 9 . 7  
3 9 . 7 2 5  
3 9 . 7 5  
3 9 . 7 7 s  
39.8 
39.825 
39.85 
39.875 
3 9 . 9  
39.925 
39.95 
39.975 
48 
48.825 
48.85 
48.075 
4 8 . 1  
4 8 . 1 2 5  
4 8 . 1 5  
4 0 . 1 7 1  
4 8 . 2  
48.225 
48.25 - Pi1  
48.275 
4 8 . 3  
48.325 
4 8 . 3 5  
48.375 
48.4 
48.425 
4 8 . 4 5  
48.475 
4 8 . 5  
48.525 
48.55 
4 8 . 5 7 5  
48.6 
48.625 
48.65 
48.675 
4 8 . 7  
48.725 
4 8 . 7 5  
4 8 . 7 7 5  
48.8 
48.825 
48.85 
48.875 
48.9 
48.925 
48.95 
48.975 
41 
4 1 . 8 2 5  
4 1 . 8 5  
4 1 . 8 7 s  
4 1 . 1  
4 1 . 1 2 5  
4 1 . 1 5  
4 1 . 1 7 5  
4 1 . 2  
4 1 . 2 2 5  
4 1 . 2 5  
4 1 . 2 7 5  
4 1 . 3  
4 1 . 3 2 5  
4 1 . 3 5  
4 1 . 3 7 5  
4 1 . 4  
4 1 . 4 2 5  
4 1 , 4 1  
4 1 . 4 7 5  
41.5 
4 1 . 5 2 5  
4 1 . 5 5  
4 1 . 5 7 5  
41.6 
4 1 . 6 2 5  
4 1 . 6 5  
4 1 . 6 7 5  
4 1 . 7  
4 1 . 7 2 5  
4 1 . 7 5  
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-8.885234 -8.81412 0.81412 
-0.884663 -8.81243 8 . 8 1 2 4 3  
-8. 804447 -8.81186 8.81186 
-8.884392 - 8 . 8 1 1 7 1  8 . 8 1 1 7 1  
-8.884365 -8.01164 8 . 8 1 1 6 4  
-8.88423 -8.81128 8 . 8 1 1 2 8  
-8.884193 - 8 . 8 1 1 1 8  8 . 8 1 1 1 8  
-8.884172 - 8 . 8 1 1 1 3  8 .  8 1 1 1 3  
-8.884861 -8.81883 8.81883 

8 . 8 1 8 8 1  
8 . 0 1 1 8 7  e' -8.88485s -8.81881 

- 8 . 8 8 4 u 3  -8.81187 ~~ ~~ 

::E:: e . 1 8 fi -8.884729 -0.81261 
-8.804547 -8.81213 
-8.883747 -8. 88999 8.88999 
-8.88231 -0.88616 8.88616 
-8.888256 -8.88868 8.88868 

8.88883 -8.88883 8.883813 
8.883776 8.81887 -8.81887 
8.883789 8.81818 -0.81018 
8.88315 8.08848 -8.88848 
8.88282L 8.88754 -8.88754 
8.882778 8.88741 -8.8874l 
8.882588 0.88669 -8.08669 
8.881952 8.88521 -8.88521 
8.881502 8.88481 -8.88481 
8.881176 8.88314 -8.88314 
8.881152 8.88387 -8.88387 
8.881266 8.88338 -8.88338 
8.881366 8.88064 -8.88364 
8.881552 8.88414 -8.08414 
8.882832 8.88542 -8.80542 
8.882395 8.88639 -8.88639 
8.882424 8.88646 -8.88646 
8.881951 0.88528 -8.88528 
8.881849 8.88288 -8.88288 
-8.888114 -8.88838 8.88838 
-8.881322 -8.88353 8. 88353 
-8.882L -8.88693 8.88693 
-8.883221 -8.88859 8.88859 
-8.882779 -8.88741 8.88741 
-8. 881812 -8.88483 8. 88483 
-8.888929 -8.88248 8 .  88248 
-8 .  08885 -8.88813 8.88813 
8.888572 8.88153 -8.80153 
8. 881142 8.88385 -8.88385 
8.881853 8.88494 -8.88494 
8.882421 8.88646 -8.88646 
8.082486 8.88642 -8.88642 
8.881928 8.88514 -8.80514 
8.888767 8.88285 -8.88285 
-8.881286 -8.88343 8.88343 
-8.883823 -8. 81819 8. 81819 
-8.885721 -8.81526 8.81526 
-8.886614 -8.81764 8 . 8 1 7 6 4  
-0.886752 -8. 81881 8.81881 
-8.806466 -8.81724 8 . 8 1 7 2 4  
-8.88582 -8.81552 8. 81552 
-8.885337 -8.81423 8.81423 
-8.885843 -8.81345 8 . 8 1 3 4 5  

8.881665 8.88444 - 8 . , e M  

le: xcLLYR2.1xT P.W. 28 - 
-8.884342 -8.01118 8 . 8 1 1 5 8  
-8.802753 -8.88734 8.88734 
-0.881286 -8.88343 8.88343 
-8.888834 -8. 88222 8.88222 
-8.888895 -8.88239 8.88239 
-8.888689 -8.88184 0.88184 
- 8 . 8 8 8 4 ~ 2  -8.88123 8.88123 
-8.88B4c7 -0.80125 8.88125 
-8.888796 -8.88212 8. 88212 
-8.881224 -8.88326 8.88326 
-8.881559 -8.88416 8.88416 
-8. 881578 -8.80421 0.80421 
-8.881461 -8.88398 8.88398 
-8.881863 -8.88283 8.88283 
-0.888561 -0.88158 8.88158 
-8.888373 -8.88899 8. 88899 
-8.888843 -8.88225 8. 88225 
-0.881668 -8. 80445 8.8044s 
-8.882489 -0.88642 8.88642 
-8.882367 -8.88631 8.88631 
-8.881641 -8. 88438 8 . 8 8 4 3 B  
-8.881814 -8.88278 8.88278 
-8.888983 -8.88241 8.88241 
-8.888553 -8.88147 8.88147 
8.88828Y 8.88856 -0.88856 
8.88BC7 8.88179 -8.88179 
8.888425 8 . 8 8 1 1 3  -8.88113 
8.888187 8.88850 -8.88858 
8.888295 8.88879 -8.8887Y 
8.8884c4 8.88124 -8.88124 
8.888392 8.88185 -8.88185 
8. 888777 8.88287 -8.88287 
8.8816S 8.80448 -8.8BeQB 
8.88255 8.88688 -8.88688 
8.88318Y 8.88858 -8.88858 
8.883381 8.88888 -8.88808 
8. 882681 8.88694 -8.88694 

B.BB85B5 8.80156 -8.88156 
8. 888327 8.88887 -8.88887 
8.888772 8.8828L -8.8828L 
8.881596 8.8842L -8.8042L 
8.082316 8.88618 -8.88618 
8 .  883882 8.88881 -8.B8881 
8.883579 8.8~9~4 - a . e e g w  
8.883758 0.81882 -8.81882 
8.883481 8.88928 -8.88928 
8.88317 8.8884S -8.80845 
8.8825Y4 8.88692 -0.88692 

8.88432 -8.88432 8.88lLlY 
8.88144 -8. 88144 8 .  8 8 8 W  

-8.888281 -8.88875 8. 88875 
-8.881875 -8.88287 8.88287 
-8.881837 -8.88498 8.88491 
-8. 882474 -8.88668 0 0066E 

0.881532 8.884w -8.8m89 

~ ~..._ -. _ _  - - - 
-8.882718 -8.88725 8.88725 

8.88616 -0.882461 -8.88656 
-8.081415 -8.88377 8.88377 080882 
8. 888822 8.88886 -8.88886 

8.88282 -8.88282 8.88185E 



c Film: XCLLYT(2.IxT 
4 1 . 7 7 5  8.881120 
4 1 .  8 8.888752 
4 1 . 8 2 5  0.888587 
4 1 . 8 5  8.8883S7 
4 1 . 8 7 5  -0.808811 
4 1 . 9  -8.888523 
4 1 . 9 2 5  -8.881284 
4 1 . 9 5  -8.88281 ~~~ 

~ 1 . 9 7 ~  -a.aa888n -B.BBLlS 8 .  88615 

Page 29 - 
8.88388 -8.88388 
0.88281 -8.88281 
8.88135 -8.88135 
8.88895 -8.88895 
-8.88883 8.88803 
-8.88139 8.88139 
-8 .  88342 8. 88342 
-8.88536 8.88536 
- _ _ _ _ _  

-8.881878 -8. 88581 0.88581 
825 -8.881823 -8.88273 8.88273 
85 -8.888874 -8.88828 8. 88828 

-.E75 0.88866 8.88176 -8.08176 0 4 2 . 1  - 8.881437 - ------ 8.88383 -8.88383 
4 2 . 1 2 5  8.88225 8.88688 -8.88688 
4 2 . 1 5  
4 2 . 1 7 5  
4 2 . 2  
4 2 . 2 2 5  
4 2 . 2 5  
4 2 . 2 7 5  
4 2 . 3  
42.325 
4 2 . 3 5  
4 2 . 3 7 5  
4 2 . 4  
42.425 
4 2 . 4 5  
4 2 . 4 7 5  
4 2 . 5  
42.525 
4 2 . 5 5  
4 2 . 5 7 5  
42.6 
42.625 
4 2 . 6 5  
4 2 . 6 7 5  
4 2 . 7  
4 2 . 7 2 5  
4 2 . 7 5  
4 2 . 7 7 5  
42.8 
42.825 
4 2 . 8 5  
4 2 . 8 7 5  
42.9 
42.925 
4 2 . 9 5  
4 2 . 9 7 5  
43 
43.825 
4 3 . 8 5  
4 3 . 8 7 5  
4 3 . 1  
4 3 . 1 2 5  
4 3 . 1 5  
4 3 . 1 7 5  
4 3 . 2  
4 3 . 2 2 5  
4 3 . 2 5  

*2;;l - 1 . 3  

4 3 . 3 2 5  
4 3 . 3 5  
4 3 . 3 7 5  
4 3 . 4  
43.425 
43.45 
4 3 . 4 7 5  
4 3 . 5  

' 4 3 . 5 2 5  
4 3 . 5 5  
4 3 . 5 7 5  
43.6 
4 1 . 6 2 5  
43.65 
4 3 . 6 7 5  
4 3 . 7  
4 3 . 7 2 5  

4 3 . 7 7 5  
43.8 
43.825 
4 3 . 8 5  
4 3 . 8 7 5  
4 3 . 9  
43.925 
4 3 . 9 5  
43.975 
44 
44.825 
44.85 
4 4 . 8 7 5  
4 4 . 1  
4 4 . 1 2 5  
4 4 . 1 5  
4 4 . 1 7 5  
44.2 
44.225 
44.25 
44.275 
44.3 
44.325 
44.35 
4 4 . 3 7 5  
4 4 . 4  
44.425 
44.45 

' 4 3 . 7 5  

a;;; 
. . 5 7 5  

44.6 
44.625 
44.65 
44.675 
4 4 . 7  
4 4 . 7 2 5  
4 4 . 7 5  

8.882959 8.88789 -8.88789 
8.883292 8.88870 -8.88878 
8.883818 8.88085 -8.88885 
8.881967 8.88525 -8.88525 
8.888773 8.88286 -8.88286 
0. 888831 8.88880 -8.88888 
-8.888361 -8.88896 8.88896 
-8.888793 -8. 88211 8. 88211 
-8.888793 -8.88211 8 .  88211 
-8.888292 -8.88870 8. 88878 
8.888149 8.88848 -8.88848 
-8.888879 -8.88821 8.88821 
-8.880583 -8.88134 8.88134 
-8. 888582 -8 .  88155 8 .  88155 
-8.888862 -8.88817 8.88817 
8.881819 8.88272 -8.88272 
8.882319 8.88618 -8.88618 
8.883161 8.88843 -8.88843 
8.883666 8.88978 -8.88978 
8.883981 8.81048 -8.81048 
8.883726 8.88994 -8.88994 
8.883132 8.88835 -8.88835 
8 .  882741 8 . 8 8 7 3 1  -8.88731 
8. 882868 8.88765 -8.88765 
8.883531 8.88942 -8.88942 
8.8044l 8 . 8 1 1 7 6  - 8 . 8 1 1 7 6  
8.885323 8 . 8 1 4 1 9  -8.81419 
8.885987 8 . 8 1 5 9 7  -8.81597 
8.886396 8.81786 -8.81786 
8.886433 0 . 8 1 7 1 5  - 8 . 8 1 7 1 5  
8.886828 8.81687 -8.81687 
8.885211 8.81398 -8.81398 
0.804485 8 . 8 1 1 7 5  - 8 . 8 1 1 7 5  
8.883588 8.88935 -8.88935 
8.882452 8.88654 -8.88654 
8.88136 8.88363 -8.88363 
8 .  888787 8.88109 -8.88189 
8. 888574 8.80153 -8.88153 
8.888615 8.88164 -8.88164 
8. 888384 8.88182 -8.88182 
8.88889 8.88824 -8.88824 
-8.888434 -8 .  08116 8 . 8 8 1 1 5  
-8.881213 -8.88323 8.88323 
-8.881863 -8.88497 8 .  88497 
-8.881991 -8.88531 8.88531 

I.: XCLLy112.TxT 
-8. 881820 -8.88487 8.88487 
-0.881395 -8.88372 8.88372 
-8.888862 -8.88238 8.88238 
-8.888288 -8.88877 8.88877 
0.888376 8.88188 -8.88188 
8.881329 8.88354 -8.88354 
8.882467 8.88658 -8.88658 
8.883485 8.88988 -8.88988 
8.88335 8.88893 -8.88893 
8.882343 8.88625 -8.88625 
8.888821 8.88219 -8.88219 
-8.888697 -8.88186 8.88186 
-8.881859 -8.88496 8.88496 
-8.88232 -8.88619 8.88619 
-8.882395 -8.88639 8.88639 
-8.882423 -8.88646 8.88646 
-8.882645 -8. 88785 8.88785 
-8.882914 -8.88777 8 . 8 8 7 7 7  
-8.882923 -8 .  88779 8.88779 
-8.882354 -8.88628 8.88628 
-8.881627 -8.80434 8. 88414 
-8.881815 -8.88271 8 . 8 8 2 7 1  
-8.888635 -8.88169 8.88169 
-8.088468 -8.88125 8.88125 
-8.888827 -8.88221 8.88221 
-8.881657 -8.88442 8.80442 
-8.88259 -8.88691 8.88691 
-8.88387 -8.88019 8.88819 
-8.88321 -8.88856 8.88056 
-8.883225 -8 .88868 0.88868 
-8.883884 -8.88822 8.88822 
-8.882537 -8.80677 8.88677 
-8.881968 -8.88525 8.88125 
-8.881711 -8.88456 8.88456 
-8.881737 -8.88463 8.88463 
-8.881497 -8.88399 8. 88399 
-8.881142 -8.88385 8.88385 
-8.881826 -8.88274 8.88274 
-8 .  881819 -8.88272 8 .  88272 
-8.888793 -8. 88211 8. 88211 
-8. 888765 -8.88284 8.88204 
-8.8889 -8.88248 8.88248 
-8.881819 -8.88272 8 .  88272 
-8.88116 -8.88389 8.88389 
-8.881552 -8.88414 8.88414 
-8.88287 -8.88552 8.88552 
-8.882731 -8.88728 8.88728 
-8.803315 -8.88884 8.88084 
-8.883652 -8. 88974 8.88974 
-8.883333 -8.88809 8.88809 
-8.882432 -8.88649 8.88649 
-8.881576 -8. 89428 8.80428 
-8.881488 -8.88375 0.88375 
-8.881649 -0.88440 8.88448 
-e.ealals -8.88484 8.88404 
-8.881553 -8.88414 8.88414 
-8.881159 -8.88389 8.88389 
-8. 888821 -8. 88219 8.88219 
-8.080595 -0.88159 8.88159 
-8. 888424 -8.88113 8.88113 

PL9. 38 - 

c F11e: XCLLYT(2. 
4 4 . 7 7 5  -8.88839 
4 4 . 8  -8.888285 
44.825 8.888lL4 
4 4 . 8 5  8.888783 
4 4 . 8 7 5  8.881146 
4 4 . 9  8.881534 
4 4 . 9 2 5  8.881947 
4 4 . 9 5  8.88237 8 .  
4 4 . 9 7 5  8.082551 
45 8.882653 
45.825 8.882685 
4 5 . 8 5  8.882471 
4 5 . 8 7 5  8.881671 
4 5 . 1  8.888551 
4 5 . 1 2 5  -8.888626 
4 5 . 1 5  -8.88144K 
4 5 . 1 7 5  -8.881718 
4 5 . 2  -8.881316 
45.225 -8.888585 
4 5 . 2 5  8.888385 
4 5 . 2 7 5  8.881885 
4 5 . 3  8.881583 
45.325 8.882187 
4 5 . 3 5  8.882346 
4 5 . 3 7 5  8.882177 
4 5 . 4  8.882878 
45.425 8.882888 
4 5 . 4 5  8.881663 
4 5 . 4 7 5  8.881859 
4 5 . 5  8.888736 
45.525 8.888711 
4 5 . 5 5  8.888823 
4 5 . 5 7 5  8.888787 
4 5 . 6  8.888771 
45.625 8.808857 
4 5 . 6 5  8.888969 
4 5 . 6 7 5  8.888954 
4 5 . 7  8.88B966 
4 5 . 7 2 5  ~ 8 . 8 8 8 7 2 9  
4 5 . 7 5  8.808295 
4 5 . 7 7 5  -8.888877 
45.8 -8.888244 
45.825 -8.888415 

45.875 -8.880455 
4 5 . 9  -8.888337 
45.925 -8.888287 
4 5 . 9 5  -8.888214 
4 5 . 9 7 5  -8.88833 
46 -0.888579 
46.825 -8.888759 
46.85 -8. 888624 
46.875 -0.88856 
4 6 . 1  -8 .  888751 
4 6 . 1 2 5  -8.881129 
4 6 . 1 5  -8.881574 
4 6 . 1 7 5  -8.882252 
4 6 . 2  -8.882787 
4 6 . 2 2 5  -8.882836 
4 6 . 2 5  -8.882444 

45.05 -8.88meg 

IxT 
-8.88184 8.88104 
-0. 88855 8. 88855 
8 . B B M  -8.80844 
8.88187 -8.88187 
8.88386 -8.88386 
8.88489 -8.88481 
8.88519 -8.88519 

8.B86BB -8.88689 
8.88787 -8.88787 
8.88716 -8.88716 
8.88659 -8.80659 

88632 -8.88632 

C r l  O C t  28. 1 995 - Page 3 1  - 

8.88448 -8.88448 
8.88147 -8.88147 
-8.88167 8.88167 

8.88386 -8.88306 
-8.88458 8.88458 
-8.88351 8.88351 
-8. 88135 8.88135 
8.88183 -8.88183 
8.80268 -8.88268 

8.88562 -8.88562 
8.88626 -8.8862C 
8.88581 -0.88581 
8.08554 -8.88554 
8.88535 -8.88535 
8.80443 -8.88443 
8.88282 -8.88282 
8.88196 -8.88196 
8.88110 -8.88198 
8.88219 -8.88219 
8.88218 -8.88218 
8.80286 -8.08286 
8.88229 -8.88229 
8.88258 -8.88258 
8.08254 -8.88254 
8.88258 -8.88258 
8.88194 -8.88194 
8.88879 -8.88879 
-8.88821 8.88821 
-8.88865 8.88865 
- 8 . 8 B l l l  8 . 0 0 1 1 1  
-0.88138 8.88138 
-8.88121 8.88121 
-8.88898 8.88898 
-8. 88877 8.88877 
-8.88857 8.88857 
-8.88888 8.88888 
-8. 8 8 l U  8.88154 
-8.88282 8.88282 
-8.88166 8.8816L 
-8.88149 8.88149 
-8.80288 8 .  88288 
-8.88381 8.08381 
-8.89428 8.80428 
-8.88681 8.88681 
-8.88743 8. 88743 
-8.88756 0.88716 
-8.88652 8 .  88652 

0.08422 -8.eBQsa 

- F11e: XCLLYT(2.M P a m  32 - 
4 6 . 2 7 1  -8.882143 -8.88S71 8.88571 
4 6 . 3  -8.88213 -8.80568 8.88568 
4 6 . 3 2 5  -8.88244l -8.88611 8.08651 
4 6 . 3 5  -8.882865 -8.88764 8 .  88764 
4 6 . 3 7 5  -8.883269 -8.88872 8.88872 
4 6 . 4  -8.883379 -8.88981 8.88981 
4 6 . 4 2 5  -8.803256 -8.88868 8.88868 
4 6 . 4 1  -8.882828 -8.88754 8 .  88754 
4 6 . 4 7 5  -8.882114 -8.88564 8.88564 
4 6 . 5  -8.08118 -8.88315 8.88311 
4 6 . 5 2 5  -8.888588 -8.88135 8.88131 
4 6 . 5 5  -8.888171 -8.88046 8.8884c 
4 6 . 5 7 5  -8.888845 -8.88812 8.88811 
46.6 -8.888813 -8. 88883 8 .  88883 
46.625 -8.88826L -8.88871 8. 88871 
46.65 -8.888537 -8.88143 8 .  88143 
46.675 -8.888652 -8.88174 8 . 8 8 1 7 4  
4 6 . 7  -8.88857 -8.88112 8.88152 
46.725 -8.888355 -8. 88815 8. 88895 
4 6 . 7 5  8.808871 8.88819 -8.8881Y 
4 6 . 7 7 5  8.880433 8 . 8 8 1 1 5  -8.88115 
46.8 8.888733 8.88195 -8.88195 
46.825 8.888123 8.88246 -8.88246 
46.85 8 . 8 8 1 1 1  8.88296 -8.88296 
46.875 8 . 8 8 1 1 9 7  8.88319 -8.88319 
46.9 8.881192 8.88318 *8.88318 
46.925 8.881880 8.8826Y -8.88259 
4 6 . 9 5  8.888711 8.88118 -8.88198 
4 6 . 9 7 5  8.888287 8.88877 -8.88877 
47 8.088046 8.88812 -8.88812 
47.825 8.888818 8.88885 -8.88885 
4 7 . 8 5  8.888858. 8.88815 -8.88815 
4 7 . 8 7 5  -8.888816 -8. 88884 8 .  88804 
4 7 . 1  8.888872 8.88819 -8.88819 
4 7 . 1 2 5  8.888275 8.88873 -8.88873 

8.88125 -8.88125 4 7 . 1 5  8.8BBIL7 
8.88153 -8.88153 4 7 . 1 7 5  8.888573 

4 7 . 2  8.888812 8.88217 -8.88217 
4 7 . 2 2 5  8 . 8 8 l l L 4  8.88318 -8.88318 
4 7 . 2 5  8.881746 8.804L6 -8.88466 
4 7 . 2 7 5  8.882266 8.88604 -8.88604 
4 7 . 3  8.88217 8.88681 -8.88685 

8.8876L -8.88766 4 7 . 3 2 5  8.882074 
4 7 . 3 5  8.883353 8.88894 -8.88894 
4 7 . 3 7 5  8.083554 8.80140 -8.88140 
4 7 . 4  8.883584 8.88934 -8.88934 
4 7 . 4 2 5  8.883232 8.88862 -8.88862 
4 7 . 4 5  0.882785 8.88721 -8.88721 
4 7 . 4 7 5  8.882893 8.88558 -8.88550 
4 7 . 5  8.88171S 8.884s7 -8.80457 
4 7 . 5 2 5  8.881215 8.88324 -8.80324 
4 7 . 5 5  8.88868 8.88181 -8.88181 

8.88182 -8.88182 4 7 . 5 7 5  8.888384 
8.8818L -8.88186 4 7 . 6  8.888391 
8.88159 -8.88159 4 7 . 6 2 5  8.888598 

4 7 . 6 5  8.881147 8.88386 -8.8838L 
8.88479 -8.88471 4 7 . 6 7 5  8.881791 
8.88618 -8.88618 4 7 . 7  8.882317 
8.88L71 -8.88671 4 7 . 7 2 5  8.882518 
8.88653 -8.88653 4 7 . 7 5  8.882447 

000883 



7 F i l  
4 7 . 7 7 5  
47.8 
47.825 
4 7 . 8 5  
4 7 . 8 7 5  
4 7 . 9  
4 7 . 9 2 5  
4 7 . 9 5  
4 7 . 9 7 5  a;:;: 
4 8 . 1  
4 8 . 1 2 5  
48. I S  
4 8 . 1 7 5  
48.2  
48.225 
48.25 
4 8 . 2 7 5  
4 8 . 3  
4 8 . 3 2 5  
4 8 . 3 5  
48.375 
48.4 
48.425 
48.45 
4 8 . 4 7 5  
48.5  
48.525 
48.55 
4 8 . 5 7 5  
40.6 
48.625 
4 8 . 6 5  
4 8 . 6 7 5  
4 8 . 7  
48.725 
4 8 . 7 5  
4 8 . 7 7 5  
48.8 
48.825 
48.85 
48.875 
4 8 . 9  
48.925 
4 8 . 9 5  
4 8 . 9 7 5  
49 
49.825 
4 9 . 8 5  
4 9 . 8 7 5  
4 9 . 1  
4 9 . 1 2 5  
4 9 . 1 5  
4 9 . 1 7 5  
4 9 . 2  
49.225 
49.25 

@2::1 

49.325 
49.35 
49.375 
4 9 . 4  
4 9 . 4 2 5  
4 9 . 4 5  
4 9 . 4 7 5  
4 9 . 5  
4 9 . 5 2 5  
4 9 . 5 1  
49. 5 7 5  
49.6 
49.625 
49.65 
4 9 . 6 7 5  
4 9 . 7  
4 9 . 7 2 5  
4 9 . 7 5  
4 9 . 7 7 5  
49.8 
49.825 
4 9 . 8 5  
49.875 
4 9 . 9  
49.925 
4 9 . 9 1  
4 9 . 9 7 5  
58 
58.825 
58.05 
58.875 
5 8 . 1  
58.125 
58.15 
5 8 . 1 7 5  
5 8 . 2  
58.225 
58.25 
5 8 . 2 7 5  
5 8 . 3  
58.325 
5 8 . 3 5  
5 8 . 3 7 5  
58.4 
58.425 
58.45 
58.475 

58.6 
58.625 
58.65 
58.675 
5 8 . 7  
5 8 . 7 2 5  
5 8 . 7 5  

C :  XtLLrRa 
8.882829 
8.881541 
8.881195 
8.881122 
8.888984 
8.888676 
8.888289 
-8.888249 
-8.888643 
-8.888689 
-8.888358 
8 .  888322 
8. 888Y82 

.M 
8 . 8 8 S u  -8 .88s4l  
8.88411 -8.88411 
8.88319 -8.88319 
0.80299 -8.8829Y 
8.88262 -8.88262 
8.88188 -8.88188 
8.88856 -8.88856 
-8.88866 8 .  88866 
-8.88171 8 . 8 8 1 7 1  
-8.88184 8.88184 
-8 .  88895 8 .  88895 
8.08885 -8.08886 

~ ~~~~~- 0.88241 -8.88241 
8.881155 8.88388 -8.88388 
8.881887 8.88298 -8.88298 
8.888993 8.88265 -8.88265 
8.888819 
8.888521 
-8.888887 
-8.  888779 
-8.88131 
-8.881696 
-8.882117 
-8.88232 
-8.882422 
-8.882434 
-8.882268 
-8. 881812 
-8.081274 
-8.888675 
-8.088336 
-8.888269 
-8.888389 
-8.888337 
-8.888573 
-8.888965 
-8.8815 -8 
-8.881876 
-8.88198 
-8. 881815 
-8.881638 
-8.881477 
-8.881409 
-8.881489 
-8 .  80141 
-0.881386 
-8.881313 
-8.881334 
-8.081445 
-8.881431 
-8.881174 
-8 .  888564 
8.808185 
8.888539 
8.888588 
8.888277 
8.888851 
-8 .  888818 
-8.888141 
-8.888186 

8.88218 -8.88218 
8.88139 -8.88139 
-8.88823 8.88823 
-8.88288 8.88288 
-8.88349 8.88349 
-8.88452 8.88452 
-8.88565 8.88561 
-8.88619 8.88619 
-8.88646 8.88646 
-8.88649 8.08649 
-8.88685 8.88685 
-8.88483 8.88483 
-8.88348 8.88348 
-8.80188 0.88188 
-8.88898 8.88898 
-8.88872 8.88872 
-8.88882 8.88882 
-8.88898 8.88898 
-8.88153 8.88153 
-8.88257 8 .  88257 

-8.88588 8.88588 
-8.88528 8 .  88528 
-8.88484 8 .  88484 
-8.  88437 8 .  88437 
-8.  88394 8 .  88394 
-8.88397 8.88397 
-8.88397 8.88397 
-8.88376 8.88376 
-8.88348 8.08348 
-8 .  88358 8.8B358 
-8.88356 8.88356 
-8.88385 8.88385 
-0.88383 8.88382 
-8.88313 8.88313 
-0.88158 8.88158 
8.88828 -8.88828 
8.88144 -8.88144 
8.88135 -8.00135 
8.88874 -8.88874 
8.88814 -8.08814 
-8.88885 8.88885 
-8.88838 8.88838 
-8.88828 8.88828 

.e8488 8 .  88488 

e :  x c L L r R 2 . m  
8.8B8143 8.88838 -8.88838 
8.88841 8.88189 -8.88189 
8.888641 8 . 8 8 1 7 1  -8.88171 
8.888992 8.88265 -8.80265 
8.881143 8.88385 -8.88385 
8.881215 8.88324 -8.88324 
8.881272 8.88339 -8.88339 
8.88122 8.88325 -8.88325 
8.888856 8.88228 -8.88228 
8.888432 8 . 8 8 1 1 5  -8.88115 
8.888121 8.88832 -8.88832 
8.888896 8.88826 -8.88826 
8.888335 8.88889 -8.88889 
8.888842 8.88225 -8.88221 
8.881325 8.88353 -8.88353 
8.881828 8.88487 -8.88487 
0.882352 8.08627 -8.88627 
8. 882829 8.88754 -8.88754 
8.882972 8.88793 -8.88793 
8.88298S 8.88796 -8.88796 
8.883886 8.88882 -8.88882 
8.882986 8.88796 -8.88796 
8.882717 8 . 8 8 7 2 1  -8.88725 
8.882284 8.88689 -8.08689 
8.881552 8.88414 -8.88414 
8.888649 8 . 8 8 1 7 3  -8.88173 
-8. 888282 -8.88854 8 .  88054 
-8. 888877 -8.88234 8.88234 
-8.881588 -8.80423 8 .  80423 
-8.882183 -8.88561 8.88561 
-8.882296 -8.88612 8 .  88612 
-8.882121 -0.88566 8.88566 
-8.881869 -8.88498 8.88498 
-8.8816 -8.88427 8.80427 
-8.881417 -8 .  88378 8.88378 
-8.881387 -0.88378 8.88378 
-8.001668 -0.88445 8.08445 
-8.801916 -8.88511 8.88511 
-8.881879 -8 .  08501 8.88581 
-8.881537 -8.88418 8.88418 
-8.881142 -8 .  88385 8.88385 
-8.88865 -8.88173 8.88173 
-8.888173 -8.88846 8.08046 
8 .  888241 8.88864 -8.88864 
8. 888381 8.88888 -8.88888 
8.88884 0.88011 -8.88811 
-8.888386 . -8.88183 8.88183 
-8.888729 -8.88194 8.88194 
-8.888953 -8.88254 8 .  88254 
-8.888948 -0.88253 8.88253 
-8. 881065 -8.88284 8 .  88284 
-8.881263 -8.88337 8 .  88337 
-8.88144 . -8.88384 8. 88384 
-8.801584 -8.88481 8.88481 
-8.881563 -0.88417 8.80417 
-8 .  881554 -8.88414 8.88414 
-8.881571 -8.88419 8.88419 
-8.881552 -8.88414 8.88414 
-8.881566 -8.88418 8.88418 
-8.881515 -0.88484 8.88484 

Page 33 - Fil 
5 8 . 7 7 5  
58.8 
58.825 
58.85 
58.875 
58.9 
58.925 
58.95 
58.975 
5 1  
5 1 . 8 2 5  
SI. 85 
5 1 . 0 7 5  
51.1 
5 1 . 1 2 5  
5 1 . 1 5  
5 1 . 1 7 5  

I.: XtLLrRZ 
-8.001454 
-8.801386 
-8.88111 
-8.888913 
-8.888679 
-8.888377 
-8.888889 
e .  888228 
8.880463 
8 .  8886LS 
8 .  888745 
8.888788 
8 .  888742 
8 .  888712 
8. 888647 
8.888633 
8.888591 

Fri O c t  28. 1995 - Page 35 - 
-8.88388 8.88388 
-8.88348 8.88348 A2 
-8.88387 8.88387 
-8.88243 8.88243 ib 
-8 .  08181 8.88181 - 
-8.88181 8.88181 
-8.88824 8.88824 
8.88861 -8.88861 
8.88123 -8.88123 
8.88177 -8.88177 
8.88199 -8.8819Y 
8.88218 -8.88210 
8.88198 -8.88198 
8.88198 -8.88198 
8.88173 -8.88173 
8.88169 -8.88169 
8.88158 -8.88158 

Pa=. 34 7 

1 8 6  

0008234 



PII . :  SHAKESS.OUI I T 1  O C t  28,  1995 -PAS* 3 --. 
.Ell977 .81S466 .022302 .E28845 .E88615 -.E86137 -.815228 -.017589 
58 .. Y 

-.E17387 -.E17356 -.E15351 -.E88639 .888488 .887¶91 .E16528 .E27475 

.E35438 .E33959 .822307 .887866 -.886488 -.E17159 -.E25319 -.E32481 
SHAKE91 SHEAR S m S S  TIHE HISTORY - O V I P V T  PILE 59 

SIIlESS - str*s. I n  1.v.1 2 *FINAL COVER SMrn LAYER 2 68 
. B B B ~ J  .eeao24 . 8 e e e a  .wae822 .BBBBQB .@ea821 .088039 .geeel¶ -.a37ess -.e36470 -.mi539 -.rm737 -.BZBSCB -.ai4432 -.em934 .eeta99 
1 61 

.888837 ,888016 .E88834 ,888813 .E88838 .E88889 .888825 .888882 .E84998 .88S408 .E86977 .E87584 .E86415 .BE4457 -.E81624 -.E14681 

BBBOIK -.eee~ia -.ama~i - .ema3s -.BBBBP~ -.aesiee -.eaai29 -.e00202 -.E27286 -.E31708 -.828798 -.822812 -.E17637 -.E17624 -.E24891 -.E31453 

.B85189 

-.aaes93 - . o e ~ s 2 9  -.eewa3 -.me38a -.mae.a02 - . e o e e a  -.on0349 -.em27a .E14409 .E21447 .E27487 .E38952 .038885 .E29438 .E23986 ,013963 

.E18839 .E12893 .811648 .E83994 -.BO4849 -.E13482 -.E21664 -.826735 -.E88234 -.E88379 -.888681 -.888885 -.881894 -.881387 -.881518 -.E81781 

-.881953 -.881983 -.E81767 -.E81394 -.E88845 -.E88323 .888888 .888283 -.827785 -.E28268 -.E29111 -.E26166 -.E19328 -.E18851 .888611 .812882 

6 2  

63 

64 
.888248 -.888316 -.888357 -.88BM¶ -.888584 -.E88598 -.888628 -.8886S4 -.E32228 -.E25548 -.815851 -.E85344 -.E82348 -.E84684 -.883882 

5 6 5  

6 66 

7 67 

8 6 8  

q 69 

0: 
,808187 .088860 -.E88274 -.888988 -.8817S4 -.E82243 -.E82245 -.BE1989 . w m z s  .82ems .a23188 .ai1470 -.eeasa -.aitwa - . o a g m  -.BBBL~B 

-.BE1674 -.881513 -.881148 -.888481 .E88621 .E81369 .881405 .E88788 .E87759 ,816559 .826163 .E31598 .E29676 ,024837 .E16396 .E83933 

-.&786 -.E82959 -.E85191 -.886278 -.e05624 -.E84887 -.E02181 -.BBB486 

.E88334 .888613 .E81433 .882683 .E83425 .BE3836 .E84184 .884683 

.E84853 .E84137 .E84797 .881575 .BO6479 .E86972 .E86788 .885384 

.883555 .E82734 .882788 .80252B .882616 .BO3894 .E83877 .E84814 

,885485 ,884944 .E83485 .881118 - .882260 -.885314 -.E86396 -.E86697 

-.E87339 - .E88608 -.818735 -.E12381 -.E12181 -.818452 -.E87728 -.E04647 

-.881823.-.888539 -.881775 -.884681 -.E86577 -.E86613 -.E85477 -.E83186 

. .808882 ,883247 ,883084 ,082197 .E88714 -.E82374 -.E87129 -.E12532 

18 

11 

12 

13 

14 

15 

16 .., 

-.818388 -.828848 -.E23204 -.E21798 -.817583 -.E12115 -.E87284 -.882878 

.E82212 .BB7072 .E11618 .E12486 .E13562 .815824 .E14291 .E84899 

-.OB9581 -.810222 -.E21618 -.E23739 -.E26269 -.E28393 -.E27593 -.828917 

,809117 .028038 ,825887 .E27843 .828887 .E29781 .E31611 

h .E38112 .E22771 .E14776 .El1922 ,011471 .OB6281 -.E85372 -.818587 

-.826718 -.E25649 -.819208 -.816374 -.E10811 -.E28985 -.818191 -.E11726 

-.8872S4 -.E88633 -.814888 -.E19131 -.E21851 -.E19488 -.815565 -.E11427 

78 

71 

72 

L 74 2 
&, 

75 

76 

77 I. 

-.E15967 -.El6577 -.E16732 -.E15467 -.818731 -.E84892 ,883433 .812126 

,822842 .E31213 .E33129 .E27232 .E19939 .E18171 .E19987 ,819275 

,015728 .813618 .E15453 .E19692 .823678 .825598 .E25364 .E24221 

,022688 ,819822 .813288 .886358 -.E81981 -.E18517 -.E16392 -.E28617 

18 

19 

28 

21 

22 
881749 .888043 -.E85326 -.Bill88 -.816478 -.E18869 -.E14915 -.E88473 
23 

-.886215 -.E89626 -.E15476 -.818855 -.Bill22 -.818778 -.E18238 -.815685 
24 

-.I321488 -.E21114 -.E15678 -.E88461 -.881116 .883326 .882618 -.E82473 
25 

-.B86936 -.E86852 ,881174 .E12494 .E25889 .E39851 .E48634 .E51629 
36 
.E46584 .834881 .E19959 .082578 -.815352 -.E29436 -.E33568 -.E25847 
27 

- . E Z ~ B ~ S  -.ei9ese -.aii77s - . a ~ a s 4  -.eeagiz -.ms2ss -.em697 -.e81397 

my: SHAI(ESS.OlK P.9. 2 - 
814324 -.E89887 -.889986 -.E89921 -.885425 -.E88292 .BE1568 - . O B 8 2 3 8  

-.E83832 -.E85610 -.888427 -.818889 -.E11625 -.E18633 -.E89235 -.887622 
29 

-.E82543 .E86819 .E15184 .816981 ,814549 .E13484 .E12886 ,884675 
38 

-.E86643 -.E17831 -.838918 -.E43518 -.E48581 -.E46245 -.E39798 -.838996 
31 

-.E19838 -.E85849 .812284 .E28972 .848678 .E44191 .E42793 .E39189 
32 
803384 .E28898 .E23884 .E18956 .812!372 .882834 -.E89687 -.E19328 
33 

-.E24131 -.828975 -.I334671 -.E35916 -.E31441 -.Bi6681 -.E24897 -.E22236 
34 

-.E19825 -.E14045 -.812268 -.E88595 .883862 .El9674 .E31895 .E33574 
35 
.E38265 .E26268 .E25588 .823383 .815788 .E87148 .881S49 .888192 

36 
.OB2784 .E84894 .885811 .886646 .E89877 .812708 .E18859 .827386 
37 
.E34998 .E35262 .82916S .E19632 .E89196 -.888156 -.I389818 -.E15988 

38 
-.811787 -.E89146 .881698 .E12168 .BIB375 .828583 .828623 .E18897 
39 
.E11698 .888788 -.E12648 -.E23249 -.825859 -.E17652 -.E87387 -.881216 
48 

-.E83542 -.E11932 -.E19197 -.821187 -.E17135 -.889868 -.883578 -.888385 
41 

42 

43 

44 

45 

46 

47 

48 

49 

58 

51 

.e8227s . a w e  .m37ss .e88972 -.BB~ZEK -.oms411 -.mi8386 -.81~68~ 

-.E28239 -.838816 -.E42969 -.E49866 - . M 7  -.E34748 -.E24191 -.E13633 

-.884218 .E82414 .@I36579 .88059¶ .E87371 .882362 -.883128 -.E89538 

-.E14884 -.812758 -.BE6243 .OB1686 .887666 .E18833 .E12862 .811191 

.E16639 .E17362 .816701 .E18693 .880515 -.BE9499 -.E17788 -.E24187 

-.E24637 -.E14893 .E82763 ,823424 .841685 .E51479 .E53498 .E11498 

.E46127 .E37798 .E27699 .E17455 .BE7683 -.BE2282 -.888832 -.81BSBB 

-.888132 -.882615 .B83531 .BO3633 -.888833 .881373 .888878 .816213 

.822182 .E27174 .827981 .E22889 .818891 .E21861 .E22849 .816248 

,882519 -.E13162 -.E24781 -.E26938 -.E26294 -.E32916 -.E43328 -.E49848 

-.E46927 -.E38649 -.826886 -.E13574 -.OB6768 -.885845 - .E84813 -.885168 a $ 6 5  -.E11871 -.E14149 -.818028 .881293 .E14229 .828547 .E17271 

.E18435 .085888 .883571 .882281 .BE1277 .E88281 -.881523 -.E01798 
54 .. 
.882184 ,887734 .BllSl4 .E89149 -.E88821 -.E12945 -.828668 -.02328B 

-.E22634 -.E10279 -.818782 -.E88357 .811884 .E29926 .E34872 .E29988 

.E21586 .E14116 .818595 .E18782 .E12452 .814l18 .E11873 .E13834 

5s 

56 

57 

78 

79 

8 8  

81 

82 

83 

84 

05 

06 

87 

-.E88836 .8864l8 

.E27573 .E17481 

.E19134 .838886 

.82824l .E15211 

.E12114 .E13219 

-.I319989 -.E15761 

.BOSS74 -.B01315 

-.E13139 -.E04729 

.E81975 -.E88828 

.817818 .E26341 

.E11573 .E87231 

.E34459 .E33261 

.E16728 .E23297 

.ai6se9 .eii3sa 

-.818321 -.E81715 

-.885875 -.E11361 

.888682 .E21578 

-.BlSBQC -.E21488 

.E34839 .E48388 .E43414 .E38768 3 

.882418 - . B B Z B H  -.E81788 .886884 

.83436S .E35671 ,832589 .826816 

.E26177 .E22928 .819883 .E15465 

k-j$ 
\k 
\ .003003 -.eee39s -.ai63za -.a2~59 

.El2299 .E24926 .826888 .E16509 

-.El6584 -.El9177 -.E18296 -.El6251 

.E38198 .E32159 .E26351 .E14686 

-.82¶113 -.836BBS -.E38493 -.E35544 - P11e: SHAKESS.OVT P.9. 4 - 
-.E31927 -.E32133 -.E32648 -.E25948 -.E12562 -.E81731 .883178 .BE4617 

80 

89 

98 

91 

92 

93 

94 

9s 

96 

97 

98 

99 

188 

181 

182 

183 

184 
.E89445 .E18959 .E13891 .816861 .81842S .E16437 .E89655 .E82779 
185 
.888313 .888857 .E88317 -.E81771 -.BE3646 -.E83417 -.888138 .885183 
186 
.E11462 .E17721 .821825 .E22470 .819!W? .E13974 .88884C .EM844 
187 
.880433 -.BBPS47 -.OB1538 ,881417 .E83958 .886273 .E88976 .E12695 
188 
,818745 .E24062 .E23421 .816S88 .E86564 -.882¶¶8 -.BO9645 -.E13677 
189 
-.816678 -.E19378 -.E28988 -.018882 -.E18932 .E88277 .E18714 .E18678 
118 
.E24555 .E27688 .B28576 .E29147 .8263¶7 .817589 .881983 -.I383784 
111 
-.E87193 -.BE5264 -.088835 ,004251 .E86618 .E87452 .88623C .E82834 
112 

- .BBBLZ¶ -.E82898 -.881678 -.E10449 -.815558 -.E17893 -.81115C -.E11164 
113 

-.81113C -.81288C -.81834l -.E82893 .881287 .018526 .818897 .887188 
114 
.E03126 .E82136 .E83554 .883887 .BBll4S -.882587 -.BE3462 - .E82382 
11s 
-.881183 -.E81043 -.888974 -.E83222 -.E89878 -.E17281 -.821811 -.E31336 
116 
-.E36598 -.E39471 -.83S485 -.Ern39 -.E28775 -.E22332 -.I316224 -.B10568 
117 

. a w a ~ c  .oez768 - . a a i ~ o ~  -.em9433 -.8183i6 -.mes34 -.e37444 -.e39903 

-.E34646 -.E27176 - .E24384 -.822824 -.E17760 -.E12295 -.888S48 -.886501 

-.E85883 -.BBSSBl -.BBBS63 -.E14604 -.E19345 -.817608 -.E11842 -.E87923 

-.E86931 -.887174 -.E86299 -.E83449 -.BO2628 -.E84981 -.E85743 -.087829 

-.818123 -.E18389 -.886498 -.881218 .882885 ,881347 .E83405 .888192 

.818296 .E26986 .E32832 .E34897 .8331?65 .E29992 .E27816 .82846C 

.829263 .825526 .El9577 .816641 .01C718 .816638 .E14888 .8882C3 

. m a 3 3 ~  -.eo8193 -.EIKEW -.ea1744 -.e229ie -.ai9367 -.ai2719 - . m m  

.E81194 .E89184 .El8824 .828839 .E35945 .841196 .E48439 .OW01 

.e26037 .e19112 .eim7a .e133093 -.eaigm - .ems26 -.e~~is7 -.ai1689 

-.El6489 -.E19824 -.E19787 -.e19632 -.819138 -.817888 -.E13174 -.81893C 

-.8899S4 -.811368 -.015868 -.El7777 -.E15277 -.EBB889 .8887¶7 .887637 

.e09790 . m 7 w  .eei49e - . a w g a  -.mx~iz -.BB~CSB -.eies33 -.mi4923 

-.E18879 -.El7778 -.El6743 -.817586 -.E28184 -.824381 -.E27927 -.E28643 

-.827578 -.E26839 -:824883 -.E17471 -.E09998 -.886899 -.886112 -.E86243 

-.om871 -.e88283 .e85133 .e12739 .e17487 .BIKCIC .e12176 .ewiei 



- F i l e :  SHAKESS.OUI P.l. 
-.804898 .802666 .888548 .813978 ,018635 .E21829 .820561 .E16178 

1 1 8  
.E88243 -.888818 - .E88858 -.El4429 -.816622 -.E15279 -.818663 -.E85248 
1 1 9  

-.E81773 -.E80419 .80858L ,881542 .881886 .E81439 .881879 .888888 
128 
.888952 .881883 .E88621 .BBB878 .E83944 .B18677 .E17649 .E21885 
121 
.E24835 .E29728 .E34378 .E33783 .E29933 .E25895 .E21423 .E17799 

.E15298 .E11691 .E87288 .E84151 .E82127 .BE1763 .E81198 

.888598 -.BBB173 -.888359 .E81214 .804L74 .E87627 .E89817 .E89584 

,809799 .E89368 .E89382 .E89741 .E87848 . B E 1 8 4 1  -.E85939 -.812868 
12s 

-.E17335 -.818532 -.017283 -.E16337 -.E17463 -.E19638 -.E21688 -.E24318 
126 

-.E27427 -.829821 -.E28714 -.E27986 -.E25918 -.821915 -.E17359 -.E14659 
1 2 7  

-.E13718 -.E12725 -.E18981 -.E89656 -.809857 -,888398 -.E88443 -.E18564 
128 

- . E l 3 8 1 9  -.E17287 -.828814 -.E28536 - . E l 7 9 1 7  -.813723 -.E18355 -.E88489 
12Y 

-.'dB7060 -.E85519 -.E83199 -.888113 .E82742 .E86483 .OB9787 .E12925 
1 3 8  
.E17958 .823S46 ,826405 .E25158 .E21884 .819468 .El8665 ,016736 
1 3 1  
.E12416 
1 3 2  
.813816 
133 
.813856 
1 3 4  
.819888 
135 

- . E 1 3 1 8 1  
1 3 6  
,884496 
1 3 7  

-.E84814 
138 

139 
-..E83811 

.E88494 

,012614 

.E12814 

.E19813 

- .'a11398 

.E82231 

.EBB824 

-.I388834 

.E87326 

.E12342 

.e12504 

.E15697 

-. 889242 

-. 882227 

.a04837 

-.811883 

. 887571 

. E 1 2 1 7 7  

, 8 1 3 8 1 1  

.E89523 

-. 886897 

-.E86113 

.E87297 

-. 812759 

.a07950 

. 8 1 2 2 1 4  

.E16123 

. E 8 1 7 1 1  

-.E82413 

- .E88688 

.E87914 

-. 812546 

.888981 .E18841 .E12468 

.E12875 ,813912 .E14421 

.E17457 .E17378 .E17639 

-.886687 -.812S43 -.E14323 

.888504 .882556 .E04186 

-.E89468 -.E89458 -.B87668 

. E E K ~ . ~ E  .e04938 . e a i s i i  

- . E l 2 5 6 7  -.E12482 -.E11425 

1 7 4  
.BE2295 . E 8 0 4 4 2  - .BE1262 -.E83749 -.886818 -.889S44 -.E18821 - . E l l 1 1 9  
1 7 5  

-.E18913 -.E89947 -.887185 -.E04381 -.E81735 -.E88694 -.E88929 -.882886 
1 7 6  

-.BE2879 -.E83251 -.883182 -.E82463 -.881881 .E80488 . B B l C l l  .E82589 
1 7 7  

1 9 1  
-.e88768 

1 9 2  . 888277 
193 

-.E81498 
1 9 4  

-. 8046 63 
1 9 s  -. 884855 
196 

- . 8 8 3 2 i ~  - . 8 m ~ m  

.E88998 ,883733 

-.E82823 -.E83786 

-.EO4447 -.E04392 

-.E84453 -.E04729 

.E83813 .E83776 .E83789 
1 9 7  
.881582 .E81176 ,881158 

-.80S020 -.e04773 

.E82259 .E82442 

-.E04758 -.E86881 

-.804365 - .BE4238 

-.e04547 -.E83747 

.883lSB .E82826 

.BBl266 .881366 

- .E83928 

.E82146 

-.E86714 

-.e84193 

-.882318 

.E82778 

.881552 

-.882355 -.08E882 

.E81297 -.800B38 

-.E86178 -.E85294 

-.E84172 -.804861 

-.888256 .881665 

.E82588 .881952 

.882832 .E82395 

9 
3 
v 

!@ 
__. 

-.888853 -.E85871 -.E84228 -.E84233 -.E84311 -.E83576 -.E82192 -.888578 
148 
,880349 ,880294 ,880484 ,880965 .881938 .883185 .E83386 .E82214 
1 4 1  
,880139 -.E81942 - . B B Z 6 S B  -.E81662 -.BE8861 -.881862 -.883567 -.E04259 
1 4 2  

-.B83332 -.E82329 -.E82369 -.E82498 - . 8 8 1 5 1 8  - .BE0466 -.888877 -.882813 
1 4 3  

-.882185 -.E81941 -.882328 -.E81989 -.E88245 .881586 .E82356 .882367 
144 
.882643 .E83349 ,804028 ,803727 .E84469 .E86696 .E87253 ,881959 
1 4 5  

-.e88838 -.E82384 -.E84476 -.E87243 -.818857 -.B12138 -.E11746 -.E88878 
146 

-.E85177 -.881862 .881818 .E04867 .E87826 .E80221 .887485 .885892 
1 4 7  

.;41i1.: SHAIQSS.OUI Pas. 
881863 -.881535 -.804366 -.E86372 -.887271 -.E87578 -.E88825 -.E88956 

-.E89488 -.BE7887 -.BE4147 - . 8 8 1 1 1 6  .E80438 .E82867 .E83743 .E83781 
149 
.E82833 -.888568 -.E82729 -.884268 -.E85898 -.E87667 -.E88382 -.887873 
1 5 8  

-.E84474 -.881342 .882338 .886788 .E11598 .E14536 .E14597 ,812584 
1 5 1  
.E89278 ,084238 -.881883 -.E85545 -.I388392 -.BO9866 -.888648 -.E89584 
152 

-.E12226 -.E14336 -.E13795 -.E11452 -.E89319 -.E88637 -.E88284 -.886396 
1 5 3  

-.E83678 -.E81788 -.E88198 .881881 .081888 -.888578 -.E81929 -.I382177 
1S4 

-.E81388 .888868 .E88942 .BE1515 .882734 .BOP692 .E83142 .BE1321 
1 5 s  
.888228 .888813 .881625 .881886 .E88148 .BE1804 .E82963 .883616 
156 
.E83184 .E83318 
1 5 7  
. 8 1 1 7 2 6  . E 1 1 3 7 2  

. 158 
. E l 1 3 5 0  .E89648 
1 5 9  
.I385456 .885151 
168 
,807563 .007518 
1 6 1  

-.885823 -.885283 
1 6 2  

-.E82945 -.E04269 
1 6 3  

-.E88238 -.E89378 
1 6 4  

-.E18839 -.E86332 
1 6 5  

- . 8 1 1 2 5 1  -.E14862 

.885385 .E87871 .OB9731 .018667 .E11366 .E11799 

,018922 .E18727 .E11946 .E12783 ,013377 .E12828 

.E88724 .E88304 .887856 .BE7198 .886538 .E85976 

.I385877 .E87285 .E88196 .E87799 .887891 .BB7146 

.E86822 .BE4966 .802358 -.088828 -.E82829 -.BE3877 

-.804731 -.I383719 -.E82328 -.E88992 -.888633 -.001596 

-.885655 -.886648 -.BE6235 -.E05639 -.E86411 -.E87622 

- . E 1 1 4 1 7  -.E13768 -.E11976 -.E17795 -.E17761 -.E14742 

-.E04367 -.E83447 -.E82804 -.E82629 -.883842 -.E86965 

-.E15941 - . E l 5 1 6 7  -.E13554 -.E11829 -.E87169 -.882526 

198 \ 
,802424 .BBl9Sl .E81049 -.888114 -.881322 -.882688 -.E83221 -.E82779 
199 

-.E81812 -.E88929 -.888858 .888572 .E81142 .881853 .E82421 ,882485 
288 
.E81928 .E88767 -.E81286 -.E83823 -.E85721 -.E86614 -.886752 - .E86466 
281 

-.E85828 -.BE5337 -.881043 -.E04342 -.882753 -.BE1286 -.E88834 -.E88895 
282 

-.888689 -.880462 -.888467 -.BE8796 -.E81224 -.881559 -.881578 -.E81461 
283 

-.BB1863 -.BBBS61 -.E88373 -.E88843 -.B81668 -.E82489 -.882367 -.E81641 
204 

-.881814 -.888983 -.EBBS53 .888289 .088678 .E89425 .888187 .888295 
20s 
.BE0464 .E88392 .E88777 .BBlCSB .882558 .E83189 .883381 .882681 
286 
.E81532 .888585 .E88327 .E88772 .881596 .BE2316 .883882 .E83579 
287 

6 - -Fila: SHAIQSS.OvT P.9* 8 - 
.88.3758 .883481 .803178 .E82594 .081619 . B B @ W  -.@E8281 -.881875 
288 

-.E81837 -.E82474 -.E82718 -.882461 -.E81415 .888822 .881858 .E81126 
289 

\ .888752 .888587 .888357 -.888011 -.888523 -.E81284 -.E82818 -.E82388 
218 

-.BE1878 -.E81823 -.E88874 . B B B C 6 8  .E81437 .E82258 .E82959 .I383292 
211 
.OB3818 .BB1967 .E88773 .E88831 -.E88361 -.BBB793 -.888793 -.888292 
212 
.E88149 -.BE8879 -.E88583 -.E88582 -.888862 .881819 .E82319 .E83161 
2 1 3  
.E83666 .E83981 .BE3726 .BE3132 .I382741 .E82868 .80353l . B Q 4 4 l 8  
2 1 4  
.885323 .BE5987 .E86396 .E86433 .886828 .885211 .88448S .E83588 
21s 
.E82452 .881368 .E88787 .888174 .BBBClS .888384 .888898 -.BE0434 
216 

-.OB1213 -.881863 -.8819¶1 -.E81828 -.E81391 -.888862 -.888288 .888376 
2 1 7  
.E81329 .E82467 .803405 .883358 .E82343 .888821 -.BO0697 -.E81859 
218 

-.882328 -.E82395 -.E82423 -.E82641 -.E82914 -.E82923 -.082351 -.E81627 
219 

-.881815 -.888635 -.EBB468 -.I388827 -.BBlC57 -.882598 -.BB3878 -.883218 
228 

-.E83225 -.E83884 -.E82537 -.E81968 - . E 8 1 7 1 1  -.E81737 -.E81497 -.E81142 
221 

-.BE1826 -.881819 -.BE8793 -.E88765 -.BE8988 -.BE1819 -.881168 -.881552 
222 

-.882878 -.882731 -.BB3315 -.883612 -.BO3333 -.E82432 -.BE1576 -.E81488 
223 

-.BE1649 -.BBl815 -.E81553 -.88115¶ -.E88821 -.'dB8595 -.880424 -.880398 
224 

-.888285 .888164 .E88783 .E81146 .BO1534 .E81947 .E82378 .@E2551 
22s 
.082653 .E82685 .E82471 .E81679 .BBBSSl -.88862L -.E81446 -.881718 

166 226 
,881592 .883686 .E04893 .E84187 .804678 . B E 5 8 4 4  .BE4467 .E83824 -.881316 -.BBBSBS .BE8385 .881885 .E81583 .E82187 .882346 .E82177 
1 6 7  227 
.E83536 .E82704 .E81287 -.888867 -.888652 -.888804 -.E88699 -.888821 .E82878 .E82888 .BB1663 .881859 .E88736 .888711 .E88823 .888787 
168 228 
.E81705 .804851 .E85883 .E86239 .885658 .88SSB8 .E86583 .E87904 .E88771 .BBBBS7 .880969 .E88951 .888966 .BBB729 .E88291 -.888877 
1 6 9  229 
.E88987 .889528 .E89616 .E89853 .E88868 .BIlCBBS .885857 .8844E8 -.E88244 -.888411 -.E80489 - .BE0455  -.888337 -.E80287 -.888214 -.888338 
1 7 8  238 
. 882562 . 888597 - .880488 .888258 .88234l . BE4278 .E84479 .E83287 -.888579 -.88871¶ -.E88124 - .BB0568 -.888751 -.E81129 -.E81574 -.882212 
1 7 1  231 

232 
-.E83379 -.883256 -.E82828 -.E82114 -.881188 - .8BBSBB -.888171 -.E88045 

233 
-.088813 -.888266 -.888¶37 -.E88552 -.888578 -.BBB3SS .888871 .BE0433 

234 
.BBB733 .E88923 .881118 .E81197 .E81192 .8810BB .EBB711 .BBB287 
235 
.E88046 .888818 .800858 -.B88816 .E88872 .888271 .E80467 .E88573 
236 
.888812 .BBll64 .BE1746 .BB2266 .882178 .E82874 .E83353 .E83554 
237 

-.882787 -.882836 -.e82444 -.ea2143 -.0021aa - . ~ 0 2 9 u  -.88286s - . B B ~ Z L S  



238 
.E88399 .E88598 . 8 8 1 1 4 7  .BB179S ,882317 .E82518 .E82447 ,802829 
239 
.BBlS4l .E81195 .E81122 .E88984 .E88676 .E88289 -.E88249 -.E88643 
248 

-.BE8689 -.E88358 .E88322 .880982 . 8 8 1 1 5 5  .881087 .E88993 .888819 
' 2 4 l  

.888521 -.888887 -.E80779 -.801318 -.I381696 -.E82117 -.E82328 -.E82422 

-.881477 -.E81489 -.BE1489 -.E01418 -.881386 -.881313 -.E81334 -.E81445 
245 

-.E81431 -.E81174 -.808564 .888185 .888539 .888588 .E88277 .8888S1 
246 

-.888818 -.E88141 -.BBBl86 .E88143 .888418 .E88641 .E88992 .E81143 
' 247 

.E81215 .E01272 .E81228 .888856 .E80432 .888121 .888896 .088335 
248 
.E88842 .E81325 .BB1828 .E82352 .BE2829 .882972 .E82985 .883806 
249 
.E82986 .E82717 .E82284 .081552 .E88649 -.888282 -.BE8877 -.E81588 
258 

-.E82183 -.882296 -.BE2121 -.801869 -.881688 -.881417 -.881387 -.E81668 
2 5 1  

-.881916 -.881879 -.E81537 -.E81142 -.888658 -.888173 .80824l .888381 
252 
.888848 -.888386 -.888729 -.888953 -.E88948 -.881865 -.881263 -.E81448 
253 

-.881504 -.E81563 -.0815S4 -.881571 -.881552 -.081566 -.88151S -.E81454 
254 

-.881386 -.881158 -.E88913 -.888679 -.888377 -.E88889 .E88228 .E88463 
2 5 s  
. 0 B B 6 6 5  .E88745 .E88788 .888742 .E88712 .888647 .888633 .888591 
256 

S H m 9 1  SHEAR STRESS TIHE HISTORY - O v r p v T  FILE 

#SHEAR STRESS TIHE HISTORY AT BASE OF IIlPACW llA"EFSALS 

STRESS - stress I n  I.v.1 8 8 
-.888868 -.888872 - . 8 8 1 1 5 8  .E81264 .888691 -.E80488 ,081497 -.E88827 

.E81229 -.E88837 .888145 .888835 -.E88333 -.888588 -.881281 -.881488 

-.E82357 -.E82439 -.888765 - . 8 8 1 1 3 4  -.881637 -.E82277 -.E83047 -.E83941 

-.E84963 -.886113 -.807351 -.E88592 -.E89718 -.810SSB -.E18959 -.E18927 

-.818623 -.El8214 -.E89687 -.E88943 -.888832 -.0872S4 -.887888 -.887586 

-.E88733 -.818612 -.E13182 -.E16569 -.E28684 -.E25843 -.E28931 -.E31662 

-.U32686 -.E31642 -.E28494 -.E23675 -.E18841 -.E12361 -.E87465 -.E04591 

-.E88612 -.E14548 -.821876 -.E26892 -.E31589 -.E34823 -.E35426 

1 

2 

3 

4 

5 

6 

7 

SHUESS.OvT P.g. 

-.E24946 -.815323 -.E85728 .E81362 .803331 -.882251 -.E15871 

-.E34479 -.853161 -.E67688 -.B75061 -.E74364 -.866678 -.E53125 -.E34624 

-.813878 .E85333 .E22228 .E37288 ,854724 .86BLBB .864686 .E72364 

,888949 ,888129 ,896514 . 1 8 3 5 7 7  ,186952 . l e 5 6 8 7  .188988 .E93448 

.003798 .E73687 .E65792 ,862888 .866318 .873858 .E88787 .E84851 

.888222 .E65545 ,041401 .E12227 -.E19364 -.E51564 -.E83913 -.116489 

-.145948 -.168478 -.182481 - . 1 8 6 7 3 1  -.179921 -.161596 -.135859 - . 1 1 8 6 7 5  

-.E93883 -.E84531 -.E82885 -.885625 -.BE6528 -.E79344 -.E64385 -.E43319 

-.E28972 -.E82378 .E82689 -.811689 -.843688 -.E93318 - . 1 4 7 7 2 3  -.281488 

-.246219 -.278418 -.266197 -.229862 -.156624 -.E51136 .077888 .2E4793 

.386818 ,373292 .416189 .438739 .434889 .4E4471 .364182 .336719 

,333224 .347536 .368817 .398212 .415624 .439986 .458799 .4379¶9 

,397228 .327894 .233325 .124963 .E88043 -.185638 -.194428 -.244628 

-.268518 -.251544 -.226422 -.198558 -.137569 -.E81659 -.E51386 -.E44286 

-.859638 -.E92663 -.l33S86 - . 1 6 7 9 1 2  -.198755 -.284968 -.217478 -.231895 

-.241276 -.239228 -.231667 -.234613 -.257389 -.288851 -.318387 - . 3 1 3 1 8 1  

-.298576 -.26926S -.228153 - . l e 1 8 4 4  -.148347 - . 1 1 8 5 2 1  -.E89353 -.E65183 

-.E25823 .E44274 . 1 5 1 6 3 1  .294555 .453564 .595838 .698643 .716272 

.659793 ,521236 .328934 . l o 3 3 3 6  -.E82693 -.213338 -.293335 -.331492 

-.325686 -.277221 -.204669 - . 1 3 7 4 7 6  -.E94333 -.E72289 -.E62865 -.E62887 

-.E78332 -.185899 -.136858 -.161S48 - . 1 7 5 7 0 5  -.167188 -.125886 -.E57862 

, 8 1 7 7 4 5  .E88586 . 1 5 4 1 3 6  .286431 ,224622 .1¶5229 . l 1 5 5 8 3  -.E11419 

-.17869S -.339871 -.497544 - . 6 2 1 9 1 4  -.696865 -.788358 -.647961 - . 5 1 1 7 5 8  

-.313883 -.886876 . 1 3 8 7 5 3  .339665 ,496248 .612921 .657431 .678578 

9 

1 8  

11 

12 

1 3  

1 4  

1 5  

1 6  

17 

1 8  

1 9  

28 

21 

22 

23 

24 

2s 

26 

27 

28 

29 

38 

3 1  

,555366 .45686S .329467 .198963 . O W 2 6  -.893327 -.239864 

-.465924 -.St2889 -.548855 -.558348 -.538748 -.498632 -.441524 

-.385263 -.384242 -.186818 -.E44826 .E98352 .224298 .331838 .428427 

.47441S ,474124 ,424381 .348048 .278987 .286781 . 1 5 2 7 5 2  .188295 

.E84517 .E86248 . l o 9 5 2 2  .1S4826 .224276 .I89124 .392728 .456820 

.487348 ,479632 .428636 ,331648 .282739 .E71888 -.828888 -.E76227 

3 s  

36 

37 

-.E78589 -.0221¶6 .E55528 .148318 .234837 .BE7588 .286969 .225812 

. 1 1 7 6 7 7  -.E81153 -.099958 -.163395 -.193793 -.2858¶8 - . 2 l l l 5 2  -.214261 

-.PI7652 -.222279 -.226114 -.224872 -.218105 - . l o 1 9 1 5  - . 1 1 3 ¶ 3 5  -.E53553 

-.E86283 .828778 .E22582 -.881332 -.M4322 -.187896 -.19¶¶38 -.322233 

-.449656 -.567884 -.635385 -.66982¶ -.641846 -.586235 -.472833 -.332794 

-.19885S -.E81828 -.814018 .E16184 .E04868 -.E35896 -.E83947 - . 1 1 9 5 7 9  

- . 1 3 1 0 7 1  - . 1 1 5 8 1 3  -.E77894 -.E18481 .E54589 .129478 .195478 ,241374 

.254729 .238694 . 1 7 1 6 7 2  ,881447 -.E32418 - . 1 4 7 2 7 4  -.23E471 -.2515@4 

-.191249 -.8558¶7 .12801S .333B43 .531583 .692916 .791226 ,814344 

.767182 .KC3817 .523378 .368558 .219668 .E96423 .E15382 -.E27889 

-.E43218 -.E45144 -.E25258 .E24711 .E79688 .148528 .221473 .291826 

,349468 .397282 .437378 . 4 6 1 7 1 6  .4!32797 .396827 ,294546 .167884 

.E42856 -.886332 -.232387 -.389781 -.5338E4 -.638838 -.693889 -.788231 2 -.665882 -.598748 -.Si35824 -.398863 -.297247 -.222626 -.186868 -.183885 

c -.186592 -.165168 -.118888 -.E36744 .E33986 .E94242 .142591 .173825 

\3 .176686 . 1 5 1 9 5 6  .187781 ,861695 .E34188 .E21769 .E31232 .E57836 

39 

48 

4 l  

42 

43 

44 

45 

46 

47 

48 

49 

58 

5 1  

52 

i 

' \ 53 

54 

1 8  -. 

.879586 .876569 .E43188 -.E13512 -.E87389 - . 1 7 8 7 3 7  -.247459 -.297923 
5s 

56 

5 7  

58 

59 

60 

6 1  

62 

63 

64 

65 

66 

67 

-.297287 -.226366 -.E96681 .E54471 .192844 .298045 .363135 .398886 3 $ 
y 2  .385865 .353245 .312581 .288378 .268866 .252676 .267643 .388396 

.323727 . 3 1 1 5 8 5  .258598 .188988 .89459¶ .881286 -.8¶9442 -.188598 

-.235274 -.228382 -.176685 -.E87416 .835238 . 1 7 7 8 4 6  .389245 .395448 

.428881 ,384192 ,291363 ,159342 -.E12768 -.194326 -.351286 -.461872 

-.523661 -.!54294l -.528272 -.453578 -.357232 -.252972 - . 1 5 3 8 7 1  -.E64281 

.E11769 .E69329 .182653 .E98852 .E47473 -.E39469 -.142835 -.239278 

-.317887 -.372233 - . 4 1 2 2 7 i  -.444854 - . 4 7 ~ 4 8 ~  -.485383 -.485870 - . 4 ~ 7 5 ~ 4  

-.429786 -.392144 -.339514 -.273673 - . 1 8 3 1 8 1  -.E84742 .823¶35 . 1 1 9 1 5 4  

.22BBll .317261 .485778 . 4 5 9 1 1 4  .463216 .438878 . 4 1 6 1 1 9  .368865 

.386844 .228287 .125248 .E21358 -.E84649 -.192940 -.380446 -.393725 

-.456566 -.488842 -.461728 - . 3 9 W C  -.298181 -.168638 -.818183 . l l l Y I C  

.198186 .283594 .169466 .115636 .E63433 .E27648 .E25349 .E72352 

7 911.: SHMESS.OvT Pan. 12 - 
68 

69 

78 

7 1  

7 2  

7 3  

7 4  

7 s  

76 

7 7  

78 

7) 

88 

81 

82 

83 

84 

85 

86 

87 

08 

89 

98 

9 1  

92 

93 

94 

9 s  

96 

9 7  

.163448 .@9197 .358773 .487476 .398145 ,328284 . 2 1 1 2 5 5  .E71585 

-.E63742 -.173924 -.248519 -.281582 -.278484 -.228829 -.144931 -.868814 

.E18627 .E91516 .158499 .286458 . 2 1 2 7 7 4  . 1 7 1 5 1 2  .E96393 .E84839 

-.E98685 -.218245 - . 3 2 1 1 7 8  -.418889 -.451451 -.431444 - . 3 1 4 7 9 1  -.a38314 

-.188598 .E45428 .190127 .3231E4 .431485 .498545 .516993 .499886 

. ~ K B K C ~  . a 9 7 3 7  . 3 7 e ~ a  . 2 7 7 7 7 i  . i s 3 2 s a  .a28231 - . e 9 3 7 1 1  - . i e i ~ ~ i  

-.2!36872 -.321143 -.365322 -.373684 -.347889 - . 3 1 1 9 7 1  -.277868 -.266398 

-.272267 -.288369 -.289764 -.299459 -.38637l -.304446 -.285924 -.251458 

-.213448 -.185828 - . 1 7 5 6 1 7  -.176986 - . 1 7 8 4 1 4  -.174435 -.165798 -.154286 

-.13739S -.111239 -.E88327 -.E57437 -.E49474 -.04518¶ -.82459¶ .82199S 

.E93672 .186578 .298953 .428625 .523403 .581637 .589677 .SSSBBB 

.488231 .391625 .277988 , 1 7 5 1 9 3  .115889 . 1 1 6 1 8 4  . I 6 3 6 1 8  .236911 

.328835 .4l5246 . 5 1 2 5 5 1  .572663 .6@4337 .586840 .S43165 .SO2771 

.477692 .458286 .438358 .421591 .486628 .392669 .383346 .371688 

.343778 .292322 .219213 .13E445 .E34539 -.859062 -.143613 -.284988 

-.218269 -.165423 -.E59978 .BIB148 . 1 5 3 1 3 9  .218738 .232661 .216798 

.156693 .I358361 -.E52401 -.146504 -.213859 -.251896 -.24952S -.288818 

-.E99883 .E31592 .168149 .286986 .364792 .374943 .348048 .248821 

. 1 2 1 6 7 1  - . E 3 4 6 7  -.196375 -.34804l -.447424 -.S21981 - . 5 7 7 1 7 2  - . 6 1 3 2 1 7  

-.618241 -.557334 -.468692 -.366358 -.263927 -,164SKl -.E74822 -.813789 

,088862 -.BO5559 -.117842 -.228722 -.346313 -.445126 -.515548 -.558812 

-.578162 -.546966 -.491945 -,418328 -.34S466 -.282126 -.23898S -.197481 

- . 1 9 1 3 ¶ 3  -.288336 -.238852 -.244818 -.258388 -.251398 -.245463 -.225233 

- . l e 9 6 7 1  -.155586 -.134959 -.125588 -.127899 -.137926 - . 1 5 8 7 1 ¶  -.157822 

-.152678 - . 1 3 5 1 7 8  - . l l 2 8 4 4  ~ . 8 8 5 8 7 6  -.838044 ,034664 .123637 .217463 

.388843 .391996 .461863 ,514626 .S49686 .SKI782 . 5 5 5 1 1 4  .St5589 

.489859 .456577 .427887 ,393185 .343988 .279246 . 2 8 1 1 1 5  . l e 7 7 8 1  

.881865 -.lo6623 -.19782¶ -.257122 -.274826 -.259488 -.199096 -.8¶7655 

.E33821 .181587 .333575 .454604 . 5 5 8 1 1 ¶  .685921 . 6 1 3 1 6 1  .574449 

.495257 .392142 .283781 .177889 . 8 7 5 5 1 5  -.E28244 -.183985 -.172828 



Fri O c t  28.  1995 - P a m  15 - 
158 ' 

& 
Fila: SHAIQSS.OVT Page 13 - 7 File: SHAI(ESS.OvT 

98 
-.227218 -.271962 -.381925 -.311472 - .3822M -.282779 -.264945 -.257745 

99 
-.258977 -.257512 -.243E4S -.289482 -.158316 -.E97719 -.E37667 .889817 

188 
.E35128 .8483¶5 .E21581 -.828762 -.E81833 -.14426¶ -.195964 -.234W5 
181 

. -.265931 -.388157 -.339226 -.379183 -.414518 -.446815 -.477463 -.496463 

-.456034 -.485384 -.349881 -.295882 -.239811 - . l 8 8 W  -.118318 

.817788 .EBB248 ,129980 .16611C .191813 .PO7434 .215825 

.221986 ,234216 .246238 ,245852 .228533 .288888 ,167518 .126189 
185 
.E76123 .826162 -.E18822 -.E25258 -.E17813 .E11927 .E66497 .124687 
186 
.194159 .2S4l25 ,2918215 .383299 .283378 .24l764 .184684 .12SE47 
187 
.BO7665 .E49477 .E48949 .E58988 .E82204 .137663 .286612 .268169 
188 
,304989 .387783 ,276192 .215287 .129754 .825598 -.885129 -.187153 
189 

-.268296 -.289259 -.270165 -.289772 -.117854 -.881E49 .125355 ,249929 
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NOTICE 
The XSTABL documentation and software are 
copyrighted with all rights r,eserved. Under copyright 
laws, no part of the XSTABL documentation or 
software may be copied, reproduced, transmitted, or 
translated into any language, natural or computer, in 
any form or by any means, withogt the prior writ ten 
consent of Interactive Software Designs, lnc. 

Although the software has been tested and the 
documentation reviewed, the program9 are provided 
"'as I S " ,  that is, without any warranty, express or 
implied. The user assumes the entire risk as to  the 
quality of the results and operation of the programs. 

Interactive Software Designs, lnc., reserves the r ight 
to  make changes to  the XSTABL software and 
information contained in this document wi thout 
obligation to report such changes to any person of  
such modifications. 
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correct interpretation of  the final results. 
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All Rights Reserved L _ .  

READ BEFORE USING 

WARNING: Carefully read this license agreement before using the XSTABL 
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same time. One back-up copy of the original XSTABL disk(s) is permitted to 
safeguard against disk failure. 

Without the written consent of INTERACTIVE SOFTWARE DESIGNS, Inc., YOU 
MAY NOT : 

1. Make copies of XSTABL with the intent !o supply other users, 

2. Transmit XSTABL via any electronic media; 

3. Duplicate the XSTABL Reference Manual, 
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whatsoever. 
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CHAPTER 7 

1 .O INTRODUCTION 

XSTABL is a fully integrated slope stability analysis program designed to operate on an 
IBM personal computer, or close compatible. It permits the engineer to develop the slope 
geometry interactively and perform the slope analysis from within a single program. The slope 
analysis portion of XSTABL uses a modified version of the popular STABL program, 
originally developed at Purdue University. 

XSTABL performs a two dimensional limit equilibrium analysis to compute the factor of 
safety for a layered slope according to: 

(a) General Limit Equilibrium (GLE) Method, 

(b) Janbu's Generalized Procedure of Slices (GPS). 

(c) Simplified Bishop, 

(d) Simplified Janbu. 

If the program is used to search for the most critical surface, only the simplified Bishop and 
Janbu methods are available for calculating the factor of safety. The program can be used to 
search for the most critical surface or the factor of safety may be determined for specific 
surfaces. XSTABL, version 5.0, is programmed to handle: 

1.  heterogenous soil systems with up to 20 soil units, 

2.  The strength of a soil unit may be defined using: 

(a) conventional, c-4 parameters, 

(b) undrained strengths as a function of vertical 
effective stress, . 

(c) a nonlinear Mohr-Coulomb envelop. 

3. Anisotropic soil strength properties, 
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4. Reinforced slopes. 

5. Pore water pressures for effective stress analysis using: 

(a) phreatic and piezometric surfaces 

(b) pore pressure grid 

(c) R,, factor 

(d) constant pore water pressure 

6. Pseudo-static earthquake loading, 

7 .  Surcharge boundary loads, 

8. Automatic generation and analysis of an unlimited number of 
circular, noncircular and block-shaped failure surfaces. 

9. Analysis of right-facing slopes, 

10. Both SI and Imperial units. 

1.1 Summary of Interactive Features of XSTABL 

XSTABL is intended for use on an IBM-PC. or near compatible, suitably equipped for 
screen graphics. The program uses menus and data-tables to "guide" the potential user through 
the many options available for performing a slope stability analysis. The interactive features of 
XSTABL include: 

1 .  

2 .  Context sensitive help information. 

3. 

4.  

Selection of options via intuitive. easy to understand menus, 

All numeric data is entered through prompts into a table, 

Error checking during data entry phase, 

5 .  

6. 

7 .  

Slope g e o m e t j  may be readily reviewed on-screen, 

Previously entered data can be edited, 

Single failure surfaces may be analyzed using several rigorous 
procedures that satisfy force and moment equilibrium, 

1 8 6  

8. Previously saved files can be edited and saved as "new" files, 
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9. 

10. 

1 1 .  

1 8 6  &b- 

XSTABL files may be copied. deleted, printed, renamed or It: 
viewed without exiting the program, 

Screen plots may be saved to disk in one of several different 
formats for later printing or inclusion within a document 
prepared with a wordprocessing or charting software. 

High quality plots may be generated. using XSTABL. on 
several different types of output devices if  the screen plots are 
saved in the default format. 

I t  is expected that the approach offered by XSTABL will minimize potential errors and 
provide a more appropriate data preparation method for the less familiar user. The time 
expended in learning to use the program is expected to be nominal and users can be expected to 
c eenerate input data files almost immediately. 

1.2 General Information 

The XSTABL Reference Manual is intended to provide information about the interactive 
features that allow the user to prepare data files and perform a slope stability analysis. The 
next six chapters of the Reference Manual provides details concerning the following topics: 

1 .  

2 .  

3. 

4. 

5 .  

6. 

XSTABL program components, 

XSTABL menus and available options, 

Data tables for establishing the slope geometry, and assigning 
soil properties and boundary loads, 

Methods of analysis, 

Slope stability analysis, including the creation and saving of 
screen plots, 

Printing of hardcopy plots. 

Further details about the limit equilibrium theory, search procedures and slice development are 
given in Appendix D. 

.. 
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This manual concentrates on the interactive features and is not intended to provide the 

necessary engineering background for slope stability analysis. If the user wishes to obtain more 
information concerning slope stability analysis. the following publications are recommended:: 

1. 

2.  

3 .  

n e  Stability of Slopes, by E.N. Bromhead, 
Surrey. University Press, Chapman and Hall, NY, 41 1 pages, 
ISBN 0 412 01061 5 .  1992. 

Lunhlides: Analysis and Control, by R..L. Schuster and R.J. 
Krizek (editors). Special Report 176. Transportation Research 
Board, National Academy of Sciences, 234 pages, ISBN 0 309 
02804 3, 1978. (new edition, edited by R.L. Schuster and K.  
Turner will be published in 1994) 

Rock Slope Engineering, by E. Hoek and J.W. Bray, Inst. of 
Mining and Metallurgy, London, England, Third Edition, 
358 pages, ISBN 0 900488 573, 1981. 

Please note that the above list represents a very small portion of literature available on the 
subject of slope stability analysis. 

1.3 Hardware Requirements 

In order to use XSTABL, the user will require: 

1.  An IBM-PC, or near compatible, wit.. either dua floppy disk 
drives or a hard disk (preferred) and one floppy disk drive, 
640 kb RAM and DOS 2.1 (or later). 

Execution of XSTABL will require at least 450,000 bytes of 
- free RAM. The user may check the amount of RAM available 
by using the "MEMK" command, as documented in the DOS 
manual. 

2. An IBM compatible VGA, EGA or CGA graphics adaptor with 
an appropriate monitor, 

-- 
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3. One of the following devices for hardcopy output: 

(a) A laser printer. e.g. Hewlett Packard LaserJet 
with at least 1 Mb of RAM. or 

An IBM Graphics compatible, 9 or 24 pin. dot 
matrix printer. e.g. EPSON FX-85. 

(b) 

(c) A HPGL compatible pen plotter. 
e.g. Hewlett Packard 7475A Plotter. 

1.4 XSTABL INSTALLATION 

The XSTABL programs and example data files are supplied on one 3 . 5  inch or one 5.25 
inch disk in a compressed format. To copy these files to a subdirectory on your hard disk. 
please follow the instruction listed below: 

I. 

2.  

3 .  

create a directory on your hard disk (e.g. MD XSTABL etc.. . .) 

change to this newly created directory (e.g. CD XSTABL etc ....) 

from this directory type either : 

(a) A:INSTALL --> if.the XSTABL disk is in "A" drive, or 

(b) B:INSTALL --> if the XSTABL disk is in ."B" drive 

The installation program will place the XSTABL files in the current directory and copy all 
example datafiles into a subdirectory named: "EXAMPLES". The complete installation of 
these files will required about 500 kb of disk space. The PACK.LST file on the original disk 
includes a list, and description, of all files that should have been copied to the current directory 
on your disk. 

NOTE: 
The above procedure will work if you are preparing to use XSTABL from a 
hard-disk or at least a 720 kb floppy diskette. However if you would like to 
use the program on dual 360 kb disk drive system, please contact Interactive 
Software Designs, Znc., for special instructions to order a non-compressed 
version of XSTABL. 
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1.5 XSTABL Components 
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Before using XSTABL, the user should ensure that files listed below, and section 2.2. have.' 
been copied : 

1. 

2. 

3 .  

PACKLST . . . . . . . summary of file descriptions 

README 

DEMO.TXT . . . . . . dialogue script for dernonsrrationltutorial 

. . . . . . . special "last-minute" notes or revisions to this Manual 

1.6 Files for using XSTABL 

1. XSTABLXXE . . . . executable version of program 

2.  

3. 

4. 

5 .  

6. 

SETUP1.STB . . . . . file used during program startup 

XSTABL.HLP . . . . . help screen information 

XSTABL.ERR . , . . . XSTABL error descriptions 

XSTABL.FN1 . . . . . font file for screen characters 

XSTABL.FN2 . , . . . font file for hardcopy plots 

7 .  XPLOT.EXE . . . . . executable program for hardcopy plots 

The instal!ation process will also copy the example input data files and the output (4 files) 
corresponding to an analysis using the file EX-1 .IPT to the "EXAMPLES" subdirectory. . . 

These -"extra" files may be deleted to conserve disk space. 

The program can then be started by typing, XSTABL at the DOS prompt. The program 
will NOT operate without the SETUP1.STB fide. 

Please note that the XSTABL software and documentation is 
copyrighted and may NOT be copied without permission. 
However, the user is permitted to make ONE archival backup 
copy of these files to guard against possible disk failure. 
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1.7 Supporting XSTABL files ft-l?!tl 

File: SETUP1.STB -- contains initialization information that sets several parameters at:the stan 
of the XSTABL program. Also. the first line of this file may be modified to control 
the amount of information that is written into the output file followin_e a slope analysis. 
A typical unmodified file will have the following form: 

Line 1: 0 10 10 10 
Line 2: 1.000 1.000 0.30 9.80 
Line 3: (blank line) 

Let the four values on thefirsr line be labeled as var-1. var-2. var-3 and var-4. Then 
the user is permitted to modify these according to the following: 

var-1 = 0 (zero) for all cases, unless advised otherwise; 

var-2 = value between 1 and 10. inclusive, for 
controlling the number of failure surface 
coordinates that will be listed in the ouruut file 
following each slope analysis; 

controlling the number of critical surfaces that 
will be displayed on the Screen at the end of the 
slope analysis; 

var-3 = value between 1 and 10. inclusive, for 

var-4 = value between 1 and 10. inclusive, for 
controlling the number of surfaces plorred ro rhe 
hardcopy file. 

Please note that the default for the number of surfaces is set at ten for all cases 
(i.e. var-2 = var-3 = var-4 = 10). These parameters may be changed directly by 
editing the SETUP1.STB file. Alternatively these may be changed from within 
XSTABL via the F5 key just before the stan of the multiple search analysis. 

8 6  

The four values listed on the second line control the scaling and location of the 
hardcopy plot on paper. The first two values assign the scaling in the x and y direction 
of the plot. The last two numbers fix the origin of the plot on the basis of a global 
origin located in the right-hand comer of the printed 11 x 8.5 inch (landscape) page. 
The user can manipulate these values to scale the hardcopy plots, but must ensure that 
the aspect ratio of the vertical to horizontal axes is maintained at unity. 

XSTABL Reference Manual 7 
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Other Files: 41% It\ 

The two files. XSTABL.HLP and XST-L-ERR, are used by XSTABL to provide help 
and input data error information, respectively. Although the program can function without : 
these files, on-line help information will not be available and error messages will not be written 
to the output file created during the slope stability analysis. However, error numbers will be 
written to the output file and the user can determine the corresponding message from the 
complete list of possible errors given in Appendix B. 

1.8 Connecting HP Plotters 

XSTABL screen plots may be successfully plotted using HP plotter models: 7440A. 7470A, 
7475A and 7550A connected to a personal computer. The cable should be connected to the PC 
with a DB 9 or DB 25 connector via the serial or asynchronous port. At the plotter, a DB 25 
connector should be used to connect the cable to the computer/modem port. XSTABL uses the 
XON/XOFF protocol and thus only requires fhree cpnnecting wires in accordance with Fig 1 . 1 .  

Personal Computer HP Plotter 

1 Receive Data Transmit Data 
D 9 l P i n - 3 , o r  - D 2 5 / p i n - 3  
D 25 / Pin - 2 

Receive Data 2 Transmit Data 
D 91 Pin - 2. or - D 25 /Pin 2 
D 25 / Pin - 3 

Signal Ground 3 Signal Ground 
D 9 / P i n - 5 , o r  - D 2 5 / P i n - 7  
D 25 / Pin - 7 

Fig. 1.1. Wire connections for PC - HP plotter cable 

8 Copyright @ 1994, I.S.  Designs. Inc. 



1.9 Starting XSTABL 

XSTABL should be executed from the directory occupied by the program's files b y  typing 
"XSTABL" at the DOS prompt. Please note that an error will be reported i f  the user attempts 
to execute XSTABL from a directory which does not have the SETUP1.STB file. Also, the 
program expects to access the files: XSTABLHLP and XSTABL.EFU7 (Le. the help and error 
files) from the current directory only. If these files are not in the current directory, XSTABL 
will be unable to provide a complete report on the errors and the context sensitive help 
information will not be available. 

In executing the program, XSTABL offers the user an opportunity to change three 
default parameters via a command line option. If the user executes the program by only typing 
"XSTABL", the following default options are invoked: 

(a) 

(b) 

(c) 

Imperial units, i.e. pounds, psf, pcf and feet; 

Parallel printer port selected as LPT1; 

Serial port selected as COMl . 

The parallel port is used for printing input and output files and for printing all slope analysis 
plots, except those sent to a plotter. In this case the plotter is assumed to be connected to the 
COMl serial port. If the above default selection is not appropriate, the user may change any of 
these according to the command-line switches given below. 

Alternative SI Units may be selected by executing the program by typing: "XSTABL -m" at 
the DOS prompt. In this case the program will startup with SI units represented by: 
kN, kPa (kilo Pascals), kN/m3 and meters. 

The Alternative Parallel Port LIT? may be selected by starting the program by typing: 
"XSTABL LPT2". This selection will send all parallel port output to the LPT2 port. 

The Alternative Serial Port C O W  may be selected by starting the program by typing: 
"XSTABL COM2". This selection will send the plotter output to the alternative serial 
port. 

Any combination of the above three options is possible. For example by typing : 

"XSTABL COM2 LPT2 -m" the user may invoke (1) COM2 as the serial port, (2) LPT2 as the 
default parallel printer port and (3) SI units. 

L -_  
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.1.10 Example Input and Output Files .. /4 Z+f 

Several data files are provided with the main programs, on the enclosed disk. for evaluating 
the XSTABL software. These files are based on the slope geometry described in Appendix A '  
of this manual. The output files, for example EX-I.IPT. are also included for the convenience 
of the user and to check for proper operation of XSTABL on your computer. A complete 
description of these example files is summarized in the disk file: PACK.LST. 

1.11 XSTABL Tutorial 

A dialogue script for a tutorial that demonstrates some of the unique features of XSTABL is 
included with the program disk(s) in the file: DEMO.TXT. The user is encouraged to print 
this file, and follow the suggested instructions. This tutorial will familiarize users with the 
editing features, special commands and other data tables that are used to assemble a data file 
for slope stability analysis. 

1.12 ANSI.SYS Device Driver 

The XSTABL program has been designed to access the video hardware directly, thus 
minimizing the response time between keyboard entry and subsequent actions. However if the 
ANSI.SYS device driver is loaded, it "filters" the data before it is written to the screen. Thus 
in order to maximize the speed of XSTABL, the use of the ANSI.SYS device driver is not 
recommended as it tends to slow the response time for data written to screen. 

The user may check to see if the ANSI.SYS driver is loaded by examining the 
CONFIG.SYS file in the root directory. A line of the general form : 

DEVICE= ANSI.SYS 

will indicate that the device driver is loaded at the start of every session. The user must then 
choose to either load or omit the ANSI.SYS device driver. 

IO Copyright ' 1994, I.S. Designs, Inc. 



1.1 3 Loading and Execution Errors / t z l / z r  

I t  is possible that an "unexplainable" error may occur during the loading and execution 
phase of the program. If such an error occurs. please check you data thoroughly. If your d m  
appears to be correct and the error condition persists. please contact: 

Dr. Sunil S h a m a ,  
Interactive Software Designs, Inc., 
953 N. Cleveland, 
Moscow, ID 83833. 

_ _ _ _ ~  
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APPENDIX B 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATION PACKAGE 

YSLIP - c 

Yan, L.P., "Seismic Deformation Analysis of Earth Dams: A Simplified 
Research Report No. SML-91-01, California Institute of Technology, Soil Method, 

Mechanics Laboratory, Pasadena, California, 1991. 
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USER GUIDE FOR YSLIP - C 
By Liping Yan 

PREPARATION OF INPUT DATA FILE: 

CARD 1 : PHI, THETA, RC, R, RI 
CARD 2: BETA, NCR, NSIGN 
CARD 3: NA, INDEX, MNA, STEP, KREAD 
CARD 4: EARTHQUAKE RECORD IN SPECIFIED FORMAT 

NOTE: 

PHI [UNIT DEGREE]--- FRICTION ANGLE, CHOSEN TO GIVE DESIRED 
YIELD ACCELERATION 

THETA [UNIT DEGREE]--- INCLINED ANGLE 
RC [UNIT: METER]---- DISTANCE FROM CENTER OF CIRCLE TO CENTER 

[UNIT METER]---- RADIUS OF CIRCLE 
OF MASS 

R 
RI [UNIT: METER]---- RADIUS OF GYRATION OF MASS e 
BETA [UNIT DEGREE]--- ANGLE OF TANGENTIAL LINE OF ARC AT 

CREST TO VERTICAL 

NCR: = 0, OUTPUT IS FOR THE LOCATION AT SLIDING MASS CENTER; 

NSIGN: = 1, RECORD (AT) IS POSITIVE AS ASSUMED IN THE INPUT FILE; 
= 1, OUTPUT IS FOR THE LOCATION AT CREST 

=-I, RECORD (AT) IS POSITIVE INVERSELY AS ASSUMED IN THE 
. . INPUTFILE 

NA [INTEGER]-------- NUMBER O F  RECORDING POINTS 
INDEX [INTEGER]-------- NUMBER OF RECORDING LINES 
MNA [INTEGER]-------- 8*MNA 

KREAD [INTEGER]-------- SPECIFIED RECORD FORMAT 
STEP [[UNIT SECOND]-- TIME INTERVAL OF RECORD 

= 0, FORMAT(8F9.6,17) 
= 1, FORMAT( 1X,8F9.6) 
= 2, FREE FORMAT, TWO VALUES PER LINE (TIME, ACCELERATION) 

, 

=3, FREE FORMAT, NA VALUES OF ACCELERATION 



?T,TV [UNIT: SECOND]--- TIME 
EARTHQUAKE RECORDS [UNIT: GI: AT---TRANSVERSE COMPONENT; 

AV---VERTICAL COMPONENT. 
SLIDING---POSITNE IN DOWNSLOPE DIRECTION. 

a 
AV---POSITIVE IN UPWARD DIRECTION. 

IF SLIDING OCCURS ON THE UPSTREAM SIDE OF DAM: 

IF SLIDING OCCURS ON THE DOWNSTREAM SIDE OF DAM: 
AT---POSITIVE IN DOWNSTREAM DIRECTION. 

AT---POSITIVE IN UPSTREAM DIRECTION. 

FOUTA---OUTPUT FILE NAME FOR ABSOLUTE MOTION OF BLOCK. 
FOUTS---OUTPUT FILE NAME FOR SLIDING MOTION OF BLOCK. 

_. . . - . .. . . - 



a - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
**  YSLIP c * *  

**A COMPUTER PRO2RAM FOR NUMERICAL SIMULATION** 
* *  O F  A SLIDING BLOCK ON A CIRCULAR ARC ** 
**  [INPUT MOTION: EARTHQUAKE RECORD] * *  
* *  DEVELOPER: Liping Yan * *  
* *  ADVISOR: R.F.Scott * *  
* *  VAX VERSION 1.0: SEPTEMBER, 1986 * *  
* *  VAX VERSION 2.0: JUNE, 1990 * *  
* *  VAX VERSION 3.0: SEPTEMBER, 1991 * *  
* *  PC VERSION 1.0: AUGUST, 1992 * *  
* *  PC VERSION 1.1: SEPTEMBER, 1992 * *  
* *  * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

READ -- PHI,THETA, RC, R, RI 

READ -- BETA, NCR; NSIGN 

READ -- NA,INDEX,MNA,STEP,KREAD 

READ -- ACCELERATION RECORD 

OUTPUT FILE FOR ABSOLUTE ACC. OF BLOCK WILL 
LIST ROW BY ROW OF: 
Time, Horizontal ACC., Alpha 

OUTPUT FILE FOR SLIDING MOTION O F  BLOCK WILL 
LIST ROW BY ROW OF: 
Time, Sliding ACC., VEL., D1SP.-in INCHES ! 

YOU GOT IT ! THANKS FOR USING YSLIP - C ! 
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5. HYDROSTATIC UPLIFT 

5.1 Hydrostatic Forces 
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GeoSyntec Consultants 
Written by: MAJDI A. OTHMAN Date: 15 Dec 1995 Reviewed by: p 3 S  Date: 15 4 5 

Page - of - 

Client: FERMCO Project: Femald OSDF ProjectlProposal No.: GE3900 Task No.: 08.9 

HYDROSTATIC PRESSURE APPLIED 
ON LINER SYSTEM 

EXECUTIVE SUMMARY 

PurDose of Analvsis 

The purpose of this analysis is to estimate the factor of safety against hydrostatic uplift 
of the liner system caused by the perched ground water table. 

Methods of Analvsis 

The factor of safety was calculated as the ratio of ov 

@ pressure beneath the liner system. 

Conclusions 

rburden pr ssure D' hydrostati : 

For the short-term condition (i.e., after liner construction), minimum calculated factor of 
safety (FOS) = 2.05. For the long-term condition (Le., post closure), minimum calculated FOS 
= 5.50. These factors of safety exceed the allowable factor of safety of 1.4. 

@ GE390048.9iF95300ll.CD 

. -  



c 

2 o d - 9 5  o/ 

Page- 
GEOSYNTEC CONSULTANTS & G k :  PTS * 
Written by: MAW Date:q / 9 I I5 Reviewed by: Date: / / 

Y Y  M M  DD YY M M  DI-I 

t 



2- t8iP 2 O& s5 & 

GEOSYNTEC CONSULTANTS &&.(: Pn- Page- 

Date: - / / D a t e : y s  / 9 I 19 Reviewed by: 
YY M M  Dn Y Y  M U  DD 

Written by: 

/ 
i . e ,  c 2) 

0 



L 

Qi 1 8 6  
Page 3 4  of 

&?*: pz's 20ctr5 GEOSYNTEC CONSULTANTS 
Date: 95 I I I 9 Reviewed by: Date: I I 

Y Y  M M  DD Y Y  M M  on 
Written by: A s  

Client: F €  Rm C O  Project: f E R ~ J P L D  OSD F Projecl/proposd No.: G€ 3 9 0 0  Task No.: @ 3 I 



a&: SI5 2 O d 9 5  

1 8 g g e  4 of 4 - GEOSYNTEC CONSULTANTS 
Date:q 5 I 9 1 I 7 Reviewed by: Date: I I 

YY M M  DD Y Y  M M  DD 
Written by: E\I\Ao 

008922 



I 6 186 
Page of 

Chechu: PZS 2Dd-95 GEOSYNTEC CONSULTANTS 
Written by: M A C  Date:% 19 1 ZZReviewed by: Date: Y Y  / m m  I DO 

Client: F EPrr\ C O  Project: FER AJbLD O S  c) F ProjecUProposaI No.: G E 3  0 0 Task No.: 9 8 * 9 
YY m m  on 

a 
2 7  w s  

HYDROSTATIC P R E S S U R E S  A?PLIED ON 

N a s t e  
0043923 



' %@ 2 of 16 -: P J ~  Z O C + ~ (  GEOSYNTEC CONSULTANTS 

l o  

2. 

a 

3. . 

. 



182. .3 of 
&&! 732 2 o c t s c  GEOSYNTEC CONSULTANTS 

Date: 9 I 4 1 Z2Reviewed by: Date: / I 
Written by: M A  0 YY M M  DD Y Y  M M  D D  



I I I I I I I 1 I 
1 - :  

P6-AON-E 1 

t6-AoN-80 

t6-AoN-EO 

t6-130-6Z 

t6-130-VZ 

96-130-6 1 

P6-13O-V 1 

96-330-60 

tr6-130-trO 

(y 6 5  
4" 

.- 2 3  

m 
00 co 
In 

(c Q m d co co co co 00 " 00 " " m " 
1SW 3 A O W  1333 - 13A31 H31VM 

CG 

W 

2 
n 



1 8 6  II, w .  

Page 5 of i 5 GEOSYNTEC CONSULTANTS Ch<*: PT5 2 0 c t 1 ~  

Written by: A-0 Date: 95 I 9 I ZZReviewed by: Date: I I 
YY m m  DD Y Y  M m  DD 

P s B F  Projec@roposal No.: f l -  F ? ? 9 C  ')Task No.: '2' 3 I? Client: Eck?r/)C 0 Project: f ~ . k ! f i f ~ ~ ~  

a 27 Lrpk 6 



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

* . w c  
I- 

LLV 04. 
.. . " 1  

- 
1 8 6  

0 z 
w 
c3 
w 
-I c 

W 
W 
LL 

-- . 

c, 
m zz 0 

483000 482000 
-----.-. 

d 

481000 

C 
C 
C r 
a 
2 

c) p 
+ 

-I- 
T 

I 

4 

.. - 

h 
cv 
z 
a 
U z 
e < z 
Q 
w 
I- < c 
v) 

4 

3 
v) 
w 
I- < 
0 

0 
0 
0 

w c- 
0 z 

z 
a 

c f 

L 0 0 0 

-- . . 
Q) 2 

. .  C .  





16 1 8 6  
Page 8 of 

GEOSYNTEC CONSULTANTS *: P 3 5 2 0 c t 9 r -  

.. 
s00s30 



1 8 6  IC 
,: 

GEOSYNTEC CONSULTANTS &&: Q 3 . S  20&5 Page 5 of 16 



186 
Page IO of :6 &&: PJS 2 0&$5 GEOSYNTEC CONSULTANTS 



2- 

e 

i 

I 

. 

000933 



I 

I 

!L 

i 
t 
b. ! 

-.. -. 

c 

. . 

I 



GEOSYNTEC CONSULTANTS 186&.P,, 2 O d - K  ' Page 1 %  of r6 

Date: I I 
Y Y  m m  DD 

Date: '1 5 I 9 l Z L R e v i e w e d  by: 
YY m m  OD 

Written by: M A C  

GEOTEXTIE FILTER 

GEOTEXTILE CUSHION 

PRIMARY GEOMEMBRANE LINER 

PRIMARY GEOSYNMEnC CLAY LINER 
LCS DRAINAGE LA 

GEOTEXnE CUSHION 

SECONDARY GEOMEMBRANE LINER 

SECONDARY GEOSYNMEnC CLAY LINER 

I 0 0 Q S S  



Page 14 of 16 C k p h :  p n  2oct45 GEOSYNTEC CONSULTANTS 
Written by: W A F  D a t e : q s  I 7 I ZZReviewed by: Date: I / 

Client: Project: /= E f? /v L D Osh'r Projecllproposal No.: 39 0 0  Task No.: d 8 .? 
YY M M  Dn Y Y  M M  DD 

27 k f t  45 

VEGETATIVE COVER 

VEGETATIVE SOIL LAYER I 1.7511 

I GEOTEXTILE CUSHION 

GEOMEMBRANE CAP 

GEOSYNTHETIC CLAY CAP 



1 8 6  GEOSYNTEC CONSULTANTS C4iQ&: 97s 20&<< Page I5 of /6 

Date: I I 
Y Y  M M  DD 

Date: 75 I 9 12  2 Reviewed by: 
YY urn DI-I 

Written by: M A m  

000937 
- '  
I 
I- - 



GEOSYNTEC CONSULTANTS pra 2bCI.Cid 86 page- 16 of/6 
Date:q 5 I 9 125 Reviewed by: Date: I I 

YY mu D D  Y Y  M M  D D  
Written by: A c  

c 

Client: FEPMc 0- Project: I- 6_ e L r> 0 1  D Project/Proposal No.: Gg 3 9  g o  Task No.: 9 8 19 
- 

*.n 
Port- 

3 ’  
5 ’  
,5/ 
2’  
4 ’  
O /  
3’ 
0 . 5 ’  

-a ’ 

5 ’  - - 0 )  
5 ”  
O L  

4 M  
5’ 
3‘ 

11.5’ 

2’ 
0 ’  



GEOSYNTEC CONSULTANTS a&: PJ3 20c;f qr 1 opage \ of- 2- 



&-’ 1 8 @  
Page 2 2  of GEOSYNTEC CONSULTANTS c.U&x:pr3 20GWs 

No t e s  : 




